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ABSTRAKT

Zakon velkych &isel je teorém v oblasti teorie pravdépodob-
nosti. Popisuje vysledek mnohokrat opakovaného provadéni
stejného experimentu. Podle tohoto zdkona by se prumér vysled-
ku ziskanych z velkého po&tu pokust mél blizit o¢ekdvané hod-
noté a bude mit tendenci pribliZit se tim vice, ¢im vice pokusu se
provede.

Megaprojekty a podzemni stavby nejsou ndhodnymi experi-
menty. Zdkon velkych &isel neni proto aplikovatelny pfimo.
Moderni ndvrhové a stavebni postupy, nejnovéjsi technologie
a nejmodernéjsi fizenf rizik kazdy den pomdhaji zajiStovat plne-
ni riznych pozadavku stavby. Nicméné, i pfi tom nejlep$im pro-
jektu a stavebnich postupech maji megaprojekty fadu zbytko-
vych rizik s velkymi dusledky. Zdkon velkych &isel pouze uka-
zuje, ze nekterd z téchto rizik se prakticky béhem realizace
megaprojektu jisté vyskytnou. Historie mnoha megaprojektu
tento fakt potvrzuje.

I bazovy tunel Gotthard, ktery se v roce 2016 stane nejdelSim
Zelezni¢nim tunelem na svété, je takovym megaprojektem. VSechny
pozadavky stavby, jako jsou pozadavky na bezpecnost a ochranu
zdravi, aspekty Zzivotniho prostiedi, poZzadavky na kvalitu
a funkc¢nost, naklady, dobu vystavby, procesy, organizaci a nazory
vefejnosti, byly ohroZeny dlouhou fadou vyznamnych rizik.

Tento ¢ldnek ukédZe nékterd duleZitd opatieni ke sniZeni rizik
pouZitd na bazovém tunelu Gotthard. Duraz se klade na duleZitost
profesiondlniho fizeni rizik jako ndstroje fizenf stavby, na véasné
rozpozndni rizik a na vytvoreni dostate¢ného ¢asu na akci.

Ponauceni z bdzového tunelu Gotthard ukazuji duleZitost dalgi-
ho zlepSovani na pristich megaprojektech.

1 ZAKON VELKYCH CISEL - DUSLEDKY
PRO MEGAPROJEKTY

Megaprojekty jsou extrémné velké investi¢ni stavby, které se
charakteristicky definujf takto [1]:

 Jejich cena je vyssi nez jedna miliarda USD.

* Pritahuji velkou pozornost verejnosti z davodu podstatnych

dopadu na obce, Zivotni prostiedi a rozpo&ty.

V teorii pravdépodobnosti je zdkon velkych Cisel teorém, ktery
popisuje vysledek velmi mnohokrdt provadéného stejného expe-
rimentu. Podle tohoto zdkona by se méla prumérnd hodnota
vysledku ziskanych na velkém poctu pokusu blizit olekdvané
hodnoté. Primérnd hodnota vysledka bude mit tendenci bliZit se
k ofekdvané hodnoté tim vice, &¢im vice pokusu se provede.

ABSTRACT

The law of large numbers is a theorem in probability theory.
It describes the result of performing the same experiment a
large number of times. According to the law, the average of the
results obtained from a large number of trials should be close
to the expected value, and will tend to become closer as more
trials are performed.

Megaprojects and underground constructions are not random
experiments. The law of large numbers is therefore not direct-
ly applicable. Modern design and construction procedures,
latest technology and a state of the art risk management help
to guarantee each day the fulfilment of the different project
requirements. Nevertheless even with the best design and con-
struction procedures, megaprojects have a big portfolio of resi-
dual risks with big consequences. The law of the big numbers
indicates only, that some of these risks will occur during the
realisation of a megaproject practically for sure. The history of
many megaprojects confirms this fact.

Also the Gotthard Base Tunnel, which will be the longest
railway tunnel of the world in 2016, is such a megaproject. All
the project requirements, such as requirements on health and
safety, environmental aspects, quality and functionality, costs,
construction time, processes, organisation and on the public
opinion were threatened by a long list of hazards.

This paper will indicate some important mitigation measures
used at the Gotthard Base Tunnel. The importance of a pro-
fessional risk management is emphasized as a management
tool in order to recognize risks as early as possible and by cre-
ating sufficient time for action.

The lessons learned from the Gotthard Base Tunnel show the
necessity for further improvement in future megaprojects.

1 THE LAW OF LARGE NUMBERS - CONSEQUENCES

FOR MEGAPROJECTS

Megaprojects are a extremely large-scale investment pro-
jects and are typically defined [1]:

¢ Costing more than US$1 billion

e Attracting a lot of public attention because of substantial
impacts on communities, environment, and budgets

In probability theory, the law of large numbers is a theorem
that describes the result of performing the same experiment
a large number of times. According to this law, the average
value of the results obtained from a large number of trials
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Obr. 1 Pocet vyskytu zdvaznych pripadu ve vztahu k velikosti stavby a dopadu na portfolio rizik
Fig. I Number of occurrences of negative events in relation to the project size and impact on the risk portfolio

Realizace megaprojekta a podzemnich staveb nenf ¢ist€ nahod-
nym experimentem. Dobre definované a osveéd&ené procesy, jako
jsou nejmodernéjsi postupy projektovani, realizace, fizeni kvali-
ty a fizeni rizik, poméhaji zajistit plnéni vech ruznych poZzadav-
ka stavby, jako jsou:

* Pozadavky na bezpecnost a ochranu zdravi.

» Pozadavky na ochranu Zivotniho prostfedi.

* Pozadavky na kvalitu, ¢as a ndklady konkrétni stavby.

* Pozadavky na vysoce profesiondlni projek¢ni a stavebni pro-

cesy, organizaci stavby a fizeni stavby.

* Pozadavky vyplyvajici z ndzora vefejnosti.

Nicméné, kazdd stavba md své vlastni portfolio zbytkovych
rizik charakteru ndhodnych jeva, které mohou ohrozit plnéni po-
7adavku na stavbu.

Megaprojekty nevytvareji jen vysoké ndklady. Jsou obecné cha-
rakterizovany velkymi ¢isly, jako je dlouhd doba vystavby, velka
mnoZstvi stavebnich materiala, velké mnoZstvi odpracovanych
hodin atd. I kdyZ je pravdépodobnost vyskytu rizika povazovéana
za nezdvislou na velikosti stavby, absolutni poCet vyskytu nékteré
udélosti je daleko vySsi u megaprojektu nezZ u malé stavby.

Typickym prikladem je vyskyt zdvaznych nehod. Ve vztahu
ke konkrétnimu poctu nehod na milion odpracovanych hodin se
takové nehody u malé stavby mohou, nebo nemusi vyskytnout.
U megaprojekta se takové nehody bohuZel vyskytnou z davodu
velkého mnozstvi odpracovanych hodin potfebnych pro realiza-
ci stavby.

Nékterd rizika maji vétsi dopady u vetsi stavby neZ u malé
(napf. systematické selhdni standardniho stavebniho prvku).
Portfolio rizik u megaprojektu je obecné zcela jiné nez u malé
stavby, protoZe absolutni hodnoty rizik se zvétsuji (pocet vysky-
tu ndsobeny dopady). Megaprojekty proto vyZaduji zvlastn{ dsili
vynaloZené na fizeni rizik od samého pocatku stavby, aby se
rizika poznala co nejdfive a vytvorila se prileZitost na n¢ vcas
reagovat.

2 RIZENI RIZIK PRO MEGAPROJEKTY OBSAHUJICI
PODZEMNI STAVBY
Stavebni prace obegné, a podzemni prace obzvlaste, spodivaji
v realizaci prototypu. Rizeni rizik musi zaruéit jejich systematické

should be close to the expected value. The average value of the
results will tend to become closer to the expected value as
more trials are performed.

The realisation of megaprojects and of underground con-
structions is not a pure random experiment. Well defined and
proven processes such as state of the art design, construction,
quality control and risk management procedures help to gua-
rantee to fulfil all different project requirements, as there are

e Health and safety requirements

e Environmental requirements

* The project specific requirements on quality, time and costs

¢ Requirements on highly professional design and constructi-

on processes, project organisation and project management

e The requirements of the public opinion

Nevertheless each project has its own portfolio of residual
risks with the character of random experiments, which may
thread the fulfilment of the project requirements.

Megaprojects create not only high costs. They are generally
characterised by big numbers, such as a long construction peri-
od, big quantities of construction materials, large amount of
working hours spent etc. Even if the relative likelihood of the
occurrence of a hazard is assumed independent from the size
of the project, the absolute number of occurrences of an event
is far higher in a megaproject compared to a smaller project.

A typical example is the occurrence of severe accidents. In
relation to the specific number of accidents per million wor-
king hours such incidents may occur or not in a small project.
In megaprojects such accidents will unfortunately occur due to
the large amount of working hours needed for the realisation.

Some risks have higher consequences in bigger project than
in a smaller project (e.g. systematic failure of a standard con-
struction element). The risk portfolio of a megaproject is in
general completely different from a smaller project, as absolu-
te risk values become bigger (number of occurrences multipli-
ed by consequences). Megaprojects need therefore special
efforts on risk management from the earliest beginning of
a project in order to recognise risks as early as possible and cre-
ating the opportunity to react on time.
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Tuel

pozndvéni, analyzu, oceriovéni, naklddédni s nimi,
jejich monitoring a ovladdni ve vSech fazich stav-
by (zacinajici jiz od té nejCasnéjsi faze studif).
Zdsadnim problémem fizeni rizik u megaprojekti
neni vybér pouzité metodiky. Dobfe znamy obec-
ny proces fizeni rizik (ISO 31000) je uzite¢nym
navodem i u megaprojekti. Velkou vyzvou je
zavedeni dobfe zndmych postuptl u organizaci na
velkych stavbach, kde je velky pocet zdcastné-
nych stran. Rozdilné zajmy, nedostatecné zdroje
nebo jiné priority jsou nékteré z prekdzek, které se
maji prekonat. Tyto prekdzky se musi prekonat,
pokud organizace stavby nehodld nékterd rizika
ignorovat. Ignorovdni ur€itych rizik je nejvétsi
strategickou chybou pfi fizeni jakékoliv stavby.

Rizen{ rizik na megaprojektu vypada jako kom-
plikovany a Casové ndro¢ny tkol. Tento predpo-
klad je ale nespravny.

