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SYNOPSIS In designing building structures in yielding soil, the Joint work of
underground installation and the environment is considered by the methods of the theory of 
elasticity and plasticity.

The strained-deformed state of the system 
"foundation-structure" is evaluated, using 
the finite element method which gives a total 
picture of the fields of stresses and defor
mations both for structures and for the sur
rounding medium. Generally, numerical methods 
are used because analytical methods are 
encountered with certain difficulties and 
they stipulate certain assumptions on the 
boundary conditions, geometry, structure, etc.

The boundary of elastic layer round con
structional structures in elastic medium has 
been determined and a scheme for calculating 
the walls of underground structures of non
circular profile has been proposed by Bar
bakadze (1977) on the basis of finite element 
method (Pig. 1). This scheme considers the 
joint work of vertical and horizontal layer, 
their curved profile and the passive soil 
resistance (Barbakadze, 1979).

As shown by Barbakadze (1977), the 
boundary of elastic layer (Pig. 1) is given 
by the equation:
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The coordinate system XY needed for con

structing the ellipse is shown in Pig. 1. The 
wall, vault and trough can be calculated 
separately with the help of the angular dis
placement method suggested by S.S. Davydov 
(1960), wherein the joint work of all elements 
of an underground structure is taken into 
account.

We took triangles as the finite elements 
(see Pig. 1). They ensure sufficient accuracy 
even with a comparatively simple analytical 
technique and permit approximation of the 
region under study with any boundary profile 
and zonal nonuniformities.

For a three-dimensional case we have to use 
the rigidity matrix of a curved cubical 
element with edges described by second order 
curves. A program in FORTRAN has been con
structed to solve this problem which takes

account of the nonuniformity in the physical 
and mechanical properties of the system, shape 
of the calculated region and any system of 
static loads.

Pig. 1. A scheme for calculating the walls 
of underground structures by finite element 
method

For a nonuniform isotropic medium a general 
solution of the problem has been considered 
within the framework of the theory of elas
ticity. Here it is better to use Iteration 
technique and in each Iteration to use elas
ticity model for the lining and corrected 
value of E and ¡a for the rock.

In Iteration calculations the elastoplastic 
properties of the soil and rock can be taken 
into account by means of the modern methods 
of the mechanics of aoil and rooks. In the 
theory proposed account is taken of the inte
raction of constructional structures with the
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compressed layer with due regard for the com
bined work, curved profile of the elastic 
layer boundary, passive soil resistance, non- 
uniformity and anisotropy of the surrounding 
medium and elastoplastic properties of the 
compressed layer.

On the basis of the combined method and 
numerical solutions of several problems (see 
Pig. 1) for different characteristics of the 
elastic layer and elasticity coefficient of 
the wall, the sinkage of elastic layer has 
been determined from the following equations:
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where the wavy lines show the quantities 
determined by the finite element method and 
by the conventional techniques of construc
tional mechanics; y ^  is the displacement of

the carved surface in the j-th direction due 
to the action of the i-th force; ci is the 
coefficient of rigidity of the structure;

is the displacement of the structure 
in the main system; S  jp is the displacement

of the main system in the j-th direction due 
to external load p.

After determining the sinkage (Barbakadze, 
1979) with due regard for the joint work of 
the elastic layers, it is possible to apply 
the combined method to calculate the con
structional structure in an elastic medium.
Here it is not assumed that the vertical and 
horizontal layers work separately and their 
profiles are straight. Thus, a theory has 
been developed to calculate concrete and ferro
concrete structures in yielding media by means 
of finite element technique and combined cal
culation procedure in which the real interac
tion of structures with the compressed layer 
is taken into account and many of the assump
tions made in other calculation methods are 
discarded. The principles, conclusions and 
suggestions made here are based on a large 
number of model experiments, computer-aided 
calculations, analysis of the results thus 
obtained and a comparison of the calculations 
with experimental values obtained with a cer
tain reliability. This provides for the nece
ssary reliability and substantiation of the 
theoretical and practical principles. The 
calculation theory developed on the basis of 
finite element method permits the determi
nation of optimal profile of underground wor
king, as well as the degree to which the con
crete lining or the rock is to be impregnated

with polymerizing liquids. A combination of 
two methods is also possible. The depth and 
method of impregnation are chosen for each 
specific structure separately. The parameters 
and construction cost of structures depend on 
the impregnation depth and method. The tunnel 
cavings are reinforced by impregnating polymer 
compounds on low-viscous monomers deep into 
rocks and then solidifying by some method. The 
concrete lining can be impregnated as follows: 
monolithic lining is impregnated as above or 
with "monomer-accelerant-initiator" system if 
concrete mixture is prepared in the conven
tional manner (monomer is added during mixing) 
and linings made of fee blocks are impreg
nated by the method used in preparing polymer- 
concrete materials. In tunneling work virtual
ly no changes are needed in the technology of 
work.

A binding compound consisting of plymer, 
finely powdered filler and catalyst is pre
pared for impregnation. It is clear that each 
impregnation depth has its own stress-deformed 
state of the rock mass round the tunnel car
ving. The parameters of the structure and its 
construction cost depend on this state.

It is essential to know the rock pressure 
variations with time to calculate a structure 
and to carry out construction work. So far 
no reliable method is available to determine 
these variations due to several factors. The 
soil pressure which is transmitted to con
struction structures in an elastic medium is 
not only influenced by soil, but also by such 
factors like geological structure, soil load, 
underground waters, cross-sectional shape of 
the structure, rigidity of abutment or lining. 
It should be noted that soil pressure is 
strongly affected by the construction method. 
All these factors influence the soil pressure 
acting on the undegroun structure. The active 
and reaction rock pressure acting on the tun
nel lining can be determined from exact 
measurements of stresses in tunnel linings.
The bracket-type dynamometer designed by one 
of the authors of this paper for measuring 
stresses is more precise than all the exis
ting instruments.

If all our suggestions are put into 
practice, effective underground structures 
can be created.
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