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Annoranus. IlpuBeneHsl pesynbTaThl pacdyeTa BBICOTHOTO 3[aHHSA C
pPaMHO-CBSI3€BBIM KapKacoM W3 MOHOJIUTHOTO >Kelle300eTOHa, pacIiolio-
JKEHHOTO Ha CKaJbHOM OCHOBAHMH, Ha JKCIUIyaTallUOHHBIEC H CelicMUYe-
CKH€ BO3JEHCTBHSA IO HOPMATUBHBIM JOKYMEHTAM CIEAYIOHNIUX CTPaH:
Poccun n crpan OsBiiero CCCP, ctpan EBpomeiickoro corosza, CIILA,
Typuuu. Pacuer BEINOIHSAICS TMHENHO-CIEKTPAIBHBIM METOAOM Ha CEell-
CMHUYECKOE BO3JENCTBHE C YCKOPEHUEM B OCHOBanuu 1 u 2 m/c%. B pabore
OTMEUEeHbI HEKOTOpbIe 0COOCHHOCTH TI0/IX0/1a K OTPe/ICIIEHHI0 cecMuye-
CKOIl cuuTbl. BBIMTOTHEHO cpaBHEHHE MO MaKCHUMAaJIbHBIM MEepeMeIeHHSIM
10 HAIIPABJICHUIO CEMCMMUYECKOTO BO3IEHUCTBUS U YCUIIUSAM B DJIEMEHTaX
HeCyIeH CUCTEMbI MHOTO3Ta)KHOTO 3/1aHUS: YIJIOBOM, KpaitHeH u cpeHei
MWIOHOB NEpBOro dTaxka. [loxydyeHHbIe pe3yabTaThl CBUACTEILCTBYIOT O
CXO’KEeM TOJIX0JIE K Mpo0ieMe pacyeTa 3/1aHHsl METOJIOM PasJIoKEHHS I10
coOcTBEeHHBIM (hopMaM Ha celicMuIecKoe Bo3JieiicTBre. BmecTe ¢ TeM BbI-
SIBIICHBI HEKOTOPBIE HOPMATUBHBIE IOKYMEHTBHI, IPU KOTOPBIX BO3HUKAIOT
HanOONbIINE U HANMEHBIINE yCHIINSL.
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Abstract. The results of calculating a high-rise building with a frame-braced
frame made of monolithic reinforced concrete, located on a rocky base, for
operational and seismic impacts according to regulatory documents from the
following countries: Russia and the countries of the former USSR, the Euro-

pean Union, the USA, Turkey. The calculation was performed using the linear
spectral method for seismic effects with acceleration at the base of 1 and 2
m/s2. The paper notes some peculiarities of the approach to the definition of
seismic force. A comparison was made in terms of maximum displacements
in the direction of seismic impact and forces in the elements of the bearing
system of a multi-storey building: the corner, edge and middle pylons of the
first floor. The results obtained indicate a similar approach to the problem of
calculating a building by decom-posing forms of natural oscillations of the
system for seismic effects. At the same time, some regulatory documents have
been identified that generate the most and least force.

gineers (ASCE), Eurocode 8
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BBEJEHUE

