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ZASADY ROZHODOVANI ZA NEJISTOTY V GEOTECHNICE

PRINCIPLES OF MAKING DECISIONS UNDER UNCERTAINTY
IN GEOTECHNICS

ALEXANDR ROZSYPAL

ABSTRAKT

Cldnek se zabyvd problematikou rozhodovacich postupii v geotechnice, které jsou charakteristické tim, Ze pro né neni obvykle
dostatek informaci, dat a znalosti. Upozornuje na nutnost v takovych pripadech pri navrhovdni geotechnickych konstrukci
potlacovat deterministicky pristup a doplnit jej pristupem pravdépodobnostnim. Poukazuje na vyznam inZenyrské intuice
a zdsady jejiho rozvijeni i pouZivdni. Uvddi i nékteré rozhodovaci techniky minimalizujici vliv nejistoty na vysledek rozhodo-
vdni a sniZujici souvisejici rizika.

ABSTRACT

The paper is dealing with problems of decision-making procedures in geotechnics, which are characterised by the usual lack
of information, data and knowledge required for them. It draws attention to the necessity of suppressing the deterministic app-
roach to designing geotechnical structures in such the cases and complementing it by a probabilistic approach. It points out the
importance of engineering intuition and principles of its development and use. It, in addition, presents some decision-making

techniques minimising the influence of uncertainty on the result of the decision and reducing the associated risks.

1. UOVOD

Projektovani a vystavba geotechnickych konstrukei jsou
dotceny zna¢nou mirou nejistot o podminkéch a vlastnostech
prirodniho prostfedi, v jakém budou tyto stavby navrhovany
a budovény. Pri obvyklych postupech navrhovani stavebnich
konstrukei se vSak vychdzi z predpokladu, Ze v§echny poznat-
ky a znalosti, které jsou k rozhodovani nezbytné, jsou k dis-
pozici. (Zakonitosti, podle kterych se sledovany systém
chovd, spolehlivé algoritmy, které je popisuji, ddle poznatky
o aktudlnim stavu analyzovaného systému, o vlastnostech
materidld, z kterych systém pozustava atp).

Vlastnosti hornin, které se u geotechnickych konstrukci
stavaji nedilnou soucdsti statického systému stavebniho dila,
se ale vyznamné méni v prostoru i v ¢ase. Zavisi i na radé
vnitinich a vnéjsich Cinitelu, napfiklad na charakteru zmén
puvodniho stavu horninového masivu stavebnim zdsahem, na
zpusobu jeho zatéZovéni, na rozsahu zménami zatizen{ zasti-
7eného prostoru, kolisdni pérovych tlaki a podobné. Na
intenzité a velikosti takovych zmén se podili i zvolend tech-
nologie razeb. Kromé toho je tfeba béhem vystavby geotech-
nickych konstrukci ¢asto Celit nahodilym vné€j§im vlivim
ruzné prirodni, technické i lidské povahy. Jejich vyznam
nelze pri priprave stavby, ani prfi jejim provadéni spolehlive
predvidat.

2. VYZNAM NEJISTOTY V GEOTECHNICE

Pfi navrhovdni geotechnickych konstrukei ve sloZzitych
geologickych podminkdch, zejména pak pri projektovani
a budovdni podzemnich staveb, tedy fada dualezitych infor-
maci bud chybi, nebo nejsou dostatecnd vystizné ¢i spolehli-
vé. To znamena, Ze projektovani a budovani podzemnich sta-
veb je spojeno s vét§im ¢i mensim rizikem. Pri fizenf rizik je
nezbytné uplatiovat pravdépodobnostni pristup, zvaZovat
miru prijatelnosti rizik a rozsah nezbytnych opatfeni pro
jejich snizovani. Logika pravdépodobnostniho pristupu je ale
jind, neZz pri obvyklém pristupu deterministickém. Pokud

1. INTRODUCTION

Designing and development of geotechnical structures are affected
by a significant degree of uncertainties regarding the conditions and
properties of the natural environment in which the structures will be
designed and constructed. However, it is assumed when usual desig-
ning procedures are applied to designing civil engineering structures
that all knowledge necessary for making decisions is available. (The
regularities according which the system being observed behaves, the
reliable algorithms described by them, the knowledge about the cur-
rent state of the system being analysed regarding properties of the
materials the system consists of, etc.).

But the properties of ground mass, which become an inseparable
part of the static system of the structure significantly vary in space
and time. They even depend on numerous internal and external fac-
tors, for example, on the character of changes in the state of the
ground mass caused by the construction intervention, on the process
of its loading, on the extent of the space affected by the changes, fluc-
tuation of pore pressures etc. Even the selected tunnelling technique
contributes to the intensity and size of such changes. It is, in additi-
on, necessary during the course of construction work to face acci-
dental external influences of various natural, technical and human
nature. Their significance cannot be reliably predicted either during
the construction planning process or during the construction.

2. SIGNIFICANCE OF UNCERTAINTY IN GEOTECHNICS

When geotechnical structures in complicated geological conditi-
ons are being designed, especially when underground structures are
being designed and constructed, there is a lack of a lot of important
information or it is not sufficiently apposite or reliable. It means
that designing and constructing underground structures is associa-
ted with a larger or smaller risk. It is necessary in the risk manage-
ment process to apply the probabilistic approach, take into account
the rate of acceptability of risks and the extent of the measures
necessary for reducing them. But the logics of the probabilistic app-
roach differs from the logics of the usual deterministic approach. If
it is not possible to predict with certainty what the behaviour of the
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neni mozné s jistotou predpovedét, jaké bude chovéni dotce-
ného systému, napiiklad v dasledku:

* moznych zmén bansko-geologickych podminek v misté

razby tunelu;

¢ nezndmé orientace hlavniho puvodniho napéti okolo pod-

zemni kaverny;

¢ velkého kolisdni hodnot kli¢ovych geotechnickych para-

metru vstupujicich do ndvrhu;

¢ nezndmé dlouhodobé stability vysokého zdvérného svahu

portélu tunelu, mozného kolisani hladiny podzemni vody
v jeho svahu atd.;
nelze se pri projektovdni zabyvat jedinym optimédlnim feSe-
nim. Regeni se naopak musi vyrovnat se vSemi vyznamnymi
variantami vySe uvedenych proménnych, které pri konkrétni
vystavbé pripadaji v dvahu.

Vtipny priklad takového rozhodovani v situaci vysoké miry
nejistoty uvedl Taleb (2007) ,, Neni mozné jednoznacné stano-
vit, na kterou vetev si slavik sedne, kdyZ? v noci prilétne do
hdje. Pokud je cilem na slavika nastraZit lep tak, aby byla co
nejvétsi pravdépodobnost jeho polapent, je treba lep nastraZit
na ty vétve, na které by si slavik mohl sednout nejpravdepo-
dobneéji.*

Praktické feSeni takové dlohy ovSem musi respektovat pod-
minku, Ze lepidla je jen omezené mnozstvi a neni proto mozné
jim namazat vSechny vétve, aby se slavik s jistotou chytil.
Také hodnota pouzitého lepidla nesmi byt logicky vétsi, nez je
hodnota slavika samotného. KdyZ by bylo takto vymezeno
mnozstvi lepidla, které je ticelné na lapani slavika pouzit, pak
je mozné s vyuzitim konceptu pravdépodobnosti hledat ty
vétve, na které si slavik sedne nejpravdépodobnéji a tam lep,
ktery je k dispozici, nastrazit (vétve nad studdankou, s vyhle-
dem na mésic atp.).

Obdobné je tfeba postupovat pri projektovani geotechnické
konstrukce, jejiz chovani mohou vyznamné ohroZovat ndhod-
né stavy a jevy. Projekt musi vzit v dvahu vSechny mozné
nebezpecné stavy, které za dané situace mohou nastat. Mél by
také odhadnout pravdépodobnosti, s jakou mohou nastat,
a jakd to obndsi rizika. Ndsledné by mel projektant vybrat ty
stavy, které predstavuji nepfijatelnd rizika a pro ta navrhovat
opatfeni na jejich potrebnd sniZeni. Soucasné také porovndvat
ndklady na takovd opatfeni s jejich t¢inkem (sniZenim rizika).
To znamend provést technicko-ekonomickou optimalizaci
navrhu konstrukce a na jejim zakladé prijmout optimélni pro-
jektové feseni. Jinymi slovy, takové, kdy je sniZené riziko pod
drovni rizika prijatelného a pomér mezi ndklady na sniZen{
rizika a velikosti rizika nejvyhodnéjsi.

3. ROZHODOVACI POSTUPY PRI VYSOKE MIRE NEJISTOTY

Pii praktickém feSeni geotechnickych uloh, kdy se muZe
uplatnit nahodilé chovdni, neni nejduleZitéj${ pouzivani mate-
matickych metod pravdépodobnostniho poétu a teorie pravdeé-
podobnosti. Vzdy je ale tfeba uplatnit ,,pravdépodobnostni
mysleni“ a nékteré specifické techniky.

