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1. OvOD

Pfi vystavbé mélkych tunelt ve méstech dochdzi k jejich stietim se
stavajici nadzemni zdstavbou a inZenyrskymi sitémi. Razba tunelu, tak
aby vZdy byla dplné dodrZzena deformacni kritéria platnd pro nové
budovy i inZenyrské sité, které se nad nimi nachdzeji, by si vSak vyza-
dala zcela mimorddné naklady.

Ekonomi¢téjsi je pripustit urcité deformace t€chto objekti béhem
jejich podchdzeni podzemni stavbou a poté jejich pripadné zasanova-
ni do pavodniho stavu.

Z4kladni otdzkou pfitom ziistdva spolehliva predpovéd jejich defor-
maci béhem raZeb dotyénych podzemnich dél.

Jesté dulezitéjsi je stanoveni spolehlivych deformacnich mezi, které
je mozné jeSté pripustit, aniz by doSlo k naruSeni statické funkce
objekta. Kritéria pro nové stavby jsou nevhodnd, protoZe jsou navrze-
na tak, aby nevznikala ani vzhledova poSkozenf ani kratkodoba posko-
zeni funkénosti. Takové typy $kod lze Casto, pri kratkodobém podcha-
zeni povrchovych staveb podzemni stavbou, za ur¢itych podminek
kratkodobé pripustit.

Je pritom ovSem tfeba zamezit nevratné ztrté statické tnosno-
sti a ekonomické ndklady na sanaci ¢dstecného poskozeni staveb zpu-
sobené razbou tunelu musi byt podstatné niz$i, nez naklady na pre-
ventivni zajisténi ndro¢nych deformacnich kritérii platnych pro nové
stavby.

Zéakladni otdzky tedy zni, jaké jsou takové maximdlné moZzné pri-
pustné deformace, s jakou spolehlivosti je mozné je predvidat a jak je
kontrolovat a zajiStovat béhem razeb? Tyto otdzky se re§{ v rdmci
grantu GACR 103/09/2016 Stavebni konstrukce ovlivnéné podzemni
Cinnosti — predikce vyvoje namédhéni pretvoreni a poruseni.

2. VYZNAM POKLESOVYCH KOTLIN A JEJICH OVLIVNOVANI
TECHNOLOGII RAZBY

2.1 Vznik poklesovych kotlin

Pri razbé mélkych tuneld pietvédreni hornin v okoli vyrubu obvykle
dosahuje az k povrchu terénu. Prubéh poklesové kotliny, kterd tak
vznikd, md zasadni vliv na pretvareni ¢i dokonce stabilitu stavebnich
objektu nachdzejicich se v jejim dosahu. Tvar poklesové kotliny zavi-
si na fad€ vliva. Nekteré z nich jsou ¢dste¢né nebo tplné v rukou pro-
jektanta ¢i zhotovitelské firmy provaddéjici razbu, jiné ovlivnit nelze.

K vlivim, které Ize v ur¢itém rozsahu ménit v dob€ projektu, patii
zejména prumér tunelové trouby, hloubka tunelové trouby pod teré-
nem a technologie raZzeb. V piipadé dvojice rovnobéZnych tunelu
i jejich vzddlenost mezi nimi.

K vlivim, které ménit nelze, patii predev§im vlastnosti pfitomnych
hornin, pavodn{ napjatosti, puvodni vodn{ reZim a trasa tunelu, pokud
je vynucend dopravnim feSenim. V ur¢itém rozsahu je mozné zlepSo-
vat vlastnosti hornin injektdzi, kotvami, svorniky, odvedenim vody
apod.

K technologickym faktoram, které pfi konvenenim tunelovéni ovliv-
fiuji prubéh poklesové kotliny, patii zejména zpusob Clenéni Celby
pri razbé. Svisld ¢lenéni ddvaji vyrazné mensi rozsah svislych sedani
povrchu tzemi. DiileZitd je také rychlost a plynulost razby. Cim rych-
lejsi jsou postupy, tim mensi jsou zpravidla i pretvoreni. S tim souvis{
i doba mezi ukonfenim zdbéru a zhotovenim priméarniho osténi.
Samozrejmosti je zachovavéni technologické kdzné pfi razbé, pii zlep-
Sovdni vlastnosti hornin v okol{ vyrubu, pfi sanaéni injektdzi a pri kot-
veni. Pro zvySen{ G¢innosti primdrniho osténi je tfeba dosdhnout toho,
aby nadvylomy byly co nejmensi. Pokud se provadi jehlovédni a kratké
kotvy, je Zadouci je udélat co nejrychleji po dokonceni zdbéru.

1. INTRODUCTION

When near-surface tunnels are being excavated in cities, they from
time to time get into collision with existing buildings and utility ser-
vices. To ensure the always strict keeping to deformation criteria
applicable to new buildings and the utility networks which are found
above them, it was necessary to incur additional costs.

It is more economical if we admit certain deformations of these
structures during the passage of the tunnel and subsequently restore
the structures to the original condition.

A reliable prediction of deformations during the course of the
underground excavation remains to be a fundamental question.

Even more important is the determination of reliable deformation
limits which are still admissible without disturbing structural integrity of
the structures. Criteria for new buildings are unsuitable since they are
designed to prevent even visual damage or a short-term disturbance to
the functionality. Such types of damage can be often, during short-term
passing under surface structures by underground construction operati-
ons, in certain conditions, admitted for a short time.

In doing so, it is necessary to prevent an irreversible loss of static
load capacity, and the economic cost of repairs of structures partially
damaged by the tunnel excavation has to be substantially lower than
the cost of preventative securing of the demanding criteria valid for
new structures.

Of course, the basic question is: what is the maximum admissible
value of deformations, what is the reliability level at which deformati-
ons can be predicted and how can they be checked on and prevented
during the course of excavation? These questions are being solved wit-
hin the framework of the GACR grant project No. 103/09/2016
“Building structures influenced by underground activities — prediction
of development of stress, deformation, and damage”.

2. SIGNIFICANCE OF SETTLEMENT TROUGHS AND
INFLUENCING THEM BY THE EXCAVATION TECHNIQUE

2.1 Development of settlement troughs

When near-surface tunnels are being driven, deformations of
ground in the excavation surroundings usually reach up to the ground
surface. The curve formed by the settlement trough which develops in
this process has a fundamental influence on deformations or even sta-
bility of structures found within the reach of the trough. The shape of
the settlement trough depends on a variety of effects. Some of them
are partially or completely in the hands of the designer or the con-
tractor carrying out the excavation, others cannot be affected.

Among the effects which can be to a certain extent changed during
the designing stage there are above all the tunnel tube diameter, the
tunnel tube depth under the surface and the tunnelling technique, even
the spacing of the tubes in the case of a pair of parallel tunnel tubes.

Among the effects which cannot be changed there are above all
properties of the ground to be encountered, the original state of stress,
original water regime and the tunnel route if it is required because of
the traffic solution. It is possible to improve ground properties to
a certain extent by anchors, rock bolts, diverting water etc.

The excavation sequence is the main of the technological factors
which affect the development of the settlement trough during conven-
tional excavation. Vertical sequence systems (side drifts and central
pillar) provide significantly smaller extent of vertical settlement of the
area surface. Excavation speed and fluency are also important. Usually
the faster the progress the smaller deformations. The length of the
time between the completion of an excavation round and erection of
the primary lining is connected with it. Maintaining technological
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K dispozici jsou i specidlni technologické postupy razby majici za
cil zmenSovat deformacni odezvu horninového masivu na razbu
a zvy§it stabilitu vyrubu. (Pfedstihové zajisten{ Celby mikropilotovym
destnikem, rizné typy injektdZze, metoda obvodového vrubu atd.)
V mék¢&ich hornindch je téZ Casto pfinosem vyztuZeni horniny pred
Celbou systémem vodorovnych lamindtovych kotev. Minimalizace
deformacni odezvy terénu se dosdhne pouZitim tunelovych Stitu.

Skute¢ny prubéh poklesové kotliny je tedy velmi sloZity jev. Ve fazi
projektu jej Ize jen velmi obtizné spolehlivé predpovédét.

2.2 Moznosti piredpovédi poklesové kotliny

Lze pouzit empirickych i analytickych metod pro stanoveni rozsahu
poklesové kotliny. Rada z nich vznikla pro potieby banského inZenyrstvi.

Prednost je vSak tfeba ddt postupim vypracovanym pouze pro pou-
Ziti v tunelovém stavitelstvi. Nekteré ze starSich z nich uvadi napriklad
Szechy (1973). Jiné empirické vyrazy pro vypocet sednuti povrchu
uzemi nad tunelovou troubou uvadi napriklad Leblais et all. (1999),
Eisenstein (1994), Attewel, Yeates, Selby (1986) a Sagaseta C. (1987).
Sakurai (1999) uvadi vypocet sednuti, ktery zdroven predstavuje limit-
ni hodnotu pro stabilitu tunelu.

Znatného rozsiteni doznala ve svété v posledni dobé metoda Loss
of Ground (Objemovd ztrita horniny), Peck (1969), Cording and
Hamshir (1975), Eisenstein (1994), Burland (1974, 1977). Nejnovéji
u nés Bartdk (2007).

Dnes se bézné pouzivaji i metody matematického modelovanf, napf.
MKP. Naptiklad Cervenka (1992, 1998). V tom piipadé je pro spoleh-
livost vysledku kli¢ovd vystiznost, s jakou algoritmus modelu popisu-
je mechanické chovani horninového masivu a vstupni parametry (hod-
noty mechanickych vlastnosti hornin), které se pfi modelovéni pouZi-
ji. Pro dspéch je obvykle podminujici zpétnd analyza na zdkladé pii-
mého méfeni skute¢ného pribéhu poklesové kotliny v prubéhu razby
pruzkumné Stoly. Takovy postup byl mimo jiné pouZit pro Kralo-
vopolsky tunel v Brné (Hordk 2010). Pro me¢kké horniny se nové pro
matematické modelovani navrhuje pouZivat tzv. hypoplasticky model
(napf. Svoboda 2009, Masin 2009).

