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Confrontation at underground wall construction development
Confrontation & la construction d'une paroi souterraine

P.KLABLENA, Chair of Geotechnics TU, Brno, Czechoslovakia
F.NAZARI, Chair of Geotechnics TU, Bmo, Czechoslovakia

SYNOPSIS: At the present times - a universal effort manifests itself - to optimize every structu~
re and to obtain a solution, which is not only technically perfect, but also most profitable eco-
nomically. This effort leads to the creation of continually more perfect solutions by means of
three methods. The main contribution of this paper is the sclution of a new way of the modelling
method. The possibility of model measurement connection with mathematical calculations was
studied with the aim to attain the most economical methods. An example of such complex model-
lings is given by the construction development of the Prague subway under the protection of

underground walls (UW).

1 ANALYSIS OF MATHEMATICAL MODELLING

Few calculation systems exist, which would
apply plastic deformation by cooperation of
the UW with the rock maessif., Essentially it
were Brinch Hansen, Windels and Weissenbach
who published works treating the loading me-
chanism. By means of the Brinch Hansen met-
hod, it is not possible to calculate founda-
tion pits of greater depth, because it limits
itself on individual supported faces. Windels
- in his method does not presuppose any dis-
tribution of rock and soil pressure. Under
the presupposition, that parts of the pit be-
have plastically, there occur large redistri-
bution of earth pressure. Weissenbach takes
these states into conseideration only approxi-
mately. Brinch Hansen is the only one, who
occupies himself with earth pressure redist-
ribution in connection with plastic linkages.
For the calculation - kinematic methods are
to be considered. Brinch Hansen considers the
face sections between individual plastic con-
nections a8 rigid. In the bracing region ap-
pear - with this procedure - the largest lo-
ads. Windels presupposes a classical distri-
bution of pressure and earth resistence with-
out redistribution. The moments of fields and
supports are supposed to be equal for the in-
dividual fields. The contemporary calculation
procedures are founded on methods, which -
even with considerable difficulties - give a
true picture of the state and behaviour of
rocks only approximately. The consequence of
this isttat UW use to be oversized, because

it is not possible to risk a breakdown not on-
ly from the point of view of economic loss,
but above all from the point of view of users
safety. For this reason there is in the whole
world the endevour of all scientific specia-
lists to take part in the development of more
accurate methods for the solution of UW, The
application of these methods requires to use
a highly efficient calculation technique.
Therefore it is necessary to study accurately
the mechanism of foundation pit wall loa-

ding. Further it is necessary to determine
earth and rock pressures in the area of wall
plastic deformation and what pressure distri-
bution has to be presupposed for the loeding
mechanism. It is necessary to occupy oneself
with the questions - what kind of strut for-
ces are decisive at the loading mechanism and
extent of the influence of the lateral for-
ces on the plastic deformations of the founda-
tion pit wall. For ‘the execution of numerical
calculations and the value determination of
the shearing and normel forces, principal
stress, displacements and optimum fixing
depth of the casing structures (bracing and
anchoring) it is possible to content oneself
with the solution of distribution methods and
of the finite elements method. The essence of
the finite elements method consists in the div-
ding of the continuum solution into discre-
te elements for which the conditions of beha-
viour under the influence of loading are de-
termined., By arranging the mutual linkages of
these elements for the entire continuum - a
system in a set of equations is obtained.
Their primary unknowns are - according to the
model type chosen - (compatible, balanced,
hybrid and mixed) either the fields of con-
nection stress modes displacement or a mixed
field of dieplacements and stresses. The ob-
jective evaluation of the UW cooperation with
the rock has a considerable significance for
the determination of the real deformations in
the UW surroundings. The UW cooperation with
the rock has - of course - also influence on
the dimensioning of structural elements. The
solution of this problem is taken-within the
framework of the PODIS subsystem complexly
into the total area solution inclusive the
mutual influencing of the rock effects on the
UW and the other way round. The contact prob-
lem is expressed here by the physical proper-
ties of the isoparametric contact elements,
inserted on the border, An analogous proce-
dure is applied also in the modelling of tec-
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Figure 1. Subsystem PODIS Geo-Brno-12

tonic faults. The UW is introduced into the
calculation model either by - conveniently
choeen finite elements or by the rigidity
matrix of the corresponding type, which has
in the contact points - degrees of freedom
corresponding to the finite elements, care
must by taken that the axial rigidity EF

and bending rigidity EJ of the UW are main-
tained in the mathematical model. The con-
temporary version of the PODIS subsystem
uses for the solution of obligatory and spa-
tial tasks a hygrometric model with elements
in the form of linear triangles and general-
ly curvilined quadrangles with linear, qua-
dratic and cubic representation. The form
functions for these element types take into
consideration two unknown quentities in the
nodal pointe - the displacements in the di-
rections on the global - axes - x - and - y -
and secure the continuity of the first deri-
vations acecording to the displacements;

for instance, the designated region Geo-Brno-
12 has been triangulated with a total num-
ber of 700 elements and 380 nodal points.
Evaluation of the gained results of input
values are the stress and vector compo-
nents of nodal point network displacement

in the plane of the coordinate system. In

an elastic isotropic medium - the deforma-
tions are in linear relation with the stress,
but if the medium behaves also plastically,
it is necessary to take into consideration
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also nonlinear relations. Kondner formulated
for cohesive and cohesionless so0ils a hyper-
bolic relation of stress - deformation.
Kondner s soil model was adjusted for the
method of finite elements - as first - by
Duncan and Cheng, who derived from the de-
pendence an expression for the tangential mo-
dulus of elasticity and used this dependence
together with Mohr s criterion of limit pla-
stic equilibrium for the formation of a more
general mathematical soil model. The writers
verified the convenience of this model and
used it for the solution of the concrete
model Geo-Brno (figure 1.).