Prvnim krokem pri geotechnickém ndvrhu je posoudit, zda
jej lze provést standardnimi deterministickymi postupy. To
znamend, zda jsou pro feSeni k dispozici v§echny vstupy, zda
jsou dostatecné hodnovérné a jakého charakteru a rozsahu
jsou nejistoty. Anebo zda se jednd o situaci, kde zbytkové
nejistoty o vlastnostech geotechnickych parametru a o zdko-
nitostech chovani daného horninového masivu a navrhované
konstrukce jsou pro ndvrh stavby a jeji provadéni vyznamné.
Pak je tfeba pro feSeni prislusného problému uplatnit

particular system will be, for example as a result of the following
conditions:

* potential changes in mining-geological conditions in the locati-

on of the underground excavation;

e unknown orientation of the main original stress around the

underground cavern;

e large fluctuations of the values of key geotechnical parameters

entering the design;

e unknown long-term stability of the high tunnel portal slope,

potential fluctuation of water table in the slope, etc.;
it is not possible to deal with a single optimal solution when the
design is being carried out. Just the opposite, the solution has to cope
with all significant variants of the above-mentioned variables which
can be taken into consideration during a particular construction pro-
ject.

A smart example of such decision-making process in the situation
of high uncertainty rate was presented by Taleb (2007) ,, It is not pos-
sible to determine unambiguously the branch a nightingale will sit on
when it arrives in the growth at night. If the objective is to set birdli-
me in a way providing as high probability of catching the bird as pos-
sible, it is necessary to put birdlime on the branches the nightingale
could sit with the largest probability.*

Of course, a practical solution to such a problem has to respect the
condition that the amount of the glue is limited and, for that reason,
it is impossible to apply it to all branches so that the nightingale is
caught with certainty. In addition, logically, the value of the used
birdlime must not be higher than the value of the nightingale itself.
When the amount of the birdlime useful for catching the nightingale
is defined, it is possible to apply the concept of probability to sear-
ching for the branches the nightingale is most likely to sit on and put
the glue available on them (branches above a spring, branches allo-
wing a view of the moon, etc.).

The application of a similar procedure is required for designing
a geotechnical structure the behaviour of which can be significantly
endangered by accidental states and phenomena. The design has to
take into account all possible dangerous states which can take place
under the particular situation. It should, in addition, assess the pro-
babilities with which they can take place and the risks associated
with them. Subsequently, the designer should select the states repre-
senting unacceptable risks and propose measures reducing them to
required levels. At the same time, he should compare the costs of
such measures with their effect (reduced risks). It means carry out
technical-economic optimisation of the structural design and adopt
optimal design solution on its basis. In other words, such a solution
where the risk is reduced under the level of the acceptable risk and
the ratio between the risk reduction costs and the magnitude of the
risk is most favourable.

3. DECISION-MAKING PROCEDURES UNDER HIGH RATE
UNCERTAINTY

When geotechnical problems are being practically solved in the
cases where random behaviour can be applied, the use of mathema-
tical methods of the probability calculus and the theory of probabili-
ty is not most important. However, it is necessary to apply “probabi-
listic thinking” and some specific techniques.

The first step of a geotechnical design lies in assessing whether it
can be carried out using standard deterministic procedures. It means
whether inputs are available for the solution, whether the uncertainties
are credible and what is the character and extent of the uncertainties.
Or whether it is a situation where residual uncertainties regarding geo-
technical parameters and patterns of the behaviour of the particular
ground mass and the structures being proposed are important for the



pravdépodobnostni pristup a observaéni metody. V dvahu je
treba také vzit vSechny moZzné nahodilé vlivy z vnéjsku
systému stavba-horninové prostredi (prirodni hazardy, tech-
nologické havdrie, vlivy socidlnéekonomickych podminek,
lidsky faktor atp.).
3.1 Potlaceni deterministického piistupu

Dulezitou podminkou dspéSného feseni komplexniho geo-
technického problému s vét§si mirou nejistot je, zbavit se
deterministického zpusobu uvaZovdni a s nim spojenych mys-
lenkovych postupu a nahradit jej uvaZovdnim pravdépodob-
nostnim. Pfitom je icelné se zamerit na posouzeni nésleduji-
cich aspektu.

Vyznam anomdlnich a nestandardnich jevi

V geotechnice dosud prevaZzuje deterministické uvazovani,
kdy jevy jsou studovany a vysvétlovany na zdkladé ,,preva-
zujiciho®, bézného, nebo statisticky pozorovaného chovani
(v laboratorfi, pfi vystavbé i pri monitoringu). Nestan-
dardnim, anomdlnim jevim ¢&i chovdnim v extrémnich pod-
minkdch nebyva vénovana dostate¢na pozornost. Prakticky
kazdy se jisté setkal se situaci, kdy anomélni chovani indiko-
vané geomonitoringem se zna¢nou dobu ignoruje na zdkladé
predpokladu, Ze se bude uréité ,,normalizovat®. AvSak pravé
zkoumdni anomdlnich jevi muZe s predstihem zjistit neoce-
kdvany ndstup ne€jakého neocekdvaného nezddouciho jevu.
Pfi jejich zkoumdni se také muZe ziskat nejvétsi pouceni.

Rozbory skuteénych pri¢in anomdlniho chovdni

V praxi podzemniho stavitelstvi se obvykle neprovadi
dostate¢né podrobné analyzy fyzikalnich pfi¢in vzniku mimo-
fadnych nebo anomadlnich uddlosti. Asi proto, Ze jejich vznik
byva mylné povazovan za nezvladnuti standardnich ndvrho-
vych (deterministickych) procest a neni zdjem oznacit vinika.
V fadé pripadi vSak pfi¢inou téchto mimofddnych uddlosti
nebyla chyba jako takova, ale zanedbdani moZnosti vzniku
vyznamnych nahodilych udélosti ve spoluptsobeni systému
stavba-hornina a nenalezeni zpusobu, jak se s nimi pfi vystav-
beé uéinné vyrovnat.

Zkoumdni vyznamu extrémnich a nahodilych hodnot
a jevi

Choviéni systému, ve kterych hraji velkou roli nahodilosti,
je tfeba zkoumat nikoliv na jejich praimérném chovéni (coZ je
vlastni pro deterministicky pristup), ale pravé na krajnostech,
nahodilostech, na zvlaStnostech v chovéni sledovanych systé-
mu. Prdvé v geotechnice se s nahodilostmi, vybo&ujicimi
z predpovédi odvozenych z obecnych znalosti a ze znalosti
ziskanych z nedostatenych prizkumu, lze setkdvat velmi
Casto. Presto se, napriklad pri urovéani charakteristickych
hodnot geotechnickych parametrt, stile Casto opakuje tdZ
chyba, Ze se bez podrobnéjsiho rozboru vysledka laborator-
nich ¢i polnich méfeni voli za charakteristické hodnoty v pod-
staté hodnoty prumérné, zatimco pro chovani celého systému
byvaji za urCitych okolnosti rozhodujici pravé hodnoty
extrémni.

Nedlekand zména trendu ve vyvoji chovdni sledovaného
systému zpusobend externi nahodilosti

V systémech, ve kterych dochdzi k nahodilym jevum, je
bézné, Ze jejich neofekdavany vznik zdsadné zmeéni dosa-
vadni prub€h chovéni tohoto systému. To plati i pro geo-
techniku. Proto, i kdyz napriklad monitoring razby tunelu
poskytuje dlouhou fadu pomérné souvislych pozorovini
s podobnym vysledkem, nikdy neni 100% jistota, Ze se
pozorované chovédni nemuZe v blizké budoucnosti ndhle
vyrazné¢ zménit. Pozndni a zdvéry odvozené z urlitych
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design and the construction. It is then necessary for the solution to the
particular problem to apply the probabilistic approach and observa-
tional methods. In addition, it is necessary to take all possible random
effects from the outside of the structure-ground environment system
into consideration (natural hazards, technological accidents, influen-
ces of socio-economic conditions, human factors, etc.).
3.1 Suppression of deterministic approach

An important condition for successful solving a comprehensive
geotechnical problem with a higher rate of uncertainties is to get rid
of the deterministic way of thinking and the thought processes asso-
ciated with it and to replace it with probabilistic thinking. It is rea-
sonable to focus on the assessment of the following aspects.

Significance of anomalous and non-standard phenomena

Deterministic thinking still prevails in the geotechnics; phenome-
na are studied and explained on the basis of “prevailing”, common or
statistically observed behaviour (in a laboratory, during construction
and during monitoring). Non-standard, anomalous phenomena or
behaviour under extreme conditions are usually not paid sufficient
attention. Practically everybody has certainly encountered a situation
where the anomalous behaviour indicated by geomonitoring is igno-
red for a considerable time on the basis of the assumption that it will
certainly “normalise”. But it is just the process of examination of
anomalous phenomena that can identify an unpredicted onset of an
unexpected undesirable phenomenon in advance. In addition, the gre-
atest lesson can be gained by examining them.

Analyses of real causes of anomalous behaviour

Sufficiently detailed analyses of the physical causes of the origina-
tion of extraordinary or anomalous events are usually not carried out
in the practice of underground construction engineering. The reason
probably is that their origination is usually considered to be a failure
to cope with standard design (deterministic) processes and there is no
interest in marking the culprit. However, the extraordinary events
were not caused by a mistake itself. In many cases the cause was the
fact that the possibilities of the origination of significant random
events in the system of the interaction of the structure with the ground
and finding ways of effective coping with them during the construc-
tion were neglected.