2.3 Metoda objemové ztraty horniny (Loss of Ground),
pozorované deformace povrchu terénu

Touto metodou se stanovuje cely prubéh poklesové kotliny ve sméru
kolmém na smér razby. Je také mozné urcit polohu inflexnich bodu
a tlacenych i tahovych oblasti v horniné pfi povrchu poklesové kotliny.

Loss of Ground V) je objem horniny ztraceny disledkem posuvii
horniny do &elby, nadvylomu a pretvorenim stén vyruba dovnitf tune-
lu (konvergenci). Pfesnéji je objemova ztrita V) definovéna jako ,,sou-
¢et normdlovych posunuti horniny na jednotku plochy podél obvodu
tunelu smérem do vyrubu“. Vyjadfuje se v procentech celkové puvod-
nf plochy vyrubu. Konkrétni hodnoty V), lze téZ pouZit pro posuzova-
ni miry spolupusobeni osténi s okolni horninou.

Celkovy objem povrchového sednuti nad poklesovou kotlinou je
oznacovdn jako Vs. Uddvd se rovnéZz v procentech puvodni plo-
chy vyrubu. Rozdil mezi Vi a V) je méfitkem pro celkové objemové
pretvofeni v okoli vyrubu. Ve zvlastnich pfipadech, napriklad
u nasycenych piskil, mize byt Vg rovno Vp. U mdlo stlatitelnych hor-
nin lze predpokladat, Ze Vy se priblizné rovnd V). Pro praktickd inZe-
nyrskd feSenf 1ze prubéh poklesové kotliny na povrchu tzemi aproxi-
movat Gaussovou kfivkou.

Z méfeni na nékolika desitkéch tunelt bylo zjisténo, Ze Vs pro tune-
ly raZené bez pouziti tunelovacich §titu se pohybuje v rozmezi okolo
1-3 procent z plochy razeného tunelu. Pro mélké tunely v zdstavbé
obvykle plati, Ze Vs do 1,5 procenta ma zanedbatelny vliv na povrcho-
vou zdstavbu a nevede k Zddnym Skoddm. Priklady zjisténych hodnot
Vs a pozorovanych deformaci povrchu terénu, na fadé tunelt budova-
nych v neddvné dobé v CR, jsou uvedeny v tabulce 1.

2.4 Viiv polohy stavebnich objekti vii¢i podéiné ose
poklesové kotliny na vyvoj deformaci stavebnich objektt
Poloha stavebnich objekti vzhledem k poklesové kotliné je dualeZitd
pro ndvrh umisténi méfidel na objektech. Podle polohy objektu na pokle-
sové kotling miZe totiz dochazet bud k jeho vyklenovéni (konkdvnim
projevim), nebo k jeho prohybani (konvexnim projevim), k naklanéni,
seddni anebo vodorovnému posouvani nebo i k natdceni, viz obr. 1.
Poklesova kotlina ma za nasledek nejen diferencidlni sedani zakla-
du, ale i zatizeni stavebni konstrukce tahem a vznik vodorovnych
deformaci. Prdvé vodorovné deformace jsou pro stavebni konstrukci
kritické (Burland, 2001). Bohuzel zatimco svisla sedanf jiZ 1ze urCovat

Tuel

discipline during excavation operations, improving properties of
ground surrounding the excavated opening, pre-excavation grouting
and anchoring is an imperative. Overbreaks should be as small as pos-
sible so that efficiency of the primary lining is increased. If spiling and
short anchors are installed, it is desirable to do it as early after the com-
pletion of a round as possible.

Special technological procedures of the excavation are available
which are targeted on reducing the deformation response of rock mass
to the excavation and increasing the excavation stability. (Stabilising
the excavation face by a micropile umbrella, various types of grou-
ting, pre-cutting methods etc.) In softer ground, stabilising the
ground ahead of the excavation face by horizontal glassfibre reinfor-
ced plastic anchors is often beneficial. Minimisation of the deforma-
tion response of the surface can be reached by using tunnelling shi-
elds. The actual development of the settlement trough is a very com-
plex phenomenon. It is very difficult to predict it reliably in the desig-
ning stage.

2.2 Possibilities of predicting a settlement trough

It is possible to use empirical or analytical methods for the deter-
mination of the extent of a settlement trough. Many of them were
developed for the needs of mining engineering. Nevertheless, proce-
dures developed for applications in tunnel engineering should be pre-
ferred. Some of the older ones are quoted, for example, by Szechy
(1973). Other empirical expressions for calculating the settlement of
ground surface above a tunnel tube are presented, for example, by
Leblais et all (1999), Eisenstein (1994), Attewel, Yeates, Selby (1986)
and Sagaseta C. (1987). Sakurai (1999) presents a calculation of sett-
lement which at the same time represents a limiting value for tunnel
stability.

The Loss of Ground method has lately experienced very wide spre-
ading in the world. Peck (1969), Cording and Hamshir (1975),
Eisenstein (1994), Burland (1974, 1977). Latest in the Czech
Republic: Bartak (2007).

Even mathematical modelling methods are today commonly used,
for example the FEM. For instance Cervenka (1992, 1998). In this
case, aptness with which the model algorithm describes mechanical
behaviour of ground and input parameters (values of mechanical pro-
perties of ground) which will be used for the modelling is crucial for
reliability of the results. A condition of success is usually a back ana-
lysis carried out on the basis of direct measurements of the actual
development of the settlement trough during the course of the exca-
vation of an exploratory gallery. Such a procedure was used, among
others, for the Kralovo Pole Tunnel in Brno (Horak 2010). The use of
the so-called hypoplastic model is newly proposed for mathematical
modelling (e.g. Svoboda 2009, Masin 2009).

2.3 Loss of Ground method, deformations observed
on the ground surface

This method is used for determining the whole shape of the settle-
ment trough in the direction perpendicular to the direction of the tun-
nel excavation. In addition, it is used for the locations of inflexion
points and compressed and tensioned areas in ground at the settlement
trough surface.

The loss of ground V) is the volume of ground which is lost as
a result of shifting the ground to the excavation face, overbreaks and
deformation of excavation walls to the excavation interior (conver-
gences). More specifically, loss of volume V) is defined as “a sum of
normal displacements of ground per a unit of area around the tunnel
circumference in the direction to the excavated opening”. It is expres-
sed in percentage of the total original area of the excavated cross-sec-
tion”. Concrete values of V) can also be used for assessing the rate of
the composite action of the lining with the surrounding ground.

The total volume of the surface settlement above the tunnel is deno-
ted as Vj. It is also denoted in the percentage of the original cross-sec-
tional area of the excavation. The difference between Vs and V) is the
measuring scale for the total volumetric strain in the excavation sur-
roundings. In special cases, for example in the case of saturated sands,
Vs can be identical with Vp. As far as little compressible ground is
concerned, it can be assumed that Vs is approximately identical with
Vp. For practical engineering solutions, the shape of the settlement
trough on the ground surface can be approximated by the Gaussian
curve.

It was found from measurements on several tens of tunnels that Vg
for tunnels driven without using tunnelling shields fluctuates about 1-
3 per cent of the cross-sectional area of the tunnel. It usually applies
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Table 1 Examples of Vs values determined and deformations at the ground surface

Tunel Technologie Clenény Plocha
razby vyrub vyrubu
(m2)
Tunnel Excavation Excavation Excavated
technique sequence cross-sect.
area. (m?)
Krasikov NRTM H 104 - 112
Valik NRTM K 154
Klimkovice NRTM H 119
Bfezno MOVP - 70
Bfezno NRTM H 90
514 Lahovice dvoupruh NRTM H 103
514 Lahovice double-lane
514 Lahovice tfipruh NRTM H 137
514 Lahovice triple-lane
Nové spojeni/ New Connection NRTM H 92 - 109
Krélovo-polsky NRTM v 124
Laliki (*) NRTM H 104 - 114

Vs (%) Max. hodnota Sitka pFiéné Vzdalenost
sedani terénu poklesové inflexniho bodu
v ose tunelu (mm) kotliny (m) od osy (m)
Vs (%) Max. settlement Settlement Distance of
of ground surf. trough inflection point
on tunnel centre width (m) from centre
line (mm) line (m)
0,1-03 12-30 18- 60 4-12
0,7-13 26-33 90 - 100 54-87
- 3-37 80 8-16
2,6 43-50 105 - 128 20
2,1 45 - 53 140 - 144 18-35
02-20 5-46 85 - 150 6-18
0,1-1,7 5-43 75-125 7-20
0,1-08 6-35 40 - 100 7-10
1,2-29 40-73 98 - 144 10-20
0,7-42 29-173 36 - 42 75-85

Legenda: ¢lenény vyrub — H = horizontdiné, V = vertikdlné, K = kombinace H + V
Legend: sequential excavation - H = horizontal, V = vertical, K = H + V combination

(*) Laliki — Polsko
(*) Laliki — Poland

s jistou spolehlivosti a existuje fada méreni jako precedens, tak pro-
gnéza vodorovnych deformaci je daleko méné spolehlivd a existuje
i daleko méné méfeni, na jejichZz zdkladé by se mohly analogicky
odvozovat, viz obr. 2.

Dalsi zvlastnosti, kterou je tfeba mit na mysli pfi posuzovani
schopnosti budov prendset pretvoreni zpusobend vznikem pokleso-
vych kotlin, je to, Ze nepfiznivé dodate¢né seddni zdkladd muze byt
v nékterych mistech poklesové kotliny doCasné a v jinych zase trva-
1é. Podle ¢asového vyvoje poklesové kotliny a jejtho nasmérovani
vzhledem k posuzovanému objektu dodate¢nd seddni v podélném
sméru tunelu postupné rostou a poté se vyrovndvaji. V pri¢ném
sméru k podélné ose tunelu jsou dodate¢nd sednuti naopak trvald, viz
obr. 1.

to near-surface mined tunnels in developed urban areas that the influ-
ence of Vg up to 1.5 per cent on surface buildings is negligible and does
not lead to any damage. Examples of Vs values determined and defor-
mations observed on the ground surface at many recently implemented
tunnel constructions in the CR are presented in the following Table 1.