Teopust ceiCMOCTORKOCTH pa3BUBAJIACHh MMOCTEIICHHO, KaXKaash HOBasi KaTacTpoda MpernoJHOCHIIA
YPOKH, OIBIT KOTOPBIX /1aBajl HOBbIE 3HAHUS O MEXaHU3MaX BOSHUKHOBEHHUS 3€MIICTPSICEHHI, XapakTepe
ux nposiBieHus [1-5]. OQHOBPEMEHHO KaX/10€ 3€MJIETPSICEHUE — IPOBEpPKA MH)KEHEPHBIX 3HAHWM,
TpeOOBaHUHN K KOHCTPYKTHUBHBIM pelieHusIM [6, 7]. B kaxa0M pernoHe MMeeTcsi YHUKaJIbHBIA TOIX0/]
K BOTIPOCY PEIICHHs TPOoOIeMbl pacyeTa 1 KOHCTPYHPOBAHHS 3[JaHUsI B CEHCMOOIIAaCHOM paiiOHEe CTPO-
utenscTBa. KittoueBoit BKIIa, MpeXkie BCEro, BHECIU YUeHbIE CIEAYIOUMX cTpaH: Poccun 1 ObIBILIEro
CCCP, Eppormneiickoro coro3a, CIIA, Typuuu. Pacuer Ha ceificMmuueckoe BO3ICHCTBUE IO HOPMaM Tie-
PEUMCIIEHHBIX CTPaH MPEANoaraeT pacier Mo JMHEHHO-CIEKTPATbHOMY METOIY, B OCHOBE KOTOPOTO
JIKHUT Pa3lioKeHWEe O COOCTBEHHBIM (opMaM U cuctemMa Kod(duimeHnToB. B HOpMaTuBHOM JOKY-
MEHTE Halllel CTpaHbl OIXObI K Ha3HAYEHHIO KOA((UIIMEHTOB K CEMCMUYECKON CHIIe TpeTepreBaiu
HEOJJHOKpaTHOe u3MeHeHue. [Ipu 3ToM HeKoTophle NOJI0XKEHHS cBo/ia IipaBuil « CTPOUTEILCTBO B CEM-
CMUYECKHMX PaliOHaX» U Ha CETOMHSIIHUNA MOMEHT OCTAlOTCSI IMCKyCcHOHHbIMU [8—11]. PaccMoTpenue
OTIBITa JPYTHX CTaH B O0JIACTH pacdera Ha ceiicmMuueckoe BoznaelicTBue [12—15] MokeT mocIyKuTh
JUTSL TabHEeHUIero KOppeKTHPOBaHUS POCCUMCKOTO HOPMAaTUBHOTO JOKyMeHTa. B pabote uccieno-
BaJICS OTKJIMK YKeJIe300€TOHHOTO 3/]aHUsI Ha CECMUYECKOe BO3/ICHCTBUE 10 HOPMATUBHBIM JIOKYMEH-

tam [16-24].

METO/

IHocTanoBKa 3agauM. BeITOTHUM pacyeT Ha CEMCMUYECKOE BO3JEHCTBUE BHICOTHOTO 3/ITaHUS C
paMHO-CBSI3€BbIM KapkacoM. Beicora 3manust coctaBusier 101 M, BbicoTa 3taxa — 3,3 M. Tommuna
nepekpoitsi — 0,2 M. [T1oHB — NpSAMOYTOIBLHOTO ceueHus, Tomuuoi 0,3 M 10 otMeTkHu +36,2 1
TouHOM 0,2 BBIIIE 3TOH OTMETKH.

Bce xoncTpykiuu BeinosiHEHBI U3 O0eToHa kiacca B30, pabouas apmatypa — kinacca A500. O6-
IIMA BUJ 3JJaHUSI TIPEJICTABIICH Ha puC. 1, IaH 31aHus — Ha puc. 2. K 31aHi0 NpUII0kKEHbI MOCTO-
STHHBIE (COOCTBEHHBIN BeC KOHCTPYKIIUH, HAarpy3Ka OT MOJIOB M IEPETOPOI0K) U BPEMEHHBIE HATPY3KH.
CeiicMuueckoe BO3JICMCTBUE paccMaTPUBAJIOCH MO OPTOTOHAJIBLHBIM TOPU30HTAJIbHBIM HampaBie-
HUsAM. 3HAaUEHHE YCKOPEHHUS B yPOBHE OCHOBAHMS MPUHUMAIOCh paBHbM 1,0 1 2,0 M/c?.
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CKaJbHBINM TPYHT B OCHOBAHUH CMOJEIIMPOBAH )KECTKUM 3aKPEIJICHUEM BEPTUKAJIBHBIX KOHCTPYKIUI
B ypoBHe 1-ro staxa. Pacuets! Bemomnnsuch B [IK JIMPA CAIIP 24, ananu3upoBaiuch aMILIUTy1a
KOJIEOAHUH M yCUJTUS B TUJIOHAX.

