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ABSTRACT. Verification possibility of experimental

of their results for munerical solutions in geotechnies

physical models have been constimeted.

front of the tunnel llkit(lill;.; and around the robhed space were studied. The resules
of experiments were each other compared. Oun the hasis of these resalts the input

parameters for mathematical models were determined.
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|. INTRODUCTION

The requirements
all demauds for the coutinnally increasing popunlation
enforcing underground spaces ntilization.
works stability and their operability assessinent is not the gquestion of mining -
eral deposits any more. hut first of all it
structiures (deposits
garages etc.). Following up different types of structural activities the requirenients
for solution of underground striucture stability and deterninining the changes i the
imitial stress state
these
viewpoints of construction, economy and environment protection.

The coustruction of any undergronnd structures is the reason of hoth gualitative
and guautitative
first
state
changes in the
responses of the rock mass can be observed directly in situ or predicted on the base
of mumerical or expertmnental wodel solutions. Modelling in geotechnies euables to
ohserve the
their effects in various processes of the nndergronnd work constriction. but also
sitlated operational
a model which nimst fulfil all deterininant properties of real natural environmnent.
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The siceess of the modelling methods liest of all depends on the acenraey of inpnt
parameters.

stinlation of the process that is taking place in the roek mass. The fornmlation of
border conditionus is hased npon the principles of physical and geometrical sinmilarity
(Nozesnuik. 1983: Kohonrek et al.. 1977). On the other hand the advantage of
mimerical solutions consists in the operativeness by means of which it is possible
to cliamge the input parameters and e the rapidity by means of which it is possible
to achieve the resnlts. The most objective results are achieved b

both of these methods. e by the mmethod of conpled modelling.

Tlhe aim of this work was to verify the capability ol physical models 1o record the
changes of the stress in the model in consequence ol nudergronnd work strocture
stitlation and to identify the reliahility of transducing and registration ol imeasured
stresses.

lor mathematical modelling.

2. DESCRIPTION OF THE [SNPERINEN

A horizontally tinmelled nndergronnd work ol civenlar section (dismmeter 10O nm)
was modelled for expertmental purposes. The models
elling stand with the dimnensions ol 480 x 460 x 1200 v (width > length < bierghr).
The tunnel was driven horizontally, excentrically from the side part ol the inodelling
stand in t
nal loading of the model. In the models the behaviour of the nndergronnd struetire
heading and its immediate surronnding during the excavation was observed. The
stress state chianges in different distances i front and belind of proceeding hieading.
stress distribution and 1the rise ol unloading,
dicular to the longitadinal axis of the nudergronnd structire were deterimined.
the model the rock mass was sinntlated by model material, Three types ol models
were tested.

a) Model (9318) where the rock mass was ¢
In this case the nsed mnodel material consisted of the mixture of bentouite 30 % .
sand 67% and far 3%

h) Model (9503) where the rock mass was considered liorizontally bedded. formed
by two kinds of modelmaterial. For the model constriuction two mixtnres were nsed.
FPirst nxture the sanie as in point a). the
prepared from satd

¢) Model (9602) where the rock mass was hedded. the pradient of 1he layers was
led nnder the angle of 22.5° with regard to the longitudinal axis ol the tanmel. The
nsed model materials were

The properties ol model imaterial were indicated by micans ol lahoratory methods

whicl are usual i soil mechanies with the following resulis:

hentonite 30 % 4 sand 67 A 4 Iat 3%

vohime weight 7 .53 e/cn
iniaxial compression st 0.007 M Pa
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UNILOG 2500 was utilized
The model stand
shown in Figure 1.
The models were testing
After deliberation that the model scale was 1:100. the models conld represent the
tuunel with
in the rock mass formed by medimn—rigid sandstones
find e.g. in the area of the Kladno coal basin (Zivor et al.. 1995: Vydra. 1995).
The model tests
the model construction
carried out.
derivation
pla
of the
hefore the
recorded on the
side of the
for evalnation
of 30 e, 20 ¢, 10 cnie e (namely 40 cn 30 . 20 e, 10 ent and Hem for the
0318 model) ahead of the transducer plane, approximately on the plane of the
transdicers, and Hem 1Henn 25 e (and also 35 ¢ for the 9602 model) after the
plane of the transdicers.
gradnal tunnelling wa
sufficient for finishing the

tensometric data

3 REsULTS OF THE MODEL TESTS

The measured tens |
set of programmes of TN1. TN2 [or calibration of transducers in the model and for