Examination of the significance of extreme and random values
and phenomena

The behaviour of systems where significant roles are played by
contingencies should be examined not focusing on their average
behaviour (which is characteristic of the deterministic approach). It
should be examined on extremes, randomness and particularities in
the behaviour of the systems being observed. Especially in geotech-
nics is it possible to frequently encounter contingencies leaving the
line of predictions derived from the general knowledge and know-
ledge obtained from insufficient investigation. Despite this fact the
same mistake is still often repeated in determining the characteristic
values of geotechnical parameters that in substance average charac-
teristic values are chosen without any more detailed analysis of
results of laboratory or field measurements, whilst, under certain cir-
cumstances, the extreme values themselves often decide.

Unexpected change in trends in the development of the behavi-
our of the system being observed caused by external randomness

It is a commonplace in the systems where random phenomena
occur that the unexpected origination of the phenomena fundamen-
tally changes the current behaviour of the system. This applies even
to geotechnics. For that reason there is never 100% certainty that the
behaviour being observed cannot abruptly change in the near future,
even though, for example, the tunnel excavation monitoring provides
a long series of relatively continuous observations with a similar
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pozorovani a za urcitych podminek, napriklad geotechnic-
kym monitoringem, musi byt proto neustdle znova a znova
ovérovéany. Zejména je tfeba trvale prezkoumadvat soulad
pouzivaného modelu spolupisobeni stavebni konstrukce
s horninou, se skute¢nym spolupisobenim zastiZené horni-
ny a stavby. Spolu s tim i pripadné zmény okrajovych pod-
minek, které vyvoj sledovaného systému doprovdzeji.

Vliv rozsahu zkoumaného systému na vznik nahodilosti

Cim raznorod&jii je horninovy masiv, &m vétii je jeho
objem zastizeny zménami (napf. plocha vyrubu), ¢im raznéj-
§i je povaha jeho ovlivnéni vnéj§imi vlivy (technologie razeb,
rozsahy a velikost zatizeni, sméry zatiZzeni, zpusob zatiZenf,
dynamicky dcinek), tim je i vétsi pravdépodobnost vzniku
néjakého nahodilého jevu i jeho dusledku.

Nekteré takové jevy mohou byt sice nahodilé, ale fyzikalné
vysvétlitelné. Presto mohou byt nékdy jen obtizné predpove-
ditelné. I kdyZz mohou byt mélo pravdépodobné, mély by byt
pri vystavbé ofekdvény, a pri projektu vzdy zohlednovény.
Proto je nezbytné pouzivani observacniho prfistupu nejen pri
projektovdni, ale i pfi fizeni vystavby. Nutnd je predevsim
schopnost rychlé reakce na vznik moZnych jevu ¢i stavu pie-
dem pripravenymi opatfenimi.

Kumulace postupnych malych zmén

Mnohé, jako by nahodilé jevy jsou zpusobeny postupnym
hromadénim malych zmén, které samy o sob& nevyvoldvaji
obavy. Po prekroceni urité meze (kumulace téchto zmén),
viak muze dojit k ndhlé zméné ve vyvoji sledovaného systé-
mu, kterd muZe byt ndsledovana i kolapsem. Tyto zmény jsou
zpravidla dusledkem fyzikdlnich zmén v procesu pretvdreni,
kdy jeden jeho mechanismus prechézi v jiny, s jinym charak-
terem a s jingm ¢asovym prubéhem. Napiiklad pomalé seddni
prejde v urcity okamzik v zabofeni. Jinym piikladem muze
byt vyplavovani (sufoze). Vyplavovani jemnych Castic pokra-
Cuje vnitfni erozi pomalu proti sméru proudéni vody az do
mista, kde se nahle skokoveé zvétsi propustnost. Obdobné se
projevuje pomald zména pérovych tlaki vody v soudrzné
nasycené zeminé, kde po dosazeni ur¢ité hodnoty pérového
tlaku muZe dojit k ndhlému zabofeni konstrukce, nebo pre-
kro&eni ur¢ité polohy volné hladiny podzemni vody, muZe
znamenat ndhlou ztrdtu stability svahu portdlu tunelu. Tako-
vych piikladu je v geotechnice moZno nalézt mnoho.

3.2 Komplexni hodnoceni geotechnického monitoringu

Geotechnicky monitoring je mocny ndstroj pro bezpecné
a efektivni provadéni podzemnich staveb. Pfi jeho provadéni
se ale nékdy stdavaji chyby. Ty nejéastéji spo¢ivaji ve schema-
tickém a zjednoduSeném hodnoceni vysledki méfeni ¢i pozo-
rovani, které se omezuje na jejich porovndvani s predem
nastavenymi kritérii (varovnych stavu). Pro spravné hodnoce-
ni, které vyuZziva plny potencidl této metody, je naproti tomu
treba dbdt na nésledujici pravidla.

Pozornost je tieba vénovat i tomu, co neni monitoringem
zaznamendno

Chybné zjednoduseny pristup k hodnoceni geotechnického
monitoringu spo¢ivd v tom, Ze pozorovani a hodnoceni se
koncentruje pouze na to, co je vidét, co je zaznamenano
méfenim. Zaméfuje se tak jen na dil¢i, snadno pozorované
a mérenim primo zaznamendvané jevy. Dalsi chovani sledo-
vaného systému se pak predvidd (jednoduse extrapoluje) bez
dostate¢né hlubokého rozboru fyzikdlnich pri¢in pozorova-
nych jevu.

result. The knowledge and conclusions derived from certain observa-
tions and under certain conditions, for example by geotechnical
monitoring, have therefore to be permanently, again and again, veri-
fied. It is in particular necessary to continually review the agreement
of the model of interaction between the ground encountered and the
construction with the actual interaction between the ground encoun-
tered and the construction. Together with this activity, even the con-
tingent changes in the boundary conditions accompanying the deve-
lopment of the system being observed have to be reviewed.

Influence of the extent of the system being investigated on the
origination of randomness

The more diverse ground massif, the larger its volume affected by
changes (e.g. the cross-sectional excavated area), the more diverse
nature of its affection by external influences (tunnelling technique,
extent and magnitude of loading, directions of loading, the way of
loading, the dynamic effect), the larger probability of the origination
of random phenomena and their consequences.

Some of such phenomena can be random but they can be explai-
nable. Despite this fact they can sometimes be predictable with diffi-
culties. Even though they can be little probable, they should be
expected during the construction and the design should take them
into account. This is the reason why the application of the observati-
onal approach is necessary not only in designing but even in mana-
ging the construction. The capability of quick response to the origi-
nation of potential phenomena or conditions by means of pre-prepa-
red measures is necessary above all.

Accumulation of gradual small changes

Many seemingly random phenomena are caused by gradual accu-
mulation of small changes, which do not raise concerns by themsel-
ves. However, after a certain limit (accumulation of the changes) is
exceeded, an abrupt change in the development of the system being
monitored, which can be followed even by a collapse, can take place.
These changes are usually a consequence of physical changes in the
process of strain, where one of its mechanisms passes into another one
with a different character and different time course. For example, slow
settlement passes at a certain moment into bogging down. Piping (suf-
fusion) can be another example. Washout of fine particles proceeds by
internal erosion slowly against the direction of water flow up to the
location where the permeability abruptly increases. Manifestations of
a slow change in pore water pressures in saturated ground are similar.
The structure can suddenly sink or the certain value of pore pressure
which is a limit for the tunnel portal slope stability can be exceeded.
Numerous examples of them can be found in geotechnics.

3.2 comprehensive assessment of geotechnical monitoring

Geotechnical monitoring is a powerful tool for safe and effective
execution of underground construction. But mistakes sometimes
occur during the monitoring operations. The mistakes most frequent-
ly lie in schematic and simplified assessment of the results of measu-
rements or observations, which restricts itself to comparing them
with pre-set criteria (warning states). It is necessary for correct
assessment using the full potential of this method to observe the fol-
lowing rules.

Attention has to be paid to the things which are not registered by
the monitoring

An incorrectly simplified approach to assessing geotechnical
monitoring lies, among others, in the fact that the observation and
assessment is concentrated only on the things which are visible,
which are registered by measurements. In this way it focuses itself
only to partial, easily observable manifestations directly registered by
measurements. Other behaviour of the system being observed is sub-
sequently only forecast (simply extrapolated) without sufficiently
deep analysing physical causes of the manifestations being observed.



Je tfeba si uvédomit, Ze to, co se pfi monitoringu pozoruje,
co je videt, neni vSechno to, co existuje a co se déje. To ovSem
plati nejen v geotechnice, ale i obecné. Rada procesti miize
pozorovani zustat skryta. Nékteré z nich pak mohou, za urci-
tych ndhodné vzniklych okolnosti, ndhle prekvapit. Napriklad
delsi dobu systematicky zaznamendvané minimdalni hodnoty
deformaci primdrniho osténi nejsou zdrukou, Ze nedojde
k zédvalu vyrubu zpusobenym ndhlym uvolnénim velkého
bloku horniny vymezeného plochami diskontinuit, které byly
v konkrétnim stani¢eni zcela ndhodné nepfiznivé orientovdny
vaci sméru razby a stropu vyrubu.

Koncentrace na vyhleddvdni dikazu

Zlozvykem je sklon z pozorovanych jeva vyhleddvat prede-
v8im ty skute¢nosti, které svedéi ve prospéch predem prijaté
teorie, predpokladu, zvoleného vypoctového modelu atp.
S tim souvisi snaha nevidét, zanedbdvat v3e to, co je s t€mito
predpoklady v rozporu. To se ¢asto podvédomé déje jak pri
vyhodnocovéni monitoringu, tak i pfi zpracovavani vysledku
zkouSek a méfeni z pruzkumu, pfi geotechnickém hodnocenf
Celeb, pri rozhodovani o technologické tfidé vyrubu atp.

