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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
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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.
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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:

Sitka Odvzdusiiovaci otvory & g
- —mwﬁm 86m > exhausting hole E ;‘33

. m
Unikova mistnost R 300 m ‘; - :
Escape room Q9 o
’ 83 3845 me 83
=R 28
88 g8
~ =

Cisty vzduch

Fresh air =] e
S P

Piivody &erstvy vzduch _ y 3 .

Supplay of fresh air : o Smér Francie

Dierction : France

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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Advance of the jet grouting and driving
Smér postupu

Direction of the process

|
I
~

1

|

I
4 L
i

|

i

~RA(1) Rs() Re(1) R7(1) RE(N) Ré
Ri2) RIQ) R22) RyZiRaz) RSQ) R6Q) R7E2) R8(2) |

Niveleta .
Level lining

Typy ramu
Types of frame

16 x 500 = 5 000 |

Zajistén{ elby stfikanym betonem

tl. 2560 mm se siti D 6 mm oka 100/100 mm
pfed provadénim T dalSiho zabéru
Securing of the face by means of shofcrete,
thickness 250 mm with a net dial 6,3 mm,
meshes 100/100 mm before performing

the next advance

T

Obr. 2
Podéiny fez typickym zdbérem s ramy
Logitudinal section of a standard excavation with frames



21 8. ROCNIK, &. 3/99

Iunel

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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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
Cross section for DOSCO roadheader, the NATM
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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-







































































