EahhhahhahaEhhnhniniasiniahianianh

fi i

B Bt T T T T T, T e i i s s T P, M i T i s W T T, T T i Wi T

@
)
st
i/
o)
w ’
N,

o BT e .
PN i D =etE e T T s
@* 10{102){104 {106} 107 @
Puc. 1. OOmuii BUJ MHOTOSTa)KHOT'O 31aHUS

Fig. 1. General view of a multi-storey building
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Puc. 2. ITnan THIIOBOTO dTa)ka 31aHUs
Fig. 2. The floor plan of a typical building

IHoaxoabl Kk onpene/ieHUI0 CeiCMUYECKOH CHJIbI M0 Pa3/IMYHBIM HOPMATHBHBIM 10KYMEH-
tam. Cornacuo CIT 14.13330.2018 pacueTHas celicMuyecKast Harpy3Ka, COOTBETCTBYIOIIAs i-it popme
COOCTBEHHBIX KOJIeOaHUH 3/1aHUI WM COOPYKEHUH, onpenensercs no Gopmye:

i i
Sic = KoKiSgi 1)
rae Ko — ko3 uient, yuuTeIBaroyii Ha3HAaU€HUE COOPYKEHUS U €ro OTBETCTBEHHOCTh, K1 —
o . L. Q]
KO3((PUITNEHT, YUNTHIBAIOMIMIA JOMyCKAEMBbIE TIOBPEKICHHS 31aHUI U COOPYKEHHIL; Sy — 3Haue-

HHE CEHCMHUUYECKON HAarpy3Ku s I-i GOpMBI COOCTBEHHBIX KOJEOaHUH, ONpeaessieMoe B IPEAIOo-
’KEHUH yTIPyroro AeopMUPOBAaHHS KOHCTPYKINH.

B pacuer npunumanuce koapduuuents! Ko, Ki mo CIT1267.1325800.2016 «3ganust 1 KOMIUIEKCHI
BeIcOTHBIC. [IpaBuita MpoeKTHPOBAHUY.
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B CHulI II-7-81 ¢opmyna pacueTHol celicMMUYecKOW HArpy3Kd aHajoruyHa Qopmylie, npes-
CTaBIICHHOH BBIIIE, B HEH TaK)Ke MPUCYTCTBYIOT 1Ba K03 unmenta: Ki — koappumnmeHT, yanTsiBa-
IOUIMH JTOMyCKaeMble MOBPEXJIEHHs 3JaHUA U coopykeHul; K2 — ko3 uuneHT, yuuThIBaromui
KOHCTPYKTHBHBIE PEIICHUS 30aHUN U COOPYKEHHM.

CII Pecniy6nuku Kazaxcran 2.03-30-2017 B dpopmysie pacueTHOM celicMuueckoit cuibl Koapdu-
LUEHTHI Yiv, Yih YUUTHIBAIOT KJIACC OTBETCTBEHHOCTU U 3TaxHOCTh. Koo duimeHr noseaenus q —
aHajor poccuiickoro Ki, onpenensiercst sl pa3InYHbIX KOHCTPYKTUBHBIX TUIIOB CUCTEM 3JaHUN U
MH)KEHEPHBIX COOPYKEHUI U YUYUTHIBAETCS B (POpPMyJie CIIEKTpa paCUETHBIX PEAKIIHI.

B HopmatuBHOM nokymente Pecniy6nuku Apmenus 11-6.02-2006 celficmuueckast Harpys3Ka omnpe-
JIeTSICTCSl MHEPIIMOHHOM CHJION -t (hopMBI COOCTBEHHBIX KOJI€OaHWI M TpeMsi Kod(dHIIMeHTaMuU:
K1 — KO3 pHLIMEHT, YYUTHIBAIOMINI JOMyCKaeMble MMOBPEKACHUS 30aHUI M COOpYKeHH; K2 — Ko-
3 QUIUCHT OTBETCTBCHHOCTH 3/IaHHI U COOPYKEHUH; K3 — KO PHUIUCHT B3aUMOICHCTBUS MEKITY
OCHOBaHUEM U COOPYKEHHUEM.