the
locat
ratio of the calendated stresses ave of the tunmelling with

regard to the initia
complete illustration of the rise of an increased stress area in front and hehind of
the proceeding tuunel heading and a complete st ration of iuereased (decreased)
stress state zones formation alter the
which the transducers had been located. were ohtaiued.
Tle ratio of the initial stress state tol lhe stress state measured for each tnunelling
stage
material
20 e ahead the transducer plane.
changes due to tunnelling. TnstagesH. a
in the distance

area of increased stresses. i
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IP1G. 2. Isolines of stress ratios
tensometric
regard to the initial stress state: with-
out layvers
Stages 2-9: heading distances 40 e, 30 ¢, 20cm. 10 ¢ 5 em
ahiead of the transducer plane. approximately on transducer plane

and 5 cm. 15 cm behind transducer plane

was formed in front

after transducer plane was crossed by tunmel heading the stress on the tun
mcreased and under and above the tunnel decrease of stress appeared. With the
longer distance of the tunnel heading hehind the transdu

louger titne distance {from the monent

the transducer plane it was possible to observe the development ol the areas with
maxinin vertical stresses on the sides of the tunnel.  Not ouly t}

axinii

the motion of maxinnun stresses in the direction into the mass was found. This is
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[solines ol stress ratios (in %) determmined on the base of
tensometric measurenents for stage ol driving with regard
to the nitial stress state: the 9503 model
layers

Stages 2-9:

horizontal

heading distances 30 ¢ 20 cme 1 ene b em abead of
the rransducer plane. approximately on teansdacer plane and 5 cm,

15 e 25 e hehind transducer plane

cansed by the reducing of strength of the rock mass equivilent and by the rise of

disturbed areas aronnd the tnnnel. This process. whicly is known from coustruetion
of subsurface works. is very hardly modellable i mathematical models.

Stmilar processes were ilustrated i Figs. 30 and 4. oo which the solines of
chianges in the models with Lorizontal (model 9503) and declined
(model 9602) layers were drawn. The mfluence of bedding on the shape of the
isolines i1s very evident in this pictures.

the stress stat

The differenices between the mitial stress state of the model and its stress state

shortly (5 cm) after the tunnel heading crossed the transducer plane for each model
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FiG. 4. Isolines of stress ratios (in %) «

tensonetric

etermined on the base of

regard to the initial stress state: the 9602 model layers
with 22.5° gradient

Stages 2-10: heading distances 30 cn, 20 cene Lo e, 5 e ahead of
the transducer plane, approximately on transdoeer plane and 5 ena.
15 cm. 25 cm. 35 e behind transduacer plane

tyvpe (with no-layers. with horizontal ayers and with the Liver under the angle of
22.5°) were tllustrated in Fig. 5. The initial stress state in the tunnel axis was
18.75 kPa in the no-layers model. respectively 1853 KkPa and 18.68 kPa in other
model types.

For the same phiase of the model experiments. the isolines ol stress
between model 9318 and model 9503, respectively between model 9318 and 9602,
were 1lInst

Even thongh the determined valies of the stress on each particular transdncer
were affected with errors whicl were cansed by the not always perfect contact of



Fia. 5. Isolines of the differences hetween the mitial stress state
of the
ducers for the state when the tonnel heading was
chstance
metric transducers

i) no—layers maodel
b) horizontal layers model
<) inclined layvers model

the surrounding material with the trausdicer and also by
locate the transdncers inito
provided sufficiently significant imformat

in the model during tunuelling.
A UTHAZATION OF THE IXPERINENT
RESULT FOR MATHEMATICAL MODELLING

The results of tensometric measnrements in physical models can be ntilized for
s (Prochiizka. Skorepovi,

determination of input parateters for inathematical mode
1996).

For the samemechianical and deformational properties of the medinm. which were
used for construction
model. a mathematical
were based on generalized Mohr—Coulomb’s Law and Drucker—Prager’s Hyvpothesis
(Prochiazka.

In the mathematical
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I'1G. 6. Isolines of stress difference for the state when the tiunuel
heading was in the distance of Hem belind the plane of
the trausducers (kPa):

a) no—layers model minus horizontal layers model
b) no—lavers model mins 22.5° gradient lavers model

rock mass. The discrete values of vertical stresses o, (i = |, ... n). which were
measured by tensometrical transducers in the J4; points of the physical models in
the plaue perpendicular to the tnunel axis when certain length of the tnnuel was
driveu, were confronted with the stress valiues calenlated by the method of matle-
matical inodelling for correspouding points. Tlie aim was to nininize the variance
between botl the computed aud the detertnined frow the experiment valies at the
cotnparative points A; by the change of some parameters p,. It 1s necessary to
kuow thew for the mathematical solution (Prochidazka. 1997). The other paraiu-
eters, which are determined in situ measnrenients or laboratory fests, rematned
correspoudent with the experinient.  The input data processed i this way and
characterizing the rock mass n the mathematical model are suitable for further
utilization to realize a series ol alternative parametrical nmnerical solntions for the
given rock mass without the necessity to carry ont further experiments.