Pritom prave v tom, co je v rozporu s ocekdvanim a s obec-
né pfijatym modelem, muZe byt skryta predzvést blizici se
nahodilé, neocekdvané a zdroven nezddouci uddlosti. Pri
posuzovéni predstav o spoluptsobeni horninového masivu se
stavbou se tudiZ nesmi ddvat prednost tomu, co predstavu
inZenyra — projektanta potvrzuje, pred tim, co by naopak
mohlo prokazovat chybu v jeho predpokladech. To je naopak
treba v pozorovanych faktech cilevédome vyhleddvat a analy-
zovat! PokuSeni hledat ,,dikazy* pro upfednostiiovanou teorii
a to, co je s ni v rozporu zanedbavat, je vzdy veliké. Stejné
velka musi byt proto snaha se tohoto pokuSeni programové
uvédoméle zbavovat.

Uskali bezduché extrapolace

U systému, u néjz dochazi k nahodilostem, nelze povazo-
vat za dukaz spravnosti modelu jeho dosavadni chovdni. A to
ani po dlouhé fad€ pozorovani, které ho potvrzuji. Kazdému
je jasné to, ze kdyz se mu nekolikrat za sebou podari se
zavienyma oCima prejit kfizovatku na Cervenou, neni to
dukaz, 7e se to podafi vZdy. Méné ale byvd ziejmé, ze kdyZ
se podafi postavit 860 metrt tunelu urlitou technologii bez
havdrie, nenf to v Zddném ptipadé dikaz toho, Ze se to stej-
nou technologii v heterogennim horninovém masivu povede
béhem dal$ich 510 metr. Dukaz, Ze zpusob provddéni néja-
ké ¢innosti je spravny jen na zdkladé jejiho dspéchu v minu-
losti, je moZny prijmout pouze s podminkou, Ze okolnosti, za
kterych tyto cinnosti budou probihat v budoucnosti, se
s urCitosti ani trochu nezméni. Takova jistota je vSak v geo-
technice a pri budovani podzemnich staveb vétSinou velmi
mald.

Sprdvné kladeni otdzek

Obecné plati, Ze k pravdé je mozné se spolehlivéji dostat
prostrednictvim vylucovani zdpornych (nesouhlasnych) tvrze-
ni, nez kladnych (souhlasnych) tvrzeni. Uspé$ny inZenyr
a geotechnik by mél takovy postup zvladat. Pro zvladdni neo-
Cekdvanych udalosti v inZzenyrské vystavbe je napriklad otdz-
ka ,,Co dilezitého o vlastnostech horninového masivu nevi-
me?“, nejméné stejné tak dulezitd, jako obvyklejsi otdzka ,,Co
vSechno o vlastnostech horninového masivu vime?*

Hodnoceni faktu v souvislostech

Pfi hodnoceni geotechnického monitoringu jsou ¢asto chyb-
né zaznamendvany a analyzovany pouze jednotlivé poznatky
o pozorovaném systému, nikoliv vSak jiZ jejich souvislosti.
Obvykle se jen resi, zda byl, ¢i nebyl dosaZen varovny stav
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It is necessary to realise that what is observed during the monito-
ring, what is visible, is not all that exists and takes place. This is cer-
tainly applicable even generally, not only to geotechnics. Many pro-
cesses can remain hidden for observation. Some of them subsequent-
ly can, under certain randomly originating conditions, suddenly sur-
prise. For example, minimum values of deformations of a primary
lining systematically registered for a longer time are not a guarantee
that a collapse of the excavation caused by sudden loosening of
a large block of rock delimited by the planes of weakness which were
completely randomly unfavourably oriented in relation to the directi-
on of excavation and the roof of the excavation in the particular cha-
inage does not occur.

Concentration on searching for evidence

There is a bad habit that the facts being in favour of a pre-accepted
theory, an assumption of a chosen calculation model etc., are sought
from the observed manifestations. The effort not to see, neglect eve-
rything that is in contrary to assumptions is associated with it. This
often unconsciously happens when monitoring is being assessed as
well as when results of tests and measurements obtained by geotech-
nical assessment are being processed, when the excavation headings
are being geotechnically assessed, when decisions are being made on
excavation support classes etc.

But a portent of an upcoming accidental, unexpected and at the
same time undesired event may be hidden in the things contradicting
the expectation and a generally accepted model. When the notions of
the interaction between ground mass and a structure are being asses-
sed, engineer-designer’s notion must not be preferred to the things
which could, on the contrary, prove a mistake in his assumptions. Just
the opposite, it is necessary to purposively seek and analyse it! The
temptation to seek “proofs” for the theory being preferred and to
neglect the things which are to the contrary to it is always great. The
magnitude of the effort to get rid of this temptation consciously, as
a programme, has to be identical.

Pitfalls of witless extrapolation

It is not possible in a system where randomness occurs to consider
its behaviour to date to be a proof of the model correctness. It is not
possible even after a long succession of observations confirming it. It
is clear for everybody that if they manage to pass an intersection
through a red light with the eyes closed, it is not a proof that they will
succeed always. However, it is usually less obvious that if an 860m
long tunnel is constructed using a certain technique without an inci-
dent, it is by no means a proof that during the excavation of additio-
nal 510 metres through a heterogeneous ground massif, using the
same technique, will also be without an incident. Proving that the
way of execution of an activity is correct only on the basis of its
success in the past can be accepted only under the condition that the
circumstances under which the activity will proceed will not change
in the least in the future. But such the certainty is mostly very small
in underground construction.

Correct putting questions

It applies in general that the true can be more reliably reached
through elimination of negative (disagreeing) statements rather than
positive (agreeing) statements. A successful engineer and geotechni-
cian should master such a procedure. The importance of a question,
for example, “What important do not we know about the properties
of the ground mass?” is at least the same as the importance of a more
common question “What all do we know about the properties of the
ground mass?”

Assessing facts within the contexts

When geotechnical monitoring is being assessed, only individual
findings regarding the system being observed are recorded and ana-
lysed, but not their contexts. Only the question whether the warning
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(uritd hodnota sledovaného parametru). JiZ méné Casto zda
varovny stav byl dosaZzen rychle, pomalu se zrychlenim, na
kolika mistech méreni atp. Nikoliv vSak to, zda cely model
chovani systému hornina-vyrub pouzity v projektu odpovidd
tomu, ktery lze odvodit z monitoringu pri raZzbdch. To by se
teprve muselo ze zjisténych vysledki méfeni a sledovéni
Casto pracné vysvétlovat. K tomu v3ak je tfeba Cas a urcitd
analytickd ¢innost. A k tomu neni vZdy ochota nebo podmin-
ky. Takto zjednoduSené hodnoceni muZe nékdy svést
k nespravné interpretaci sledovanych hodnot s neprijemnymi
dusledky.

Hodnoceni miry zjednoduseni

Vzdy je nutno posuzovat miru zjednoduSeni pouZivaného
navrhového modelu, protoze v zjednodusovani je skryt dals{
vyznamny zdroj nejistot. To se ale Casto ned¢je. Plati, Ze ¢im
vetsi je zjednoduSeni modelu, tim vétsi je i moznost neoCe-
kdvaného prekvapeni ve skutecném chovéni sledovanych
systému. Slozité komplexni systémy se mélokdy zcela cho-
vaji podle zjednodusenych modell a teorii. Zejména pokud
se méni okrajové podminky, ve kterych se nalézaji. Pokud se
zmerena data dosadi do nevystiZzného modelu za ucelem prog-
ndézy dal$iho vyvoje chovani sledovaného systému, je témeér
jisté, Ze zdvéry budou chybné.

Uvédomeni si hranice znalosti

Ve védé i v praktickém inzenyrstvi existuji hranice mezi
tim, co se vi a tim, co se nevi. Uvédoméni si, Ze tyto hranice
existuji, je prvnim krokem k urceni, kde tato hranice v daném
oboru je. Hranice toho, co je zndmo, jsou dany predevsim
zjisténymi fakty, jevy ¢i skuteCnostmi, mimorddnymi uda-
lostmi (havdriemi), které prislu§nou teorii, hypotézu ¢i model
nepotvrzuji. Pfi hodnoceni vysledku monitoringu, nebo pri
posuzovani néjaké hypotézy je proto Zddouci, krom¢ stan-
dardniho hodnoceni méreni, i systematicky hledat v§echno
to, co by prijaté predstavy (hypotézy) o chovdni a zdkonitos-
tech predmétného systému hornina-stavba vyvracelo. Teprve
tehdy, kdyz takova fakta nelze nalézt, a kdyZ tyto predstavy
(hypotézy) nelze prokazatelné vyvritit, je 1ze povazovat defi-
nitivné za spravné.

Dusledné posouzeni platnosti zkuSenosti pro dany pripad

Co plati nékde, nemusi platit jinde, za jinych podminek.
Presto se Ize Casto setkat se snahou jednou ziskané vysledky
¢i zkuSenosti zobecnovat a pak je pouzivat, byt pro reseni
sice stejného problému, ale za tpln¢ jinych okrajovych pod-
minek. To pak samoziejmé muZe vést k jinému neZ k oceka-
vanému vysledku. Stejné tak v geotechnice plati, Ze algorit-
my, rovnice, modely hodnoty geotechnickych parametra atp.
spolehlivé plati jen uvnitf oborl potvrzenych zkouskami
nebo empirickou zkuSenosti.