ITo Hopmam Y36ekucrana KMK 2.01.03—19 pacuetnas ceficMuueckasi Harpy3ka B BRIOpaHHOM
HaIfpaBJIeHUH onpezenseTcs no popmyJe:

Sik = KoKnKsrKpSoik, (2

riae Ko — ko3 duiient orBeTcTBeHHOCTH; Kn — K03 QULIMEHT yueTa MOBTOPSEMOCTH 3eMIIeTpsCe-
HUil; Kor — KO3 GUIMEHT, 3aBUCALIMN OT 3TaXKHOCTHU 3AaHus (coopyxenus); Kp — koapduuneHt
PETYJISIPHOCTH; Soik — MHEPIMOHHAS CHJIA, OTpeesieMast B IPEIOI0KEHUH YIPYToro 1eopMHpO-
BaHUS KOHCTPYKIIHH.

VYyer mactudyeckoil paboThl KOHCTPYKIMNA JOCTUTAaeTCsl BBEACHUEM KO3(PPUIIMEHTa peayKIUH,
KOTOPBIH B 001I1eM cilydae omnpenensercs no Gpopmyie:

r=1-1,07uTy, (3)
e |L — J0MycKaeMasi OTHOCUTENbHas Heynpyras Aedopmanus; T1 — nepuo]i coOCTBEHHBIX Kojie0a-
HU.

CornacHo HopMaM EBporieiickoro coro3a, 0ananc MKy CONMPOTHBICHUEM U PAaCCEsTHUEM DHEp-
I'MU XapaKTepU3yeTcsl BeIMYMHAMU KO3 UIMEHTa YCIOBUS paboThl ¢ M COOTBETCTBYIOIIEH KiIacCu-
¢ukanueii miactuaHocTH. B padore 6bu1 npuHsaT kitacc DCM (cpennsis m1acTHYHOCTS):

g = Qokw > 1,5, 4)
rze Jo — UCXOIHAs BEIMYHHA KO PHUIMEHTA YCIOBUS padOThI, 3aBUCAIIAs OT THUITA KOHCTPYKTHBHOMN
CHCTEMBI U OT PEryJIIpHOCTH IO BHICOTE;

kw — KO3 PHUIHECHT, OTpaXKaroUHid NMPEeoOIaJarONIHid BU]] Pa3pyLICHUS] B KOHCTPYKTUBHBIX CH-
CTeMax CO CTEHAMHU.

Jnst paMHO-CBSI3€BOTO Kapkaca:

go = 3,0 ow/au. (5)

Krnacc 0TBETCTBEHHOCTH COOPY’KEHUS YUUTBHIBAETCS IyTEM YMHOKEHHSI HOPMUPOBAHHOTO MTHUKO-
BOT'0 YCKOPEHHMsI TpyHTa Ha KO OULIUEHT 1.

Hopwmbr Amepuxku ASCE/SEI 7-22 BBoasaT Ro — koaddumpenT Mmoaudukanmm oTkImKa, KOTo-
PBII 3aBUCUT OT TUIIA KOHCTPYKTUBHOM CHCTEMBI U €€ MaTepHaia. Ro CHUXKaeT CuIlbl 10 ypOBHS IIPOU-
HOCTH, a HE JI0 JIOIyCTUMOI'O YPOBHS HamlpsDKeHUs. B JIOKalbHBIX pacyeTax (HampuMep, pacdeT Ko-

. 0
JIOHH MM HEKOTOPHIX Y3II0B) MOKET IIPHMEHATHCS K03 GHUIMEHT n30pITounH0# npounoctu £y, koTo-

pBI yBEIMUMBAET CeiicMUYecKyto cHiTy. Taxke BBOAUTCS KOA(PGUIMEHT OTBETCTBEHHOCTH — lb.
Typeukue Hopmbl TEC-2018 Kk HHEPUIMOHHBIM CHIJIaM BBOJAT CIEAyONEe KOAPUIHMEHTHI: [ —
KOA((UIIMEHT BAXXHOCTH coopykeHus; R — kosddunuent nosenenus; D — xo3ppuipieHT mossi-
LIEHUS TPOYHOCTH, MPUMEHUMBIN VISl 3IAHUN U COOPYKEHHI C HEPETYJIAPHOU CTPYKTYPOM.
[TpuBenena Tadi. 1 ¢ OCHOBHBIMHU KO3 PHUIIMEHTAMU, UCIIOJIB30BAaHHBIMHU B pacyere. [1o oTHomIe-
HUIO K TPYHTOBOMY OCHOBaHHIO CHCTeMa KOX((HUIMEHTOB WM W3MEHEHHE OalbHOCTH celcMuue-
CKOT'0 BO3/ICMCTBUS B pacueTe He UCIOJIb30BAIUCH.
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Tabnuya 1/ Table 1