2.4 The influence of the position of engineering
structures in relation to the longitudinal axis of
a settlement trough on the development of
deformations of engineering structures
The position of engineering structures in relation to the settlement
trough is important for the design for installation of measuring
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Obr. 1 Vliv polohy poklesové kotliny vidi stavebnimu objektu na jeho deformace
Fig. 1 The influence of the settlement trough position in relation to the engineering structure on its deformations
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tahova zona — tensioned zone
+ ::1 tlaena zéna i
|

&

compressed zone
< >

tahova zéna — tensioned zone

posuvy v pfiném sméru
= _,,,._-"'" transverse displacements

gauges on structures. It is so because of the fact
that, depending on the position of the structure
within the settlement trough, the structure can
arch (concave manifestations) or sag (convex
manifestations), tilt, subside or be horizontally
displaced or even swivel. See Fig. 1

0 — T The settlement trough causes not only the
0.2 — — differential settlement of foundations but also

. | [ 12 the development of tensile loads acting on the
04— ‘,i;flexm'bod structure and  horizontal ~deformations.
0.6 — # inflexion point Horizontal deformations are most of all critical
0.8 — | / for an engineering structure (Burland, 2001).
1.0 — = Unfortunately, while today vertical settlements
(dm) | can be determined with a certain degree of reli-

svislé posuvy " rozdéleni vodorovnych pretvofeni
vertical displacements  distribution of horizontal deformations

rozdéleni svislych posuvi
distribution of vertical displacements

ability and a number of measurements exists as
a precedent, predictions of horizontal deforma-
tions are much less reliable and the number of
measurements on the basis of which they could

Obr. 2 Tazend a tlacend Cdst pricné poklesové kotliny (podle Burlanda 2001)

Fig. 2 Tensioned and compressed parts of a settlement trough (according to Burland 2001)

2.5 Priklady pozorovanych deformaci stavebnich objekti
pfi razbé Kralovopolského tunelu v Brné

Na stavbé Krdlovopolského tunelu v Brné bylo sledovdno v oblasti
predpoklddané poklesové kotliny tunelu 157 budov. Jednd se
o typickou smiSenou méstskou zdstavbu se zastoupenim nejriznéjsich
typu objektu z hlediska uzivani objektu, velikosti objektt, konstruke-
niho feSent, technického stavu budov i vlastnickych vztahu.

Podle velikosti objektu a konstrukéniho typu Ize budovy rozdélit do
ti{ zdkladnich skupin:

A — Drobné nebytové budovy. Typicky se jednd o jednopodlazni

méné rozsdhlé objekty, jako jsou gardze, malé sklady
a technologické budovy. Celkem 6 objekti.

B — Rodinné domy, mensi bytové a mensi administrativni budovy.
Jednd se o jedno- a7 dvoupodlazni budovy, Casto alespon ¢ds-
te¢né podsklepené. Prevazné cihlové zdivo, stropy vétSinou trd-
mové, méné Casto klenuté (nejCastéji nad podzemnim podlazi).
Celkem 63 objektu.

C — Velké bytové domy, Skolni ¢i administrativni budovy. Jednd se
o tfi- az sedmipodlazni budovy, vétSinou podsklepené.
Nejcastéji maji tyto budovy cihlové nebo tvdrnicové zdivo,
v nékolika pripadech se jednd o monoliticky skelet. Stropy jsou
u novéjsich budov Zelezobetonové, v piipadé starSich budov tré-
mové. Ze sledovanych objektu celkem 56 budov.

Z hlediska zdkladovych konstrukci lze budovy rozdélit do tif

zdkladnich kategorii:

1. Zelezobetonova deska — 4 objekty typu C,

2. Zelezobetonové pasy a patky — 6 budov typu A, 4 typu B a 38

typu C,

3. cihlové nebo kamenné pasy — zbyvajici budovy.

Celkové lze fict, Ze mira ovlivnéni zdvisi na velikosti objektu, jeho
poloze vugi ose tunelu, a tedy i poklesové kotliné, zaclenén{ do zéstav-
by, zplsobu zaloZeni, ale — podle dosavadnich poznatkd — ve zna¢né
mife na jeho stavebné-technickém stavu. Objekty typu A a B, jejichz
pudorysné rozméry jsou zpravidla mensi nebo pfiblizné stejné jako
Sitka tunelové trouby, jsou ovlivnény razbou a poklesy v pomérné
malé mite. VIiv razby se vice projevil na téch objektech, pod nimiz
prochdzela linie inflexnich boda poklesové kiivky. K nejvice naruse-
nym objektum typu B patii objekt Dobrovského 4, kde doslo
k rozevreni dilatani spary mezi hlavni budovou a dvornim pristav-
kem, nebo Podébradova 26, ktery byl ve $patném technickém stavu
zavinéném neodborn¢ provddénymi tpravami a piistavbami.

U objektt typu C je minimdlné jeden pudorysny rozmér
i nékolikandsobné vétsi nez §iika tunelové trouby. Z téchto objektd jsou
razbou a poklesy nejvice ovlivnény ty, jejichZ podélna osa je orientovdna
kolmo na osu tunelu. Jako priklad 1ze uvést predevsim objekt polikliniky
Dobrovského 23 a objekty v aredlu vojenské polikliniky — Dobrovského
25 a Dobrovského 27. Na dvou posledné jmenovanych objektech je
naprosto evidentni vliv stavebné-technického stavu jednotlivych objekta
na miru ovlivnéni razbou, a tim celkové poskozeni. Oba objekty jsou
pudorysné i vy$kové priblizné shodné, takze jejich poloha vigi tunelu
je podobnd. Nicméné poruchy na objektu Dobrovského 25, ktery byl
postaven v horsi kvalité, jsou vyrazné vétsiho rozsahu, neZ poruchy na

be analogically derived is much smaller. See
Fig. 2.

Another distinction which must be kept in
mind when assessing the ability of buildings to
transfer strains caused by the development of settlement troughs is the
fact that unfavourable additional settlement of foundations can be tem-
porary in some locations of the settlement trough and permanent in
other ones. Additional settlements in the longitudinal direction of the
tunnel gradually grow depending on the development of the settlement
trough with time and its orientation in relation to the building to be
assessed; subsequently they even out. Conversely, in the direction
transverse to the longitudinal tunnel axis the additional settlements are
permanent. See Fig. 1.

2.5 Examples of deformations of engineering structures
observed during the excavation of the Kralovo Pole tun-
hel, Brno

There were 157 buildings in the area of the anticipated settlement
trough which were monitored during the construction of the Krdlovo
Pole Tunnel in Brno. They represented a typical mixed urban deve-
lopment consisting of structures of assorted types as far as the use of
the buildings, their dimensions, design, technical condition and
ownership relations are concerned. According to the size and structu-
ral type, the buildings can be divided into three basic groups:

A — small non-residential buildings. Typically this is the case of
single-storey, less extensive structures, e.g. garages, small sto-
res and technological buildings. In total 6 buildings.

B — family houses, smaller residential and smaller administration
buildings. This is the case of single- to double-storey buildings,
often at least partially with basements. Brickwork prevails,
mostly beam-and-plank floors, arched ceilings (most frequent-
ly above basements) are less frequent. In total 63 buildings.

C —large residential buildings, schools and administration buil-
dings. This is the case of triple- to seven-storey buildings, most
of them having basements.

Most frequently the walls of these buildings are brickwork or
blockwork, in several cases there is a monolithic frame. Floor slabs
are in reinforced concrete in newer buildings, beam-and-plank floors
in older buildings. In total 56 buildings of the set of buildings being
monitored.

From the perspective of foundation structures, buildings can be
divided into three main categories:

1. reinforced concrete slab — four C-type buildings

2. reinforced concrete strips and footings — six A-type buildings;

four B-type ones and thirty eight C-type buildings

3. brick strips or stone strips — the remaining buildings

In general, it is possible to say that the degree of affection depends
on the building size, its position in relation to the tunnel centre line
and/or the settlement trough, the incorporation into the urban deve-
lopment, foundation type, but — according to the latest knowledge —
to a significant degree, in a significant extent, also on its structural
and technical condition. The A and B types of buildings the plan
dimensions of which are usually smaller than or roughly identical
with the tunnel tube width are affected by the tunnel excavation and
subsidence to a relatively small extent. The influence of the construc-
tion showed more on the buildings of this type the line of inflexion
points of the settlement trough passed under. Among the most disturbed
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structures belong the building No.
4 in Dobrovského Street, where an
expansion joint between the main
building and a courtyard annex
opened, or the building No. 26 in
Podébradova Street, which was in
a poor technical condition caused
by unprofessional execution of
repairs and annexes.

At C-type buildings at least one
plan dimension is even several
times larger than the tunnel tube

Obr. 3 Poloha objektu Dobrovského 25 vudi tunelovym tubusium

Fig. 3 Position of Dobrovského Street No. 25 building in relation to tunnel tubes

objektu Dobrovského 27, kde samozfejme také doslo k rozvoji trhlin, ale
ty jsou mensiho rozsahu a nachézeji se predev§im v mistech dilataci,
apod. DalSim objektem, kde se vliv razby objevil pomérné vyrazne, byl
dum Palackého 28, ktery nebyl nékolik let obyvén a jiz pred zacdtkem
razby se nachdzel v havarijnim stavu. Diky masivnimu statickému zajis-
teni i pres pomérne vyrazné trhliny na nékterych &stech objektu (scho-
diste, dvorni pristavba) nedoslo ke zficeni naruSenych Casti.

Vyse zminéné objekty, na kterych byly pozorovény deformace
a v dusledku toho i poskozent, Ize rozdélit podle skute¢né miry posko-
zeni do Ctyr zdkladnich kategorii:

I — objekt prakticky bez poskozeni, nevyzaduje opravy,

II — drobné poskozeni, trhliny vlasové az do §ifky 1 mm, vétSina
oprav probéhne a7 po ustéleni veskerych poklesu, opravy budou
spiSe estetického charakteru (vymalba, pripadné zapraveni
nékterych trhlin),

III — rozsdhlejsi poskozeni, trhliny $itky nad 1 mm, poskozeni vypl-
ni stavebnich otvoru, nékteré opravy na objektech bylo tieba
provést jiz v ramci operativnich sanaci v prubéhu razeb, vétsi-
nou bez operativnich statickych zdsahu, opravy statického razu
se vétSinou neptredpokladaji ani pri definitivnich opravich,

IV — vyraznd poskozeni, nutny operativni zdsah do statiky budovy,
néro¢néj§i oprava po ustdleni poklest budov.

