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Annomayusn: JJokymenmme Koipewviz Pecnyonuxacwel yuyn scakvinoa scayvinianean CH KP 20-
02:2018 ceticmukanvik 001O600PI00 HCOOONOPYHA KUPSUSUTICEH O320UOIYKMOPY MAIKYVIAHAM.
Hezuzeu orcobonop umapammapea sxauna Kypyamanapea 00a000pOyK CEUCMUKANbIK apaKemmepou
JAHCAHA IHCYKMOPOY AHLIKMOO20, OULOHOOU 3Jle NAAHOA2bl HCAHA OULIUKMUKmMe2U UMapammapOoblH
KOH@Ueypayuaceinvin  Oy3yynapvin  mexuepyyzo oainanviuumyy. Kovipeviz PecnybnukacvlHvit
aimazvl YuyH CeUCMUKANLIK KOPKVHYY OV CEUCMUKANbIK JHCOO0NI0pY MeHeH MYHO306]10m, aniap
OemepMUHUCMmMuK Heeusee 33 OO0NCOH Mamaanl CeuCMUKaiIblK KOPKVHYY Kapmanapvl 0Oap.
Kapmanapoa owcep mumupeenyn ap kaumoai dicepiep YuyH UHMEHCUBOYYIY2Y MHCAHA MO0
MeKMepPUHUH 2e0N02USNIbIK MY3YILYUMOPYHO HCAPAULA Hcep MUMUPOOHYH IH HCOLOPKY blI0AMObISb
HCOHYHOO Maanvimammap Kammoliead. Kypymyw asumeinoacvl  celcMuKkanvlk — apakemmep
bLIOAMOAHYY DeaKYUsCblHbIH CNeKmpu MeHneH MyHesoenrem. Kypynyw obvekmuniepu yuyH
001600pOYK CEUCMUKANILIK KY4mep alapoblH MAAHULYYIYeYH, NIAHOA2bl HCAHA OUNUKMUKmMe2u
KOHQU2YPAYUACBIHIH MBIU3AMOYYIV2YH, OWOHOOU 91e OYpyayyea mypyKmyyry2yH 3cKe anyy MeHeH
anvikmanam. byn kooexcmepee winativik, umapammap MAaaHULyyiyeyHe, HcaueauimulpuliblublHA
JHcana KabammapwlHblH CAHBIHA Jicapawia Kiaccmapea 6enynem. Hmapammapovin maanunux
KACCMAapblHblH JHCAHA KAOAmMmMapOblH CAHbLIHbIH ap OUp AUKANbIUbL JUYH CEUCMUKANBIK 00I600POYK
AHCYKMOPOY AHbIKMOOOO ICKe ANbIHYYUY Oelculyy Oup Maanunyyiyk Kodghguyuenmu viticapoliam.
Hmapammapovin KOHCMPYKMUBOUK cXxeManapvl niaHoa oice Outiukmueu OOMHYA a3blpadx
Dpe2ynapoyy dIMec HCAHA AUbIKYA pe2yiapoyy dImec 0en KiacCupuKkayuaianam.

AUKBIY €O300D: CEUCMUKATBIK PeaKyus, CeUCMUKANBIK KOPKYHYY KAPMACHL, HCeP MUMUPOOHYH
UHMEHCUBOY YL Y, Hcep YCMYHOO2Y NUKMUK bLIOAMOAHYY.

MOJAXO0JIbl K ONPEJAEJEHNUIO CEUCMHUYECKOM OMMACHOCTH
CTPOI/ITEJII)HOI‘/'IM MIOIAJKH A HECYIHEI‘/:I‘ CIIOCOBHOCTHU
KOHCTPYKIMH 3IAHUH B KbIPT'bI3CKOM PECITYBJIUKE

A6abIkanbikoB A.A.L Aoabioaaues M.K.2, Beraaues V.T.

