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Summary. These article describes the researching results of the underground man-triggered cavi-
ties’ influence on the stress-strain state of the «soil base — foundation — structure» system elements
under the seismic loads using the numerical simulation.
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and other minerals underground extractions,
INTRODUCTION because they are related to the specific man-
triggered processes. The main question is
Today we need to increase the reliabilitythe necessity of the accounting the mutual
and the safety of the buildings and the faciliinfluence of the buildings and facilities on
ties usage (especially) in the seismic regionthe built up areas with the anthropogenic or
of Ukraine. It can be reached if we will do natural origin voids. All this can be con-
complex analysis with the numerical simula-cerned to the subway lines, underground
tion with the usage of the seismic affectiortransport tunnels, man-triggered premises,
on the buildings components. communications tunnels and cavities which
In the most cases there is the one specihistorically formed in these areas (the cata-
loading in force combinations is being con-combs, the underground passages and struc-
sidered at the designing [1]. At that time, a:tures). The solution cavities have their own
the other special loading can be added icharacteristics of the underground cavities
practice, and this also can lead to the informing.
creased (total) impact. The proposal of thc This paper describes the problem of the
additional effects accounting was made cinfluence of the man-triggered underground
the new edition of the design standards [2 cavities on the stress-strain state of the
which can arise during the construction orbuildings and soil base by the actions of the
the collapsible soils. There are a lot of theseismic loads.
scientists agree with this point of view. The
European design standards [3] give the d¢

signer opportunity to consider emergenc PURPOSE OF WORK
combinations of the loading at his own dis:
cretion. The purpose of the researching was the

The one of such problem is the task of thiqualitative and quantitative estimation of the
accounting the underground cavities, whictinfluence on the strain-stress state of the
can affect on the behavior of the soil baseframe structures from the presence mines in
This article doesn’'t describe the commorthe soil base and the consideration of their
problems of the surface treatment at the coipossible destruction.
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ANALYSIS METHODS ing on stress gradient in this zone and the
OF EXTRACTION character of loading (static or dynamic).
For discrete systems with many degrees of
The existing engineering calculationfreedom for FEM we have system of ordi-
methods strongly limit the possibility of the nary differential equations:
excluding the impact of the mines on de
signed and operated building or structure d? d ]
These tasks are difficult because of the ne!™1 gz (U3 + (€150} + KUY = {Q(0)} - q)
cessity of the verifying the theoretical
propositions; obtaining the detailed baselinwhere: M] — mass matrix, ] — dissipation
data for the materials and loads as well ématrix, [K] — rigidity matrix, {U} — vector
the time-consuming calculations. Such redisplacement, @(t)} — loading vector repre-
searches today are possible to carry out onsented as a time function.
by the numerical modeling. To estimate the stress-strain state of the
constructions under the seismic loads pre-
sented as three-component calculation accel-
NUMERICAL MODELING CONCEPT  erograms.
In the deformation of soil under the influ-
Modern development of the mechanic cence of dynamic oscillations, a significant
massive medium relies on the phenomencrole is played by the internal and external
ogical models for load and deformation deprocesses associated with energy dissipation.
termination in the soil base, oriented oFor structural constructions and bases, the
opening of deformation processes in the memain role is played by forces of internal re-
sive medium. Algorithms of the mechanic osjstance caused by the rheological character-
massive medium use mathematical set jstics of the material behavior.
theories of elasticity, plasticity and creer To describe the decay processes should be
based on the experimental parameters. To (used dependencies obtained from experimen-
termining baseline data and choosing defotal data. However, given the complexity and
mation models, soil base modeling is re|at€high cost, and in some cases impossible to
to the problem of the iterative solving oiconduct experiments using different models
high-order equation systems, which requireof damping. In this work one of the com-
massive computer resources. As a result, monly used Foight model, where dissipation

most cases, calculations on seismic impac[C] represented by the expression:
are limited to the use of simplified model

and computational methods, which prevents

consideration of the real properties of a soill [CI=RIK], (2)
base (e.g., the Winkler soil model and simile
models). where:p — damping coefficient with stiffness