Pri tomto zpusobu ¢lenéni Ize konstatovat, Ze cca 5 % ze viech sle-
dovanych budov je v kategorii poskozeni IV a Ze cca 5 % ze vSech sle-
dovanych objekti nebylo razbami prakticky dotéeno (kategorie posko-
zeni I).

Nize uvedené priklady jsou objekty v kategorii poskozeni III a IV,
situovény jsou pifmo nad tunely nebo v jejich t&sné blizkosti. Zadny
z uvedenych objektt nebyl pfimo ochranén dodate¢nym technickym
opatienim (clona ze sloupu tryskové injektdZe nebo kompenzani
injektaze).

Objekt Dobrovského 25

Jednd se o budovu ubytovny a polikliniky v aredlu Univerzity
obrany.

Tato Sestipodlazni budova s jednim podzemnim podlazim a podél-
nym nosnym systémem ve vSech tfech traktech je zaloZena na pésech,
md Zelezobetonové nosné stény v podzemnim podlaZi, nosné cihlové
zdivo o tloustte stén do 0,6 m v nadzemnich podlaZich a stropy ze
Zelezobetonovych panelu.

Deformace: stredni a jizn{ trakt byly nejvice ovlivnény razbou tune-
Iu II, severni ¢ast razbou tunelu I. Maximdlni seddni 67 mm
a maximadlni ndklon 1:385 byly zji§tény ve stfednim traktu budovy.

Poskozeni budovy: predevsim ve stfednim a jiznim traktu budovy
jsou dobfe viditelné dva symetrické systémy smykovych trhlin na
vysku vSech podlazi, a to jak v nosnych sténdch, tak i v pri¢kdch.
Trhliny, které jsou Casto prubézné i pres nékolik podlaZi, dosahuji
§itky 3 mm v nosnych sténdch a az 8 mm v prickach.

# Tunel Il / Tunnel Il
\ 1:493
1:1118

\ 1:3172
1:3526 DEQ&_;J;-‘EN
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Obr. 4 Poloha plaveckého bazé-
nu vudi tunelu II s vyznacéenim
polohy  hlavnich  poruch
a ndaklonu

Fig.4 The position of the swim-
ming pool in relation to Tunnel
11, with the locations of main
defects and tilts marked in the
picture

width. Of these buildings, the
most affected by the tunnel exca-
vation and settlements are the
buildings the longitudinal axis of which is perpendicular to the tunnel
centre line. As an example we can mention first of all the
Dobrovského Street No. 23 building, a policlinic and buildings in the
area of a military policlinic — Dobrovského No. 25 and Dobrovského
27. The influence of the structural and technical conditions of indivi-
dual structures on the magnitude of the effect of the excavation and
the overall damage is absolutely obvious on the two latter structures.
The two buildings are roughly identical in terms of plan dimensions
and heights and their position in relation to the Tunnel I is similar.
Nevertheless, defects observed on the Dobrovského No. 25 building,
which was built in poorer quality, are significantly worse than the
defects caused to the Dobrovského No. 27 building, where, of course,
fissures also developed, but their extent is smaller and they are found
first of all in the locations of expansion joints, etc. Another building
where the effect of the underground excavation showed relatively
very significantly was the Palackého Street No. 28 building, which
was several years unoccupied and had been found in an emergency
condition even before the commencement of tunnelling. Owing to
massive structural support the broken parts did not collapse, despite
relatively serious fissures in some parts of the building (staircases, the
courtyard annex).

The above-mentioned structures on which the deformations and
related defects were observed can be divided according to the real
degree of damage into four basic categories:

I —a structure which is virtually without damage, not requiring

repairs

IT — petty defects, hair cracks with the width up to 1mm, the majo-

rity of repairs will be carried out after all settlement stabilises;
the character of the repairs will be rather aesthetic (wall deco-
ration and repair of cracks if necessary)

III — more extensive damage, cracks over lmm wide, damage to
doors and windows; some repairs had to be carried out earlier,
in the framework of operative rehabilitation during the course
of the tunnel excavation, mostly without operative structural
interventions (mostly repairs of a structural character are not
expected also during the definite repairs)

IV — extensive damage, an operative intervention into the building
structure is necessary; more complicated repairs follow when
the building is stabilised.

In this system of dividing the buildings, it can be stated that about
5% of all monitored buildings is in category IV and about 5% of all
monitored buildings remained virtually untouched by the tunnel exca-
vation (damage category I).

The below-mentioned examples are structures in damage categori-
es III and IV. They are located just above the tunnels or in close pro-
ximity to them. None of the above-mentioned buildings was directly
protected by an additional technical measure (jet-grouted columns
forming a curtain or compensation grouting.

Dobrovského Street No. 25 building

This building is a dormitory and policlinic in the premises of the
University of Defence.

The six-storey building with one basement level and a longitudinal
structural system in all three bays is founded on strips. It has reinfor-
ced concrete structural walls in the basement, are 0.6m thick structu-
ral walls on the above-ground levels are in brick; floor slabs are from
reinforced concrete panels.

Deformations: the central and southern bays were affected most of
all by the excavation of Tunnel II, while the northern bay part by the
excavation of Tunnel I. The maximum settlement of 67mm and maxi-
mum tilt of 1:385 were identified in the central bay of the building.
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Plavecky bazén

Specificky objektem je jeden z venkovnich bazént koupaliste, ktery
je situovan v tésné blizkosti tunelu II.

Bazén je 25 m $iroky, 35 m dlouhy a minimdlné 1,5 m hluboky.

Bazénovd vana je betonovd s jilovym tésnénim, vybudovand v 60.
letech minulého stoleti.

Deformace: nejvyssi sedani bazént je 31 mm, maximdlni ndklon
1:493. Inflexni bod je vzddlen cca 15 m od osy tunelu II, coZ pribliz-
né odpovidd poloze hlavnich poruch ve sténach bazénu.

Poskozeni bazénu: hlavni trhliny v bazénu jsou skrze celou tloustku
stén, ale jsou pfedevsim situovdny v pracovnich spardch, které diky
nedokonalému spojen{ jiz pri vystavbé funguji jako dilatace. Trhliny
jsou orientovany podélné s tunelovou osou s maximdlni $itkou cca
10 mm. Razba byla provddéna pod bazény na konci letni sezdny.
Z tohoto duvodu bylo tieba provést doCasné tésnéni stén bazénu
a zamezit tak nejveétSimu prosakovdni sténami bazénu. Poskozen{
bazénu si vyzada rozsdhlejsi rekonstrukcei, kterd vsak jiz byla vlastni-
kem (mésto Brno) dfive pldnovana, a tak se pocita s finanéni spolui-
Casti zhotovitele potazmo investora na rekonstrukci bazénu.

Podébradova 28

s w2

Dvorni ¢dst budovy je situovdna pfimo nad tunelem II. Tato ¢dst
budovy byla dodateCné pristavéna k hlavni &tyfpodlazni budove.
Konstrukce pristavéné ¢asti byla provedena neodborné s nevhodnym
vyuZzitim ruznych stavebnich materidli. Z tohoto divodu dokonce
i relativné nizkd seddni a naklony budovy zpusobily velmi vyrazné
poskozeni stavby. Jedna z vnéjSich stén musela byt podeprena drevé-
nym rdmem. V porovnani s touto budovou byl sousedni objekt kvalit-
né vystavén a zdklady byly pred razbou doplnény o betonovou proti-
klenbu. Tato budova byla razbou dotfena jen nepatrné.

Dobrovského 23 - poliklinika

Tato budova byla postizena deformacemi od razby tunelu I i II.
Budova nevykdzala vyraznou deformaci pii pruchodu tunelu II.
Deformace se projevily aZ pii pruchodu tunelu I okolo budovy. Pfi¢ina
tohoto chovéni je ddna polohou vertikdlnich sloupu tryskové injektdze
provedenych pred razbou tunelu. Sloupy sice primdrné slouzily
k ochrané objektu ¢. 40 v aredlu Veterindrni fakulty, ale napomohly
patrné i ke sniZeni seddn{ objektu polikliniky vlivem razby tunelu II.
Hodnoty seddni této budovy byly 25 mm. Nejvyznamnéjsi poskozeni
bylo v oblasti dilataci.

Areal telekomunikadni spoleénosti

V poklesové kotliné je situovano celkem 7 objektl tohoto aredlu.
Vesmés se jednd o vicepodlazni pomérné moderni budovy s nosnym
Zelezobetonovym skeletem. Vzhledem k dostate¢né tuhosti v rdmci
jednotlivych dilata¢nich celka je koncentrace zji§ténych poruch sou-
stfedéna do dilataci a vypliiovych vyzdivek. Presto byla i témto objek-
tum v rdmci monitoringu vénovana zvySend péce. Duvodem je praveé
schopnost tohoto typu konstrukei prenést zvySujici se napéti bez vnéj-
Sich projevu (vznik trhlin) aZz do vyCerpani dnosnosti, kdy muZe dojit
k ndhlému kolapsu. Tim se li3{ od cihelnych budov, kde je nérust vniti-
nich napéti od deformaci doprovdzen postupnych ndrastem vnéjsich
projevu, jako jsou trhliny.

U dilataci doslo k jejich rozevieni v fddu nékolik centimetru a tyto
dilatace musely byt v rdmci pohotovostni sluzby zhotovitele stavby na
streSe opraveny tak, aby nedochézelo k dalsi degradaci objektu vlivem
klimatickych podminek.

