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Introduction

The issues of ensuring the seismic resistance of buildings and structures
hold a leading position despite significant achievements in this area. This is
confirmed by the significant loss of human life and destructioncaused by
strong earthquakesin Indonesia (December 26, 2004;March 28, 2005; August2,
2019), China (May 12, 2008), Haiti (January 12, 2010), Chile (February 27,
2010), Mexico (April 4, 2010), Japan (March 11, 2011; November 22, 2016),
Italy (August 24, 2016; October 30, 2016), Iran (November 8, 2019).

In contrast to commonly applied measures, mainly related to increasing the
bearing capacity of structures,any seismic protection system associated with a
significant decrease in the level of inertial forces is called active seismic
protection measures [1] (1989). And it still raises some misconceptions [2] —
[4]. Although in 1993 Professor A.M. Uzdin proposed a seismic protection
classification scheme [5]. Then he supplemented this classification in 2012 [6].
But it is also incomplete.Since then, not only a lot of time has passed, but new
methods of external reduction of seismic effects and protective devices
(screen) have appeared, including insensitive structures, trenches, spatial
foundation platforms [7], [8].

According to the principle of operation (properties of ensuring seismic
resistance), all seismic protection systems can be conditionally divided into
three groups (see fig. 1).

Let us consider each of the groups in more detail.

Traditional methods of seismic protection of buildings and structures are
mainly associated with reducing the mass of structures, increasing their
strength and stiffness characteristics, as well as with the choice of rational
planning and design solutions (fig. 2).
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Fig. 1. General classificationof seismic protection systems
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structures capacity of structures and design solutions

Fig. 2. Classification of traditional seismic protection

Reducing the mass of structures, with the same stiffness characteristics,
leads to a decrease in inertial forces, calculated according to the linear-spectral
theory laid down in the vast majority of building normsin seismic regions.

An increase in the bearing capacity of structures should guarantee the
seismic resistance of structures, but the main disadvantages of this method of
seismic protection are the growth of material consumption of structures,
increase in cross-sections and mass of elements, which, of course, can be
avoided by using materials with increased strength characteristics.

Improvements in planning and design solutions, as a rule, boil down to the
fact that earthquake-resistant buildings should have simple and regular shapes
both in plan and in height. If the plan has a complex form, then this can be
realized by dividing the building with seismic seams into dynamically
independent blocks.

To this we can add that during the construction of buildings and structures,
the guaranteed quality of construction and installation work must be ensured.

The second group of seismic protection includes approaches associated
with reducing the intensity of seismic loads on buildings and structures (fig. 3).
Special seismic protection today is one of the most promising areas in the field
of earthquake-resistant construction.

SPECIAL SEISMIC PROTECTION
OF BUILDINGS AND STRUCTURES

Active Passive

Fig. 3. Classification of specialseismic protection
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Activeseismic protection uses additional energy sources and devicesthat
regulate the operation of these sources,however, its implementation requires
significant costs for arrangement and operation (fig.4). This excludes the
possibility of widespread use of active seismic protection for earthquake-
resistant construction. The advantage of this system is that it becomes possible
to control the oscillatory process not only from seismic, but also from wind
effects.

ACTIVESEISMIC PROTECTION OF BUILDINGS AND

STRUCTURES
]
l ]
With an energy source Semiactive
commensurate with the energy of (energy source is used only for
the seismic vibrations of the starting passive seismic
structure protection)

Fig. 4. Classification of active seismic protection

Passiveseismic protectionis the most numerous seismic protection
groupaimed at changing the dynamic scheme of a building or structure,which
is divided into seismic isolation and seismic suppression.

In seismic isolation, stationary and adaptive seismic isolation systems are
distinguished. In stationary seismic isolation systems, dynamic characteristics
are retained during an earthquake. And in adaptive systems, the dynamic
characteristics of a building or structure change irreversibly during
anearthquake, “adapting” to seismic impact. In seismic isolation systems, it's

PASSIVE SEISMIC PROTECTION
OF BUILDINGS AND STRUCTURES

| Seismic isolation | | Seismic suppression |
] ]
] ] ] ]
. . ith Systems with
Stationary Adaptive . Sys.tems wit Y with
vibration dampers increased damping

Fig. 5. Classification of passiveseismic protection

provided the reduction of mechanical energy received by a building or
structurefrom the subgrade by tuning out the natural frequencies of vibrations
from the prevailing frequencies of the seismic impact.