Pouziti sofistikovanych kvantitativnich matema-
tickych modelt neni u podzemnich staveb normal-
né potrebné. Jejich pouZiti zustdvd omezené na

[ sdélujte a konzultujte / communicate and consult ]

----- .[ stanovte souvislosti / establish the context }7

------- »[ analyzuijte rizika / analyse risks }---——-------4

----------- ~[ hodnotte rizika / evaluate risks }
prijatelna? ano/yes
acceptable?
ne/no _
-------- { oSetrete rizika / treat risks ]‘-—-------—-*

posudte rizika | risk assessment

identifikujte rizika / identify risks ]~ ------------------ *

I

l

[ monitorujte a prezkoumejte / monitor and review }

zvldstni pripady, kde mohou byt uZite¢né.
Kvalitativni metody s druhovou klasifikaci pravde-
podobnosti a dusledku rizik jsou ve vétsiné téchto
piipadu dostacujici. Klasifikace se normdlné prova-
di v rozsahu tif az péti tiid. Spole¢nost AlpTransit
Gotthard Ltd. (ATG) tspésné pouzivala jako hlavni pro stavbu
bazového tunelu Gotthard (GBT) jednoduchou matici 3x3.

Siroky seznam kategorif rizik a velké pocty (aZ stovky) jed-
notlivych rizik v riznych kategoriich k megaprojektim patii.
Rizenf rizik proto potfebuje jasné definované procesy, zdroje
a odpovédnosti v organizaci stavby. Jasné definice kategorif
rizik jako standard pro stavbu a zavedeni systému podporova-
nych databdzemi usnadnuji spravovani rizik a komunikaci mezi
riznymi zuéastnénymi stranami. Do promysleni, ocenovéni
a snizovani rizik se dd investovat vice ¢asu. Typ kultury fizeni
rizik v organizaci je nakonec stanoven osobnim pristupem
vrcholového vedeni. K vytvoreni profesiondlni kultury fizeni
rizik je potfebné vedeni. ManaZefi megaprojektu by ve svém
vlastnim zdjmu méli zavadét fizeni rizik u megaprojektu od
samého pocatku stavby.

Obr. 2 Obecny proces Fizeni rizik (ISO 31000)
Fig. 2 General risk management process (ISO 31000)

2 RISK MANAGEMENT FOR MEGAPROJECTS WITH
UNDERGROUND CONSTRUCTIONS

Civil construction works in general and especially under-
ground works consist in the realisation of prototypes. Risk
management has to guarantee the systematic identification,
analysis, assessment, treatment, monitoring and control of the
risks in all project phases (beginning with the earliest study
phase). The big challenge of risk management in megapro-
jects is not the selection of the methodology applied. The
well-known general risk management process (ISO 31000) is
a useful guideline also for megaprojects. The big challenge is
the implementation of the well-known procedures in big pro-
ject organisations with many stakeholders. Differing interests,
insufficient resources or other priorities are some of the
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Obr. 3 Matice rizik a definovdni kategorii rizik pouZité firmou ATG
Fig. 3 Risk matrix and definition of risk categories used by ATG
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Jisté mnozstvi neidentifikovanych rizik je nevyhnutelné,
i kdyZ vSechny price na analyze rizik jsou provedeny profesio-
ndln¢. K tomuto faktu by se mélo prihliZzet v rozpoctech (viz.
obr. 11) a v pfedavani informaci o v8ech nejistotach vystavby.

3 BYLY POZADAVKY NA STAVBU SPLNENY?
— PONAUCENI Z BAZOVEHO TUNELU GOTTHARD

3.1 Obecny ucel stavby bazového tunelu Gotthard

Bdzovy tunel Gotthard (GBT) je dstfednim bodem Nového
zelezni¢niho spojeni pres Alpy (NRLA) (obr. 4). Stane se
komer¢né provozuschopnym ve smiSeném reZimu (osobni vlaky
a ndkladni vlaky) v prosinci 2016. Maximdlni rychlost v tunelu
bude 250 km/hod. pro osobni vlaky a 160 km/hod. pro nakladni
vlaky. Systém tunelu se sklddd ze dvou samostatnych jednoko-
lejnych tuneld s minimdlni osovou vzdélenosti 40 metrl, maxi-
malnim podélnym sklonem 6,76 %o a minimalnim polomérem
smérového oblouku 5000 m. Tyto jednokolejné tunely jsou pro-
pojeny kazdych 312,5 m tunelovymi spojkami. Ve tfetindch
délky, u Sedrunu a Faida, jsou vybudovany viceicelové stanice
s technologickymi prostory, systémem vétrani a nouzovymi sta-
nicemi.

Hlavnim dcelem této nové Zelezni¢ni infrastruktury je presu-
nuti t&7ké transalpské ndkladni piepravy pres Svycarsko ze silni-
ce na Zeleznici. Celkem 220 az 260 nédkladnich vlaku za den
nabidne vyS$si prepravni kapacity s vyS$$i rychlosti pouzitim prv-
niho rovinného Zelezni¢niho prechodu pres Alpy na Evropském
tranzitnim koridoru ¢. 24 mezi Rotterdamem a Janovem. Celkem
50 az 80 osobnich vlaku za den nabidne rychlejsi spojeni hospo-
dafské oblasti jizniho Némecka, Svycarska a severni Itélie. Vy3si
cestovni rychlost v pohodlnych vlacich vytvori redlnou alternati-
vu cestovani autem nebo letadlem.

Aby se zkritila celkovd doba vystavby, tunel byl rozdélen na
pét ruznych stavebnich dsekd, umoZnujicich soubézné price na
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obstacles to be overcome. Unless a project organisation intends
to ignore some risks, these obstacles have to be overcome.
Ignoring certain risks is the biggest strategic error in the mana-
gement of any project.

Risk management for megaprojects sounds like a comp-
licated and time consuming task. This assumption is wrong.

The application of sophisticated quantitative mathematical
models is normally not needed for underground construction
projects. Their application remains restricted to special cases
where they may be helpful. Qualitative methods with
a generic classification of the likelihood and the consequen-
ces of the risks are sufficient in most of the cases. The classi-
fication is normally done in a range of three to five classes.
AlpTransit Gotthard Ltd. (ATG) as the principal of the
Gotthard Base Tunnel (GBT) project used a simple 3 x 3 mat-
rix successfully.

A wide catalogue of risk categories and large numbers of
individual risks (up to hundreds) in different categories is inhe-
rent to megaprojects. Risk management needs therefore its
clear processes, resources and responsibilities in the project
organisation. Clear definitions of the risk categories as
a project standard and the implementation of database-suppor-
ted systems facilitate the administration of the risks and the
communication between the different stakeholders. More time
can be invested for thinking, for the assessment and the miti-
gation of risks. The personal attitude of the top management
finally defines the type of the risk culture in an organisation.
Leadership is required to establish a professional risk culture.
Managers of megaprojects should implement risk management
in megaprojects in their own interest from the earliest begin-
ning of a project.
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Fig. 5 Stop risk campaign and specific number of accidents (ATG and NAD Report 2010)

péti hlavnich stavenistich: Erstfeld, Amsteg, Sedrun, Faido a Bo-
dio (od severu k jihu).
3.2 Pozadavky na bezpecénost a ochranu zdravi

Jako vSude jinde, i u projektu GBT bylo stanoveno, Ze kazdy
délnik by mél opoustét své pracovisté na konci své smény tak
zdravy a bezpecny, jako kdyZ zacinal pracovat.

Ve fazi projektovdni se za hlavni bezpe¢nostni rizika povaZova-
ly razné typy nehod, obzvldsté poZéry v tunelu s délniky nachdze-
jicimi se pfed mistem poZdru. Vysoké pocdte¢ni teploty hornin
a podzemni vody presahujici 50 °C byly velkou vyzvou pro vytvo-
feni pfijatelnych pracovnich podminek. Spole¢nost ATG ve vybé-
rovém Tizeni stanovila opatfeni k zajisténi bezpecnosti a ochrany
zdravi velmi detailn¢, aby se vyhnula jakymkoliv spekulacim
dodavatelu. Specifikace zdravotnich a bezpe&nostnich pozadavka
byly vydéany proto, aby je dodavatelé brali v tivahu ve svych sta-
vebnich postupech (napf. kabiny blizko ¢elby chranici proti koufi,
napojené na chranéné potrubi se stlaCenym vzduchem vedouci
z vnéjsku, tunelové spojky do druhé trouby raZené kazdych
1500 m za prvnim Celem vyrubu, usporddani systému vétrani pri-
hliZejici k ruznym scéndfim poZéru, systémy chlazeni atd.).

V prubéhu vystavby doflo pouze k velmi mélo poZarim
v podzemi, které byly hlavné zpusobeny poruchami motort. Diky
modernim hasicim systémim na vSech hlavnich strojich (jako jsou
napt. lokomotivy) nedoglo k Zddnym zdvaznym nésledkum. Velky
poZér systému pdsovych dopravniki v oblasti montdZe Sedrun
ukdzal, jak dulezitd je kvalita dopravnikovych pdsu v podzemi.
Stejnd nehoda, v piipadé nedostate¢né kvality pasu pro price
v podzemi, by méla v podzemi katastrofalni dusledky.

Even if all the risk analysis work has been done professio-
nally, a certain amount of unidentified risks is unavoidable.
This fact should be considered in budgets (see Fig. 11) and in
the communication of the entire project uncertainties.

3 PROJECT REQUIREMENTS ACHIEVED? — LESSONS
LEARNT GOTTHARD BASE TUNNEL

3.1 General purpose of the Gotthard Base Tunnel
Project

The Gotthard Bas Tunnel (GBT) is the centrepiece of the
New Railway Link through the Alps (NRLA) (Fig. 4). It beco-
mes commercially operable in a mixed mode (passenger trains
and freight trains) in December 2016 .The maximum speed in
the tunnel will be 250 km/h for passenger trains and 160 km/h
for freight trains. The tunnel system consists of two separate
single-track tunnels with a minimum axial distance of 40 met-
res, a maximum slope of 6.76 %o and a minimum horizontal
radius of 5,000 m. The single-track tunnels are linked every
312.5 metres by cross passages. Multifunction stations, conta-
ining technical rooms, ventilation systems and emergency sta-
tions are constructed in the third points at Sedrun and Faido.

