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In recent years, high-rise constructions are intensively built in seismically active areas worldwide
(US, Canada, Japan, Chili, Europe, etc.) accompanied by the development of the respective
regulatory framework. According to the authoritative experts, it is not appropriate for high-rise
buildings to use current regulatory requirements based on the summarized experience of the seismic
behavior of low-rise buildings during seismic loading. The principles of seismic safety of high-rise
buildings have not been conclusively formulated yet. It is necessary to make new building regulations.
Consequently, there is a big experimental testing ground in seismic areas of the world, where the
high-rise buildings are constructed waiting for experimental testing during real earthquakes. The
necessity of testing of the seismic stability of high-rise buildings experimentally without awaiting for
testing by real earthquake comes to the fore in the described situation. In the paper, an algorithm is
developed based on the relevant experimental data using the principle of work reciprocity known in
mechanics for determining the behaviour of the object during the passage of any seismic wave
through its base. © 2021 Bull. Georg. Natl. Acad. Sci.

High-rise buildings, general principle of mechanics, earthquake

I would like to begin with a quote from professor

Nemchinov’s fundamental —monograph [1]:
“Existing experience and earthquake engineering
design standards applicable in countries of the
world were based on the experience of the analysis
of consequences for low-rise buildings and, in this
regard, existing standards and recommendations do
not reflect contemporary understanding of demands
in respect of high-rise buildings.”

“Formulation of principles of estimation of
earthquake safety of high-rise buildings is not fully

completed yet” [1].

It obviously comes to mind that an experimental
polygon is being prepared over a vast area of the
Earth’s

constructed there are waiting for experimental

surface and the high-rise buildings
testing during real earthquakes. The necessity of
testing of the seismic stability of high-rise buildings
experimentally without awaiting for testing by a
real earthquake comes to the fore in the described
situation.

The above-mentioned encyclopedic monograph
different

experimental methods for estimation of seismic

considers approaches to existing

© 2021 Bull. Georg. Natl. Acad. Sci.
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Fig. Dynamical processes of a building.

stability of existing buildings. We also have
publications on the subject [2, 3]. In the present
paper we propose an experimental — analytical
approach based on the principle of work reciprocity
estimation of building behavior during earthquake
impact.

Let us first consider the general case of some
dynamical processes of building vibration. The
Figure shows simplified scheme of a building in
which 4 design points are marked.

During the (1) dynamical process a construction
is affected by seismic wave U,V (t) that causes
displacement in other points U," (t) and U; ()
which are to be defined.

During the (2) dynamical process a construction
is affected by the known dynamic force P, (t) that
causes known (measured) displacement U;@ (t).

During the (3) dynamical process a construction
is affected by the known dynamic force P,*® (t) that
causes the known (measured) displacements U;®
(1), U2 ® (1), Us® (1).

During the (4) dynamical process a construction
is affected by the known dynamic force P; (t) that
causes the known (measured)displacements U;®
®), U @ (1), U™ (1).

Used work-reciprocity principle: the work of
external forces of the first state on displacements of
the second one is equal to the work of external
forces of the second state on displacements of the
first one [4].

The the
corresponding algebraic equations are given below.

integral equations used and
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In the given algebraic equations, the known values
are indicated in regular style, and the exploratory
values in bold.

The principle for (1) and (2) states can be
formulated this way:
[ PO (1)x U (t-1)dt=[) PP (t—1)x U (1)dr
t=1

=0

PV (0)x U (1)=P (1)x U{" (0)

=1

P (1)x U (0) =¥ (0)< U (1)
t=2

=0

PO (0)x U (2) = P2 (2)x U (0)

=1
PO (1)xU? (1) = P2 (1)x U (1)
T=2

P (2)x U (0)=P?(0)xU(2)
t=3

=0

B (0)xUy7 (3) =R (3)xU" (0)
=1

P (1)xUP (2) =P (2)x U (1)
=2

PV (2)xUP (1)=P? (1)x U (2)
=3

P (3)x U (0)=P? (0)x U (3)
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t=4
=0
PO (0)x U (4) =P (4)x U (0)

=1
P ()X U (3) =B (3)x U (1)
T=2

P (2)x U (2) =P (2)xUi" (2)

t=3

B (3)x U7 (1) =R (1)x V)" (3)

=4

P (4) xUP (0)=P (0)xU{" (4)
Determined P"(t).

The principle for (1) and (3) states can be

formulated this way:

[i PO (t)xUP (t=1)dr=[; P (t—1)x U (7)de

t=1
=0
B (0)< U (1) = (1) <0, (0)
=1

R (U (0) B2 (0) XU, (1)
t=2

=0

PO (0)x U (2) =P (2)x UL (0)

1=1
R (1)< UP (1) =P (1) <UL (1)
T=2

PV (2)x U (0)=P" (0) xU,"(2)
t=3

=0

P (0)x U (3) =Py (3)xUY (0)

1=1
PO (1)x U (2) = P (2)x UL (1)
T=2

R (20 ()= (<02 ()
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=3
“) (3)x U(” (0) = P2(3) (O) xUz(" (3)
t=4
=0

PO (0)x U (4) = PP (4)x UL (0)
1=1
RO (XU (3)= B2 (3)x U2 (1)

T=2

R (2)xU (2) =R (2)U¢(2)
=3

RO (3)< U (=R ()02 (3)
1=4

PV (4)x U (0)=P" (0) xU, " (4)
Determined U, (t).