Such approach requires the use of the nmatrix.
merical simulation methods of the processt To describe B damping the slide-

of soil deformation on various stages of loacdecrement oscillation$ used in standards
ing as a necessary condition for Prognosis 12]. To apply the parameter of the overall

stress-strain state of the soil base. The finiyjscosity ¢ should be determine due to dec-
element method (FEM), boundary elemen oment of oscillations:

method (BEM) and others are used success-

fully for calculation of stress strain state _ 6 _ B w
(SSS) of the soil base. Also it is necessary to Van? + &2 2
emphasize new problem of the identification _
of the functions defining change of parame'VNere:wo— natural frequencies.

ters that correspond to the soil state deper Value wy was adopted with first natural
(eigen) frequency of the construction.

3)
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External factors for energy dissipation inobject — the residential complex (Fig.1) the
clude the interaction of the system with eleerection of which was planned on the poten-
ments of the environment in which the osciltially underworked area.
lations occur — the surrounding soil, air, spe  The multistoried residential complex with
cial damping devices, seismic isolation systhe underground parking is the complex of
tems, and so forth, designed for oscillatiothree 23-storey buildings, and the last two
damping. These processes are not directly ifrom those building are the three-section
lated to deformation of soil or of the con-constructions, which have the expansion
struction’s material, but affects the overaljoints between the sections. The complex of
energy. In this paper we used one of the mcthe three buildings unites the solid two-storey
common options for incorporating energy reunderground parking under the entire area of
diation into outer space — the limiting dampthe complex (Fig. 1). Each section of the
ing method proposed by Lismer [14] anwresidential buildings is the multistory con-
based on the use of viscous damping of dstruction: two underground floors of the
grees of freedom on the boundary elemenparking, 23 aboveground floors and technical
The method provides absorption of enercattic floor. The frame of buildings is de-
approaching the border, and prevents tlsigned in a monolithic form. The foundation
processes of wave reflection at the boundof the residential complex is the pedestal
ries of the body corresponding with actuefooting with the jacked-in piles, the length of
conditions. piles is 13m, cross-section of piles is

To estimate the stress-strain state of tt350x350mm. The height of the grillage for
constructions under the seismic loads prthe altitudinal part of the building is 1.5 m,
sented as three-component synthetic calcu for parking — 1.0 m.
tion accelerograms the method of the dire
integration of incomplete spectrum of the
own pares is used. Vector of full displace-
ments can be factorized by forms of the ei
gen-oscillations and written through the am- »
plitude and eigen forms as a sum: 3

N

(v} =) at(x) (4)

i=1 y

where: A' — amplitude of the oscillations,
{X} — vectors of the eigen oscillation forms,
N — number of eigen oscillation forms.
Characteristics were defined through Du-
hamel integral for each component of thefig. 1. A multi-storey residential complex with
spectrum during the period of seismic oscil-underground parking:
lations validity. While the number of the own 1 — adult zone, 2 — children's area,
pares is increasing, their contribution to the3 - flowerbed,4 — border of the parking
displacement value is decreasing.
The geological structure of the site (Fig.2)
is represented by the quaternary settlement,
SOIL — FOUNDATION — STRUCTURE  the Neogene soils are located below. The en-
INTERACTION tire stratum of the surface is covered with the
filled solls.
Let us consider the research of the mutu
influence on the system elements «soil base —
foundation — structure» in the case of the real
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Odessa area. The structure of the limestone

P 1 1 strata is following: the lower part is repre-
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Fig. 2. The geological conditions of the site