Rodinné a bytové domy podél ulice Dobrovského

Celkoveé lze fict, ze mira jejich ovlivnéni zdvisela na velikosti objek-
tu, jeho poloze vici ose tunelu, a tedy i poklesové kotling, zallenéni
do zéstavby, zpusobu zaloZeni, ale — podle dosavadnich poznatkt — ve
zna¢né mife na jeho stavebne-technickém stavu. Objekty skupin A a B,
jejichz pudorysné rozméry jsou zpravidla mens$i nebo priblizné stejné
jako Sitka tunelové trouby, jsou ovlivnény razbou a poklesy v pomérné
malé mite. U téméf vSech domui podél ulice Dobrovského doslo
k prakticky stejnym deformacim. V malé mife se jednalo o zkriZeni
oken a dveff a u vSech objektd k mirnému vyvoji trhlin vesmés do
1 mm. Déle doslo u domu, které maji do dvorniho traktu vystavény
pristavby k prorysovéni dilataci — trhlin az do tl. 3 mm.

Dal$im poznatkem bylo, Ze mira poruseni téchto objekti klesala
s rostouci mocnosti nadloZi nad tunelem, respektive v dolni ¢4sti ulice
Dobrovského dochdzelo k vétsim poruchdm, neZ v jeji horni ¢asti, kde

Tuel

Damage to the building: first of all in the central and southern bays
there are two symmetric systems of shear fissures extending over the
height of all floor levels, well visible both on structural walls and
separating walls. The width of cracks, running often continuously
across several floor levels, reaches up to 3mm in structural walls and
up to 8mm in separating walls.

Swimming pool

One of the open-air swimming pools situated in close proximity to
tunnel tube II is a specific structure.

The pool is 25m wide, 35m long and the minimum depth is 1.5m.

The pool basin is of concrete with clay sealing; it was built in the
1960s.

Deformations: the greatest settlement of the pools is 31mm, maxi-
mum tilt is 1:493. The inflexion point is at the distance of about 15m
from Tunnel II centre line, which approximately corresponds to the
location of main defects in the pool walls.

Damage to the pool: main cracks in the basin run throughout the
thickness of the walls, but they are mainly located in construction
joints, which act as expansion joints owing to imperfect connection
during the pool construction. The cracks are oriented in parallel with
the tunnel centre line, with the maximum width of about 10mm. The
tunnel was driven under the pool at the end of the summer season. For
that reason it was necessary to carry out temporary sealing of the pool
walls, thus to prevent the largest seepages through the pool walls.
Despite these measures it was necessary to compensate the tenant for
the loss of water from the pool. The damage to the pool will require
wider reconstruction; however, this reconstruction was planned by the
owner (Brno municipality) earlier, therefore financial participation of
the contractor or the client on the reconstruction of the pool is expec-
ted.

Podébradova Street No. 28

The courtyard part of the building is located directly above Tunnel
II. This part of the building was erected subsequently as an annex to
the main four-storey building. The structure of the additionally built
part was carried out unprofessionally, improperly using various buil-
ding materials. For that reason even relatively small settlement and
tilting of the building caused very serious damage to the structure.
One of external walls had to be braced by a wooden beam. Compared
with this building, quality of the neighbouring building structure was
higher and a concrete invert was added to the foundation before the
tunnel excavation. This building was affected by the excavation only
to a minimum extent.

Dobrovského Street No. 23 — a policlinic

This building was affected by deformations due to the excavation
of both Tunnel I and Tunnel II. The building did not exhibit and sig-
nificant deformation during the passage of Tunnel II. Deformations
appeared later during the passage of Tunnel I along the building. This
behaviour resulted from the position of the jet grouted vertical
columns forming a curtain which was carried out before the tunnel
excavation. On the one hand, the columns primarily served to protect
building No. 40 in the grounds of the Faculty of Veterinary Medicine,
but they probably also helped to diminish the settlement of the polic-
linic building due to Tunnel II excavation. The values of the settle-
ment of this building were 25mm. The most significant damage was
found in the area of expansion joints.

Telecomunications company grounds

There are 7 buildings of this company found in the settlement
trough. They are mostly multi-storey modern buildings with reinfor-
ced concrete frames. Owing to the sufficient strength of the frames in
the individual expansion blocks, the identified defects are concentra-
ted in expansion joints and filling brickwork. Despite this fact, incre-
ased care was devoted even to these buildings within the framework
of the monitoring. The reason is just the increased capability of this
type of structures to carry increasing stresses without external mani-
festations (development of cracks) up to reaching the load-bearing
capacity limits when an abrupt collapse possibly happens. This is
what sets them off brick buildings, where an increase in internal stres-
ses induced by deformations is accompanied by gradual increase in
external manifestations, such as cracks.

The expansion joints suffered opening in the order of several centi-
metres. On the roof, these expansion joints had to be repaired by con-
tractor’s emergency service so that further degradation of the building

by the effect of climatic conditions was prevented.
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Tab. 2 Parametry pozorovanych poklesovych kotlin na stavbé Krdlovopolského tunelu Family houses and
Table 2 Parameters of settlement troughs observed during the Krdlovo Pole tunnel construction residential buildings along
e s , . . , Dobrovského Street
C.  Pfiéna poklesova  Staniceni Vs (%) Max. hodnota Sitka Max. sklon  Vzdalenost

In general it is possible to say

kotlm_a pobliz (m) sedani terénu pricne pokle_sove inflexniho that the degree to which they

objektu v ose tunelu poklesové kotliny bodu od osy were affected depended on the

. (mm) . kotliny (m) () . building size, its position in rela-

No. Transverse Chainage Vs (%) Max. terrain ~ Transverse ~ Max. slope Inflexion tion to the tunnel centre line
settlement (m) surface settlement  of settlement  point thus also to the settlement

trough near settlementon  trough trough distance trough, its situation in the deve-

the building the tunnel width from centre lopment, the type of its foundati-

centre line (m) line on, but — according to existing

(mm) (m) knowledge, to a significant

extent to its structural and tech-

1 Dobrovského 25 1010 1,9 72 120 1:290 18 nical condition. Buildings of the
1 Dobrovského A and B types, the plan dimensi-
Street No. 25 1010 1.9 72 120 1:290 18 ons of which are usua]]y smaller

2 PlaVecky bazén 740 1,5 56 100 1:410 18 or approximate]y identical with
2 Swimming pool 740 1.5 56 100 1:410 18 the tunnel tube width, are affec-
3  Podébradova 28 1490 0,6 37 100 1:370 10 ted by tunnel excavation and
3  Podébradova settlements to a relatively small
Street No. 28 1490 0.6 37 100 1:370 10 extent. It applies nearly to all

4 Dobrovského 23 buildings along Dobrovského
— poliklinika 1080 2,4 95 120 1:280 15 Street that their deformations

4 Dobrovského Street were virtually identical. To
No. 23 - policlinic 1080 2.4 95 120 1:280 15 a small extent the deformations

5  Areél telekomuni- caused twisting of windows and
kacni spolecnosti 540 1,2 61 90 1:360 17 doors and, in all of the buildings,

5  Telecommunications moderate development of cracks,
company grounds 540 1.2 61 90 1:360 17 mostly up to Imm wide. In addi-

vzdalenost mezi zdkladovou sparou objektu a vrcholem klenby tunelu
je kolem 20 m.

Pro srovndni pozorovanych deformaci budov a povrchu terénu jsou
v ndsledujici tabulce uvedeny parametry poklesovych kotlin pozoro-
vanych pobliZz vybranych vyse uvedenych objekti (viz tab. 2) a na
nasledujicim obrazku jsou tyto pri¢né poklesové kotliny zndzornény
(viz obr. 5).

3. STANOVENI PRIPUSTNYCH DEFORMACI NADZEMNICH
OBJEKTU NAD RAZENYMI TUNELY

3.1 Pfipustné deformace objekti, stanoveni kritérii varov-
nych stavil

Byva velmi obtiZné urcit s naprostou spolehlivosti hodnoty doda-
te¢ného pretvoreni povrchu tzemi, které mohou byt pripustény, aniz
by doslo k nepfijatelnému poskozeni na nich stojicich budov.

Obvykle se definuji tii druhy poskozeni objektu, vzhledové, funk-
ni a statické.

Vzhledové poskozeni je dano viditelnym naklonem budov, ktery
u svislych prvku nastdvd u sklont okolo 1:250, a u horizontdlnich
1:100. Vzhledové poskozeni objektu se také projevuje ruzné rozevie-

tion, cracks up to 3mm wide
appeared in expansion joints at
buildings having annexes in the courtyards.

Another finding was the fact that the degree of damage caused to
these buildings diminished with the tunnel overburden height gro-
wing, or, more significant defects developed in the lower part of
Dobrovského Street than in the upper part, where the spacing betwe-
en the foundation base of a building and the top of the tunnel vault is
about 20m.

To allow comparison of the observed deformations of buildings and
the terrain surface, the following table presents parameters of settle-
ment troughs monitored close by the selected above-mentioned buil-
dings (see Table 2) and the cross-sections of the settlement troughs
are shown in the next picture (see Fig. 5).

3. DETERMINATION OF ADMISSIBLE DEFORMATIONS OF
SURFACE BUILDINGS ABOVE MINED TUNNELS

3.1 Admissible deformations of surface buildings; determi-
hation of criteria for warning states
It is usually very difficult to determine with absolute reliability the
values of additional deformations of the area surface which can be
admitted without suffering unacceptable damage to the buildings

Pozorované piiéné poklesové kotliny na stavbé Kralovopolského tunelu
Kralovopolsky tunnel - Observed subsidence troughs
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standing in the area.

Three types of damage are usually defined: visual, functional
and structural.

Visual damage is characterised by visible tilting of buildings,
which starts when vertical and horizontal elements tilt is about
1:250 and 1:100, respectively. Visual damage to structures also
manifests itself through cracks, opening in various parts of the
building. The cracks which will jeopardise neither structural ele-
ments nor the building function should not be wider than 1-
2mm, depending on the structure type and location of the cracks.

Functional damage is damage where some substantial functi-
ons allowing the structure as the whole or its substantial parts to
serve their purpose are curtailed. For example, it is deformation
of door frames, doors and window frames, tilting of turbine
generator unit foundations, damage to the waterproofing etc.;
but the respective deformations are substantially smaller than
deformations in the case of structural damage. Structural stabili-
ty is not jeopardised in this case.