The main purpose of the new railway infrastructure is to
shift a major part of the heavy transalpine freight traffic
through Switzerland from the road to the rail. 220 to 260
freight trains per day will offer higher transport capacities with
higher velocities by using the first flat rail link through the
Alps on the European transit corridor No. 24 between
Rotterdam and Genoa. 50 to 80 passenger trains per day will
offer faster connections linking the economic regions of sout-
hern Germany, Switzerland and northern Italy. Faster travel
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Velka chladici zafizeni (napr. ve Faido s vykonem 12 MW) speeds in more comfortable trains will create a real alternative
musela omezit teploty na pracoviStich na 28 °C. U nékterych to travelling by car or by airplane.
zvlastnich pracovnich postupl se tato teplota nedala dosdhnout. In order to shorten the total construction time the tunnel was
V takovych pripadech se musela zkritit délka pracovni smény divided into five different construction sections allowing the
v souladu s predpisy narodni agentury pro bezpe¢nost a ochranu parallel work on the five main sites of Erstfeld, Amsteg,
zdravi (SUVA). Sedrun, Faido and Bodio (from north to south).

Riziko nehody u stavby AlpTransit je definovdno jako pocet
nehod na zaméstnance na plny pracovni uvazek za rok. Tento
pocet zahrnuje vSechny urazy (i bagatelni piipady). Od roku 2002
se urazovost sleduje systematicky (obr. 5). Dodavatelé, stavebni
dozor a objednatel se spolenym tsilim (kampar ,,Stop rizikim*)
pokouseli tuto specifickou hodnotu dostat pod predem definova-
nou cilovou hodnotu 200 nehod na 1000 pracovnika za rok. I kdyz

3.2 Requirements on health and safety

As everywhere, also in the GBT Project was stipulated, that
each worker should leave the job site at the end of his shift as
healthy and safe as he started his work.

In the design phase, different types of accidents and especially
fires in the tunnel with inclusion of workers in front of the fire

se drazovost dafilo od zaddtku hlavnich razeb GBT podstatng sni- | Were seen as the main safety risks. High initial rock and ground
Zit, monitorovanou mési¢ni hodnotu drazovosti se nikdy nepoda- | Water temperatures of more than 50 °C were a big challenge for
filo sniZit pod cilovou hodnotu. creation of acceptable working conditions. ATG tendered the
Je politovanihodné, Ze béhem stavby GBT pfislo o Zivot 9 pra- health and safety installation measures in detail in order to withd-
covnikii. Osm z téchto nehod souvisf se stroji a dopravou; jeden raw them from any speculation of the contractors. Specifications
pripad souvisel se zdvalem. Kazdy jednotlivy smrtelny draz az pri- on the health and safety requirements were given in order to be
1i§ a dramaticky ovliviiuje Zivoty pfibuznych Casto po zbytek considered by the contractors in their construction processes (e.g.
jejich Zivota. To, Ze konkrétni po&et smrtelnych drazu je relativné smoke protection containers close to the excavation front conne-
nizky ve srovnani s difvéj§imi podzemnimi stavbami, ukazuje, Ze cted to a protected compressed air pipe from outside, cross pas-
tento obor jiz behem poslednich desetileti dosahl velkych zlepse- sages to the 2nd tube excavated 1’500 metres behind the first
ni, avSak kone¢ny cil dosud nebyl dosazen. Dal3i snizovdni pocti excavation front etc., layout of the ventilation system taking vari-
nehod je trvalou povinnosti vSech partnert na pracovisti. ,,Cil ous fire scenarios into account, cooling systems).
nula®, ktery je v soucasné dobé uplatiiovan na stavbé Crossrail Only very few fires occurred below ground during the con-
(Spojené kralovstvi), musi byt budoucim stavem mysli na vSech struction period, mainly caused by engine failures. Thanks to
megaprojektech. modern extinguishing systems on all major machines (such as
Ponaucenf: locomotives) no severe consequences occurred. A big fire of
* VétSina nehod pii moderni vystavbé tuneld souvisi se stroji | the conveyer belt system at the rig area of Sedrun showed the
a dopravou v podzemni. high importance of the adequate quality of the conveyer belts

e K pozdrim v tunelech doslo pouze ve vyjime&nych piipadech
a bez zdvaznych ndsledku diky nejnovéjsi technice, jako jsou
automatické hasici systémy.

e Pdsové dopravniky v podzemi vyZaduji velkou pozarni odol-
nost pasti. Spatna kvalita miize zptsobit katastrofu.

 Externi hasi¢i nemohou dorazit v¢as. Pracovni smény proto
musi byt vybaveni a vycviceni stejné jako hasii.

e ,,Cil nula® musi byt stavem mysli u vSech budoucich mega-
projektu (Crossrail).

below ground. The same accident (with an inadequate belt
quality for underground work) would have had disastrous con-
sequences below ground.

Huge cooling installations (e.g. 12 MW capacity Faido) had
to limit the working place temperatures 28 °C. In some speci-
al working sequences this temperature could not be reached. In
such cases the working time per shift had to be reduced accor-
ding to the regulations of the national health and safety agen-

s .. . L cy (SUVA).
33 Poza/da‘{ky na zivotni prosFmdl’ .y . ; The accident risk in the AlpTransit project is defined as the
Hlavnim cilem stavby GBT je zdsadni zlepSeni aspektu Zivotni- number of accidents per full-time employee per year. This

ho prostredi v alpskych oblastech presunutim tézkych ndkladnich
vozidel ze silnice na Zeleznici. ZneciStovani ovzdusi, emise hluku
a rizika nehod by se mély v provozni fazi sniZit na zna¢né€ nizsi
troven. Ochrana pred prachem, ochrana proti znecistovani ovzdu-
§i, ochrana proti hluku, ochrana vod, ochrana fauny a fléry, ochra-
na prirodnich zdroji vhodnymi stavebnimi metodami a vyhybén{
se poSkozovéani majetku a prav tretich stran, jsou také nutnosti ve
fazi vystavby.

Snizovani rizik pro Zivotni prostredi mélo pro stavbu GBT tu
nejvyssi dulezitost od samého zacdtku. Hlavn{ opatieni pro sniZo-
véni byla tato:

e VyuZivani rubaniny na vyrobu kameniva do betonu pro zaji§-
téni vyrubu a definitivni osténi. Z vyrubaného materidlu
pochazejiciho z razeb plnoprofilovymi stroji a z konvencnich
razeb se vyrobilo celych 100 % Stérku do betonu pro tunelo-
vé konstrukce.

number includes any injury (also bagatelle cases). Since 2002
the accident rates were monitored systematically (Fig. 5). In
a common effort (“stop risk” campaign) the contractors, the
site supervision and the client tried to bring this specific rate
below the predefined target value of 200 accidents per 1000
workers per year. Even if the accident rates could be substan-
tially reduced since the beginning of the main tunnelling work
at the GBT, the monitored monthly accident rate never could
generally be reduced below the target value.

Regrettably 9 workers lost their lives during the construction
of the GBT. Eight of these accidents are related to installations,
machinery and transportation; one case was related to a rock-
fall. Each fatality is one too much and affects dramatically the
live of relatives often for the rest of their lives. The fact, that the
specific number of fatalities is comparatively low compared to

* Viechen hromadny materidl se dopravoval po kolejich nebo earlier underground projects indicates that the industry has rea-
pasovymi dopravniky. ched major improvements in the last decades, but the final goal
e Filtry na odstranéni koufovych dstic u vSech dieselovych is not reached yet. A further reduction of accidents is
motori na povrchu i v podzemi byly vyzadovany ddvno pied a continuous obligation for all partners on the job site. “Target
tim, neZ se staly zakonnou povinnosti. zero” as it is exercised actually in the Crossrail-Project (UK)
 Kazdé oblast montdZe byla vybavena technologicky vyspélou must be the future state of mind in all megaprojects.
Cistirnou odpadnich vod, Cistici Sirokou 8kdlu znecisténych vod. Lessons learned:
* Velké investice byly vloZeny do naklddani s bahnem ruznych e Most accidents in modern tunnelling are related to machi-
kvalit. nery and underground traffic.
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Produkce rubaniny
Spoil production

Klasifikace rubaniny
Spoil Classification

(A) Material Material

Vhodny pro produkci kameniva
do betonu

Suitable for production
of concrete aggregates

(33%)

Bazovy tunel
Gotthard
Gotthard Base

Tunnel (B) Material Material

Nevhodny pro produkci
kameniva do betonu

Not suitable for production
of concrete aggregates

(66%)

Celkem 28,2 milionti tun
Total 28,2 Mio t

(100%)

Blato z razeb Slurry from the drives

Vyuziti rubaniny
Spoil utilisastion

Kamenivo pro vyrobu

betonu S3s
Aggregates for concrete 26.3 %
production
Prodej tretim strandam Sales to the third parties 3.3%
Ztraty pfi zpracovani Processing losses 2.8%
Suspenze Slurry 4.2%
Vlastni vyuziti pro nasypy
Own use for embankments Lok
73.1%

Zavazky a rekultivace
Landfill and renaturation

44.3%
Prodej tfetim strandm Sales to the third parties 5.7%
Reactor landfilly 0.7% 0.7%

Obr. 6 Vyvaojovy graf vytéZeného materidlu a vyborny priklad navazky
Fig. 6 Flow chart of the excavated material and excellent example of landfill

e Nevyhnutelné zdsahy do fléry a fauny se musely kompenzo-
vat predem urfenymi opatfenimi ke zmirnéni jejich vlivu.

e Dobrd spolupréce s organizacemi ochrany Zivotniho prostie-
di a specialisty.

Ponaucent:
 Respektovani environmentdlnich pozadavka musi mit vyso-
kou prioritu.
e Musi se vloZit potiebné investice.
* Respektovani environmentélnich pozadavku vytvéaii podporu
verejnosti.
Pouziti vyrubaného materidlu na vyrobu kameniva do betonu
je zadouci vSude, kde je to technicky mozné, aby se tak Setfi-
ly prirodni zdroje!
e PouZiti vyrubaného materidlu na vyrobu kameniva do betonu
je technicky mozné i pri velké proménlivosti kvality rubaniny.
* Posledni nejmodernéjsi technologie snizuji dopady na Zivotni
prostiedi a vytvareji ekonomické pobidky pro dodavatele.
 Opatieni ke zmirnéni vlivi na Zivotni prostiedi, kterymi se
kompenzuji nevyhnutelné zdsahy do fléry a fauny, jsou
tspésnd, pokud je realizuji profesiondlové.
e Spole¢nym cilem musi byt Zddné environmentdlni nehody
(,,Cil nula®).
3.4 Pozadavky na kvalitu
§V}’/carsk)’f spolkovy urad pro dopravu (FOT) pozadoval
u staveb presné stanovené standardy a Zivotnost stavebnich praci
100 let. V této dobé nejsou povoleny zadné sanacni price vyza-
dujici podstatna provozni omezeni.
Tento poZzadavek muZe spliovat pouze dvoupldstové osténi
s doCasnou vystroji tvorici vnéjsi plast (primarni osténi) a trvalym
vnitinim (sekunddrnim) betonovym osténim s minimélni tloust
kou 30 cm (obr. 7). Drendzni systém mezi t€mito dvéma osténimi

* Tunnel fires occurred only in rare cases without severe con-
sequences thanks to the modern state of the technique such
as automatic fire extinguishing systems.

e Conveyer belts below ground need high fire resistance qua-
lity of the belts. Wrong qualities can cause catastrophes.