The presence of the underground mine:rig 3 | ocation of mines that were detected
which eventually possible can cause thenearby the pit of the residential complex:
crash of the ceiling coving is fixed near to1 — altitudinal part of residential complex,
the excavation of the building in the shell 2 — border of the parking3 — underground
limestone’s layer (EGY — 10). The planning cavities (mines)
and vertical characteristics of the mine are
shown in Fig. 3. This can cause the collap: The researches of the mine influence and
deformation and surface dips at the larger dthe residential complex are conducted by us-
structions. Some reasons of the ceiling coing the numerical modeling of the teamwork
ing collapse are the pressure from the neof the system elements «soil base — founda-
buildings and the dynamic load (seismic intion — structure», this model was made by the
tensity of territory is 7 balls). Therefore, thefinite elements method based on the auto-
researches of the mutual influence of trmated research system «VESNA» in the
building and the soil base with the minethree-dimensional model. The soil base was
were conducted with the considering emeconsidered as an elastic laminated soil ac-
gencies. cording to the geological section (Fig. 2).

Odessa mines are the underground quiThe soil parameters are the following: the de-
ries, where the stone buildings formerly dicformation modulusE, the specific gravity,
There was the widespread in the central pithe Poisson coefficient, the specific cohe-
of Odessa region shell limestone layer e:sion c, the angle of the internal frictiah
tracted in that place for the building purThe minimal value of the deformation
poses. It was only durable and affordab/modulus for the limestone layefs=50 MPa
building material in the steppe zone of soutthas been accepted for the ensuring the reli-
ern Ukraine. At the present time the Pontigability of the calculations. This value corre-
shell limestone cover all the central part csponds to the low compressibility soils (the
Odessa region. The average stratum of tuniaxial compression strength is
limestone layer varies from 5 to 12 m ne¢Rc=0,8...1,0 MPa according to the research).
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The solution of the problems on the effecmestone, where the mine is made.
of the static and seismic loads were provide
for the consideration of the interference be:
tween the construction of the residential
complex and the parking in terms of the po-
tentially underworked territory based on the
emergency situations: f

— the interaction between the building anc
the soil base does not taking into account th
presence of underground mines,

— the interaction between the building anc
the soil base including the presence of un
derground mines,

— the interaction between the building anc
the soil base forced by the destruction of the
catacombs,

— the interaction between the building
with the soil base under the action of the
seismic loads.

The part of the complex (Fig. 4), which is
located closer to the underground mines cor
sidered for the evalua?ion o_f the coIIaborativefor solving the problem of teamwork structure
framework and the soil, which has the under ., <oil base by using «VESNA»:
ground cavities. _ _ 1 — altitudinal part of residential complex,

The results of the numerical modeling col-o _ parking, 3 — laminated soil base,
laborative system «soil base — foundation -4 — underground cavities (mines)
structure» do not taking into account the
presence of the underground mines based The stress-strain state soil mass on the
the following: the predicted settlement belovweight of the building with taking into ac-
the center of the gravity of the building iscount the presence of the workings in the vi-
expected to be not more than 4.8 cm; the sicinity of the pit complex was accepted for the
tlement of the last row of the piles — is ncassessing the relative subsidence of the resi-
more than 1.57 cm. Wherein, the settlemedential complex, with the possible ceiling
of the soil base in the area of undergrourcoving mines’ collapse. At the same time the
cavities is not more than 2...5 mm. stress and strain of the previous stage were