OCHOBHBIE KOBCb(i)I/ILII/ICHTLI, BBOIUMBIC K HHEPITUOHHBIM CEeHCMHUYECKUM CHJIaM
Main coefficients applied to inertial seismic forces

Koadpunumenr, yanreiBaro- Koaq)qnfuneHT’ Lt
o BaroIun OOITyCKa€MbIC
U1 HA3HAYCHUE COOPYIKE- o I[OHOJ'IHI/ITGJ'ILHLIC
o MOBPCIKACHUS 31aHUU U
HOpMaTI/IBHBII/I JOKYMCHT HUA U €0 OTBETCTBEHHOCTD o - KOB(I)(i)I/IIII/IeHTI)I
. . coopyxenwuii / Coeffi- o
Regulatory Document Coefficient Accounting for : . Additional
. cient Accounting for o
the Structure's Purpose and issib| Coefficients
Importance Pe_rm_|SS| e Damage to
Buildings and Structures
CII 14.13330.2018 _ _
SP 14.13330.2018 Ko=10 Ki=04 -
CHull 11-7-81 _ _
SNiP 11-7-81 Ki=15 K2=0.25 _
CII Peciy6nuku Kazaxcran
2.03-30-2017 yw=15 —4 L
SP Republic of Kazakhstan =18 9=
2.03-30-2017
CH Pecny6nuku ApmeHus
11-6.02-2006 _ _ -
SN Republic of Armenia ke =1 ki =04 ks=1
11-6.02-2006
CHull Pecrry0Onuku ¥Y30eku-
crad KMK 2.01.03-19 Ko=1 -75 Ky=15
SNIP Republic of Uzbekistan 0~ =0 K, =1,25
KMK 2.01.03-19
-— — W = 1
EN 1998 Eurocode 8 n=12 g=39 ey = 1.3
American Society of Civil En- _ _ 0 _
gineers ASCE/SEI 7-22 =15 Ro=4 Q=1
TEC: Turkish Earthquake _ _ _
Code_2018 =14 R=4 D=25

PE3YJIBTATBI U OBCYKJIEHHUE
OTkIMK Ha ceficMUYecKoe BO3/eiicTBIE BEIOPAaHHOTO 3aHNSI aHAJIM3UPOBAJICA 110 TTEPEMEIIEHUIM
Bepxa MO0 TOPU30HTAIBHBIM U BEPTUKAIBHOMY HAIpaBJICHUSAM, IPOJOJILHOMY YCHIMIO U U3rHOaro-
IEMy MOMEHTY B ITMJIOHAX IIEPBOTO dTaXa.

Pe3ysibTaThl pacuera Ha celicCMHYeCKoe BO3AelCTBHE ¢ yCKOPeHneM ocHoBaHus 1 m/c?
B Ta0:1. 2 BbIBeieHBI MaKCUMaIIbHBIE TIepeMelieHns pu 3Hauenuu Ki = 1.

Tabauya 2 | Table 2
MakcuMaJibHble HepeMelIeHUs 31aHus IPY celicMUYECKOM BO3JEICTBUM ¢ yCKOpPEHHeM OCHOBaHHUS 1 M/c?
Maximum displacements of a building under seismic action with a base acceleration of 1 m/s?

MakcumansHOE ropu-
MakcumManbHOE ropH-
30HTAJILHOE MEpPEME- MakcumansHO€E BEpTH-
o SO0HTAJIBHOC IEPEMETIIC-
HopmatuBHBII 10KyMEHT IICHHE 110 X, M . KaJIbHOE IIE€PEMELIEHUE 110
. - Hue o Y, M/ Maximum ! )
Regulatory Document Maximum Horizontal . - Z, m/ Maximum Vertical
' Horizontal Displacement :
Displacement along Displacement along Z, m
X m along Y, m
CII 14.13330.2018 0,352 0,951 0.201
SP 14.13330.2018 '
CHullI 11-7-81
SNiP 11-7-81 0,288 0,976 0,204