In seismic damping, systems with vibration dampers and systems with
increased damping are distinguished.In thesystems with increased damping,
reduction of mechanical energy is provided by the transition of mechanical
energy to other types of energy. In the systems with vibration dampers, the
mechanical energy of the vibrating building is converted into mechanical
energy of the damper vibration.The significant disadvantages of systems with
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vibration dampers include the impossibility of using in industrial construction
due to the need to adjust the damper in each individual case, as well as the
relative complexity of vibration dampers.

Stationary seismic isolation of buildings and structures, in turn, is divided
into internal and external. External seismic isolationaims to reduce seismic
impacts through the use of design solutions that minimize the transfer of
energy of seismic vibrations to the building “as a whole”.

Geotechnical barriers are trenches or wells, filled with vibration-absorbing
material. The advantage of geotechnical barriers is that they are invariant with
respect to the frequency composition of the earthquake.

Spatial foundation platforms on a sliding layer, due to their high rigidity,
have a large distribution capacity and exert little pressure on the base.

Internal seismic isolation is divided into two groups — with and without
restoring force.

An example of internal seismic isolation that does not provide restoring
forceisa foundationwith seismic-isolating sliding belt (seismic belt).

STATIONARY SEISMIC ISOLATION OF BUILDINGS AND
STRUCTURES
]
| ]

Internal | | External |

|

Without restoring

force (seismic belt) Withrestoringforce

Gravitational (on

Onelasticelements kinematic elements)

—

Geotechnical barriers (screens)
Spatial foundation platforms
on a sliding layer

Wedged

Buildings with flexible
lower floor
Buildings with flexible
upper floor
Rubber-steelbearings
Suspended support
systems
Support systems

Free —

With positive
stiffness
With negative
stiffness

Fig. 6. Classification of stationary seismic isolation
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In turn, systems of internal seismic isolation with a restoring force are
subdivided into elastic (elastic force) and gravitational (force of gravity).

Seismic-isolating foundations on elastic supports include buildings with a
flexible lower floor, buildings with a flexible upper floor, as well as buildings
with rubber-steelbearings.

Gravitational seismic-isolatingfoundations can be divided into suspended
support systems and support systems.

In suspended support systems, the building is installed on an upper
foundation slabwhich is suspended on rods from the frame structure, rigidly
connected to the bottom foundation slab.

In support systems, the upper foundation slab rests on kinematic supports.
According to the behavior of the supports near the rest position, the kinematic
supports are subdivided into free and wedged.

Free supports react to any horizontal load on a building or structure, that is
not always desirable.

Kinematic supports which include platforms or recesses in the central part
of the rolling surface are called wedged. Platforms or recesses prevent the
support from rolling out at low loads, and this design change led to
fundamental differences in the operation of free and wedged supports.

Wedged supports can have both positive and negative stiffness.

Adaptiveseismicisolationsystemsaresystemswithswitched on and switched
off connections. The features of these systems were studied in KucherenkoTs
NIISK under the leadership of Ya.M. Aisenberg [9, 10].

ADAPTIVE SEISMIC ISOLATION OF BUILDINGS AND
STRUCTURES

Systems with switched on connections | | Systems with switched off connections

Fig. 7. Classification of adaptiveseismic isolation

Systemswithswitched on connections belong to the class of nonlinear
dynamic systems with a rigid characteristic. In systemswithswitched on
connections, there is no destruction of links and it is not required to restore
them after an earthquake.

Systems with switched off connections belong to the class of nonstationary
dynamical systems.Changes in the dynamic characteristics of such systems
occur due to the destruction of switched off connections when a certain level
of amplitudes is reached. After the destruction of the switched off connections
during an earthquake, their immediate restoration is necessary.