Structural damage is characterised by the condition in which

Obr. 5 Pozorované pricné poklesové kotliny na stavbe Krdlovopolského tunelu

Fig. 5 Observations of the transverse settlement trough during the Krdlovo Pole

tunnel construction

the building stability gradually deteriorates up to a possible col-
lapse. It is assessed by the design, the structural engineer who
carried out structural analyses for the respective building.
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Tab. 3 Kategorie poSkozeni objekti podle Burlanda (2001)
Table 3 Categories of damage to buildings according to Burland (2001)

Deformations meaning
that the structure lost its
functionality are often used

Trida Povaha Popis Priblizna Sitka as the basis for the determi-
poruSeni  poruseni trhlin, mm nation of values of criteria
Damage Damage Description Approximate width  for warning states required
class nature of cracks, mm for the measurements and

their assessments. But stress

0 Nepatrné Vlasové trhliny <0,1 must be placed on the fact

0 Slight Hair cracks <0.1 that the term “maintaining

1 Velmimalé  Trhliny snadno opravitelné vymalovanim. Objevi se mozna <1 functionality” can be very
oddalené poruchy na budové. Trhliny jsou zjevné pi podrobné subjective. It can be unders-
prohlidce. t0f)d by’ an (ownjc‘r in another

1 Very small  Cracks easy to repair by wall decoration. Isolated defects may <1 way thdn‘ a d“lgne? Even
appear on the building. Cracks are visible by detailed inspection. the contractor whose con-

, : - . . struction procedure is the

2 Drobné Trhliny lehce vyplnitelné. Budou pravdépodobné vyzadovat <5 cause why the structure got
nékpljkeré vymalovérl[.vajevi se malé poruchy na .sténéch, to an inadmissible condition
uynltr budovy.l Na vnejsu;h zgecb jsou v[dltelne trhliny, ktete of deformation has its own

_ si mohou vyzadat drobné utésnéni. Dvere a okna nepatrné drhnou. opinion. The approach of

2 Minor Cracks are easy to fill. They will probably require repeated wall <5 the insurance company
decoration. Small defects will appear on walls inside the building. which is to compensate the
Cracks which may call for minor sealing are visible on external walls. damage can also be diffe-
Doors and windows slightly scratch. rent.

3 Mirné Trhliny budou vyZadovat vycCisténi a vyspraveni. Trhliny je tfeba 5-15 nebo Burland (2001) presents
opravit pfiméfenou vyzdivkou. Je nutno pocitat s drobnymi opravami nékolik trhlin 6 categories of damage to
vnéjSich zdi. Dvefe a okna drhnou. Udrzbu a opravy je tfeba provadét >3 mm buildings. See the follo-
opakovang. Bude nutno ¢asto provadét dotésriovani. wing Table 3:

3 Moderate ~ Cracks will require cleaning and repair. Cracks must be repaired 5-15or Damage within the fra-
by adequate filling with brick. Petty repairs to external walls must be several cracks mework of categories 0
expected. Doors and windows scratch. Maintenance and repairs must > 3 mm through 2 is, according to
be carried out repeatedly. Sealing will have to be restored repeatedly. Burland, is acceptable.

4 Vazné Rozsahlé opravy trhlin s nahrazovanim &sti zd, zvI&sté nad 15-25 Damage categorised as 3 or

o P, ; . P 4 is already unacceptable.
okennimi a dvefnimi otvory. Pokroucené okenni a dvefni ramy. 0 ; 34
Funkénost objektu je narusena. eowfger];gﬁg?norz af;ea(i
4 Serious Extensive repairs of cracks with replacing parts of walls, especially 15-25 g gs pass
: . . . under by tunnel excavation
above window and door openings. Twisted window and door frames. . .
. . . g can be, under certain condi-
Impaired functionality of the building. tions, accepted, but subse-

5 Velmi vazné Césteénévpebc,) UpIné rekonstrukce. Nové tramy ztréceji inosnost. >25 quen; rehabilitation  is
Nebezpedi ztraty celkoveé stability konstrukce. necessary.

5 Very Partial or complete reconstruction. New beams lose their bearing > 25 The unambiguous deter-

serious capacity. The threat of total loss of stability of the structure. mination of the loss of

nymi trhlinami v riznych ¢dstech objektu. Trhliny, které neohrozi kon-
strukéni prvky ani funkci objektu, by podle typu stavebni konstrukce
a umisténi v ni nemély byt §ir§i nez 1-2 mm.

Poskozeni funkcnosti je takové poSkozeni, kdy nékteré jeji podstat-
né funkce, které umoznuji, aby konstrukce jako celek anebo jeji pod-
statné soucasti slouzily svému déelu, jsou omezeny. Napriklad se jednd
o pretvoreni zdrubni, dveff a ramu oken, ndklon zdklada turbosoustro-
ji, poruSeni vodotésnosti atp. Prislusnd pretvoreni jsou ale podstatné
mensi neZ u poruseni statického. Stabilita konstrukce v tomto pripadé
jesté ohroZena neni.

Statické porusent je takové, kdy se budova dostane do stavu, ve kte-
rém se jeji stabilita postupné zhorSuje natolik, Ze to muZe vést az ke
ziiceni. UrCuje je projektant statik, ktery pro prislu$ny objekt provedl
statické vypocty.

Pfi stanovovéni hodnot kritéri{ varovnych stavi pro potfeby méfeni
a jeho hodnoceni se Casto vychézi{ z pretvorenti, kterd znamenaji ztrdtu
funkénosti konstrukce. Je tfeba oviem zduraznit, Ze pojem zachovan{
funkénosti muZze byt velmi subjektivni. Jinak ho maZe chépat vlastnik,
jinak provozovatel, jinak projektant. Svij pohled ma stavebni firma,
jejiz stavebni postup je pri¢inou, Ze konstrukce se dostala do nepii-
pustného stavu pretvoreni. Jiny pfistup muze mit i pojistovna, kterd ma
uhradit vzniklé Skody.

Burland (2001) uvadi 6 kategorii poskozeni objektu. Viz tab. 3.

Poskozeni v ramci kategorie 0 az 2 je podle Burlanda pfijatelné.
Poskozeni v rdamci kategorie 3 a 4 je uz neprijatelné. PoSkozen{ kate-
gorie 3 je ale moZné za urcitych podminek u objekti podchdzenych
razbou tunelu pfijmout avSak s ndslednou sanaci.

Jednoznalné urleni stavu ztrity funkénosti muZe byt sloZité.
Hodnota vystihujici tento stav zdvisi predevsim na vlastnostech kon-
strukce. To je na prostorovém uspordddni a tuhosti jednotlivych

functionality can be com-
plicated. The value giving a true picture of this state depends, above
all, on properties of the structure, i.e. on the structural arrangement
and stiffness of individual supporting elements and the whole struc-
ture, as well as mechanical and rheologic properties of building
materials used. The influence of the composite action of the struc-
ture and its foundation is significant. Even the deformational and
rheologic properties of ground in the structure sub-base must be
taken into consideration.

When limit values of deformations are being determined, it is rea-
sonable to remember that certain deformation and cracks resulting
from them develop nearly in each structure immediately after its
completion. An effort to completely exclude their origination would
lead to an unacceptable increase in the construction cost.

Limit values of deformations of structures which are still accep-
table for the purpose of determining warning states must, as a matter
of principle, always be determined by the designer — a structural
engineer. He or she must take into account the need for maintaining
the function of the building and, of course, the necessity of preven-
ting impairing of its static load capacity.

Experience shows that brick buildings adapt to such deformations
caused by the development of a settlement trough relatively well.
But modern stiff reinforced concrete structures mostly resist diffe-
rential deformations in a more complicated way. At the beginning
they usually tilt and shift in various ways as the whole. Only then do
cracks start to damage the structural elements.

Structural effects of a settlement trough on a building depends on
the proportion of the length of the structure base to the length of the
slope of the settlement trough. Apart from the nature of the load-
bearing structure of the building, even its height plays its role. Of
course, stiffness of the engineering structure and effectiveness of the
composite action of the structure with the foundation sub-base is of
crucial importance.




nosnych prvku i celku a na mechanickych i reologickych vlastnostech
pouzitych stavebnich materialu. Podstatny vliv md mira spoluptisobe-
ni konstrukce se zdklady. V dvahu je tfeba vzit i pfetvarné a reologické
vlastnosti hornin v podlozi.

Pfi ur€ovani meznich hodnot pretvoreni je zdhodné mit navic na
paméti, Ze urcité pretvoreni a z toho vyplyvajici trhliny nastanou téméf
u kazdé stavebni konstrukce ihned po jejim dohotoveni. Snaha o je-
jich naprosté vylouceni by vedla k nepfijatelnému vzristu nakladu na
stavbu.

Mezni hodnoty jesté pripustného pretvoreni stavebnich konstrukci
pro Glely stanoveni varovnych stavi musi zdsadné urcit vZdy projek-
tant — statik. Musi pfitom prihliZet k potfebé zachovéni funkce objek-
tu a samozrejmé i k nutnosti nenarusit jeho statickou inosnost.

Zku3enost ukazuje, Ze zdéné budovy se takovym pretvorenim zpu-
sobenym vznikem poklesové kotliny prizpusobuji pomémé dobre.
Moderni Zelezobetonové tuhé konstrukce vSak vétSinou rozdilnym
pretvorenim odoldvaji obtiznéji. Zpravidla se nejdifve ruzné naklanéji
a posunujf jako celek. Teprve pak dochdzi k porusovani konstrukénich
prvku trhlinami.

Staticky ucinek poklesové kotliny na stavebni objekt zdvisi na
poméru délky zdkladny dotéeného objektu k délce tiboci poklesové
kotliny. Svou dlohu, kromé povahy nosné konstrukce stavebniho
objektu, md i jeho vyska. Samozfejmé zdsadni vyznam ma tuhost sta-
vebni konstrukce a G¢innost jejtho spoluptsobeni s podzdkladim.