* External fire fighters cannot arrive in due time. The wor-
king shifts have to be equipped and trained as fire fighters.

e “Target Zero” must be the state of mind in all megapro-
jects of the future (Crossrail).

3.3 Environmental requirements

The main goal of the GBT is the major improvement of the
environmental aspects in the alpine regions by shifting the
heavy load trucks from the road to the rail. Air pollution, noise
omissions and the risks of accidents should be reduced to
a significant lower level in the operational phase. Dust protec-
tion, protection against air pollution, noise protection, water
protection, protection of fauna and flora, protecting natural
resources by adequate construction methods and the avoidan-
ce of damages to third parties properties and rights are also
a must during the construction phase.

The reduction of environmental risks was of highest impor-
tance in the GBT Project from the earliest beginning. The
main mitigation measures were:

e The use of the spoil for the production of concrete aggre-
gates of the rock support and the final lining. 100% of the
concrete gravel for the tunnel construction has been pro-
duced from excavated rock material with origin from the
TBM-drives and the conventional drives.

e All mass goods had to be transported by rail or by conve-
yer belts.
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Tunelova propojka
Cross-passage

Primér vyrubu = 9,00 - 9,50 m
Excavation Diameter = 9.00 - 9.50 m

Vnéj8i osténi (stfikany beton 10 =20 cm)  Initial support
Outer Lining (10 — 20 cm Shotcrete)

Prostor pro deformace (15 cm) (vnitfni plast)
Space for Deformation (15 cm) Tunnel arch (inner shell)

Technicky prostor (15— 18 cm)
Technical Space (15— 18 cm)

Vnitfni osténi (monoliticky beton 30 cm)
Inner Lining (30 cm in-situ concrete)

Izolace proti vodé Water Insulation

Drenézni potrubi (pr. 200 mm)
Drainage Tube (200 mm)

Protiklenba Invert Arch

Pocétecni zajisténi

Nepropustna vrstva
Impermeable layer

Tunelova klenba

Obsyp drendze
Drainage rubble

Drenaz klenby
Arch drainage

Sbhérné potrubi podzemni
vody pr. 600 mm
Groundwater collecting pipe 600 mm

Podlozi monolitického betonu
Base of cast-in-place concrete
Sbérné potrubi technologické vody v tunelu pr. 250 mm

Tunnelwater collecting pipe 250 mm

Obr. 7 Zivotnost 100 let — tunel s dvoupldstbvym osténim
Fig. 7 100 years lifetime — double lined tunnel

trvale sniZuje pocCdteni tlaky vody aZ na 150 baru. Vodotésnd
félie po celé délce tunelu (114 kilometru) chrdni vnitini ostén{
proti prosakovani vody po dobu 100 let. Vysoké nadloZi vytvari
vysoké pocdtecni napéti v horniné, velky hydrostaticky tlak
a vysoké pocatecni teploty horniny. Tyto hrani¢ni podminky vyZa-
dovaly vyvinut{ specidlnich projekénich fesenf a stavebnich mate-
ridlt, aby se splnil poZadavek na Zivotnost.

Neékolik let pred zahdjenim vyberovych fizeni spole¢nost ATG

uznala velké riziko u pozadavku na kvalitu vyplyvajici
z pouzivani ,,pouze* standardnich vyrobku. Musely se vyvinout

s

nové systémy betonazi a zajistovani vodotésnosti, aby splnovaly
tuto vysokou troven a dlouhodobé pozadavky. Objednatel, odbor-
nici z oboru a védelti experti spolupracovali na vyvoji novych
vyrobku. Proces kondil prekvalifikaci. Nové vyrobky musely pro-
kdzat svou schopnost plnit vysoké pozadavky na kvalitu pfi ruz-
nych zkouskach. Ve fazi vybérovych fizeni se pripoustély pouze
prekvalifikované vyrobky.

Aby se zajistily vysoké standardy kvality, byly do smluv zahr-

nuty i plany zajisténi kvality zpracované konkrétn¢ pro tuto stav-
bu. Pro ur¢ité prvky byly za uspokojivé povazovény soucasné pru-
myslové standardy a odpovidajici fizeni kvality, zaloZené na
odpovidajicich norméch (napr. drendzni potrubi). Do konce roku
2012 se problémy s kvalitou vyskytly pouze u vyrobku odpovida-
jicich pramyslovym ,standardam®, zatimco materidly vyrobené
konkrétné pro tuto stavbu nezpusobily Zddny velky problém.

Ponaucent:

¢ Megaprojekty maji specifické pozadavky na stavebni mate-
ridly.

¢ V nékterych pripadech nemohou ,,standardni* vyrobky témto
specifickym poZadavkium vyhovét. V takovych pripadech se
musi pred poddnim soutéZnich nabidek vyvijet nové vyrobky.

* Aby se co nejdiive rozeznaly odchylky od pozadované trov-
ne kvality, musi se zavddét plany zajisténi kvality specifické
pro danou stavbu (i pro standardni vyrobky).

e Na délce 114 km vysoce kvalitniho vnitiniho osténi se nevy-
skytl jediny problém s kvalitou kameniva do betonu vyrobe-
ného z vlastni rubaniny!

e BéZné standardy a normy jsou uzite¢né ndstroje, ale nejsou
dostatené. Plany zajistén{ kvality viech materidlu, specifické
pro danou stavbu, jsou u megaprojektt nutnosti.

e U megaprojektd mohou mit i malé, ale systematické problé-
my s kvalitou zdvazné dasledky.

e Particle filters for all Diesel engines above and below ground
were required longtime before there was a legal obligation.

* Each rig area was equipped with a high tech sewage treatment
plant cleaning a broad variety of polluted water.

* High investments were made for the treatment of the various
qualities of mud.

* The inevitable interventions to flora and fauna had to be com-
pensated by predefined mitigation measures.

* A good collaboration with environmental organisations and
specialists.

Lessons learned:

e Environmental requirements have to be respected with high
priority.

* The necessary investments have to be made by the owner.

* Respect on the environmental requirements creates public sup-
port.

* The use of the excavated rock material for concrete aggregate
production is a must wherever it is technically feasible in order
to save natural resources!

* The use of the excavated rock material for concrete aggregate
production is technically feasible even with big variations in
the quality of the muck.

 Latest state of the art technology reduces the environmental
impact and creates economic incentives for the contractors.

* Environmental mitigation measures to compensate inevitable
interventions to flora and fauna are successful if professionals
implement them.

* No environmental incidents (“target zero”) must be the com-
mon objective.

3.4 Quality requirements

The Swiss Federal Office of Transport (FOT) required in the pro-
ject specific standards a lifetime of 100 years for the civil work. No
rehabilitation work with significant operational limitations (with
regard on scope and duration) is allowed during this time.

A double lined tunnel with the provisional rock support as outer
lining (first lining) and the permanent in the minimum 30 cm thick
inner concrete lining (second lining), can only achieve this high
requirement (Fig. 7). Between the two linings a drainage system
reduces permanently the initial water pressures of up to 150 bars.
A waterproofing membrane on the entire length of the tunnel
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3.5 Pozadavky na harmonogram stavby

Svycaii hlasovali o stavbé pii tiech piileZitostech (v roce 1992
o stavbe samé, dvakrat v roce 1998 o modelu financovani). V roce
1992 byla stavba jesté ve fazi predbézné studie. Byl stanoven
pouze pravdépodobny rozsah trvani stavby, ale ne presné datum
uvedeni do provozu. Pfipravné stavebni price pro pruzkumné
Stoly a Sachty byly zahdjeny v 1étech 1994-1996. Pro hlasovani
v roce 1998 byla predpovéd uvedeni tunelu do komeréniho pro-
vozu na konec roku 2012.

V roce 2002 byly podepséany tfi ze Ctyf hlavnich smluv a byly
zahdjeny stavebni prace s cilem zahdjit komer¢ni provoz v prosinci
2014. Dodate¢né dva roky mély svuj davod v celkovém odloZeni
stavby o jeden rok a v uzavieni smlouvy na dva oddily, Faido
a Bodio, s jedinym spole¢nym podnikem, coZ vytvorilo dulezity
finan¢ni prospéch s dusledky prodlouZeni vystavby o dalsf rok.

Stavba hlavniho tunelu byla zahdjena bez jakychkoliv probléma
v roce 2002 na severni strané¢ (Amsteg) a ve stfednim stavebnim
useku (Sedrun). Na jizni stran¢ (Faido a Bodio) se naproti tomu od
samého pocitku razby nardzelo na neocekdvané obtizné hornino-
vé podminky. Po roce praci se muselo oekdvat zpozdéni souvise-
jici s terminem zahdjeni o jeden rok. Neocekdvané nepriznivé hor-
ninové podminky u Faido (neidentifikované riziko) si vyzadaly 66
mésicu doby raZby misto predpoklddanych 33 mésicu. Toto zpoz-
dénf a nékolikaleté zpozdéni v zahdjeni hlavnich praci ze severni-
ho portélu (Erstfeld), zpisobené politickymi vlivy, vedlo nakonec
ke stanoveni data uvedeni do provozu v prosinci 2016 (obr. 8).

Situace byla analyzovéna ve Ctvrtletnich hodnocenich. Opatreni
ke zmiréni dopadt, jako posunuti rozhrani mezi isekem Faido
a usekem Sedrun o 2 kilometry smérem na sever, se musela defi-
novat nekolik let pred jejich realizaci, aby se ziskal dostate¢ny Cas
pro ziskani stavebniho povoleni a pro jednédni s dodavateli [4], [6].

Ponaucent:

* Milniky se u megaprojekta s vyznamnymi podzemnimi stav-
bami nedaji predpovidat presné, dokud neni hotova posledni
prordzka.

 Predpovédi milniki se vZdy musi sdélovat spolu s riziky
vlastnimi pro price v podzemi (Casovd rizika, obr. 8).