The comparison of the bearing structure:considered.
strains of the building and the soil bases el The numerical modeling of the disaster
ments showed that the presence of the undcollapse of the catacombs ceiling coving was
ground mines near the excavation compleshowed that the deformation of the soil base
actually doesn’t cause changes. The calcufragments are expected in the area which
tions were made for the soil base does ndoes not cover the foundation of the altitud-
taking into the account the presence of ttinal part of the residential complex. At the
underground mines, and with taking into acsame time, the predictable additional dis-
count their availability. In this case of theplacements of the parking foundation (Fig.5)
vertical stresses in the elements of ceilinthat are causing the destruction by the emer-
coving of the underground mines (zone neggency mines are not essential. The corner
by parking’s corner) are expected not moizone of parking received the additional set-
than 50 kPa by the results of the calculationtlement by 0.2 ... 0.8 mm. The settlement of
This is not more than the domestic pressuthe piles on the contour is expected maxi-
and is perceived easily by the layer of the Imum value 0.8 mm. In this case the predicted
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Fig. 4. Three-dimensional finite element model
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relative difference of the settlements at grilseismic loads were performed using three-
lage’s corners (Fig.5) iASL=0,00003 (the component calculation accelerograms.
maximum value by Code [4] is Seismic load was modeled using special
(AS/L),=0,002). accelerograms designed especially for this
The numerical modeling for the systensite and derived from the actual earthquake
«soil base — foundation — structure» werecords of Vrancea zone and local regions.
made by the direct dynamic method in ord¢ The oscillation amplitude for the designed
to research the strain stress state of the beearthquakes from the Vrancea zone is much
ing structures of the residential complex frormore intense so the results using these accel-
the effect of the seismic loads. The Voicerograms will be determined.
model is used as the model for the ener¢ According to the results of the numerical
dissipation for the soil and structures foSimulation we got contour plots of the enve-
solving this task. The own couples (for buildlopes of the maximum and minimum pres-
ing structures with the soil base) were calcisure for the frame structures of parking in the
lated to select the seismic loads and to ddirectionsX, Y, Z, which must be considered
termine the modes and the frequencies of tas the extra possible changes to the static
oscillations. These own couples were calcistress state.
lated in an amount which corresponds to a < The analysis of the results showed that the
of the modal mass in the directioXs Y, Z additional vertical forces in the piles of the
accordingly 85%, 85% and 75%. parking are expected #8=10...184 kN (ex-
treme values). The efforts in the cover plate
0.8 mm Uz mm W52 parking from the seismic load can
.:  reach values Mx=52..9,3  kNi/m,
%o My=5,2..11 kNm/m. The increase
fgﬁ; efforts in the grillage of the parking lot is ex-
o pected to Mx=33...112 KNm/m,
g My=52..148 KNm/m (momentary extreme
m°> Vvalues). Expected gain of the vertical pres-
m*  sure under the action of the seismic loads
~ m®¢ (dynamic composes) does not exceed
100 kPa in the walls and the ceiling coving
of the underground mines near the complexes
excavation. In this case, the total value of the
vertical pressures in these elements is ex-
pected not more than 200 kPa, which does
not exceedrc.

The damping parameter was adopted a The trac_king r_noving of the cpntrol points
cordingly to the higher frequency oscillation:Vere provided in the calculations for the
of the system «soil base — foundation — stryS€iSMic loads. These points are: the grillage
ture», which amounted tooy=2,67 & corners and the cover parking (Fig.6); the

(n=0,425 Hz), ), that corresponds to the p'point on _the ceili_ng c_oving of the unde_r-
riod of natural oscillationsT;=2,353071 s. ground mines, which situated near the build-
The logarithmic decrement of the oscillation'N9’ the bottom and pile head Wh!Ch is lo-
was assumed such that correspond&=a% cated closest to the underground mines.

of the critical damping of the oscillations The “analysis - of 'the received resul_ts
(5=0,3145). Thus damping parameter WEs_howed that the maximum expected devia-
£=0 637 ' tion of the pile head i&/x=37,3 mm (on 83

The calculations of the system «soil bass)’ Uy=42,8 mm (on 71s)jz =7,8 mm (on

: ) 68 s).
— foundation — structure» on the action of th ™", oo displacement of the gril-