Kvipevizckuii 20cyoapcmeennslii yHuepcumem Cmpoumenbcmea, mpanchopma u apxumexmypol um. H.Hcanoea,
abdykalykov57 @mail.ru

2040 «IIpomnpoexmy, maratprom@mail.ru

SMeacoynapoonas accoyuayus SKCHEpmMoE No CelicMOCMOUKOMY CHMpoumenscmsy, MexcOyHapoouslil yHueepcumen
unHosayuonnvlx mexuonoautl, utbegaliev@mail.ru

Annomayusn: B cmamve paccmampugaiomcst 0COOEHHOCMU HEOA8HO OOHOGIEHHBIX HOPM NPOEKMUPOBAHUsL 8
ceticmocmotikom cmpoumenvcmee CH KP 20-02:2018 ons Keipevizckoui Pecnybauku. OCHOGHbIE NOIONCEHUSL CBA3AHBL C
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ONACHOCMU, KOMOpble UMEION OemepMUHUPOBaHHYI0 0cHogy. Kapmul codepoicam ungopmayuio 06 uHmencusnocmu
3emaempsceHul O PA3IUYHbIX MeCm U COOMBEMCMBYIOWUX NUKOBbIX YCKOPEHUAX ZDYHMA 6 3a8UCUMOCHU OM
2eonozudeckux — obpazoganuti  2opublx  nopoo. Celicmuyeckue 8030elUcmeuss HA  CMPOUMENbHOU  NIOWAOKe
Xapakmepusylomcsi CNeKmpoMm peaxyuu yckopeHus. Pacuemmuwvie ceticMuueckue Hazpy3Ku HA Npoekmupyemble
COOPYIHCEHUS ONPEOeNAIOMCA C YHemoM UX 3HAYUMOCMU, Pe2yIAPHOCIU UX PACNOIONCEHUS 8 NIAHe U 8blcOme, d MAKice
conpomusnenus KpyueHuro. B coomeemcmeuu ¢ smumu Hopmamu 30aHus noopa30eisatomcs Ha K1accyl 8 3a8UCUMOCHU
Om UX OMEEeMmCcmMeeHHOCU NO HA3HAYeHUIo U smadxcHocmu. Kasxcoomy couemanuro knaccos omeemcmeenHocmu 30aHuUs
U IMANCHOCMU NPUCBAUBACICA ONpedeNieHHbIll KOIDuyueHm omeemcmeeHHOCmU, KOMOPbIL YYumuleaemcs npu
onpedenienul pacuyemHuvix celucmMudeckux Hazpy3ok. Kowcmpyxmueusie cxemor 30amuil Kiaccuguyuposansvl Ha
pezynApHble, YMEPeHHO Hepe2yapHble U Ype3mMepHO HepezyiapHble 8 NaaHe UIU NO 8bicome.

Knroueswie cnoea: celicmuueckas peakyus, Kapma ceticMu4ecKkol OnAcHOCMU, UHMEHCUBHOCTb 3eMAempPACe U,
NUKOBbIE YCKOPEHUs 2PYHMA.
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Abstract: The paper discusses specific features of the recently updated seismic design code SN
KR 20-02:2018 for the Kyrgyz Republic. The key provisions are related to the determination of design
seismic actions and loads on buildings and structures, as well as checking irregularities of building
configuration in plan and elevation. Seismic hazard for the territory of the Kyrgyz Republic is
characterized by these seismic code with complex seismic hazard maps, which have a deterministic
basis. The maps contain information about earthquake intensity for various locations, and the
corresponding peak ground accelerations depending on the rock geological formations. Seismic
actions at a construction site are characterized by an acceleration response spectrum. The design
seismic loads for the designed facilities are determined taking into account their importance,
regularity of their configuration in plan and elevation, as well as torsional resistance. According to
these codes, buildings are classified into classes depending on their importance, occupancy, and the
number of storeys. Each combination of building importance classes and number of storeys is
assigned a specific importance coefficient which is taken into account in determining the design
seismic loads. Structural configurations are classified by regularity in plan and elevation into
regular, moderately regular and excessively irregular.