« Casovi rizika u velkych podzemnich staveb jsou asto V&t3,
nez se na zacitku predpoklddalo (mésice a roky namisto
tydnu).

e Politickd a fidici rozhodnut{ ovliviiuji milniky ve stejném roz-
sahu jako nepfiznivé horninové pomery.

e Opatieni k zaji§tén{ plnéni smluvnich termint se mus{ defi-
novat ve zna¢ném predstihu.

e Smlouvy by mély predvidat moZnosti takovych opatfeni
v pfipadé nepredvidanych podminek.

3.6 Pozadavky na naklady a financovani

V roce 1998 prijali Svycafi financovéani ve vysi 30,5 miliardy
CHF pro moderni Zelezni¢ni{ infrastrukturu novym vefejnym fon-
dem. Uvéry a pozdéji vladni pljeky tomuto fondu byly omezeny
na maximalni ¢dstku 4,1 miliardy CHF v prubéhu existence fondu
stanovené na 23 let.

Pifjem fondu se vytvari z ndsledujicich zdroju (obr. 9):

e Novd dan pro tézka silni¢ni vozidla (65%)

o (Cist stavajici dané z mineralnich oleji (25%)

¢ Dalsich 0,1 % k dani z pfidané hodnoty (10%)

Z celkovych investic ve vysi 30,5 miliardy CHF bylo 13,6 mili-
ardy vyhrazeno pro projekty NRLA (koridory Lotschberg a Gott-
hard). Podle prvnich modela financovéni by budouci provozova-
telé méli splatit 25 % investic. V této dobé trad FOT a spole¢nost
ATG dohodly pro bazovy tunel Gotthard a pfistupové trasy rozpo-
et nakladu ve vysi 6,323 miliardy CHF. V tomto rozpoctu neby-
ly obsaZeny zddné ndklady na nepredvidané podminky. Rozpocet
na nepiedvidané podminky zustal v odpovédnosti spolkové vlady.
Pravo na investovani této rezervy méla pouze spolkova vlada.

Na konci roku 2011 pfedpovéd moznych kone¢nych nakladi na
stavbu GBT dosahla 9,956 miliardy CHF (+ 57 %) [9]. Tento
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(114 kilometres) protects the inner lining against water filtration
during 100 years. The big overburden creates high initial rock
stress, high water pressure and high initial ground temperatures.
These boundary conditions required the development of special
design solutions and construction materials in order to fulfil the life-
time requirement.

Several years before the tender process started, ATG recognised
the big risk on the quality requirements by using “only” standard
products. New concrete systems and waterproofing systems had to
be developed in order to fulfil the high level and long-term require-
ments. Client, industry and scientific experts participated in the
development of new products, which ended with a prequalification
process. The new products had to prove their ability to fulfil the
high quality requirements in different tests. Only prequalified pro-
ducts were allowed in the tender phase.

Project specific quality assurance plans were integrated in the
contracts in order to guarantee the high quality standards. For cer-
tain elements the actual industrial standard and the corresponding
quality control based on the corresponding codes were considered
to be satisfactory (e.g. drainage pipes). Until the end of 2012 quali-
ty problems occurred only with industrial “standard” products,
whereas the project specific materials caused no major problem.

Lessons learned:

e Megaprojects have project specific requirements on constructi-
on materials.

e In some cases “standard” products cannot fulfil these specific
requirements. In such cases new products have to be developed
before tendering the project.

* Project specific quality assurance plans (also for standard pro-
ducts) have to be implemented in order to recognize deviations
from the required quality level as early as possible.

* On a length of 114 km of high quality inner lining not one sing-
le quality problem occurred with the concrete aggregates pro-
duced from the own muck!

e Common standards and codes are helpful instruments but not
sufficient. Project specific quality assurance plans for all mate-
rials are a must for megaprojects.

¢ In a megaproject small, but systematic quality problems can
cause severe consequences.

3.5 Requirements on the construction schedule

The Swiss people voted on 3 occasions on the project (1992 on
the project itself, 1998 twice on the financing model). 1992 the pro-
ject was still in the preliminary study phase. Only a probable range
of the construction period was defined, but no exact opening date.
In 1994/1996 the preliminary construction work for exploratory
galleries and shafts started. For the votes in 1998 the forecast for the
opening of the tunnel for commercial operation was given per end
of 2012.

In 2002 three of the four main contracts were signed and the con-
struction work started with the aim to start the commercial operati-
on in December 2014. The additional two years had its reason in
a general postponement of the project by one year and in the award
of the contract for the two lots Faido and Bodio to one and the same
joint venture creating an important financial benefit with the conse-
quences of an additional year of construction time.

The construction of the main tunnel started in 2002 on the northern
side (Amsteg) and in the central construction section (Sedrun) without
any problems. On the southern side (Faido and Bodio) in contrast
unexpected difficult ground conditions were encountered from the ear-
liest beginning of the excavation work. After one year of work a delay
of one year related to the opening milestone had to be predicted. The
unexpected bad ground conditions in Faido (unidentified risk) needed
66 months of excavation time instead of the foreseen 33 months. This
delay and a a delay of several years in the beginning of the main work
of the northern portal section (Erstfeld) caused by political reasons lead
finally to the actual opening date of December 2016 (Fig. 8).
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Obr. 8 Vyvoj milniku pro prordzku a zahdjeni komeréniho provozu

Fig. 8 Development of the milestones final breakthrough and begin of commercial operation

narust cen na stavbé GBT a u dalSich projektu (bdzovy tunel
Lotschberg + 32 %) [9], ale i skutecnost, Ze provozovatelé nebu-
dou nikdy schopni splatit S0tiprocentni dil investic, vedl k situaci,
7e kapitdl verejného fondu musel byt zvysen az na 10,1 miliardy
CHEF. Zivotnost fondu (do splacen{ vSech dluht) se zvysila aZz na
30 let (obr. 9). Aby se neprekroéila celkovd vySe investic 30,5
miliardy CHF, musely se dalsi projekty odloZit nebo zrusit.

Jaké jsou davody tohoto vyvoje ndkladi u projektu NRLA, ktery
je vefejnou stavbou s viibec nejvétsim vladou fizenou stavbou ve
Svycarsku? JelikoZ &as jsou penize, vyvoj naklad odraZi hlavné
velké zmény v harmonogramu stavby z duvodu rizik souvisejicich
s horninou (jiZni strana) a politickych rizik (severni strana). Tyto
dvé slozky vysvétluji pouze &dst celkového narustu ndkladu.
Dal§imi daleZitymi sloZkami u megaprojektt s dlouhou dobou rea-
lizace jsou zmény projektu a zmény piikazl raznych zdcastnénych
stran. Po tfech dramatickych tunelovych pozarech, v silni¢-
nim tunelu Mont Blank (1999), Tauernském silniénim tunelu
(1999) a v silni¢nim tunelu Gotthard (2001), byly vyZadovany
zmény projektu systému vétrani, aby se puvodné jiz dostate¢né
bezpecnostni standardy dostaly na vyS$§i droven. Dalsi vétraci
Stoly, Sachty a tunelové spojky, které se musely razit, vyzadovaly
dalsi dobu vystavby a dalsi ndklady. Usporadani 15 km dlouhého
bazového tunelu Ceneri bylo zménéno z dvoukolejné trouby na
dvé jednokolejné trouby, coZ zpusobilo velké prekroCeni naklada
(obr. 10).

Dlouhé trvéani stavby prekracujici 10 let samo o sobé také zna-
mend velkou sumu dodatednych nédkladud i z divodu malych zmén
projektu. Jisté zmény se musely pfijmout z technickych nebo poli-
tickych davodu, i pfi piisné kontrole vSech pozadavku na zmény
projektu, vedenim objednatele. Pfi predpokladu dodate¢nych
nakladu zpusobenych timto efektem ve vysi 1 % za rok dosahuje
vysledny ndrust ¢asu a penéz 10 az 15 %!

Dosud bylo zpracovdno nékolik studii snizovadni naklada.
Vsechny ukézaly velmi omezeny dopad do kone¢nych ndkladu na
soucasnych stavenistich. Podstatného snizeni naklada by se dalo
dosdhnout pouze strategickymi rozhodnutimi, jako jsou zkrdceni
doby vystavby a odloZeni nebo zruSenf jinych projektu.

The situation was analysed in quarterly reviews. Mitigation mea-
sures, such as the shift of the interface between Faido and Sedrun of
2 kilometres in southern direction, had to be defined several years
before their execution in order to get sufficient time to receive the
construction permit and for negotiations with the contractors [4], [6].

Lessons learned:

e Milestones in megaprojects with relevant underground structu-
res cannot be predicted accurately as long as the final breakt-
hrough is not done.

e Milestone predictions have always to be communicated toget-
her with the inherent uncertainties for underground works (time
risks, Fig. 8).

e Time risks for large underground structures are often bigger
than initially assumed (months and years instead of weeks).

¢ Political and management decisions affect the milestones in the
same magnitude as unfavourable ground conditions.

e Strategic measures to guarantee that the deadlines are met must
be defined well in advance.

 Contracts should foresee options for such measures in case of
unforeseen conditions.

3.6 Requirements on costs and financing

In 1998 the Swiss people accepted the financing of CHF 30.5 bil-
lion for a modern railway infrastructure by creating a new public
fund. The credits and later the governmental loans to the fund were
limited to a maximum of CHF 4.1 billion during the lifetime of the
fund of 23 years.

The income of the fund is created by the following sources (Fig. 9):

* A new heavy road vehicle tax (65%)

e Part of the existing mineral oil tax (25%)

¢ New additional 0.1% of the value added tax (10%)

From the total investments of CHF 30.5 billion, CHF 13.6 billion
were reserved for the NRLA-Projects (Lotschberg- and Gotthard-
Axis). According to first financing model, the future operators
should pay back 25% of the investments back. At this time the FOT
and ATG agreed a cost budget of CHF 6.323 Billion [9] for the
Gotthard Base Tunnel and the access links. No costs for unforeseen
conditions were included in this budget. The budget for the unfore-
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Ponaucenti: seen (approx. 15% of the total investments) remained in the res-

* Ndklady u megaprojekta vykazuji vysokou nejistotu z duvodu ponsibility of the federal government. Only the federal government
jejich pfimé vazby na dobu vystavby. was entitled to invest this reserve if necessary.

e Ndkladova rizika u megaprojekti jsou vétSi nez hodnota At the end of 2011 the forecast of the potential final costs for the
neplaceni (?) dand ndrodnimi standardy (pro standardni pro- GBT reached the sum of CHF 9.956 billion (+ 57%) [9]. This cost inc-
jekty). rease at the GBT and in other projects (Lotschberg Base Tunnel +

e Rizika vztahujici se k nejistotdm u hornin jsou pouze jednou 32%) [9], but also the fact, that the operators will never be able to pay
¢asti ndkladovych rizik. Stejné rozhodujici jsou zmény stav- back their 25%-portion of the investments lead to the situation that the
by a pifkazy ke zméndm od ruznych zi&astnénych stran. capital of the public fund had to be increased up to CHF 10.1 billion.