Podcernovani nezaZitych situaci a precenovdni zaZitych

Moznost vzniku nahodilych jevu, s kterymi ale nemaji
odpovédné subjekty prfimou osobni zkuSenost, je jimi obvy-
kle podcenovéna. Ti, ktefi tuto zkuSenost maji, ji zase mohou
precenovat. Pfi rozboru pravdépodobnosti uskutecnovani
nahodilych jevu tak Casto prevlddd subjektivni, nikoliv vécny
pristup. Této subjektivity si ale dotené subjekty obvykle
nejsou védomy. To je Skoda, protoZze v nejistém prostiedi je
kazdd spravné zhodnocend zkuSenost dobrd. ZkuSenosti zis-
kané jinymi subjekty by proto vzdy mély byt brany v tvahu,
bez podvédomého sniZovani jejich vyznamu, stejné jako zku-
Senosti vlastni.

state (a certain value of the parameter being observed) was or was not
reached is usually solved. The question whether the warning state
was reached quickly, slowly with acceleration, at how many measu-
rement places etc. is solved less frequently. The question whether the
whole model of the behaviour of the ground-excavation system used
in the design corresponds to the model which can be deduced from
the monitoring conducted during the course of the excavation is usu-
ally not solved. It would have to be arduously explained subsequent-
ly on the basis of the measurement and observation results. But it
requires time and certain analytical activities. Willingness or conditi-
ons for it often do not exist. The assessment simplified in the above-
mentioned way can sometimes seduce to incorrect interpretation of
the values with unpleasant consequences being monitored.

Assessing the simplification rate

It is always necessary to assess the rate of the simplification of the
design model used because another important source of uncertainty
is hidden in simplification. But this assessment is often neglected. It
applies that the greater simplification of the model the greater possi-
bility of unexpected surprise in the actual behaviour of the systems
being monitored. Complicated complex systems seldom behave
completely in accordance with simplified models and theories. It is
so in particular when the boundary conditions under which they exist
change. When the measured data is inserted into a non-apposite
model for the purpose of prognosing the subsequent behaviour of the
system being monitored, it is nearly certain that the conclusions will
be wrong.

Realisation of boundaries of knowledge

Boundaries between what is known and what is not known exist in
the science and practical engineering. The realisation of the fact that
the boundaries exist is the first step to the determination where this
border exists in the particular field. Borders of what is known are
given first of all by the found facts, phenomena, information or extra-
ordinary events (incidents) which do not confirm the particular theo-
ry, hypothesis or model. It is for that reason recommendable when
the monitoring result of some hypothesis is being assessed, to syste-
matically search for everything that, in addition to the standard
assessment of measurements, would refute the accepted notions
(hypotheses) of the behaviour and regularities of a particular ground-
construction system. It is possible to finally consider the notions
(hypotheses) as correct only when such facts cannot be found and the
notions cannot be provably refuted.

Consistent assessment of the applicability of experience to a par-
ticular case

What is applicable somewhere does not have to be applicable else-
where under different conditions. Despite this fact it is often possib-
le to encounter an effort to generalise the once gathered results or
experience and apply them subsequently, although to solving the
same problem, but under completely different boundary conditions.
Of course, this process can lead to a different result than expected.
The same is applicable in the field of geotechnics that algorithms,
equations, models of the value of geotechnical parameters etc. are
reliably valid only within the fields confirmed by tests or empirical
experience.

Underestimating unexperienced situations and overestimating
experienced ones

The possibility of the origination of accidental phenomena the res-
ponsible subject have no personal experience with is usually underes-
timated by them. On the other hand, those who have this experience
can overestimate it. When the probability of the realisation of acci-
dental phenomena is analysed, a subjective approach often prevails
instead of the substantive approach. The subjects concerned are usu-
ally not aware of this subjectivity. It is a shame because any correctly



4. VYZNAM INZENYRSKE INTUICE

V prubéhu vystavby geotechnickych konstrukei &asto
nastavaji situace, kdy je tfeba prijmout rozhodnuti prakticky
okamzité, bez sloZitych analyz vypo&tu a dopliovani dat dal-
$im pruzkumem. Tehdy je déinnym néstrojem inZenyrskd
intuice. Jinymi slovy inZenyrsky cit. Pfi pouzivani takového
zkrdceného postupu se vSak musi dodrZovat urcitd pravidla
a omezeni. Jinak miZe znamenat zna¢né nebezpe¢i chybného
rozhodnuti.

Co je intuice a jak vznikd

V lidském mozku probihd soucasné tzv. intuitivni myslen{
a raciondlni mysleni. Intuitivni mysleni je rychlé a vychazi
z v podvédomi uloZenych zkuSenosti a poznatki. Raciondlni
mysSleni je pomalé a pracné. Vychazi z teoretickych znalosti
a uplatiiovdni zdsad logiky, indukce, dedukce, vypoctu atd.
(Kahneman 2012). Jinymi slovy, intuice je schopnost rychlé-
ho a dspésného rozpoznani nejistého stavu a nejistych pod-
minek, v jakych se posuzovany systém, v naSem pripadé
systém hornina — stavba, nachazi, a na tomto zdklade rychlé
nalezeni optimélniho feSeni daného problému.

Uspésnost inZenyra geotechnika &i stavitele podzemnich
konstrukei spocivad ve schopnosti operativni kombinace intu-
itivniho a raciondlniho mysleni. To znamena rychlého rozpo-
znani problému a jeho feSeni na zdkladé kombinace zkuSe-
nosti a poznatki uloZenych v podvédomi a teoretickych
odbornych znalosti. Intuice geotechnika ¢i projektanta nebo
stavbyvedouciho vznikd rfeSenim mnoha praktickych problé-
mu béhem dlouhé fady let a sou¢asnym systematickym roz-
vojem jeho odbornych znalosti v prisluSnych specializacich.
Je to dlouhodobé uklddani komplexnich zkuSenosti, informa-
ci a poznatki do podvédomi. Spolu s tim se mus{ roz§ifovat
i teoretické znalosti v prislusném oboru.

Uskali intuitivniho mysleni v geotechnice

Pouzivéani intuice md samoziejmé sva uskali. Expert geo-
technik dospéje snadno k presvédceni, Ze pracovni hypotéza,
kterou s pomoci intuice vytvofil, je spravna. Casto piitom ale
muZe podlehnout pokuSeni zanedbat viechno to, co o problé-
mu nevi. Pfi hodnoceni totiz zpravidla vychdzi jen z omeze-
nych informaci. Toho, co se nevi, ale byva pri feSeni geo-
technického problému vic neZ toho, co se vi. Obranou je uve-
domit si v&as to, co se nevi, a pri rozhodovéani na to brét
ohled. Zdkladni otdzky, které se proto musi pri feSeni neji-
stych problému vzdy poloZit, jsou: Co vechno se nevi? Co je
nejisté? Jak tyto nejistoty vzit pfi rozhodovéni v dvahu?

Nektefi experti — geotechnici si také zapominaji kldst otdz-
ku o hranici spolehlivosti své vlastni intuice, nebo ji sebeve-
domé& posunuji prili§ daleko. Castou neschopnosti rozeznat
hranice vlastnich profesiondlnich dovednosti a hranic mezi
tim, co vim a co nevim, a jaky to muze mit dusledek, lze
vysvétlit nemalou fadu pochybeni v inZenyrském stavitelstvi.

Rozhodovdni za omezenych informaci

Informace, které jsou pouzivany pro reSeni geotechnickych
problému, byvaji nejen omezené, ale Casto je nejistd i jejich
pravdivost. A intuitivni zdvery jsou zpravidla provadény
pravé na zdakladé omezenych informaci. VétSinou se prili$
optimisticky predpoklddd, ze informace, které jsou k dispozi-
ci, jsou i pravdivé. Rychlé zavéry jsou umoznény prave proto,
7e rozhodovaci subjekt se nezdrzuje s jejich dukladnym roz-
borem a posuzovanim. Nemd Cas na jejich ovéfovdni, tim
méné na jejich doplnovani. Prosté vychdzi z predpokladu, Ze
kdyz existuji, tak jsou i pravdivé.
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assessed experience is good in an uncertain environment. Experience
gained by other subjects should for that reason be taken into account
without subconscious reducing its importance, equally to one’s own
experience.

4. IMPORTANCE OF ENGINEERING INTUITION

Situations frequently occur during the construction of engineering
structures where it is necessary to take a decision almost immediate-
ly, without complicated analyses of calculations and complementing
data by another investigation. Then the engineering intuition is an
effective tool. In other words, the engineering sense. However, when
such an abridged procedure is used, it is necessary to adhere to cer-
tain rules and limitations. Otherwise, it can mean a significant dan-
ger of a wrong decision.

What is intuition and how it arises

In human brain the so-called intuitive thinking and rational thin-
king take place concurrently. Intuitive thinking is fast and comes
from the subconscious. Rational thinking is slow and arduous. It
comes from theoretical knowledge and application of rules of logics,
induction, deduction, calculations etc. (Kahneman 2012). In other
words, intuition is an ability of fast and successful recognition of an
uncertain state and uncertain conditions in which the system being
assessed (in our case the ground-construction system) is found on the
basis of fast finding of an optimal solution to the particular problem.