Systems with vibration dampers by the nature of interaction with the protected
structure are divided into dynamic and shock. Dynamic vibration dampers are
divided into three groups depending on the design of the elastic connection:
spring, pendularandcombineddampers [1]. The shock vibration damper is
based on a massive body colliding with a special element of the protected
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structure. Floating dampers during one period of vibration of the protected
structure make two successive impacts on each limiter. Spring and pendulum
shock dampers differ in type of suspension and one impact per one period of
vibration of the protected structure.

| SYSTEMS WITH VIBRATION DAMPERS |

| Dynamic vibration dampers | | Shock vibration dampers |
- = -
& = 2 & &n 5
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Fig. 8. Seismic suppressionsystems with vibration dampers

SYSTEMS WITH INCREASED DAMPING

| ]
Elements of increased
plastic deformation

Viscous dampers Dry friction dampers

Fig. 9. Seismic suppressionsystems with increased damping

Damping devices used in the practice of earthquake-resistant construction
can be conditionally divided into three groups: viscous dampers, dry friction
dampers,andelements of increased plastic deformation.

Energy dissipation in viscous dampers occurs due to viscous resistance
forcesthat prevent fluid flowing from one part of the damper to another.Mainly
two types of viscous dampers are used: liquid and leaden.

Dry friction dampers use rubbing pairs made of different materials: metal
to metal, concrete to concrete, polymer pads of various types to metal or to
each other. For dry friction dampers to be effective, either a high dry friction
coefficient or significant compression of rubbing pairs must be ensured.

Elements of increased plastic deformation are able to absorb the energy of
seismic impactsdue to the development of inelastic deformations in the
material of the energy absorber.

The massive use of seismic protection systems by design engineers is
constrained by the lack of practical calculation methods. This is due to the fact
that most seismic protection systems are characterized by a nonlinear
deformation diagram, which does not allow the use of the standard linear-
spectral methodology for the calculation.

In the new edition of building codes of Ukraine [11],the section 12 “Design
of building seismic isolation systems” appeared,in which passive systems for
seismic isolation of buildings are considered and the main provisions for the
dynamic analysis of buildings with a seismic isolation system are given. Due
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to the norms, the structures of rubber-steel seismic blocks were used for
vibration and seismic protection of residential buildingsin Kyiv (10-section 10-
storeybuilding onKikvidze Str. and two 27-storey buildings on Obolonsky
Avenue, located on the deep and shallow undergroundlines). This made it
possible to achieve a decrease in vibration levels in residential premises by 7-
12 dB (2-4 times) [12].

Conclusions

This article clarifies the general classification of seismic protection systems
of buildings and structures.The use of seismic protection systems during strong
earthquakes can significantly reduce the amplitude of vibrations,provide less
damage to buildings and structures. Seismic protection systems are one of the
most effective ways to increase the level of seismic resistance of buildings and
structures, although the share of seismic-protected buildings in construction in
relation to traditional ones is still very small.
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baocenos B. A., I'epaiimosuu FO. /1.
3ATAJIBHA KJIACU®IKALIS CACTEM CEMCMO3AXUCTY BYAIBEJb I CIIOPY/Q

IMutanus 3abe3medeHHs ceficMocTiiikocTi OyaiBenb 1 cropya 3ailMaroTh HPOBiAHE Miclle,
HE3BAXKAIOUHM Ha 3HAYHI JOCSATHEHHS B LIl ramysi. [lifTBEep/OKEHHSIM LBOTO € YHCENbHI JIFOACHKI
JKEPTBH Ta 3HAYHI HOIIKOKEHHS 1 pyHHYBaHH, 1[0 MAIOTh MiCLI€ IICIIS CHIIBHUX 3E€MJIICTPYCIB.

3a npuHUMIOM po0GoTH (BJACTHBOCTAMH 3a0e3MEUeHHs CeiicMOCTiKoCTi) BCi cHUCTEMH
celicM03axXHCTy MOXKHA YMOBHO PO3MITINTH Ha TPU IPYIH: TpaguLliliHa, crieniaibHa i KoMOiHOBaHa.

Tpaauuiiini Meromu celicMO3axuCTy OynmiBenb 1 CHOPYZ B OCHOBHOMY IOB'si3aHi 3i
3MEHIUCHHSIM MacH KOHCTPYKIH, MIIBHINEHHAM IX MIIHOCTI 1 XapaKTEPHCTHUK XOPCTKOCTI, a
TaKoX 3 BUOOPOM paLiOHAIBHUX [IAHYBAJIBHHUX 1 KOHCTPYKTHBHHX PillIeHb.