¢ Model financovani se také musi prubézné kontrolovat, aby The lifetime of the fund (until the payback of all debts) increased up to
byly mozné v¢asné tpravy. 30 years (Fig. 9). Other projects had to be postponed or cancelled in

¢ Programy kompenzace ndkladu v rdmci jednoho diléiho pro- order to not exceed the total investment of CHF 30.5 billion.
jektu maji pouze omezeny dopad. What are the reasons for this cost development in the NRLA-pro-

* Relevantni sniZovdni ceny jsou moZnd pouze pomoci strate- ject, the public project with the highest governmental control ever

gickych rozhodnuti o stavbe. in Switzerland? As time is money, the cost development reflects pri-
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¢ Megaprojekty by se mély délit na dil¢i projekty, aby bylo
mozné sniZovat relevantni ndklady odkldddnim nebo ruSenim
dileich projekta (projekt nékladu).

* Svycarsky model financovéani prokdzal svou hodnotu, ale jiz
doséhl svych hranic [3].

* Soulasna situace prijmu provozovateli Zeleznic v Evropé
neumoznuje spldceni investic na megaprojekty obsahuji-
ci tunely. Cést nakladii musela byt pfesunuta z budoucich pro-
vozovatell na danové poplatniky [3].

3.7 Pozadavky na proces projektovani a organizaci stavby

Procesy projektovani a stavebni procesy musi zajistit poZzadova-
nou vysokou kvalitu a bezchybné stavebni procesy. Hlavni vyzvou
je opét dlouhé trvani stavby u megaprojekti. V po&éteéni fazi byly
jasné modely procesu, zaloZené na pozadavcich ISO 9000, zave-
deny na strané objednatele a jeho projektantt. Nabidky dodavate-
1t byly prijimény pouze od dodavatelu s certifikovanym systé-
mem fizen{ kvality podle ISO 9000. Objednatel také mél pravo
provadét nékteré audity vlastni silami a kontrolovat zavadeéni
systému fizen{ kvality na riznych stavenistich.

Technické specifikace byly zaloZené na prakticky nezménénych
$vycarskych norméch SIA. Ufad FOT pozadoval pomoci zvl4stni
»expertni smérnice* kontrolu statickych vypoctu projektanta nezd-
vislymi odborniky, aby byla zaji§téna spravnd aplikace prislus-
nych bezpe¢nostnich norem. Tento proces byl potfebny, ale byl
ndro¢ny na Cas. Diky v€asnému zpracovani podrobnych harmono-
gramu projekénich praci nebyla zaznamendna 74dnd zpozdéni
v doddvéni vykresu.

Dodavatel mél pravo na optimalizaci svych vyrobnich procesu.
V uréitych pripadech se dodavatelé rozhodli pozdé, coZ zpusobo-
valo potfebu dalSiho usili projektanta. Projektant tyto pripady
zvladal a Zzddny vykres nedorazil na stavbu opozdéné. Dusledky
byly odpovidajici — vy$si ndklady na projekt.
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marily the big changes in the construction schedule due to the
ground risks (southern side) and to political risks (northern side).
These two elements explain only a part of the total cost increase.
Other important elements in megaprojects with a long realisation
time are design changes and change orders required from the diffe-
rent stakeholders. After the three dramatic tunnel fires in the Mont
Blanc Road Tunnel (1999), in the Tauern Road Tunnel (1999) and
in the Gotthard Road Tunnel (2001) design changes of the ventila-
tion system were required in order to put the initially already suffi-
cient safe standard on a higher level. Additional ventilation galleri-
es, shafts and cross passages had to be excavated causing additional
construction time and costs. The layout of the 15 km long Ceneri
Base Tunnel was switched from one double track tube to two sing-
le-track tubes creating an important cost overrun (Fig. 10).

The long project duration of over 10 years itself creates also an
important sum of additional costs due to small design changes.
Certain changes had to be accepted for technical or political rea-
sons, even with a strict control of all requests on design changes by
the owner’s management. Assuming 1% additional costs per year
caused by this effect a final cost increase of 10 to 15% is the result
(time is money)!

Several cost reduction studies have been carried out. All of them
showed a very limited impact on the final costs at current sites.
Significant cost reduction could only be achieved by strategic deci-
sions, such as the reduction of the construction time, the postpone-
ment or cancelation of other projects.

Lessons learned:

* Costs in megaprojects have a high uncertainty due to their

direct relation with the construction time.

 Cost risks for megaprojects are greater than the default values

given by national standards (for standard projects).

* Risks related to the uncertainties of the ground are only one

part of the cost risks. Equally decisive are project changes and
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Obr. 10 Piekradovdni néikladi u megaprojektit
Fif. 10 Cost overrun in megaprojects
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change orders by the different sta-
keholders.

e The funding model has to be
checked continuously in
order to allow adaptations on
time.

e Cost compensation programs
within a single subproject
have only a limited impact.

e Relevant cost reductions are
only possible by strategic
decisions on the project.

e Megaprojects should be sub-
divided in subprojects in
order to allow relevant cost
reductions by postponing or
the cancellation of subpro-
jects (design to cost).

e The Swiss funding model has
proven its value but has rea-
ched its limits [3].

e The actual income situation
of railway operators in
Europe does not allow the

Neidentifikovana rizika
Unidentified risks

Rizika L3 Risks L3
Rizika L2 Risks L2
Rizika L1 Risks L1

Ocekavané konecné naklady
Expected final costs

Finanéni limit Financial limit

Obr. 11 Sdelovadni ndkladovych rizik (fiktivni priklad)
Fig. 11 Communication of cost risks (fictitious example)

Doba realizace u megaprojektu je 10 let a vice. V piipadé stav-
by GTB to je 25 let, témér jedna generace. Je jasné, Ze pozadavky
na organizaci a fizeni stavby se béhem této doby méni. Na zact-
ku jsou duleZité odborné schopnosti, které jsou vyzadovédny od
investorské organizace, schopnosti zpracovdni studii proveditel-
nosti stavby, tvodniho projektu a systému fizeni rizik. Ve fazi
vybérovych fizeni a vystavby jsou hlavnim tdkolem projektové
fizeni a fizeni stavby. Ke konci stavby se nejduleZit€jsim stavaji
postupy uvadeéni do provozu. VSechny tyto rozdilné tkoly vyZza-
duji zvlastni schopnosti persondlu celého projektu. Prakticky
nikdo nenf schopen pokryt viechny tyto ruzné aspekty. V&asné
pldnovéni{ persondlnich zdroju na viech drovnich organizace pro-
jektu a prizpusobeni organizace ¢asu jsou nutnosti.

Velkd rizika megaprojektu a obzvldsté velkych projektu pod-
zemnich staveb vyZzaduji zkuSeny persondl na vSech tdrovnich
a u kazdého partnera. V prabéhu poslednich dvou desetileti skon-
Cilo sva studia ve Svycarsku velmi malo stavebnich inZenyri.
Nedostatek zkuSenych inZenyra byl ziejmy. Projektanti byli asto
nuceni pridé€lovat velké odpovédnosti nezkuSenym inZenyrum.
Z tohoto a jinych divodu potfebuje investorskd organizace svij
vlastni vysoce kvalifikovany profesiondlni persondl.

Ponaucent:

e Certifikdty fizeni kvality podle ISO 9000 jsou zdkladni véci
ve fazi vyberového fizeni, ale nejsou dostateCné ve fazi
vystavby.

» Dulezité jsou audity zavddéni systému fizeni kvality, speci-
fickych pro projekt, nezdvislymi institucemi v poc¢dtecni fézi.

» V¢asné a podrobné pldnovéni procesu projektovani je nutné
pro zajisténi spole¢né zdkladny pro dodédvdni vykresu.
V harmonogramu projek¢énich praci musi byt uvazovan cas
pro kontrolni smycky.

* Organizace zapojené do projektu se musi pfizpasobit fazi pro-
jektu, od developera projektu po projektanta, od vedouciho
stavby a po kone¢né uvadéni do provozu.

* Velkd rizika megaprojekta vyZzaduji zkuseny personal v kazdé
fazi a u kazdého partnera.

» Vseobecny nedostatek zkuSenych inzenyru vyZaduje schopny
profesiondlni persondl na klicovych pozicich u investora.

payback of the investments
for mega-tunnel projects. Cost elements had to be shifted from the
future operator to the taxpayers [3].

3.7 Requirements on the design processes
and the project organisation

Design and construction processes have to guarantee the required
high quality and error free construction processes. The main chal-
lenge is once more the long project duration of megaprojects. Clear
process models based on the requirements of ISO 9000 were imple-
mented at an early stage on the side of the client and his design
engineers. Contractor’s bids were only accepted from contractors
with certified quality management systems based on ISO 9000.
Additionally the client had the right to carry out some audits on its
own, checking the implementation of the quality management sys-
tems on the various sites.

The technical specifications based on the practically unchanged
Swiss SIA codes. The FOT required with a special “experts directi-
ve” a check of the design engineer’s static calculations by indepen-
dent experts in order to ensure the correct application of the relevant
safety codes. This process was necessary but time consuming.
Thanks to an early elaboration of detailed design schedules no
delays in the delivery of the drawings had to be noticed.

The contractor had the right for the optimisation of his producti-
on processes. In certain cases the contractors took their decisions
late, causing additional efforts for the design engineer. The design
engineer mastered these cases and no drawing arrived to late on the
site. The consequences were relevant higher design costs.

Megaprojects have a realisation time of 10 years and more; in the
case of the GBT 25 years — nearly one generation. It’s obvious that
the requirements on the project organisation and management chan-
ge during this time. At the beginning of the project feasibility stu-
dies, preliminary design and risk management are important skills
required from the client’s organisation. In the tender and construc-
tion phase project and contract management are the main tasks.
Towards the completion of the project commissioning procedures
become most important. All these different tasks require special
skills from the project staff. Practically nobody is able to cover all
the different aspects. Forward-looking planning of the personal
resources at all levels of the project organisation and on time adap-
tations of the organisation are a must.