Keywords: seismic response, seismic hazard map, earthquake intensity, peak ground
accelerations

1. Introduction

In almost all CIS-countries, the source of the codes were the standards that adopted and
worked precisely during the USSR period. Since independence, each country began to
approach in its own way, develop separate standards, include its own coefficients, methods.
Therefore, our standards vary slightly, but basic requirements remain similar.

For example, Russian seismic codes basically is staying on last level and basis on new
seismic hazard complex maps with probabilistic basis for Russian Federation with 10%, 5%
and 1% with probabilistic for 50 years. The indicated probability values correspond to the
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average time intervals between earthquakes of the calculated intensity: 500 years (map A),
1000 years (map B), 5000 years (map C).

Kyrgyz Republic (KR) located in Central Asia and has the territories with high seismic
hazard. Central Asia's earthquake activity has long been recognized as one of the highest in
the world. A significant portion of the KR terrirory is expected to be exposed to earthquakes
of magnitude 7.5 or higher per Richter scale (corresponding to the shaking intensity 9 per
MSK-64 scale). The territory of the KR was subjected to several damaging earthquakes,
including the 1992 Sysamyr earthquake (magnitude 7.3). In the period from June 1, 2009 to
Sept. 30, 2010, the country experienced 2,398 earthquakes of magnitude 6 or higher. The
seismic codes for the country were developed on the basis of seismic hazard maps, which
have a deterministic basis.

The paper discusses some peculiarities of the Building Code KR 20-02:2018 related to
the determination of design seismic actions and loads on buildings and structures, as well as
checking their regularity in plan and height.

2. Peculiarities on determining of the seismic hazard area and construction site

Seismic hazard for the territory of the KR is characterized by the code 20-02:2018
through seismic hazard maps which were developed and approved by the Institute of
Seismology of the National Academy of Sciences of the KR, by Abdrahmatov et all (2018).
The following maps are included in the Code:

1) map of maximum local magnitude (MLH) distribution of active seismic faults
and their segments, which generate earthquakes in the KR;
2) map of peak ground accelerations in rock soils (Fig. 1) for the horizontal

component of seismic vibrations within the KR’s territory (seismic-risk zoning map), and

3) map showing intensities of earthquake vibrations for probable maximum
earthquakes in the KR.

The above-mentioned maps are supplemented by a list of settlements within the KR and
the corresponding seismic hazard parameters, both in terms of the intensity and peak ground
accelerations, Brzev and Begaliev (2018).

The design value of the horizontal peak ground acceleration for a construction site ag
takes into account its actual soil (ground) and topographical conditions, and it is defined from
the following expression:

ag=agr X S(agr) X St Q)
where:

agr — reference value of horizontal peak ground acceleration (as a fraction of g) for the
considered construction site under soils type IA (rock soil), determined based on map of peak
ground accelerations and/or based on list of settlements; S(agr) — a coefficient which takes
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into account the effect of the actual soil conditions of the construction site on the intensity of
seismic impacts (actions) defined in accordance with Table 1; St — a coefficient that takes into
account the topographical effects of increasing horizontal seismic actions at the construction

site.

Table 1. Values of the S(agr) coefficients in Kyrgyz code

Types of soil conditions by seismic properties (shear

wave velocity in surface soil columns)

KR Code: Value of S(agr)
coefficient depending on agr

value

IA — Rock soils (vs,30>800 m/sec.)