Jlo gapyroi Tpymud CEHCMO3aXHMCTy BiJHOCATBHCSA MIAXOAM, TMOB'SA3aHi 31 3HMKCHHSIM
IHTEHCHBHOCTI CEHCMIYHMX HaBaHTaXEHb Ha OyxiBii i copyau. CrelianbHUiCeCMO3aXKCT Ha
CHOTOJHIIIHIN J€Hb € OJHUM 3 HaWOUIbLI MEPCIEKTHBHUX HANpPSMKIB B rajy3i ceficMOCTiHKOro
OyniBHuuTBa. HaifumcienHima miarpyna bOroceiicMo3aXucTy - Ii¢ HMacHBHHHCEHCMO3aXHuCT,
CIpsSMOBaHMII Ha 3MiHY JUHAaMiYHOI cXemH poboTn OyaiBmi abo cmopynH, sSKHiH, B CBOIO 4epry,
JIIMTBCS Ha CeMCMOI30JIALLIIO 1 ceficMoraciHus.

Komb6iHoBaHa cucTeMa Mae Ha yBa3i HOEAHAHHSA TpaguLiiHOl 1 HeTpaaMLiliHOI cHcTeM
ceiicMOo3axucCTy.

MacoBe  3aCTOCYBaHHS  CHCTEM  CEHCMO3axXHCTy  IHXKEGHEpaMH-IPOCKTyBaJbHHKAMU
CTPUMYETHCS BIJCYTHICTIO IPAKTUYHUX METOAUK po3paxyHKy. Lle moB's13aHo 3 THM, 1110 O1IBbLIICTH
CHCTEM CelCMO3axXKMCTy XapaKTepH3YIOThCS HENiHIHHOW JiarpaMoro JedopMyBaHHs, 110 HE
JI03BOJISIE BUKOPUCTOBYBATH [l PO3PaXyHKY HOPMATHBHY JIHIHHO-CIIEKTPaIbHY METOUKY.

VY crarri yrouHeHa 3arambHa Kiacudikamii cHCTeM celicMo3axHcTy Oy[iBenb 1 CHOpPYA.
3acTOCYBaHHSI CHCTEM CEHCMO3aXHCTYHNPH CHJIBHHX 3eMJIeTpycaxX 34aTHE 3HAYHO 3MEHIINTH
aMIUTITyy KONMBaHb, 3a0€3MEYHTH MEHINY MOLIKOKYBaHICTh OyxiBenb i crmopyd. Cucremu
CeliCMO3aXHCTy € OAHMM 3 e(pEeKTUBHHUX CIIOCOOIB MiABUILEHHS PIBHA ceificMocCTilikocTi OyaiBens i
CIOpyJ, XOoYa 4YacTka B OymiBHHLTBI ceificMo3allillleHHUX Oy[aiBelb [0 BiJHOIICHHIO [0
TPAAULIIHHKX LIE [yXKE Maja.

KirouoBi cooBa: ceiicMiuHi BIUIMBHM, CHCTEMH ceiicMo3axucTy OyaiBenb 1 cHoOpyx:,
Knacudikaiis CHCTEM CeificMO3axuCTy.

Bazhenov V. A.,Heraimovych Yu. D.
GENERAL CLASSIFICATION OF SEISMIC PROTECTION SYSTEMS OF BUILDINGS
AND STRUCTURES

The issues of ensuring the seismic resistance of buildings and structures hold a leading
position despite significant achievements in this area. This is confirmed by the significant loss of
human life and destruction caused by strong earthquakes.

According to the principle of operation (properties of ensuring seismic resistance), all seismic
protection systems can be conditionally divided into three groups: traditional, special and
combined.

Traditional methods of seismic protection of buildings and structures are mainly associated
with reducing the mass of structures, increasing their strength and stiffness characteristics, as well
as with the choice of rational planning and design solutions.