The high risks of megaprojects and especially of large underg-
round projects require experienced staff on each level and by each
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Obr. 12 Konvenéni razba tunelu Sedrun sever (vlevo), instalace zdvésu plnoprofilového tunelovaciho stroje (vpravo)
Fig. 12 Conventional drive Sedrun North (left), TBM backup installation in Faido (right)

e Standardni inZenyrské smlouvy nereflektuji zv14stni poZadav-
ky megaprojektu (obzvlasté ne vlivy dlouhého trvani). Jsou
potrebné tpravy specifické pro dany projekt, aby byla zaruce-
na pozadovana troven kvality po dobu trvani celého projektu.

3.8 PoZadavky na stavbu a fizeni smiuv na stavbu

Podzemni stavba se li§i od vSech jinych typu staveb z toho
duvodu, Ze stavebni materiél, hornina, ¢asto neni dobfe zndmy
nebo se muze v kratkém dseku ménit. Kromé toho je chovéni hor-
ninového masivu také Casto vysledkem vzdjemného pusobeni
s pouzitymi stavebnimi metodami. DuleZitd zbytkovd rizika jsou
pro velké podzemni stavby charakteristickd. Modely smluv musi{
k této specidlni situaci podzemnich staveb prihlizet a mély by
umoznit rychlou reakci na zmeénéné nebo nepredvidané horninové
pomery.

Spravedlivé sdilenf rizik a partnerstvi jsou uZite¢nymi ndstroji
k usnadnéni rychlych rozhodnuti na stavbé. Spravedlivé sdileni
rizik mezi objednatelem a zhotovitelem poméhd pii vyhybani se
ne nezbytnym zvySovanim v nabidkédch uchazeéu, a proto pfi sni-
Zovéni celkovych ndkladu na projekt.

Svycarska norma SIA 118/198 (byvald norma 198) poskytuje
standardni TeSen{ a fidi se Siroce prijimanym principem sdileni
rizik praci na podzemnich stavbach, znamenajicim:

1. Horninovy masiv patii objednateli. Zménéné horninové pod-
minky, mimo hranice vymezené smlouvou, jsou proto rizi-
kem objednatele.

2. Prostredky a metody pouZzité pro zvladnuti horninovych po-
méru v rozsahu smluvnich hranic patii do sféry rizik zhoto-
vitele.

Tento princip funguje, pokud objednatel poskytne tplny a pres-
ny popis horninovych poméra a ofekdvaného chovén{ podle jeho
projektu. VSechna relevantni data z geologického prazkumu
a vSechny ostatni relevantni hrani¢ni podminky musi byt pfistup-
né pro zhotovitele.

Volba prostredku a metod, zvlas$té metod razby, je jednim
z velkych rizikovych faktori u podzemnich megaprojektu.
Zvolené metody by mély byt schopné prekonat radu ocekdvanych
horninovych podminek. Spolu s katalogem doplnujicich stabili-
zaénich opatfeni by zvolené metody razby mely byt také schopné
zvladat obtizné a neoekdvané zménéné horninové poméry. Pokud
objednatel mé presvéd¢ivé duvody, mél by zvolit metodu razby
jesté pred vyhldSenim soutéZe. Takovymi duvody mohou byt rizi-
ka vztahujici se k horninovym poméram, ale i environmentalni
nebo logistické davody. Jestlize horninové poméry dovoli pouZiti
ruznych metod, a hlavné pokud se ekonomické pozadavky stanou
rozhodujicimi, dodavatelé by méli mit pravo zvolit si vlastni obli-
benou metodu. Nicméné objednatel vzdy musi definovat spraved-
livé podminky pro soutéZ (nabizeni dvou metod nebo povoleni

m

partner. During the last two decades too few civil engineers finished
their studies in Switzerland. A lack of experienced engineers had to
be recognised. The design engineers were often forced to give high
responsibilities to inexperienced engineers. For this and other rea-
sons the client’s organisation needs his own highly qualified pro-
fessional staff.

Lessons learned:

e Quality management certificates according to ISO 9001 are
essential in the tender phase but not sufficient during the con-
struction phase.

e Audits of the implementation of the project specific quality
management systems by independent institutions at an early
stage are important.

* An early and detailed planning of the design processes is
a must in order to have a common base for the delivery of the
drawings. Realistic time budgets for checking loops must be
regarded in the design schedule.

* Project organisations have to be adapted phase dependent, from
the project developer to the designer, to the construction mana-
ger and finally for the commissioning.

e The high risks of megaprojects require experienced staff in
each phase at each partner.

e The general lack of experienced engineers requires competent
professional staff in the client’s key functions.

 Standard engineering contracts don’t reflect the special requi-
rements of a megaproject (especially not the effects of a long
duration). Project specific adaptations are necessary, in order to
guarantee the required quality level during the whole project
duration.

3.8 Requirements on the construction
and the management of the construction contracts

Underground construction is different from any other type of con-
struction, due to the fact, that the construction material, the ground,
is often not well known or may change within a short distance.
Additionally the behaviour of the ground is also a result of the inter-
action with the construction methods applied. Important residual
risks are characteristic for large underground projects. Contract
models have to take into account this special situation of under-
ground construction and should allow a fast reaction on changed or
unforeseen ground conditions.

Fair risk sharing and partnering are helpful tools to facilitate fast
decisions on site. Fair risk sharing between the client and the con-
tractor helps to avoid unnecessary risk surcharges in the contractor’s
bid and therefore to reduce the total project costs.
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uchazedum nabizet alternativy v piipadech, kde objednavatel The Swiss Code SIA 118/198 (former SIA 198) gives a standard
uvadi v soutéznich podminkach pouze jednu metodu). solution and follows the widely accepted principle of risk sharing
Spoleénost ATG se rozhodla povolit pouze feSeni vychazejici ze for underground construction work, meaning:

zndmych technologii. Na nejdel$im tunelu na svété by se nemély 1. The ground belongs to the client. Changed ground conditions
provadet zadné experimenty. V souladu s témito principy spolec- outside the contractual limits are therefore client’s risk.

nost ATG dala ve vétSiné piipadi do souté€Znich podminek nejmé- 2. Means and methods applied for ground conditions within the
n¢ dvé proveditelné metody (napr. konvencni razbu a razbu plno- contractual limits belong to the contractor’s risk sphere.

profilovymi TBM, nebo dvé technicky rozdilnd feSeni pomoci This principle works only if the client gives a complete and accu-
TBM), aby tak ziskala pfimo porovnatelné nabidky. Vybér meto- rate description of the ground conditions and the expected behavi-
dy razby pro stavbu GTB se te::mito principy dspésné ridil. Na kaz- our according to his project. All relevant data from the ground
dém z péti stavebnich oddilu se zvolila optimdlni metoda, a to investigation and all other relevant boundary conditions must be

i ve stavebnich oddilech s neofekdvanymi horninovymi pomery.

Klicovym faktorem dspéchu je partnerstvi. Partnerstvi znamena
definovéni spole¢nych cilu, spole¢né monitorovani referen¢nich
vykoni a spole¢né feSeni problému v piipadé odchylek.
Partnerstvi vyZzaduje kulturu duvéry a otevienych diskusi na kazdé
trovni. Velké odchylky od cilovych nédkladu a cila na stavbé GBT
zpusobovaly vdzné smluvni dohady. Reseni se dala nalézt az po
tvrdych a Casoveé ndro¢nych jedndnich, kterd zanechdvala oba
partnery na stejné trovni ,,neStastnosti“. Podrobné smlouvy
o jednotkovych cendch, transparentni modely pro kalkulace jed-
notkovych cen a Casové zdvislych ndkladu, jasné definovani sdi-
leni rizik a kultury partnerstvi, tento vysledek umoZnily.

Ne vSechny rozepre se daly vyfesit pfimo mezi smluvnimi part-
nery. Pro tyto pfipady se smluvni dohodou na kazdém hlavnim
stavebnim oddilu ustavily rady pro feSenf sport, fidici se Svycar-
skym doporucenim pro feSeni sport (VSS 641°510). Do konce
roku 2011 &lenové rady pro feSeni sporl (RRS) fesili 12 pripadi

accessible to the contractors.

The selection of means and methods, especially the selection of
the excavation method is one of the big risk factors for an under-
ground megaproject. The selected methods should be able to over-
come the whole range of the expected ground conditions. Together
with a catalogue of auxiliary construction methods the selected
excavation methods should also be able difficult to master unex-
pected changed ground conditions. If the owner has compelling
reasons he should select the excavation method before tendering.
Such reasons can be risks related to the ground conditions, but also
environmental or logistic requirements. If the ground conditions
allow different methods and mainly the economic requirements
become decisive, the contractors should be entitled to select his
favourite method. Nevertheless the client has anyway to define fair
conditions for the competition (tendering two methods or allowing
contractors alternatives in cases where the client tenders only one

od 0,5 mil. CHF do 84 mil. CHF. V té dob& neexistoval zddny | method).

nevyfeseny soudnf piipad. RRS jedn jako rozhodf komise pouze ATG took the decision to allow only solutions basing on known
do omezenych &astek, které jsou predmétem sporu. Ve viech technologies. No experiments should be made on the longest tunnel
ostatnich sporech ddva RRS doporu&ent, které miize byt smluvni- of the world. Following these principles ATG tendered in most of
mi partnery pfijato, nebo odmitnuto. V piipadé odmitnuti doporu- the cases at least two feasible methods (e.g. conventional tunnelling
&enf RRS jednim nebo obéma smluvnimi partnery jsou otevieny and TBM, or two technically different TBM solutions) in order to
dvefe pro soudnf jednéni. Nejvétsi efekt RRS byl vlastnimi silami receive directly comparable bids. The selection of the excavation
vyvinuty psychologicky tlak na organizaci na stavenisti, aby part- method for the GBT followed these principles successfully. In each
nefi hledali vlastni feSeni. of the five different construction lots the optimum method was cho-
Pries pozitivni zkuSenosti s fizenim smluv na stavbé GBT je sen, also in the construction lots with unexpected worse ground
i ve Svycarsku mozné pozorovat trend k rychlému presunovani conditions.
rozdila na pravniky a na rozhodovani soudem. ZkuS§enosti uka- Partnering is a key factor for success. Partnering means the defi-
zuji, Ze soudni rozhodnut{ nejsou ani rychlejsi, ani lacinéjsi, ani nition of mutual objectives, the joint monitoring of the performan-
lepsi pro povést stavby a velmi Casto nejsou ani lepsi nez kom- ce benchmarks and the common problem resolution in the case of
promisy pfijaté partnery pfimo nebo na zédkladé doporuceni divergences. Partnering needs a culture of confidence and open
RRS. Nastal ¢as premyslet o skute¢ném trendu a zménit kultu- | discussions on each level. Big deviations from the cost and time

ru zpét na partnerstvi, kde vedeni stavby
s pomoci technickych specialistu

a pravnikt nachdzi dobré kompromisy.
Ponaucenti:

* Smlouvy o jednotkovych cendch,
véetné regulace Casové zdvislych
nékladu, poskytuji tu nejvétsi flexibi-
litu v piipadé zménénych podminek.