3.2 Pouziti tabulkovych hodnot piipustnych pretvoieni

Jako vychozi informaci lze pro stanoveni meznich pripustnych hod-
not vyuzit tabulkovych hodnot rozli¢nych zdroju a ruznych autoru.

Napiiklad: Mezni hodnoty sednuti podle dnes jiZ neplatné CSN 73
1001 — Zdkladovd piida pod plosnymi zdklady (1987). Tato norma
v tabulce €. 19 prilohy 9 uvadéla kone¢né hodnoty celkového prumér-
ného sednuti a nerovnomérného sednuti pro rizné druhy staveb.

CSN 730039 — Navrhovdni objektii na poddolovaném iizemi (1989)
rozdéluje staveni$t¢ na 5 skupin podle pretvoreni povrchu tzemi
v dasledku poddolovéni. Jako kritéria jsou voleny hodnoty pomérného
vodorovného pretvoreni, poloméru zakriven{ a naklonéni terénu.

Ve Velké Britdnii a v USA se poruchy na budovach rozd€luji podle
vaznosti do 6 skupin, viz tab. 3. Méritkem je povaha a velikost trhlin
v nosnych zdech (napfiklad Burland, 2001; Boscardin, 1989). Jako
méfitka jsou voleny urité hodnoty vodorovného pomérného protaze-
ni konstrukce.

Hodnoty nejvétSich sednuti pro desku a patky v jilu nebo pisku
uvadi Skempton (1956) a Terzaghi (1996).

Polshin a Tokar (1957) uvadéji mezni hodnoty sednuti budov
a pramyslovych objektu, které byly jako zdvazné prijaty v byvalém
SSSR. Tabulka je postavena na hodnotdch nerovnomérného sednuti
pro ruzné typy stavebnich konstrukci.

Ve Francii vychdzeji prfi hodnoceni zdvazZnosti poruch z praci
Boscardina a Burlanda. (Leblais et all., 1999). Pro hodnoty nejvétsiho
svislého sednuti a sklonu poklesové kotliny prebird AFTES do svych
doporuceni i doporuceni britskd. TotoZné idaje uvadi Eurocode 7.

V ndsledujici tab. 4 jsou jako priklad uvedeny mezni hodnoty
pomérnych protaZzeni tak, jak je stanovili Boscardin a Cording (1989)
a Mair and Taylor (1997).

Tab. 4 Mezni hodnoty pomérnych protazeni
Trida poruseni 0 1 2 3 4ab

% <005 0,05-0,075 0,075-0,15 0,15-0,3 >0,3

Menard (1967) doporucuje pri stanoveni meznich hodnot pomérné-
ho pootoceni vyjit z hodnot celkového sednuti, tuhosti konstrukce
a indexu heterogenity zékladové pudy. Jim doporucené hodnoty
pomérného pootoceni jsou pro obytné budovy 0,33 %c — 0,6 %o a pro
budovy pramyslové 0,8 %o — 1,5 %o.

Eurocode 7 uvadi jako méfitko pomérné pootoCeni. Nejveétsi pri-
pustné pomérné pooto¢eni rdmovych konstrukei a souvislych cihel-
nych zdi by melo byt podle doporu¢eni Eurocodu 7 v rozsahu 0,5 %o —
3,33 %o. Pi jejich prekroCent je jiz nebezpedi vzniku funkénich poruch
konstrukce. Pro vétSinu budov je prijatelnd hodnota 2 %o. Mezni stav
poruseni konstrukce bude vyloucen pfi kone¢ném pootofeni mensim
nez 6,6 %o.
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3.2 Application of tabular values of admissible
deformations

Tabular values from various sources and by various authors can
be used as starting information for the determination of limiting
admissible values.

For example: Limiting values of settlement according to the
today no more valid standard CSN 73 1001 — Subsoil under shallow
foundations (1987). In Table 19 of its annexe No. 19, this standard
presented final values of the total average settlement and differen-
tial settlement for various types of structures.

CSN 730039 — Design provisions for structures in undermined
areas (1989) divides construction sites into 5 groups according to
the deformation of the area surface resulting from undermining.
Relative horizontal deformation values, radius of curvature and ter-
rain slope are selected as criteria.

In Great Britain and the USA, defects of buildings are divided
into 6 groups according to their magnitude. See Table 3. The mea-
suring scale is the nature and size of cracks in structural walls (for
instance Burland, 2001, Boscardin, 1989). Certain values of hori-
zontal relative elongation of the structure are selected as criteria.

Values of largest settlements for a foundation slab and footings
in clay or sand are presented by Skempton (1956) and Terzaghi
(1996).

Polshin and Tokar (1957) quote limiting values of settlement of
buildings and industrial structures which were adopted as binding
standards in the former USSR. The table is based on values of dif-
ferential settlement for various types of engineering structures.

In France, assessing of gravity of defects is based on Boscardin
and Burland works. (Leblais et al, 1999). AFTES even adopts
British recommendations for its own recommendations for the
maximum vertical settlement and slope of the settlement trough.
Eurocode 7 uses the same data.

The following Table 4 shows, as an example, limiting values of
relative elongation in the way as they were determined by
Boscardin and Cording (1989) and Mair and Taylor (1997).

Table 4 Limit values of relative elongation
Damage class 0 1 2 3 4ab

% <0.05 0.05-0.075 0.075-0.15 0.15-0.3 >0.3

Menard (1967) recommends for the determination of limit valu-
es of relative angular displacement to start from values of total sett-
lement, the structure stiffness and index of heterogeneity of foun-
dation ground. The values of the relative angular displacement he
recommends are 0.33%o — 0.6%o for residential buildings and 0.8%o
— 1.5%o for industrial buildings.

Eurocode 7 presents the relative angular displacement as the
measuring scale. The largest admissible relative angular displace-
ment of frame structures and continuous brick walls should be,
according to Eurocode 7, within the range of 0.5 %c — 3.33 %o.
When they are exceeded, there is already the risk of developing
functional defects of the structure. The value acceptable for the
majority of buildings is 2%oc. The ultimate limit state of the struc-
ture will be excluded when the final angular displacement is less
than 6,6 %o.

Another Eurocode 7 recommendation states that common inde-
pendent foundations will be safe if their average settlement does
not exceed about 50mm and differential settlement is not bigger
than 20mm.

In simple cases it is therefore possible to start from the above-
mentioned recommendations. Nevertheless, these recommendati-
ons were developed by gathering and assessing the experience gat-
hered during typical, standard situations. For that reason it is neces-
sary to consider them only as general ones.

It often happens that a significant part of the admissible defor-
mations of existing buildings was reached during their construction
and operation. For that reason a difficult question appears which
part of the above-mentioned limit values was reached in the past
and which value of deformations can be still admitted in the future
as the result of undermining, lowering of the water table, construc-
tion work in the neighbourhood, additional loading by an annex etc.

Tabular limiting values can therefore be used always with great
caution, with reservations. In more complicated cases and where
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Dalsi doporuéeni Eurocodu 7 fikd, Ze bézné samostatné zdklady the risk of damaging the building due to undermining is significant,
budou bezpe¢né, pokud jejich pramémé sednuti nepresiahne cca it is always necessary to carry out a detailed structural analysis,
50 mm a rozdilné sednuti dvou sousednich patek nebude vetsi nez a prognosis of the additional deformation of the building and an
20 mm. analysis of risks following from the deformation. Only then is it

V jednoduchych priipadech lze tedy vychdzet z vySe uvedenych possible to propose effective measures which can increase the resi-
doporuceni. Ta vSak vznikala predev§im nashromdzdénim a vy- stance of the building against additional deformations, restrict the
hodnocenim ziskanych zkuSenosti pro typické standardni situace. settlement trough or improve deformational properties of the
Proto je tieba brét je jen jako smérné. ground to be encountered.

Casto znadn4 &dst prijatelnych deformaci sou¢asnych staveb jiz byla From the perspective of the structural system of the engineering
vy&erpana béhem jejich vystavby a provozu. Proto vznikd nelehkd structure to be affected by tunnelling, it is necessary to distinguish
otdzka, jakd &st z vySe uvadénych meznich hodnot se jiz realizovala isostatic and hyperstatic structures. No changes in distribution of
v minulosti a jakou hodnotu pfetvoreni lze jesté dodateéné piipustit internal forces take place in structures supported isostatically, when
v budoucnosti v disledku dodate¢ného sedani a v dusledku podtune- enforced displacements of supports which can be caused by the sett-
lovani, nasledkem poklesu hladiny podzemni vody, vlivem vystavby lement trough (unless the impulses are so big that they would result
v sousedstvi, pfitizenim nastavbou atp. in significant displacement§ causing changes‘ in c.entres.of lqading

Tabulkové mezni hodnoty lze proto pouZivat vzdy jen s velkou opa- factors). On the other hand, if the_structure is fully isostatic, a failure
trnosti, s vyhradami. Ve slozZitéjsich pfipadech a tam, kde je v dasled- of one element, no matter for which reason, causes the development
ku podtunelovéni znatné nebezpeci poskozeni stavby, je vzdy tfeba of a kinematic mechanism with a subsequent collapse. )
provést podrobny staticky rozbor, prognézu dodate¢né deformace sta- Stresses in structures supported hyperstatically which are indu-

ced by displacements of supports depend on a variety of factors; of
course, the dominating role is played by stiffness parameters, the
plastic capacity and redistribution capacity, geometry and, in the
cases of rheologically active materials, even the rate of the deve-
lopment and duration of deformation impulses (Kfistek, Vrablik
2009).

In addition, when consequences are being assessed, it is necessa-
ry to distinguish whether the defect caused by enforced displace-
ments of structural supports will develop on structural parts or
complementary ones.

vebniho objektu a analyzu rizik z toho vyplyvajicich. Teprve pak lze
navrhovat d¢innd opatreni, kterd mohou odolnost budovy vuci doda-
teénym pretvorenim zvysit, omezit poklesovou kotlinu nebo zlepsit
pretvarné vlastnosti pfitomnych hornin.