The principle for (1) and (4) states can be
formulated as follows:

[{ PO (t)x U (t-1)dt = [; PV (t—1)x U () dr
t=1

=0

R (0)<U (1) P27 (1) 12 (0

t=1

R (U (0) P4 (0) <0, (1)
t=2

=0

PO (0)x U™ (2) = P (2)x UL (0)

=1

PO (1)< U (1) =P (1)< U (1)

=2

P (2)xU" (0) =P (0) xU,"(2)
t=3

=0
P (0)x U (3) =P (3)x U3 (0)
1=1
PO ()X U (2)= B (2) <UL (1)
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=2

PO (2)xU® (1) =P (1)x UY (2)

=3

RO (3)< U (0) = (0) <0, (3)
t=4

=0

P (0)x U (4) = P (4)x U (0)

R (3)x U (=P (1< U1 3)
=4
R(4)U;" (0) =P (0) <0, (4)
Determined U, (t).
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Thus, the movements of the building are
determined on two levels UV (t), Us) passing any
seismic wave U;(" (t) through its base.

Conclusion

The paper describes an experimental-analytical
method that allows to determine the behavior of an
existing building during the passage of a seismic
wave of any nature through the base of the building
by conducting simple experiments. Without a
detailed study, the actual construction scheme of
the building, the damping decrement, resonant
frequencies, the deformation properties of the
materials used and other physical characteristics are
taken into account. The method is based on the
principles of the relationship of works known in

mechanics.
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bsdggbgberm 999456035

39496030L Bmys 300b303bg IK3mAbgdyEo

993960896 & - 565¢03H039MmO BgoMPO, SOHLGOIVIEO
0996mdoL ofolidgzmolisl Jig30L dgusliogers

3 350M0oBody

335009000l (9360, bogsto39¢mb 8936096985005 9H369¢m0 535009005, 396986030 35(9sUAGMRIBOL
bs8gibogem 368¢m90960L J9dlfsgengero 3mdolbos, 08omolo, bsgstoggerm

dmene fiemgddo dmgmoml goldm®s sd@om® Mgaombgddo gsdMsgzerms Jsmeo30 ©s bgdsm-
030 396md7d0L Hom@Ibmds, MLSE Msbs LEggl slgmo Tgbmdgdol Es3Mmgd@gdol brm@mdsdmmo
©m3M096G 900l 890mdsggds Lbgoslibgs J3ggbgddo. 3bmdoro s3@mMmody@gdo dooBbgggb, GmI
d39¢ bm®ds@mer ©m3mdgh@gdby ©ogMEbmdom 6 Bgodergds dsmemogo Ggbmdgdol sdmm-
0J&gds.mbs 890gddbsls dsmerogo Bgbmdgdol sdMmgddgdol Laggoswrm®o bmMagdo. o 50
MmUY ©9390096bIgd0om, B9a30d0s gmdasm, Hma dlmgmoml goldmms sgdommo Ggyo-
mbgdo gosgdsgmemos 9dudgmodgbdmme dmmogmbgdo, Loy 3MsZswo dsmemogo Bgbmds Mgs-
@m®o dofjolidgmoom 353mEEsl gumEgds. 0 30MMdYdT0 dsemosh SJdmoenrm@o bogds dmlbs®-
60, HMO 5O ©3gErmEMmo dofjoldgzmgdl s sGMLYdMmo Tsmerogo Bgbmdgdol Jagzs dofjol-
dg®olbisl dg3539bmon 9dl3gMmodgbdmero gbom. bsdmmddo swfjg®omos gdudgmodgbdmer-sbogro-
$o3mdo dgom@o, Gmdgerog LBsdwsegdsl odgnggs ds@Eozo gdudgmodgb@gool Bodsmgdol aboo
3563L5BMzOmm SMLGdMEo 9gbmdol Jzgzs bgdolBogmo bslosmol golldmMmo @semmols gsgemolisls
65300mdoL ggdgdo. EgEHIMGo Gglfiagemol sMgdy bgds Boggdmdol HYsemmo IMBLEMmYI-
3omwo bggdol, boggdmdols Bsgdmdol ©g3gdgb@ol, gsdmygbgdmmo Tsbsgrgdol ©gRM™Is-
300 m30L9d900L s bbgs Bobogm®o dsbsliosmgdergdols gsmgsemolifiobgds. 9gmmoo sgmd-
690memos 8ggsbozsdo 3bmdogn 3wdsmdsms MmMomoghmmdol 3GobEo3gdbY.
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