+ Casové zavislé naklady Casto zpliso-

bovaly ty nejvétsi diskuse.

e Spravedlivé smlouvy vyzaduji spra-
vedlivé sdileni rizik; standardni reSe-
ni podle Svycarskych norem prokdza-

la svou hodnotu.

* Rada pro feseni spori (RRS) je ui-
teCnou instituci, kterd pomédha vyhy-

béni se soudnim piipadum.

e Doporuceni RRS nezarucuji konecné
feSeni sporu, jelikoZ smluvni partneri
maji volnost pri rozhodovani zda

doporuceni pfijmou, nebo ne.

e Partnerstvi je u megaprojektu klico-

vym faktorem dspéchu.

Obr. 13 Prdvni spory
Fig. 13 Legal disputes
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3.9 Pozadavky dané veiejnym minénim

Megaprojekty pritahuji pozornost vefejnosti jiz ze své defini-
ce. Negativni vefejné minéni muze vytvorit velké riziko pro
lispésné dokonceni stavby. JiZz jen z divodu velikosti stavby
mohou megaprojekty vytvdaret obavy a negativni pocity.
Oteviend komunikace, respekt vuaéi odliSnym ndzoram
a konstruktivn{ dialogy se zicastnénymi stranami, zacinajicf jiz
v nejéasn€jSich fazich stavby, jsou nezbytnou podminkou pro
Uspésny vyvoj stavby.

Svycarsko, jako mald zemé, zna politicky systém se Sirokymi
pravy lidi na dcast pti rozhodovani. Byli to §vycarsti voli¢i, kdo
mél kone¢né pravo rozhodnout o stavbé samé a modelu jejiho
financovéni. Vysledkem byla vétSina hlast mezi 57 % (nové
dané) a 63,5 % (stavba a financujici fond). Tyto vysledky byly
mozné pouze proto, Ze stavba obsahovala nezbytné kompromi-
sy. Aspekty Zivotniho prostiedi mély velkou prioritu a bylo pri-
hliZeno k z4jmam riznych stran v§ude tam, kde to bylo moZné.
Jedndni o kompromisech potiebovala svij ¢as a zpusobovala
nékterd zdrzeni v harmonogramu stavby. Alternativa pravnich
procesu a soudnich rozhodnuti by ale nebyla rychlejsi, pouze by
vytvarela velka rizika pro povést stavby.

Ponauceni:

¢ T¥i ndrodni hlasovdni o stavbé a modelu jejiho financové-

ni, s vétSinami hlast téméf a7 2 : 1, dala stavbé velkou pod-
poru obecné i v obtiZnych situacich.

* Resenf dojednand s oponenty stavby vyzaduji ¢as a mohou

zpusobovat zpozdéni.

¢ Dohodnuté kompromisy jsou dlouhodobé lepsi nez soudni

rozhodnuti.
e Se zdjmy zucastnénych stran se musi naklddat seriézné.
Pomdhd planovani u kulatého stolu a oteviené diskuse.

¢ Verejné financované stavby by mély byt oteviené verejnos-
ti. Ndvstévnicka centra a nékolik dni otevienych dveii na
staveniStich pro vefejnost vytvareji pozitivni podporu
vefejnosti stavbe.

4 ZAVER/DOPORUCENI

U megaprojekta existuje portfolio dalezitych rizik bezpro-
stfedné hrozicich &isté z duvodu jejich velikosti. Profesiondln{
fizeni rizik pfihliZzejici ke v8em ruznym typum rizik, ale
1 neindentifikovanych rizik, je nutnosti od samého pocdtku sta-
vebniho projektu. Jestlize se nezavede fizeni rizik v¢as, budou
rizika ignorovdna s tim, Ze to bude mit zdvazné dusledky.
Hlavni ponauceni ziskand na projektu GTB jsou:

e Vcasné profesiondlni fizeni rizik poskytuje adekvatn{ infor-

mace o rizicich a je ,,pojistkou” pro vedeni projektu.

Obr. 14 Megaprojekty potrebuji podporu verejnosti — ndvstévnické centrum
Pollegio (ATG)
Fig. 14 Megaprojects need public support — visitor centre Pollegio (ATG)
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targets at the GBT caused important contractual disputes.
Solutions could be found after tough and time-consuming negoti-
ations leaving both partners on an equal level of “unhappiness”.
The detailed unit price contracts, transparent models for the cal-
culation of the unit prices and of the time dependent costs, a clear
definition of the risk sharing and a culture of partnering made this
result possible.

Not all disputes could be solved directly between the contractual
partners. For those cases, dispute resolution boards were imple-
mented by contractual agreement in each main construction lot fol-
lowing the Swiss Recommendation on Dispute Resolution (VSS
641°510). Until the end of 2011 the members of the dispute resolu-
tion board (DRB) treated 12 cases from CHF 0.5 Mio up to CHF 84
Mio. No court case was pending at that moment. The DRB acts only
up to limited amounts in dispute as an arbitration panel. In all other
disputes the DRB gives a recommendation, which can be accepted
or rejected by the contractual partners. In the case of rejection of the
DRB’s recommendation by one or both contractual partners the
doors are open for a court case. The biggest effect of the DRB was
the self-made psychological pressure on the site organisation to find
an own solution.

Despite the positive experiences with the contract management of
the GBT, also in Switzerland a trend to shift differences quickly to
the lawyers and to court decision can be observed. Experiences
show, that court decisions are not faster, not cheaper, not better for
the project reputation and are substantially often not better than the
compromises taken by the contractual partners directly or based on
a DRB recommendation. It’s time to think about the actual trend
and to change the culture back to partnership where the site mana-
gement with the help of technical specialists and lawyers find fast
and good compromises.

Lessons learned:

e Unit price contracts including regulations of the time depen-
dent costs give the highest flexibility in the case of changed
conditions.

* Time dependent costs caused often the biggest discussions.

* Fair contracts require a fair risk sharing; the standard solutions
of the Swiss Codes have proved of value.

* A dispute resolution board (DRB) is a useful institution helping
to avoid court cases.

* DRB recommendations do not guarantee the final dispute reso-
lution, as the contractual partners are free to agree on the
recommendations or not.

e Partnering is a key factor for success in a megaproject.

3.9 Requirements of the public opinion

Megaprojects attract public attention per definition. A negative
public opinion can create a high risk for the successful project com-
pletion. Due to the sheer size of the project, megaprojects may cre-
ate fears and negative feelings. Open communication, respect for
conflicting opinions and constructive dialogs with all stakeholders
starting at the earliest project phases are preconditions for
a successful project development.

Switzerland as a small country knows a political system with
wide participation rights for the people. The Swiss voters had final-
ly to decide on the project itself and its financing model. Majorities
between 57.2% (new taxes) and 63.5% (project and financing fund)
approval were the result. These results were only possible because
the project contained the necessary compromises. Environmental
aspects had a high priority and the interests of the different parties
were considered as far as possible. Negotiation of compromises
needed its time and caused some delays in the construction schedu-
le. The alternative of legal processes and court decisions would not
have been faster, but would have created a high reputation risk for
the project.
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Lessons learned:

e 3 national votes on the project and its financing model with

majorities up to nearly 2 : 1 gave a strong support to the pro-

ject, also in difficult situations.

Negotiated solutions with opponents of a project need time and

can cause delays.

Negotiated compromises are better on the long term than court

decisions.

Stakeholder concerns have to be treated seriously. Round table

planning and open discussions are helpful.

* Public financed projects should be open to the public. Visitor
centres and some open days of the sites to the public create
a positive public support to the project.

4 CONCLUSIONS / RECOMMENDATIONS

Megaprojects have an immanent important risk portfolio due to
their sheer size. A professional risk management taking into account
all different types of risks, also the unidentified risks, is a must from

Obr. 15 Vysoce motivovany profesiondlni persondl — kli¢ovy faktor pro tispéch
Fig. 15 Highly motivated professional staff — the key factor for success the earliest beginning of a project. If risk management is not imple-
mented on time risks will be ignored taking severe consequences
into account. The main lessons learned from the GBT are:
¢ Professional risk management provides the adequate informa-
tion on the risks on time and is the “insurance policy” for the
project management.

* Velké pocty rizik se daji fidit véas a s usilim, které je
moZzné si dovolit.
* U megaprojektu je imérné vyssi riziko nez u ,,normdlnich*

staveb. Tato skute¢nost by méla byt brana v Gvahu. * Big numbers of risks can be managed on time with an affor-
e ,Cil Nula® musi byt pfijimdn jako cil pro bezpecnost dable effort.

a ochranu zdravi (Crossrail). * Megaprojects have proportionally significant higher risks than
e Znovupouziti rubaniny je technicky moZné a je nutnosti “normal” projects.

z hlediska ochrany piirodnich zdroju. e This fact should be communicated.
e Moderni metody razby a logistika prokézaly své kvality e “Target Zero” must be the future state of mind on health and

i v téch nejtézsich podminkach. safety (Crossrail).

e The reuse of the muck is technically feasible and a must in
order to save natural resources.

e The modern tunnelling technique and logistics has proved of
value even in the most difficult conditions.

e Smlouvy o jednotkovych cendch se spravedlivym sdilenim
rizik, partnerstvi a zavedeni rady pro feSeni spori mohou
pomoci pri vyhybani se ¢asové naroénym soudnim pfipa-

dtm.  Unit price contracts with fair risk sharing, partnering and the
* Realizace megaprojektu se stivd obtiZnou, pokud neni implementation of a dispute resolution board help to avoid
moznd bez pozitivniho vefejného minéni. time-consuming court cases.
e NejduleZitéjsim klicovym faktorem pro tspéch je stdle e The realisation of a megaproject becomes difficult if not
vysoce kvalifikovany a motivovany persondl na vSech impossible without a positive public opinion.
tirovnich organizace projektu. e The most important key factor for success is a still a highly
qualified and motivated staff on all levels of the project orga-
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