1,0

IB — Coarse clastic soils - mainly from igneous rocks
content more than 70% (vs,10>350 m/sec, 550<vs30<800
m/sec)

1,0<(1,4- agr/g)<1,2

Il — Coarse clastic soils of all types - with aggregate
content more than 30% (230<vs,10<350 m/sec,

270<vs,30<550 m/sec)

1,I<(2,0 - 2,5 * agr/g)<1,6

11 — Friable sands, coarse and mean size water saturated

(vs,10<230 m/sec, vs,30<270 m/sec)

1,3<(2,5 - 3,0 * agr/0)<2.4

The design seismic actions at a construction site are characterized by response spectra and

peak ground accelerations.
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Fig. 1 — Map of peak ground accelerations in rock soils for the horizontal component of seismic
vibrations within the KR’s territory (seismic-risk zoning map)
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For the horizontal components of seismic action, the design response spectrum Sq(T) should
be determined from expressions (2) and (3):

0<T<Tc sd(T)=ag-%5 (2)

T>Tc: S.(T)=a, %[TI_—C} but no less than A -a, (3)
where: Tc is the maximum value of period on the constant section of the spectral accelerations
graph Sq(T), taken in accordance with the data in Table 2; T is the period of linear oscillations
in horizontal direction; q is a behavior coefficient; note that g is an inverse value of the
reduction coefficient k2, adopted in the previous seismic codes: g=1/k; g is an indicator of
lower limit of the spectrum taken as 0,2.

For the vertical components of seismic action, the design response spectrum Sqv(T) should be
determined using the expressions (4) and (5):

O S TV S TCV de (T) = agv : % (4)
q

TCv§ Tv S 2,0: de (T) = agv % |:-I_-rﬂ:| y (5)

v
where Tcy Is the maximum period on a constant segment of spectral acceleration graph Sav(T),
taken equal to 0.2 seconds; Ty is a period of linear oscillations in vertical direction; k is an
exponent depending on the type of soil, taken in accordance with Table 3; agv is a design
vertical acceleration at the construction site (see Table 4); qv is a behavior coefficient, whose
value should always be taken as 1.5 (see Table 5).

Table 2. Values of T periods Table 3. Values of k
Type of soil T (Sec) Type of soil k
IA and IB 0,48 IA and IB 0,60
I 0,72 ] 0,45
i 0,96 i 0,35

Table 4. Characteristic agy value depending on ag

Type of soil

ag<0,12g 0,12g <ag<0,4g ag>0,4g
IA, IB, 11 and 111 0,7 0,8 0,9
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Table 5. Values of a behaviour coefficient g for buildings regular in height
Type of structural system for buildings q

1 Buildings for which structural damages or inelastic deformations are not 10
allowed. '
2 Buildings with loadbearing walls of cast reinforced concrete, large panel,
volumetric-block:
a) cross-wall structural systems with external and internal bearing walls located

X ) : : _ 5.0
at spacing not exceeding 6 m, and slabs resting on four sides of the walls;
b) cross-wall structural systems with one loadbearing wall in each main 33
direction; 4'0
c) other wall structural systems. '
3 Frame buildings (except as specified in 7 and 8):
a) with spatial channel frames having all rigid joints of columns and crossbars; 4.0
with frame-bonded skeletons having all rigid joints of columns and crossbars;
with bonded frames, frame-wall structural systems; one-story frames of all
structural systems, except for those specified in b);
b) other structural systems, except as indicated in a). 3.3
4 Buildings with monolithic masonry walls 3.5
5 Buildings with loadbearing walls of brick (masonry) work of composite 33
structure. '
6 Buildings with loadbearing walls of reinforced brick masonry with seismic 3.0
safety measures '
7 Torsionally-pliable structural systems 2.0
8 Structural systems of “inverted pendulum” type 15
9 Wooden buildings in the form of:
a) statically indeterminate portal frames with connections on pins or bolts; 3.0
b) wall panels joined with nails and bolts; 4.0
10 Buildings with loadbearing walls of local construction materials ( adobe and To be
similar). determined

Buildings with loadbearing walls of unreinforced brick masonry without based on the

seismic safety measures. results of a
special
survey

Type of Engineered Structures

1. Structures including free-standing towers, chimneys and masts:

a) with loadbearing reinforced concrete or steel structures behaving as

unbraced consoles for more than half of their total height; 2.5

b) with reinforced concrete or steel structures behaving as a cantilever console 35

for less than half of their full height or fixed by guy lines in the level of the

center of the structural weight or above this level

c) brick masonry structure. 2.5

2. Structures in the form of single pillars and towers serving as supports for

: . 1.5
reservoirs and tanks located at their top levels.