Fig. 5. The increase of settlement on the result:
of solving the problem of “soil-foundation-
structure interaction” for the forced destruction
of the catacombs
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lage with the soil projected by the amount care situated,
Ux=38,0 mm,Uy=45,6 mm,Uz =9,7 mm. * The settlement of the mines’ ceiling
According to the results of the numericacoving, relatived to the floor in the loads
simulation from the action of the seismiittransmission from the building did not ex-
loads the slope roof slab parkingus=37,8 ceed 5mm and did not exceed the soll
mm, Uy=43,0 mm,Uz =8,0 mm. The control strength,
point on the ceiling coving of the under- <« The research of the emergency destruc-
ground mines get displacemés=37,6 mm, tion of mine influence showed that the de-
Uy=44,1 mm\Uz =7,8 mm. formation occur within the radius 23 m and
do not affect at the soil base of the altitudinal
P—— 2) part of the building. However, due to the
possible heterogeneity of the soils in such
circumstances the usage of the pile founda-
tions is justified,

» The influence of the mines destruction
on the parking’s foundation may lead to the
additional settlement of the small amount of

f , the piles, which situated near the mines due
20,06 ] to low soil deformability. The usage of the
grillage with cross straps enables the saving
of the parking operating properties meet the
requirements of standards [4],

» It is established that the seismic loads
can lead to increase the pressure in the ceil-
ing coving of mines up to 2 times, do not

X ; - lead to exceed the strength of the soil and do
the results of calculations using the calculatior . .
accelerograms for th& — magnitude earth- hot cause t'he destruction of the mine,
quake from Vrancea zone in directions: * We find that under the action of the
a— alongX, b — alongY, c— alongZ seismic influence prevails rigid building
foundation moving along with the soil. The

Thus, the simulations were performed fcmaximum displacement of the grillage in the

the case of an emergency in order to be atspace was 50,4 mm at 71 s of load.

to draw conclusions about the interaction ¢  The numerical modeling results confirm
piles of soil base and the impact of their bethe fact that the stress-strain state of the soil

havior catacombs. base and the load-bearing elements of the
building significantly react to the impact of

each element of the system: its own stiffness

CONCLUSIONS of the building, the components and the

foundation stiffness, the characteristics of the

According to the results of the research £Soil base, the presence of the underground
using the numerical simulation was found: natural or man-made cavities, etc. All this

« The presence of the underground min¢confirms the necessity for a detailed study of
in the soil base near the apartment Comphthe interference system «soil base — founda-
almost does not cause the stress-strain sttion — structure» in the designing for the reli-
changes of the building load-bearing eleable operation of the structures during the
ments and the soil base. At the same tinusage in the future by the numerical simula-
vertical stresses in the soil (the ceiling covintion considering the action of the seismic
and the walls of mines) do not exceed 1(loads. This approach makes it possible to ap-
kPa. This pressure is sensed by the layer preciate the character of the building interac-
the limestone where the underground min¢tion with the having cavities soil base: to as-

S0 SEos So=os
o cooo ooomo
E& EOR=o—ORnESR

Fig. 6. Displacements of grillage corners on
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sess the impact of the building load of th
building on the underground structures; t
assess the impact from the presence of 9
cavities on the stress-strain state of the loa
bearing elements of structure.
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UCCJIEJJOBAHUE B3AUMOJIENCTBUS
KAPKACHOT'O 3JIAHUSI C OCHOBAHMEM,
OCJIABJIEHHBIM ITOJ3EMHBIMU BBIPA-
BOTKAMU, [TPU JEUCTBUU CEUCMUYE-

CKHUX HAI'PY30K

AnHoTanusi. B cratbe npuBeneHs! pe3yibra-

Thl HCCIIEIOBAHUS BIIMSHUA IOJ3EMHBIX TEXHO-
T'eHHBIX
[y PoBaHHOE
«pYHTOBOE OCHOBaHWE — (PyHIAMEHT — 3AaHUE»
B YCIOBHSX CEMCMHUYECKHX HArpy30K C HCIOJb-
OBaHHMEM YHCIIEHHOTO MOJEINPOBAHUS.

HaIpsHKEeHHO-IehOpMH-
AJICMEHTOB  CHUCTEMBI

MycTOT Ha
COCTOSIHHE

KioueBbie cioBa: HepaBHOMepHbIE aedop-
KapKac, YHCJICHHOE MOJICIHPOBaHHE,