The success of an engineer-geotechnician or a builder of under-
ground structures lies in the ability of operative combination of intu-
itive and rational thinking. It means the fast recognition of a problem
and its solution based on a combination of experience and knowled-
ge stored in the subconscious and theoretical professional knowled-
ge. The intuition of a geotechnician or a designer or a site manager
develops by solving numerous practical problems during many years
and by concurrent systematic development of his professional know-
ledge in relevant specialisations. It is long-term storing of compre-
hensive experience, information and findings into the subconscious.
Along with this, it is necessary to expand even then theoretical know-
ledge in the relevant field.

Pitfalls of intuitive thinking in geotechnics

The use of intuitive thinking has, of course, its own pitfalls. A geo-
technical expert easily comes to conviction that the working hypo-
thesis he developed using intuition is correct. But he can often give
in to temptation to neglect everything he does not know about a pro-
blem. When making an assessment, he usually proceeds only from
limited information. But the quantity of the things which are not
known is usually greater than the quantity of things which are known
when a geotechnical problem is being solved. The defence lies in
timely realisation of the things which are not known and taking it into
consideration when the decision is being made. Here are the basic
questions which have always to be asked: What is unknown? What
is uncertain? How are the uncertainties to be taken into considerati-
on when decisions are being made?

Some experts — geotechnicians in addition forget to ask the ques-
tion regarding the limit of reliability of their own intuition or they
confidently shift it too far. A frequent inability to distinguish the
limits of one’s own professional skills and boundaries between what
I now and what I do not know and the consequence it may have can
be explained by the considerable number of mistakes in civil engi-
neering.

Making decisions with limited information

Information used for solving geotechnical problems is usually not
only limited but, in addition, even its veracity is often uncertain. And
it is the limited information that the intuitive conclusions are usually
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Do této kategorie patii i nekritické prebirani vysledku
nedostate¢nych pruzkumau.

Podminky tispésného poufiti intuice v geotechnice

Intuici zdsadné nelze vérit, pokud prostiedi, kterého se
tykd, nevykazuje stabilni pravidelnost. Pro uspé$né vyuziva-
ni inZenyrské intuice je naopak tfeba, aby prostredi, okol-
nosti a pracovni postupy, ve kterych feSeni probihd, byly
neménné. Musi se jednat o obdobné prostiedi, ve kterém
dany rozhodovaci subjekt své zkuSenosti nashromazdil.
Kazdy, kdo chce pracovat jako expert pro geotechniku, musi
byt sam schopen posoudit, zda jeho minulé poznatky, zkuse-
nosti a informace jsou relevantni pro danou situaci.

Vynikajici projektant podzemnich staveb muZe velmi
uspésné pracovat s intuici v urcitém geologickém prostredi,
napriklad v prazské geologii. AvSak uplatni-li bezmyS$lenko-
vité tyto zkuSenosti v jiném geologickém prostredi, které
vykazuje uplné jiné vlastnosti a chovani, napriklad v karpat-
ském flySi, maZe mit takovd neopatrnost fatdlni dusledky.

Nevhodné pouZivdni intuice

Neziidka se stavd, Ze objednatel ve snaze uSetfit, nebo
zrychlit pripravu ¢i vystavbu, tak namisto spravného postu-
pu, spocivajiciho v ziskdvani dostate¢nych dat, napriklad
pruzkumem a geotechnickym ndvrhem zahrnujicim kom-
plexni postupy (vypocty), spoléhd jen na znalecké ,.intuitiv-
ni* posouzeni problému na zakladé omezenych informaci.
Rozhodnuti jsou pak prijiména ad hoc, na pracovnich pora-
ddch, na zdkladé zkuSenosti ¢asto dokonce jen jediného, byt
treba $pickového experta.

Pripadné chyby, které jsou ndsledkem takovych rozhodnu-
ti veetné odpovédnosti za né, je tfeba pri¢ist vyhradné na
konto zadavatele takovych expertiz. Expert samoziejmé sva
doporuceni poddvd vzdy bona fide, s nejlepSim pouZitim
svych zkuSenosti a znalosti. Ov§em nemuZe mit odpovédnost
za to, Ze nedostal vSechny potrebné informace, a to ani
v situaci, kdy by to byvalo bylo mozné. V kazdém pripadé
tento postup predstavuje zbyte¢né zvySena rizika, a zodpo-
védny objednatel by jej nemél, ve svém vlastnim zdjmu,
nikdy pripustit.

Péstovdni intuice

Pro péstovani intuitivniho mysleni a jeho efektivniho pou-
Zivani pri praktickém rozhodovéani v inZenyrské praxi je
dulezité dusledné provadéni zpétnych vazeb. Je tfeba neusts-
le udrzovat povédomi o tom, pro jaky problém a v jaké situ-
aci byly konkrétni zkuSenosti ziskdny, za jakych podminek
jsou relevantni a za jakych nikoliv. Je tfeba zkoumat za
jakych vnéjsich i vnitfnich okolnosti prislusné déje probiha-
ly. VZdy je treba hledat pro pozorované déje jejich fyzikalni
vysvétleni a konfrontovat je s existujicimi hypotézami
a vysvétlovat duvody, pro¢ jsou s nimi v pfipadném rozporu.
Vzdy je nutno znovu a znovu stanovovat hranice platnosti
ziskavanych zkuSenosti.

5. RIZENI RIZIK

Dusledkem zna&nych nejistot spjatych s vlastnostmi horni-
nového prostredi a s moznosti vzniku nahodilych prirodnich
1 jinych externich uddlosti je to, Ze vystavba geotechnickych
konstrukci a zejména podzemnich staveb je doprovdzena
podstatné vyS$$i mirou rizik, nez je tomu v jinych odvétvich
stavebnictvi. Tato rizika je tfeba vZdy kontrolovat a fidit.

Riziko je obecné definovano jako ,,ufinek nejistoty na
dosaZzeni cile”. InZenyrskym rizikem se rozumi soub¢h prav-
dépodobnosti, 7e dojde k nezddouci uddlosti a nédsledkim

based on. It is usually too much optimistically assumed that the infor-
mation available is true. Coming to quick conclusions is allowed for
by the fact that the decision-making subject does not lose time with
thorough analysing and assessing them. He does not have time to
verifying, even less for complementing it. He simply proceeds from
the assumption that when it exists, it must be true.

This category comprises even the uncritical taking over the results
of insufficient surveys.

Conditions of successful application of intuition in geotechnics

Basically, intuition cannot be verified, unless the environment it is
related to exhibits stable regularity. It is necessary for the successful
use of engineering intuition that the environment, circumstances and
working procedures in which the work on the solution proceeds are
invariable. The environment has to be similar to the environment in
which the particular decision-making subject gathered its experience.
Anyone who wants to work in the position of an expert for geotech-
nics has to be capable of judging himself whether his past knowled-
ge, experience and information is relevant for the particular situation.

An excellent designer of underground structures can work very
well with intuition within a certain geological environment, for
example in the Prague geology. However, if he applies this experien-
ce thoughtlessly to another geological environment exhibiting com-
pletely different properties and behaviour, for example to the
Carpathian flysh, his carelessness may have fatal consequences.

Unsuitable use of intuition

It often happens that a client, in the effort to save funds or accelera-
te the preparation or construction, relies only on the “intuitive” expert
assessment of the problem based on limited information, instead of
using a correct procedure lying in obtaining sufficient data, for exam-
ple by investigation and geotechnical design involving comprehensive
procedures (calculations). Decisions are then taken ad hoc, in working
meetings, on the basis of experience of an often only one top expert.

The contingent mistakes which are consequences of such decisi-
ons, including responsibility for them, must be ascribed solely to the
account of the person who ordered such expertises. Of course, an
expert always submits his recommendations bona fide, using his
experience and knowledge best he can. Naturally, he cannot be res-
ponsible for not receiving required information, even in the situation
where it would have been possible. In any case, this procedure repre-
sents unnecessarily increased risks and a responsible client should, in
his own interest, never permit it.

Fostering intuition

Consistent performing feedback is important for fostering intuitive
thinking and its effective use in practical making decisions in the
engineering practice. It is necessary to permanently maintain the
awareness of the problem the concrete experience was obtained for
and the situation in which it was gained, under which conditions it is
relevant and conditions under which it is irrelevant. It is necessary to
examine the internal circumstances in which the relevant actions pro-
ceeded. It is always necessary to seek the physical explanation of the
actions being observed and confront them with existing hypotheses
and explain the reasons why they are inconsistent with them. It is
always necessary to again and again determine the limits of the expe-
rience gained.

5. RISK MANAGEMENT

The consequence of significant uncertainties associated with pro-
perties of ground environment and the possibility of the origination
of accidental natural and other external events is the fact that the con-
struction of geotechnical structures and, in particular, underground
structures, is accompanied by the level of risk significantly higher



(8koddm), které jsou dusledkem vzniku takové udalosti.
Riziko je vétSinou vyjadritelné ve finan¢nich jednotkéch,
Casovou ztrdtou, nebo néjakou jinou nehmotnou djmou.
Pravdépodobnost je mira jistoty (nejistoty), Ze uréity déj, ¢i
stav nastane, ¢i nenastane. M4 meéfitko od nuly do jedné.
Riziko je vSude, kde je nejistota. Kde je naopak vSe jisté,
riziko neexistuje.