Z hlediska statického systému dotceného stavebniho objektu je
nutno rozliSit konstrukce staticky urcité a staticky neurcité. V kon-
strukcich podeprenych staticky ur¢ité, pfi vynucenych posunech pod-
por, které mohou byt vyvolany poklesovou kotlinou (pokud nejde o tak
velké impulzy, které by vyvolaly vyznamnd premisténi znamenajici
zmény pusobist’ zatéZovacich faktort) ke zméndm v rozloZeni vniti-
nich sil nedochdzi. Je-li vSak konstrukce zcela staticky urditd, tak 3.3 Reliability concept

selhdni jednoho prvku — z jakychkoli divodu — znamend vznik kine- When the condition of the engineering structure is being assessed
matického mechanismu, a tim i kolaps. from the perspective of the origination of cracks induced by defor-
Naméhani konstrukci podeptenych staticky neur¢ité, vyvolané vynu- mations enforced by the settlement trough, it is even possible to use
cenymi posuny podpor, zdvisi na fadé faktort; dominantni roli hraji the reliability concept. (Teply, Kfistek 2006).
samozrejmé tuhostni parametry, plastickd a redistribu¢ni kapacita, tva- The reliability of an engineering structure is characterised by its
rové usporadéani a v piipadé reologicky aktivnich materialt i rychlost failure proofness, longevity, possibility of maintenance and repairs.
vzniku a trvani deformac¢nich impulzu (Kiistek, Vrablik 2009). Reliability of a building can therefore be characterised by the pro-
Pfi posuzoviéni disledku je tieba téZ rozliSovat, vznikne-li porucha perties which fulfil the functions required from it and, concurrent-
vyvoland vynucenymi posuny podpor konstrukce na ¢dstech nosnych, ly, operational parameters are maintained within given limits and
nebo dopliikovych. within a given time interval. Individual components are as follows:

safety, usability, i.e. the ability of being operated, and durability.
The reliability condition is understood to be a mathematical expres-
sion of the relationship between the effect of loads acting on the
structure and the admissible value of this effect, which is defined
by respective designing rules. It is necessary to realise that the
load-bearing capacity of a structure is characterised by the respec-
tive value of the deciding quantity, e.g. a force, moment, stress,
deflection or functions of these quantities when the respective ulti-

3.3 Koncept spolehlivosti

Pri posuzovdn{ stavu stavebni konstrukce z hlediska vzniku trhlin
v dusledku vynucenych deformaci poklesovou kotlinou lze také vyu-
zit koncept spolehlivosti (Teply, Kiistek 2006).

Spolehlivost stavebni konstrukce se charakterizuje jako jeho bezpo-
ruchovost, Zivotnost, udrZzovatelnost a moznost opravy. Spolehlivost
objektu je tedy mozné charakterizovat vlastnostmi, které splriuji na

nélp pozadované funkce prfi soucasném zachovini provoznich ukaza- mate limit state is reached where it is necessary to interrupt the
telu v danych mezich a v daném Casovém tseku. Jednotlivé slozky function of the building due to, for example, plastic strain of mate-
jsou: bezpeCnost, pouZzitelnost, tj. schopnost provozu a trvanlivost. rials, displacements in joints, creeping or excessive opening of
Podminkou spolehlivosti se rozumi matematické vyjddieni vztahu cracks. The development of a settlement trough means that additi-
mezi G¢inkem zatiZeni na konstrukci a pripustnou hodnotou tohoto onal stress originates in the structure, which can, according to its
icinku, jeZ je definovdna pifslu$nymi pravidly pro projektovani. character, lead some factors to exceeding the limit given by the
Pritom je nutné si uvédomit, Ze tnosnost konstrukce je charakterizo- reliability of the structure.

véna prisluSnou hodnotou rozhodujici veli¢iny, napf. sily, momentu,
napéti, pruhybu, popf. funkcemi téchto veli¢in pii dosaZeni prislusné-
ho mezniho stavu dnosnosti, tj. stavu, kdy je uZ nutné prerusit funkci

3.4 Development of cracks on buildings located
in settilement troughs.

objektu v dlisledku napf. plastického pietvoreni materialli, posunuti ve The issue of the development of cracks is one of the deciding
stycich, dotvarovani nebo nadmérného rozevten{ trhlin. Vznik pokle- questions of the state of damage of a structure due to undermining.
sové kotliny znamend vznik dodate¢ného namahéni konstrukce, které Damage to a structure must be assessed both from the aspect of the

serviceability limit state and from the aspect of structural safety
with respect to the load-bearing capacity and a collapse of the struc-
ture.

If the structure satisfies generally applicable standards and app-

podle svého charakteru muZe vést k tomu, Ze néktery z vyse uvede-
nych parametra piesdhne mez danou spolehlivosti konstrukce.

3.4 Vyvoj trhiin na objektech umisténych na poklesovych kotlinach

Problematika vzniku trhlin je jednou z rozhodujicich otizek stavu roved directives, it should be within the given limits of the respec-
poskozeni konstrukce v dusledku jejtho podtunelovéni. Poskozeni tive safety against damage, with sufficient longevity and servicea-
konstrukce je nutné posuzovat jak z hlediska mezniho stavu pouZitel- bility of the building. Usually a structure has a certain reserve of
nosti — provozuschopnosti, tak i z hlediska statické bezpecnosti various kind, which is “planned” in advance by standards or expec-
s ohledem na tnosnost a kolaps konstrukce. ted. The limit of damage is therefore required to offer a sort of limi-

Jestlize konstrukce vyhovuje vSeobecné platnym normdm ted application with a sort of minimum safety. This limit then tou-
a schvdlenym smérnicim, mela by byt v danych mezich piisluiné bez- ches the limit of “possible or acceptable damage” to the building,
pecnosti proti poSkozeni s dostatecnou Zivotnosti a provozuschopnosti which is usually assessed using various additional structural or
objektu. Obvykle md konstrukce urcitou, normami predem ,,pldnova- other analyses. The reason is that that there are typical warning

nou*, resp. predpoklddanou rezervu ruzného druhu. Pro mez poskozen{ characteristics, such as the size of cracks, large or increasing




se tedy vyzaduje jakési omezené pouZziti s jakousi minimdlni bezpec-
nosti. Tato mez potom hrani¢i s mezi ,,moZného nebo prijatelného
poskozeni* objektu, coZ se obvykle posuzuje ruiznymi dodateénymi sta-
tickymi nebo jinymi rozbory. Jsou totiz typické varovné charakteristi-
ky, jako je velikost trhlin, velké nebo zvétSujici se prahyby nebo ten-
dence ke kolapsu. Proto je nutné se podrobnéji zabyvat nékterymi fak-
tory, priCemz zvlastni pozornost zasluhuji rozbory druhu, velikosti
a hlavné pri¢in vzniku trhlin.

Z hlediska trvanlivosti konstrukce je tfeba posoudit trhliny podle
jejich vzniku a ucinku. Jsou trhliny povrchové a trhliny statické od
pretiZeni konstrukce nebo od vynucenych deformaci, coZ je pravé pii-
pad ndsledku podzemni &innosti.

Deformacni stav konstrukce je duleZitym ukazatelem jeji Zivotnosti
a provozuschopnosti, at uz z hlediska funkce, nebo i z hlediska meze
poruseni konstrukce.

Pro hodnocenti je tfeba rozdélit pretvoreni na:

* pfedvidana (gp), se kterymi se pocitalo ve statickém vypoctu,
a proto se mohla udélat opatfeni proti jejich nepfiznivym disled-
kum; patif sem d¢inky predpoklddaného zatiZeni, teploty, dotvaro-
vani a smrstovani betonu, pokles podpor,

e nepredvidand (€,), kterd se neuvazovala ve statickém vypoctu,
a proto mohou vést k znehodnoceni konstrukce (napf. nadmérné
zatizeni konstrukce s dynamickymi ucinky, neocekdvané poklesy
podpor, velké sniZeni pevnosti materidla, poruseni soudrZnosti
mezi oceli a betonem, nelinedrni dotvarovani betonu).

Predvidand pretvoreni mohou byt dvojiho druhu, a to:

* teoretickd (€p), kterd vyplyvaji ze statického feSeni a pfi jejich
uréeni se vychézi z pozadavku norem a predpisu (napf. velikost
zatizeni, moduld pruZnosti) nebo z odbornych posudku (napf.
o sedén{ zdkladu),

* skutecnd, aktualizovand (gps), které opét vyplyvaji ze statického
feSeni, pri némZ se vSak uz pouzily podklady ziskané méfenim
(napf. pevnosti a moduly pretvarnosti betonu, seddni podpor, aj.).
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deflections or tendencies to a collapse. It is therefore necessary to
deal with some factors in more detail, with analyses of the type,
size and, first of all, causes of developing cracks deserving special
attention.

From the aspect of the longevity of a structure, it is necessary to
assess it according to the origination and impact of the cracks.
There are surface cracks and structural cracks due to the structure
overloading, or cracks caused by enforced deformations, which is
exactly a case of consequence of underground excavation.

The deformation state of a structure is an important indicator of
its longevity and serviceability, in terms of both the function and
the ultimate limit state of the structure.

Deformations must be divided for the purpose of the assessment
as follows:

e predicted ones (€p), which were assumed in the structural ana-
lysis and therefore measures against their unfavourable conse-
quences could be adopted; these comprise effects of anticipated
loads, temperatures, concrete creeping and shrinking, subsiden-
ce of supports,

e unpredicted ones (€n), which were not assumed in the structu-
ral calculation and therefore can lead to deterioration of the
structure (e.g. excessive loads with dynamic effects acting on
the structure, unexpected subsidence of supports, significant
reduction of strength of materials, failure of bond between
concrete and steel reinforcement, non-linear concrete cree-
ping).

The predicted deformations can be of two types, namely:

e theoretical ones (€pt), which follow from the structural design
and their solution is based on requirements of standards and
regulations (e.g. the magnitude of loads and moduli of elastici-
ty) or on professional opinions (e.g. subsidence of foundati-
ons),

e actual, updated ones (€ps), which again follow from the struc-
tural design, but their solution is based on data obtained by
measurements (e.g. strength and moduli of deformation, subsi-
dence of supports etc.).

The end of Part 1 of the paper
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