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SYINOPSIS

The results of theoretical and experimental researches
on the study of dynamic stressed-deformed state of wunder-
ground constructions are given. The validity of founded
seismodynamic theory of underground constructions of diffe-
rent appocintment, underground tunnels, hydrotechunical and
road constructions has been grounded. In theoretical precon-
ditions the results of experimental researches on the study
of physical nature of construction interaction with soil un-
der the effect of static and dynamic (earthquake type) loads
have been used.
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From point of view of the strength and the earthquake
resistance the underground coamstructions are the structures
of the frame type, all the elements of which are in coantact
with the surrounding soil. The elements’ nodes have the en-
creased gabarits, the linear elements of different coanstruc—
tions may be met under the different angles.

The accurate solution of the dynamic problem of such a
system under the earthquake wave propagation in soil meets
the great difficulties. For instance, the task of the wave
diffraction has been solved only for the simpliest bodies for
the uniform wave. The approximation taken in the dynamics of
ground constructions (the base moves as a whole rigid body)
is not suitable as it many times reduces the stresses. The
more accurate assumption that the construction everywhere
firmly is fixed with soil i.e. the deformations of this con-
struction are squal to that of the soil inside of the wave
front, also may lead to mistakes.

In seismodynamic theory of complex underground comstiruc-—
tions [1 -5 ] the most expedient scheme of the combined soil
deformation and the comstruction is taken: the spacial non-—-
uniformity of the earthquake wave and the displacement of
all the construction elements in regard to the soil are con-
sidered.

The stressed state of underground long constructions
can be characterized by the dynamic coefficient ,749"' It
characterizes the effect of underground construction mobility
in regard to the surrounding soil and is determined by the

following expression
Nmax No,max = Ay Boo

Aetyn No,max ’ Wy = 29/L, (1)
where Aazfnax and Acnax — the longitudinal efforts
respectively occuring in the construction or in the joint
in the assumption that they are fixed in the soil and of the
consideration of the mutual displacement effect;
A - the amplitude of the ground motion;
L, - the length of the earthquake wave;



Btai-— - the reduced comstruction rigidity;

B - the loncftudgnal construction rigidity;
Ky - the yielding coefficient of connections determined

experimentally and
f ~ the construction length between the connections

( joints ).
Nmax
The foroce valueYcan be determined according to the sei-~-
smodynamic theory of underground constructions [{] depen -
ding upon the different factors. :

Considering that the main factor determining the real
work of complex system of underground constructions is the
surrounding medium - soil, the character of its interaction
with construction has been studied. The test results show
that this interaction possesses reologic properties and has
a non-linear character. The tests conducted permitted to con-
sider the motion of underground constructions in elastic,
viscous-elastic and elastic-plastic soil.

The obtained equations describing the vibration of the
complex underground systems have been reduced to the conve-
nient form for calculation on the electronic computer.

The complex of universal algorithms and programmes for
the solution of different concrete tasks has been worked out.
The increase of the interaction coefficilent with soil and
hence that of the soil resistance to the pipeline motion lead
to the decrease of relative pipeline displacement. The sharp
change of soil properties along the pipeline route, especially
in the region of complex joints, erfects considerably on its
interaction with pipeline. The increase of the joint mass
without the change of its gabarits slightly effects on the
dynamics of pipelines. The sufficient strong effect is re~
vealed when the increase of the joint mass is related with
the increase of its gabarits and hence of the resistance to

the motion.

The dynamics of pipelines significantly depends upon the
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number M =_Cﬂ ( C'P and a,,. — the velocities of wave propa-
gation in the soil and in the pipe).

In the case when M<fon the left and on the right from
the joint the effect in the joints are equal; in the case
when ff>{ the stress jump considerably higher, the definite
vibratory processes arise related with the natural pipeline
vibrations.

The propagating wave effect duration significantly ef-
fects on the dynamics of pipelines. Under the typical duration
@;:/0{-50 ( T;"’C',%é 3 t - time, £ - the pipe-
line length ) the joint-longitudinal pipeline interaction is
the local and the removed parts effect on the intensity
( strain ). For the impulses of the small duration ’5050[1]
the Jjoint—end sections interaction is significant and in the
design the number of freedom degrees must be increased as
during the 1mpulse propagation through the Jjoint zones the
elastic wave reflection from the edge pipeline sections ef-
fects on the intensity ( strain ).

Fig. 1 shows the consideration effect of viscous proper-
ties of pipeline contact with soil and elastic fixing of pipe-
line ends upon the valuelna&n. From these curves it is seen
that the consideration of viscous contact properties leads to
the essential deorease of dynamic force effecting on the Joint.
Elastic fixing strongly effects upon the displacements and

stresses of pipes.

On the base of seismodynamic theory of underground con-
structions the methods of design of undergrourd tunnels [Bj
and also that of the stations of column type on tke dynamic
effects have been worked out. The results of calculations
show that maximum values of stresses and bending flexure mo-
ments occuring in the casings are 15-20 % more than the re-
sults obtained by static methods. This fenomena especially is
revealed for the loose and soft soils.

Using the results of the above written tests the earth-
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quake loads in multistoreyed buildings and constructions on
the linear-yielding base have been determined. In this case
for the determination of the load the correctlon factor

£,/ has been introduced.
£f p
Fig. 2 shows the value E‘; ' depending upon /”a ==

( K and K, - the rigidities of elastic elements an§ of
the base) wnere K = _'/:"L/? ( M, /0, f') h ~ mass, densi-
ty, the cross sectlon area and the height of storeys respec-—

tively).
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1 - Pipeline Ends are Removed from Joint to Infinity

2 ~ the same with consideration of Visco-elastic Contact

3 - Pipeline Ends on Finite Distance from the Joint
1'=3' for the Joint, 1~3 for the Pipe

Fig. 1. Influence M on Dynamics of Pipeline under

Rigid Jointing (N = 11, T, = 30, x, =x, = 0.5)
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Fig. 2. Dependence of Correction Factors of the First and
Second Vibration Forms of Four-Storeyed Buildings
upon x4, under o , = 0.2, oy = Ay = oy =cly =1
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