The distribution theories are used with suc-
cess in the solution of many problems of
structure theory (distribution theory and ge-
neral method of grillage structure anaelysis -
Henry and Jaeger). The general problem for-
mulation at the evaluation of foundation pit
wall sheeting structures is founded on the
method of elastic and plastic calculation.

If - for instance the wall is tensioned by
anchors, tensioning by minimum force may be
presupposed, which will be larger than the
force, evoked by plastic pressure (for in-
stance- the station Sokolovskéd - subway Pra-
gue), In order to limit the deformations in
the neighbourhood of the pits, it will be
desirable to maintain the rock pressure on
the wall in the limits of given possibilities,
i. e, superposition of elastic and plastic
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Figure 2. Physical Model Geo-Brno-78

sizes of the resulting atress (station of
Cosmonauts - Prague subway). In the region
of the fixed wall it behaves as a layer obe-
ying the Winkler law (method of Winkler sub-
grade application by elastic springs for idea
lly elastic plastic matter). The rock is si-
mulated by - n - springs. The spring consta-
nts N, are derived from the bedding coeffi-
cients K., It is presupposed, that the

spring cbefficients differ linearly, N being
equal to the coefficients of the first
spring, loaded on unit length which give

rise to unit deflections. The distribution
method has the advantage, that more accurate
and more truthfull results of the internal
wall forces are gained. The solution procedu-
re is not difficult. The stated calculation
was elaborated by the writer on the automatic
computer (program under the title Geo-Brno-
DM) in the calculation centre STU Prague,
Rationalization and experimental laboratory.

2 PROBLEM SOLUTION ON PHYSICAL MODELS

On the basis of the homothety theory and di-
mensional analysis - a model 1 10 (figure
2.) of the foundation pit - UW of Prague sub-
way station - was built in the laboratory of
physical modelling on the Chair of geotechni-
que of the TU Brno. The UW model has been ma-
de of perspex. For this model, the choice of
a convenient equivalent material was very
important., Equivalent materials are made of
slag and portland cements, silica sand, lime
hydrate, mixed in various proportions. The
model was built in a stand 150x190x200 cm.

The model wall had the dimensions 100x190x10
cm. In order to get a true picture of the atre-
sses and deformations course., The model was
provided with 110 measuring points. On the ba-
sis of physical modelling results, the size
and the point of action of earth pressure re-
sultants were determined. At angular rotation
of the wall fixation - an uprise of earth
pressure became apparent in those regions,
where displacements against the soil occur.
Further - a stress reduction showed itself
in those regions, where movement away from
the earth takes place. In conclusion of the
experiment on the physical model, the num-
ber of bracing places, the wall rigidity and
the rate of fixing were evaluated.

For the analysis of rock structures - it is
necessary to evaluate the threedimensional
8tress states.

3 MEASUREMENTS IN SITU

Many research workers occupied themselves
with the application of the mathematical met-
hod on UW solutions. The moat recent methods
are based on the results of measurements in-
situ. The stress analysis of UW requires to
take specially into consideration and to ve-
rify how and in what value - in dependence

of the UW type - the coefficients of loading
and uniformity - and the conditions of action
are to be introduced into the stress analysis
In order to verify how the large rock pressu-
re really acts on the UW, how 1ts size and
distribution vary with progressive foundation
pit deepening and its expansion of crown st-
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Figure 3. Measurements In-Situ - Geo-Brno-D

ructures or anchoring and how the strength va-
ries in the structure, seven experiments of
section measurements were carried out on the
construction of Prague subway structure (figu-
re 3.). The UW structures, measured on seven
places, have different spatial arrangements.
Fifteen lamellas were chosen for the measure-
ments in-situ. Further - for the determinati-
on of rock deformation and of stress on the
(lemella) contact in the rock - a pit was ex-
cavated and an UW was built. In it, the stren-
gth and deformation properties of the indivi-
dual rock types were determined by geotechni-
cal tests., For the anchor force measuring (43
anchors) measuring instruments of Geo-Brno-24
-D were installed..By measuring on the UW -

the deformations and stresses in the concrete
and reinforcement were determined. The axial
face measurings in the station crown head at
the assembly of prestressed concrete prefab-
ricated elements - were made by means of s8t-
ring dynamometers, installed in the joint bet-
ween the lamellas and faces of the beam. The
deflection and angular rotation of the wall
were measured geodetically. The stresses on
the contact between the wall concrete and the
rock were measured by means of pressure mea-
suring bags (Geo-Brno-V). For the determina-
tion of the most probable quantity values of
the whole measuring set for determination of
the measuring precision degree, determination
of accurate data for the theory of mathemati-
cal statistics of random error normal distri-
bution curve - the program Geo-Brno-H was
used. The acquisition of 27 000 measured poi-
nte on UW in the course of 16 years (1970-
1985) showed, that it is possible to evaluate
from the measured values - both the size of
the acting rock uplift and the real state of
stressing in the wall.

4 CONCLUSION

The condition - to measure the rock properti-
es under the existing state of stressing and
under such force action, as will be evoked in
the rock massif by the structure - fulfill
only the tests, realized in natural condi-
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tions. The measuring of the load bearing stru-
cture cooperation with the surrounding rock
confirms the rightness of chosen procedure of
mathematical modelling (distribution method
and the finite elements method). Practically
perfect agreement with the reality is gained
by combining the physical model method with
mathematical modelling. By comparing the cal-
culation model with the experiment %physical
model) it was proved, that in the region of
wall plastic deformation - the forces in the
foundation pit bracing are rising very inten-
sively; here the plastic deformation of the
wall influences in a large extent the gro-
wing earth pressure redistribution.
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