Rizeni rizik m4 za cil optimalizaci mezi ndklady na opat-
feni ke snizovani rizika a velikosti dosazeného sniZeni rizi-
ka. Plati, Ze dosazené snizeni rizika musi byt vétsi neZ ndkla-
dy na toto snizovani rizika vynaloZené. Dalsi podminkou je,
Ze riziko po jeho pripadném sniZeni musi byt mensi, nez tak
zvané riziko prijatelné. To je riziko, které je nositel rizika
schopen ridit, bez dhony prenést a je ochoten je védomé pod-
stoupit.

Stanoveni miry prijatelného rizika je jednim z kliCovych
prvka rizikové analyzy. Dal§im je samoziejmé stanoven{
pravdépodobnosti vzniku nezddouciho jevu, ktery miZe zpu-
sobit §kodu. K tomu lze pouZit ruzné postupy od odhadu,
expertni metody nebo statistiku (pokud je dost dat), aZ po
metody pravdépodobnostniho poétu. Dnes je pro fizeni rizik
k dispozici fada postupii, predpisti a norem. Pfedeviim CSN
ISO 31000:2000 Management rizik — Principy a smérnice,
CSN EN 608:2007 Techniky analyzy bezporuchovosti systé-
mu — postup analyzy zpusobu a dusledkd poruch (FMEA)
nebo mezindrodni standardy, z nichZ nejpropracované¢jsi jsou
dokumenty ITA-AITES a AFTES.

Pro podzemni stavby realizované ¢innosti provadénou hor-
nickym zptisobem také plati ustanoveni Vyhlaska Ceského
banského dradu ¢. 55/1996 Sb., podle které je razba pod-
zemniho dila moZna pouze, pokud byla provedena rizikovd
analyza.

CSN IS0 31000:2000 vnim4 Fizenf rizik jako soubor &in-
nosti a metod, které sméruji ke kontrole (a sniZovani) exis-
tujicich rizik. Metodika fizenf rizik predklddand v CSN ISO
31000:2000 zahrnuje zédsady fizeni rizik, strukturu fizeni
rizik, a proces fizeni rizik. Risk Assesment (proces Fizeni
rizik) podle CSN ISO 31000:2000 déle zahrnuje identifikaci
rizik, kvantifikaci rizik a analyzu rizik.

Metodiku fizenf rizik je tfeba ale uplatnovat vZdy v rozsa-
hu priméfeném k okolnostem konkrétniho stavebniho dila
a podle konkrétnich geologickych, pfirodnich i ekonomicko-
socidlnich poméru, ve kterém se podzemni dilo bude pripra-
vovat a budovat. V jejich rdmci se zpracovava plan fizeni
rizik dané stavby. Ten se nasledné stavd nedilnou soucdst{
dokumentace vystavby a systému jejiho rizeni.

6. EXPERTNI METODY

Nejosvéd&enéjsim zpusobem jak v podzemnim stavitelstvi
ziskat nejspolehlivéjsi feSeni pfi nejistych informacich, jak
eliminovat vliv nejistot, identifikovat a kvantifikovat zdroje
rizik, jsou expertni metody. Jde o postup, kdy na témz fese-
ni pracuje n€kolik nezdvislych experti najednou. Tym
expertu je sloZzen z odborniku zpusobilych rozpoznat
a posoudit velikost a ndsledky ruznych druha potencidlnich
nedostatkt projektu, které by mohly vést k poruchdm.
Vysledné feSeni se povaZzuje pro dany problém za nejprija-
telnéjsi a za dané situace nejlep$i mozné. Reseni nalezend
expertnim metodami nejlépe vyhovuji pozadavku vyuZziti
aktudlné nejvys$siho dosaZitelného stupné poznani pro reSeni
daného problému za danych nejistych okolnosti s podmin-
kou rozumné bezpecnosti.
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than it is in other branches of civil engineering. These risks have
always to be checked and managed.

The risk is in general defined as the “effect of uncertainty on objec-
tives”. The engineering risk is the concurrence of the probability that
an undesired event takes place with the consequences (damage) which
follow from the origination of such an event. Risk is usually expres-
sible in financial units, by the lost time or another intangible damage.
Probability is the degree of certainty (uncertainty) that a certain acti-
on or condition will or will not take place. It is measured on the scale
ranging from zero to one. Risk is everywhere where there is uncer-
tainty. Conversely, there where everything is certain, risk does not exist.

The objective of risk management is the optimisation between the
costs of risk reduction measures and the magnitude of the risk achie-
ved. It applies that the risk reduction achieved has to be greater than
the costs incurred to reduce the risk. Another condition is that the risk
after a possible lowering has to be smaller than the so-called accep-
table risk. It is the risk which the risk bearer is able to control, tran-
sfer without harm and is willing to consciously take it.

The determination of the acceptable risk degree is one of the key
elements of the risk analysis. Naturally, another one is the determi-
nation of the probability of the origination of an undesired phenome-
non which can cause damage. Various procedures can be used to do
this, ranging from estimation, expert methods or statistics (when the
amount of data is sufficient) up to the probability calculus method.
Today, there are numerous procedures, regulations and standards avail-
able for managing risks. Primarily they are the CSN ISO 31000:2000
Risk Management — Principles and Regulations, the CSN EN
608:2007 Techniques of analysing the failure-free property of sys-
tems — procedure of the analysis of failure modes and effects
(FMEA) or international standards, of which the ITA-AITES and
AFTES documents are most elaborate.

Underground construction realised by activities involving mining
in addition governed by the Decree of the Czech Bureau of Mines
No. 55/1996 Coll., according to which the excavation for under-
ground structures is possible only if a risk analysis is finished.

CSN ISO 31000:2000 considers the risk management as a system
of activities and methods aimed at controlling (and reducing) existing
risks. The risk management methodology presented in CSN ISO
31000:2000 comprises risk management principles, risk management
structure and risk management process. The Risk Assessment com-
prises risk identification, risk quantification and risk analysis.

The risk management methodology has to be applied always
within the extent adequate to the circumstances of a concrete con-
struction work and according to concrete geological, natural and eco-
nomic-social conditions in which the underground work will be pre-
pared and carried out. The risk management plan for the given con-
struction is prepared within their framework. It subsequently beco-
mes an inseparable part of the construction documentation and the
system of its management.

6. EXPERT METHODS

The use of expert methods is the most proven method of obtaining
the most reliable solution arrived at with uncertain information, eli-
minating the influence of uncertainties and identifying and quantify-
ing sources of risks in the field of the underground construction
industry. It is a procedure where several independent experts work at
a time on the same solution. The team of experts consists of profes-
sionals capable of distinguishing and assessing the magnitude of con-
sequences of various types of potential drawbacks of a design which
could lead to defects. The best resultant solution is considered to be
most acceptable and best possible for the given situation. Solutions
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Expertni tym

Pri aplikaci expertnich metod pro fizeni rizik je nezbytné
ustanovit vhodny expertni tym sloZeny ze specialistu
z odbornosti, které maji pfimy vztah k feSené problematice.
Pri rizikovych analyzdch pro tunelové stavby by expertni
tym mél byt sloZen ze specialistd objednatele, projektanta,
banské spravy, zhotovitele, zpracovatele geotechnického
pruzkumu, feSitele geotechnického monitoringu, dotéené
verejné spravy, inZenyrského geologa, geotechnika, hydro-
geologa a dalgich pfizvanych specialista podle povahy feSe-
ného problému. Hodnoceni a prdce expertu musi pfitom byt
vzdjemné nezdvislé, ale koordinované. Experti pracuji podle
jednotné metodiky, se kterou byli dobre sezndmeni. Pracuji
samostatné, neinformuji se vzdjemné o svych postupech
a ndlezech. PouZzivaji stejné klasifikacni stupnice a hodnoti-
ci postupy. Kazdy ovSem se svou ponékud odlisnou zkuSe-
nosti, praxi, znalostmi a thlem pohledu. Tak se nejlépe vyu-
7iji zkuSenosti a znalosti, které maji jednotlivi c¢lenové
expertni skupiny. Snizi se tim pravdépodobnost chyb, které
by nastaly v pripadé hodnoceni téhoZ problému jedinym
expertem.

Vysledky jejich feSeni zpracovdvd nezdvisly expert na
rizikovou analyzu. Ten také prubézné prdci celého tymu
koordinuje, ridi a pripravuje pro néj jednotné podklady.
Vedouci rizikové analyzy podléha zadavateli, ktery riziko-
vou analyzu expertni metodou objednava.

Adaptace expertni metody FMEA pro podzemni stavby

Analyza zpusobu a dusledki poruch (FMEA - Failure
Modes and Effects Analysis) je systematicky postup analyzy
systému za dcelem zjiSténi potencidlnich zpusobu poruch,
jejich pri¢in a dusledkl na technické parametry systému
a jeho fungovani. (Tedy vcetné systému stavba podzemniho
dila — horninové prostiedi.) Postup je popsin v CSN EN
608:2007 Techniky analyzy bezporuchovosti systémi —
postup analyzy zpusobu a dusledku poruch (FMEA).

Pfi hodnoceni zdvaznosti kombinuje skupina experta slov-
ni hodnoceni potencidlnich neZddoucich jevi s kvantifikova-
nym hodnocenim. To spo¢ivad v pridélovani bodu jednotli-
vym nezddoucim jevim podle jednotnych kritérii a podle
jednotné klasifikace. Cilem je sestavit poradi dulezitosti
v8ech potencidlnich nezddoucich jevu, které byly predtim
zpracovéany do registri moznych nezddoucich jevu. Registry
zdroju rizik (neZddoucich jevu) se zpracovdvaji pro razné
objekty, procesy, technologie atd., které se pri vystavbé pod-
zemni stavby budou vyskytovat. Kazdy v registrech identi-
fikovany nezddouci jev je kazdym expertem ocenovan samo-
statné.