The second group of seismic protection includes approaches associated with reducing the
intensity of seismic loads on buildings and structures. Special seismic protection today is one of
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the most promising areas in the field of earthquake-resistant construction. The largest subgroup of
this seismic protection — this is a passive seismic protection aimed at changing the dynamic
scheme of a buildings or structures, which, in turn, is divided into seismic isolation and seismic
suppression.

The combined system implies a combination of traditional and nontraditional seismic
protection systems.

The massive use of seismic protection systems by design engineers is constrained by the lack
of practical calculation methods. This is due to the fact that most seismic protection systems are
characterized by a nonlinear deformation diagram, which does not allow the use of the standard
linear-spectral methodology for the calculation.

This article clarifies the general classification of seismic protection systems of buildings and
structures. The use of seismic protection systems during strong earthquakes can significantly
reduce the amplitude of vibrations, provide less damage to buildings and structures. Seismic
protection systems are one of the most effective ways to increase the level of seismic resistance of
buildings and structures, although the share of seismic-protected buildings in construction in
relation to traditional ones is still very small.

Keywords: seismic action, seismic protection systems of buildings and structures,
classification of seismic protection systems.

Bbaocenos B. A., I'epaiimosuu FO. /1.
OBIIASI KJIACCUDUKALIMSI CACTEM CEMCMO3AILIUTHI 3TAHUI U
COOPY)KEHUM

B paboTte pomonHeHa o0mast KiaccupuKanus CHCTEM CeHCMO3aIINThI 3AaHUH U COOPYKEHHUH.
KopoTko oxapakTepu3oBaHbl ~MPUHLMIIBI  OOECIICYCHUSI CEHCMOCTOMKOCTH  KaXJIoH U3
PAaCCMOTPEHHBIX CHCTEM CEilCMO3aILHTHI.

KiroueBble ci10Ba: ceiicCMHYECKHE BO3JCHCTBUS, CHUCTEMbl CEHCMO3ALIMTHI 3JaHUN U
COOPY)XCHHH, KITaCCU(UKALIHS CHCTEM CeHCMO3aIUThL.

V]IIK 539.3, 624.02

Baswcenog B. A., I'epativosuu FO. []. 3aranbHa kiaacudikaunis cucrem ceiicmo3axucty oyaisennb
i cmopya// Omip matepianiB i Teopis cropyxd: Hayk.-Tex. 30ipH. — Kuis: KHYBA, 2020. — Bum.
105.—C. 3-12.—Engl.

B pobomi donosnena 3acanvha kiacugixayis cucmem ceticmozaxucmy 0yoigens i cnopyo.
Kopomko oxapaxmepu3zogani npunyunu 3a6e3nedents ceiucMoCmitikocmi KOACHOL 3 PO3STSHYMUX
cucmem ceucmMo3axucny.

Tabu. 0. L. 9. Bi6miorp. 12 Ha3s.

UDC 539.3, 624.02

Bazhenov V.A., Heraimovych Yu.D. General classification of seismic protection systems of
buildings and structures // Strength of Materials and Theory of Structures: Scientific-and-
technical collected articles. — K.: KNUBA, 2020. — Issue 105. — P. 3-12.

This work complements the general classification of seismic protection systems of buildings
and structures. The principles of ensuring a seismic resistance of each of the considered seismic
protection systems are briefly characterized.

Tabl. 0. Fig. 9. Ref. 12.

V]IIK 539.3, 624.02

Baocenos B. A., I'epatimosuu FO. /I. O6mas kiaccupuKanus CHCTEM celicMO3alUTHI 31aHUIH H
coopy:keHuii / Onipmarepiaiis i Teopisiciopya: Hayk.-rex. 36ipH. — Kuis: KHYBA, 2020. — Bur.
105.—-C.-3-12.

B pabome Oonoanena o00was Kiaccuukayus cucmem  CeucmMosawumsl 30aHull U
coopyoicenuil. Kopomko oxapakmepu3zoeainvl npunyunsi 0becneyenuss cetcmoCcmoukocmu Kancoou
U3 PACCMOMPEHHBIX CUCTNEM CEUCMO3AUUTNDL.

Tab6an. 0. M. 9. bubnuorp. 12 Ha3s.
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