The isolines of the differences between the stress values determined from the
experitnent aud caleulated partly for linear (a). partly for the [filth iteration (b)
of the mathematical solution were given on the Fig. 7. ln this case the tnunel
Lheading did not passed through thie plane where the transducers were situated in
the plhysical model. lu the next fignre (Fig. 8.) there were the same case, but for
the situation when the tunnel heading passed throngh the trausducer plane. Both

pictures proved obvious approximation of the results of hotl methods after carrving
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EXPERIMENTALNI MODELOVACT METODY ANALYZY NAPETI
PRO POSOUZENT STABILITY PODZEMNI KONSTRUKCE

Jifina TROKOVA, Ladislav ANGER & Irena VOELOVA

Vistavba jakéhokoliv podzemmiho dila je piicinon kvalitativiaich 1 kvantitativ-
nich zién hornimového prostiedi v jehio okoli. Deforimacne—napetové odezvy horni-
nového masivi imohou byt sledoviny pritno in situ, nebo predem progndzovany na
zaklade mmnerickych nebo experinentalnicl modelovyel resent.

Ciletn prace bylo oveérit schopunost fyvzikialnich modeln reagoval na zinény nap-
Jatosti v telese modeln nasledkem simlace konstrikee podzemunihio dila a zjistit
spolehlivost snimAni a registrace namérenyeh napeti. o konecné [Azi pak vysledky
experinientn vynzit jako vstupni data pro matematické modelovani.

Pro ficely expermientu bylo modelovino vodorovne razené podzemni dilo krnho-
vého prifezii. Na modelech bylo sledovino choviani éelby podzemmiho dila a jeho

bezprostreduiho okoli bélien razby. Byly nrcoviiny zinény puvodul napjatosti v

ruzué vzdalenosti pred i za postupujici celbon a rozlozeni napeti a vznik oblasti
odlehiceni a pritizeni v roviné kolmé k podéIné ose podzemuihio dila.

Noufrontace hodnot. zinén napjatosti. které hyly neceny na ziaklade méteni na
Jednothivyel typech fvzikalnich modehr hélien razby tuneln. prokizala schopnost
zaregistrovatl 1 nalé zimény napjatosti dané namodelovanim rozdilué geologické
stavby prostiedi (vrstevnatost) pri jinak stepnych podminkich. Nameérené hod-
noty odpovidaji teoretickyin predpokladivn o chovani horuinového prostredi kolein
otvirky kruliového prifezin. Nainodelech se podarilo postilinout reologické chovani
horninového wateriali, kdy dochiazi k prenosu maximalnich uapéti od hokin otvirky
dale do masivii a k rozsirovani oblasti ovlivnenéd razbon tuneln,

Tyto vysledky daly mmoznost vvnzit expertmentilnilio modelovani pri fornmlovi-
ui vstapuich parametrn pro mmatematické modelovani.

Pro stejné mechanické a pretvarné vlastnosti prostredi. které hyly pouzity pro
konstrukei fyzikaluiho modeln a stejnou geometrii jako fyzikalni model bylo re-

alizovano matematické feseni na ziklade lineirniho vipoéti metodon koneényeh
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prvka s roviunym linearuim rozdelenim posnnu a alternativie se zahrnutin zobece-
neného Molir-Conlombova zikona a Drncker—Pragerovy hivpotézy (Prochiazka, 1997).
Diskrétui hoduoty vertikalnich napéti g™ (i = 1. .. .. n). které byly naméieny po-
moci tenzometrickyel suimacn v A; bodech fyzikaluilio modeln v roviue kohné k
ose tuneln po vyrubaui jelio nréité délky. byly koufrontoviny s hodinotami napéti
vypoctenyii metodon matewatického modelovaui pro odpovidajici body. Cilem
bylo iteracnimn postupein inimalizovat rozdily ezt z experinientu uréenynil a
nuerick¥m postupemn vypocétenyimi hodnotami napéti ve srovuivacich bodech A;
ziénon neékterveh parametrn p,. Ostatni parainetry, nréené z mcreni i situ nebo
laboratoruich zkonsek. zistaly shodué s experiinenteny. Takto ovérend vstupni data
charakterizujicl horninové prostredi v imatematickénmodelu je mozno dale vynai-
vat pro realizact fady alternativoich parametrickyeh nmmerick el tegeni pro dané
horninové prostredi hez nutnosti provadet dalsi experitmenty.

Kombinaci obon metod s vyuzitim jejichi preduosti se podstatne zlepsi redlnost

visledkin modelovani.