Bodové hodnoceni kazdého potencidlné nezadouciho jevu
v rozsahu 1 az 5 se provadi standardn€ pro tfi parametry a to:
»Z¢ — Dusledky (zdvaznost, vySe Skod prislu§ného jevu),
P — Pravdépodobnost vzniku prislusného jevu a ,,Dt* —
Predvidatelnost vzniku takového jevu.

Pro kazdy nezadouci jev, ktery je uveden v registrech
rizik, se pak stanovi index RPN (Risk Priority Numer). Ten
je relativnim hodnocenim miry rizika, které v konkrétnim
pripadé hodnoceny nezadouci jev predstavuje. Hodnota
indexu RPN je dand sou¢inem vSech tfi klasifikovanych
parametru.

RPN=ZxPxDt

found using expert methods best fit the requirement for the applica-
tion of the currently highest attainable degree of knowledge to the
solution of the given problem under uncertain circumstances, with
the condition of reasonable safety.

Expert team

When expert methods for managing risks are to be applied, it is
necessary to establish an appropriate expert team consisting of spe-
cialists with expertise directly relating to the problems to be solved.
In the case of risk analyses for tunnel construction projects, the
expert team should consist of specialists employed by the project
owner, designer, mining administration, construction contractor,
processor of geotechnical investigation, contractor for geotechnical
monitoring, respective public administration, engineering geolo-
gist, geotechnician, hydrologist and other specialists invited with
respect to the nature of the problem to be solved. The assessments
and work of experts have to be independent of each other but coor-
dinated. The experts work according to a unified methodology,
which they were well acquainted with. They work independently,
do not inform each other about their procedures and findings. They
use identical classification scales and assessment procedures. Of
course, each of them applies his own, somewhat different, experi-
ence, practice, knowledge and angle of view. In this way, the expe-
rience and knowledge of individual members of the expert team
will be used best. The probability of mistakes which could take
place in the case of assessing the same problem by a single expert is
reduced by it.

Results of their solutions are processed by an independent expert
on risk analysis. He, in addition, usually continually coordinates and
manages the work of the whole team and prepares unified documents
for it. The manager of the risk analysis is subordinate to the client
who orders the risk analysis using the expert method.

Adaptation of the FMEA expert method for underground con-
struction

The Failure Modes and Effects Analysis (FMEA) is a systematic
procedure of the analysis of the system for the purpose of identifying
potential ways of failures, their causes and consequences for technical
parameters of the system and its functioning (including the under-
ground construction-ground environment system, including the entire
system or process). The procedure is described in CSN EN 608:2007
Techniques of analysing the failure-free property of systems — proce-
dure of the analysis of failure modes and effects (FMEA).

When the significance is being assessed, the team of experts com-
bines the verbal assessment of potential undesired phenomena with
the quantified assessment. It lies in assigning points to individual
undesired phenomena according to individual criteria and according
to the unified classification. The objective is to compile the ranking
of the significance of all potential undesired phenomena, which were
previously placed into registries of potential undesired phenomena.
The registries of sources of risks (undesired phenomena) are main-
tained for various structures, processes, technologies etc. which will
be encountered during the underground construction. Each undesired
phenomenon identified in the registries is assessed by each expert
independently.

The point rating of each potentially undesired phenomenon ran-
ging from 1 to 10 is conducted in a standard way for 3 parameters:
“Z” — Consequences (seriousness, amount of damage); “P” —
Probability of the origination of the respective phenomenon and “Dt”
— predictability of the origination of such a phenomenon.

The RPN index (Risk Priority Number) is subsequently determi-
ned for each undesired phenomenon contained in risk registries.

The index is a relative assessment of the risk level which the
undesired phenomenon being assessed represents in the particular



7. SHRNUTI

Rozhodovéni vétSiny problému souvisejicich s projektova-
nim a vystavbou geotechnickych konstrukci je vZdy spojeno
se znacnou nejistotou. Rada dilezitych vstupii bud chybi,
nebo nejsou dostateéné vystizné ¢i spolehlivé. Rozhodovani
za nejistoty musi respektovat jind pravidla, neZ jsou béZnd pri
deterministickych postupech. DuleZitou podminkou dspésné-
ho feSeni komplexniho geotechnického problému s veétsi
mirou nejistot je proto zbavit se deterministického zpusobu
uvazovdani a nahradit jej uvaZovanim pravdépodobnostnim.

Pri hodnoceni geotechnického monitoringu je tfeba véno-
vat pozornost i tomu, co neni monitoringem zaznamenano,
zjisténd data je treba hodnotit v souvislostech a je tfeba je
fyzikdlné vysvétlovat. Z pozorovanych jevu se nesmi vyhle-
ddvat pouze ty skutecnosti, které svéd¢i ve prospéch predem
prijaté teorie, predpokladu, zvoleného vypoctového modelu,
ale i ty, které pro né nesveédci.

Pro zvladani mimorddnych udalosti je otdzka ,,Co dulezité-
ho o vlastnostech horninového masivu nevime?*, nejméné
stejné tak dulezitd, jako obvyklej$i otdzka ,,Co vSechno
o vlastnostech horninového masivu vime?*“ Vzdy je tfeba se
ptat: ,,Co vsechno se nevi? Co je nejisté? Jak tyto nejistoty
vzit pfi rozhodovani v dvahu?*

Vyznamnym ndstrojem feSeni problému za nejistoty je
inZenyrska intuice. Pfi jejim uplatnéni se vSak musi dodrzo-
vat urCitd pravidla a respektovat nékterd omezeni. InZzenyrska
¢i geotechnickd intuice neni schopnost véstit, ¢i hadat, ale
schopnost rychle uplatnovat zkuSenosti spolu s teoretickymi
znalostmi.

Uspésnost experta spo¢ivd ve schopnosti rychlého rozpo-
znani problému a ndvrhu jeho feSeni na zdkladé kombinace
zkuSenosti a poznatki uloZenych v podvédomi (intuice)
a teoretickych odbornych znalosti. Intuici ale nelze nikdy
pouzivat jako ucelovou ndhradu nedostatku informaci v situ-
acich, kdy je lze standardnimi postupy ziskat.

Metodika Fizeni rizik systémové zavadi pravidla a osvéd-
¢ené postupy pro fizeni rizik, a rozdélovani rizik mezi Gcast-
niky vystavby ve vSech fazich jeji pripravy i realizace. Dnes
je pro fizeni rizik k dispozici fada osvéd&enych postupt pred-
pist a norem, s jejichZ pomoci lze fizeni rizik profesiondlné
provadét. Uéinnym nastrojem metodiky Fizeni rizik jsou
expertni metody.

Cldnek byl zpracovdn s vyuZitim vysledkii Centra kompe-
tence Technologické agentury Ceské republiky, ziskanych pri
reSeni projektu ,,Centrum pro efektivni a udrZitelnou doprav-
ni infrastrukturu* (CESTI), cislo projektu TE01020168
v roce 2018.
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case. The value of the RPN index is given by the product of all three
parameters being classified.
RPN=ZxPxDt

7. SUMMARY

Making decisions on the majority of problems associated with
designing and constructing geotechnical structures is always associ-
ated with significant uncertainty. Many important entries are either
missing or are insufficiently apposite or reliable. Making decisions
under uncertainty has to respect different rules than those common in
deterministic procedures. An important condition for successful solu-
tion to a complex geotechnical problem with rather great level of
uncertainties is therefore that the deterministic thinking is abandoned
and is replaced with probabilistic thinking.

When geotechnical monitoring is being assessed, it is necessary to
pay attention even to the things which are not reregistered by the
monitoring; the determined data has to be evaluated in context and it
is necessary to explain it physically. Of the observed phenomena, it
is not possible to seek only the facts which give evidence of a pre-
accepted theory, an assumption of the chosen calculation model, but
also the facts not giving the evidence.

Important for coping with extraordinary events is the question:
“What important regarding the properties of the ground mass do we
not know?”, but at least equally important and more common questi-
on is “What all do we know about the ground mass properties?” It is
always necessary to ask: “What all is not known? What is uncertain?
How are those uncertainties to be taken into consideration in the deci-
sion-making process?”

An important tool for solving problems under uncertainty lies in the
engineering intuition. Nevertheless, certain rules have to be adhered to
and some limitations have to be respected. Neither the engineering nor
geotechnical intuition is able to prophesy or guess, but it is able to
quickly apply experience together with theoretical knowledge.

Expert’ success lies in the capability of quick recognising a pro-
blem and proposing the solution on the basis of a combination of
experience and knowledge stored in the subconscious (the intuition)
and theoretical professional knowledge. But intuition can never be
used as a replacement for the reason of the lack of information in the
situations where it can be obtained using standard procedures.

The risk management methodology introduces a system of rules
and proven procedures for managing risks and distribution of risks
among participants of construction in all phases of its preparation and
realisation. Many proven procedures, regulations and standards are
today available for professional managing the risks. Expert methods
of the risk management methodology are an effective tool.

The paper was prepared using the results of the Competence
Centre of the Technology Agency of the Czech Republic gathered
when solving the Centre for Effective and Sustainable Transport
Infrastructure (CESTI), project number TEOQ1020168 in 2018.
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