3. Structures of silage towers and elevators. 3.5

4. Structures in the form of frame skeleton towers without infill 3.0

5. Torsionally pliable structures. 2.0

6. Other structures (not specified in 1-5). 3.0
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3. Code provisions related to the design seismic loads and actions on buildings

The design seismic loads for buildings are determined taking into account the
importance of these facilities, the regularity of their structural layouts in terms of plan and
height, as well as torsional resistance in plan. In the SN KR 20-02:2018 (2018), buildings are
divided by importance: a) depending on the functional purpose (into 4 classes), and b)
depending on the number of storeys (into 5 classes). Each combination of building importance
classes and number of storeys in the SN KR 20-02:2018 are assigned corresponding values
of importance coefficients which are taken into account in determining the design seismic
loads, Itskov (2018).

Structural schemes are classified in the building code by regularity in plan and elevation
into three types as regular, moderately regular, and excessively irregular, while in terms of
torsional resistance structural schemes are classified into schemes that possess adequate
torsional stiffness, and torsionally-pliable schemes. The adopted classification system is
based on the combination of features, which characterize structural systems both qualitatively
and quantitatively:

- Dby peculiarities of configurations in plan and/or elevation;

- by balancing the distribution of mass and stiffness in plan;

- by peculiarities of the distribution of mass and stiffness in elevation;

- by the capacity of the slabs to perform the functions of horizontal stiffening
diaphragms.

The classification of structural systems according to regularity in terms of plan and
elevation, and torsional resistance is important for the structural and seismic design aspects
associated with the selection of the following seismic design parameters:

- coefficient fu which increases the effects of design seismic actions in the
structure at storeys which due to a sharp increase in mass or decrease in stiffness, violate
the uniformity of the structural scheme in elevation;

- random eccentricity ea, which must be taken into account when determining
the building torsion effects in plan, caused by spatial variations of the seismic movement,
uncertainties in the location of the masses and the consequences of various nonlinear
effects;

- behavior coefficient g for torsionally-pliable structural systems in plan, which
are defined as systems in which the first mode shape is torsional, and also for excessively
irregular structural systems.

In the process of performing calculations, structural and seismic analysis of buildings
and structures, taking into account their interaction with the subgrade and/or basement soil,
the parameters of equivalent elastic soil stiffness are allowed to be determined using:
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1) experimental data on the velocity of distribution of elastic waves in the soil layers
below the base of the foundations;

2) correlation of empirical relationships for the physical and mechanical soil properties
under static loads with the velocity distribution of elastic waves through soil layers. When
taking into account interaction of a building or structure with the basement soil, the following
recommendations are provided:

a) as the base parameter of the equivalent elastic soil stiffness, increase the value of its
modulus of deformation determined by the results of static tests 10 times;

b) consider two numerical design models for the same structure: a model in which the
base equivalent stiffness of the foundation soil should be increased 1,5 times, and in the other
in which it is reduced 1,5 times.

c¢) adopt the highest values of seismic effects obtained from the numerical design models
discussed under b). It should be noted that the seismic hazard assessment for construction
sites in slopes are not taken into account when determining the design seismic actions, but are
taken into account when prescribing structural measures to be applied regardless of the
analysis results for the designed structures.

3. Conclusion

The approaches to define of seismic hazard and seismic demand for building design is
changed exactly according of the building codes of EU.

In recent years the requirements of the seismic and/or building codes of the Kyrgyz
Republic, governing and regulating the structural and seismic design in seismic areas and the
seismic resistance assessment of existing buildings in the KR have undergone significant
changes.
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