62 STRUCTURAL DESIGN



TpekuH H.H., Muxatinosa C.C. XenezobemoHHble koHcmpykyuu. 2025. T. 11. Ne 3. C. 58-68

CII Pecny6nuku Ka3zax-
crau 2.03-30-2017 / SP
Republic of Kazakhstan
2.03-30-2017
CH Pecny6nuku ApMmeHus
11-6.02-2006 / SN Republic
of Armenia
11-6.02-2006
CHull Pecrry6imxu Y36e-
kucrtad KMK 2.01.03-19
SNiP Republic of
Uzbekistan
KMK 2.01.03-19
EN 1998 Eurocode 8
American Society of Civil
Engineers ASCE/SEI 7-22

0,361 1,196 0,213

0,295 0,763 0,203

0,339 1,213 0,214

0,295
0,235

0,771
0,816

0,198
0,195

TEC: Turkish Earthquake

Code-2018 0,163

0,664 0,192

B Ta6:n. 3, 4 BeIBeIeHBI MAaKCUMAJIBHBIE C)KUMAFOIIEE MPOI0IBHOE YCUIIUE U U3THOAIOITUN MO-

MEHT BI0JIb KOPOTKOM CTOPOHBI 3aHUs JIJIsl IMJIOHOB IEPBOr0 ATaXka.
Tabnuya 3/ Table 3
MakcuMaltbHBIE OPpOAOJIbHBIC CUJIbL N B CpcaHeM, KpaﬁHeM 1 YIJIOBOM NUJIOHE TPpU celicMIYecKoM BOBﬂeﬁCTBHH
C YCKOpEHUEM OCHOBaHUs 1 Mm/c?
Maximum longitudinal forces N in the mean, edge and angular pylon under seismic action with base acceleration

of 1 m/s?
CpenHue MUIOHBI Kpaitaue numoHsl VYII10BbIE IUIOHBL
HopMaTuBHbIii Interior pylons Exterior pylons Corner pylons
Pacnonoxenue Pacnonoxenue Pacnonoxenue
Re uljg) I;YMI;ggument Nmax MUJIOHA Nmax NUWJIOHA Nmax MMUJIOHA
g y (MH) Placement (MH) Placement (MH) Placement
of the pylon of the pylon of the pylon
2 3 4 5 6 7 8
CII 14.13330.2018
SP 14.13330 2018 10,590 A-B-106 10,333 r-111 7,851 B2-106
CHulI 11-7-81
SNiP 11-7-81 10,945 A-B-106 10,818 r-111 8,542 B2-106
CII Pecny6nnku Ka-
3axcraH 2.03-30-2017
SP Republic 11,223 A-B-106 11,212 r-111 9,115 B2-106
of Kazakhstan
2.03-30-2017
CH Pecny6muxu Ap-
menns 11-6.02-2006
SN Republic 11,039 A-B-106 10,619 r-111 8,312 B2-106
of Armenia
11-6.02—-2006
CHull Pecriy6nuku
VY36ekucran KMK
2.01.03-19
SNiP Republic 11,23 A-B-106 11,219 r-111 9,262 B2-106
of Uzbekistan KMK
2.01.03-19
EN 1998 Eurocode 8 10,908 A-B-106 10,339 r-111 8,040 B2-106
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American Society of
Civil Engineers 10,804 A-B-106 9,696 r-111 6,855 B2-106
ASCE/SEI 7-22
TEC: Turkish Earth-
quake Code—2018 10,849 A-B-106 9,779 r-111 7,137 B2-106

Tabnuya 4/ Table 4
MaxcumanbsHble H3rudaromnire MoMeHTH M; B cpeHeM, KpaifHeM U YTTIOBOM IMHUJIOHE IPH CEHCMHUYECKOM BO3IEHCTBHI
C yCKOpeHHeM ocHoBaHus 1 m/c?
Maximum bending moments M; in the mean, edge and angular pylon under seismic action with base acceleration

of 1 m/s?
Cpennue nMuIoHbI Kpaiinue nuioHs VTI0BBIE THIOHBI
Hoparusssii Interior pylons Exterior pylons Corner pylons
Pacnonoskenue Pacnonosxenue Pacnonosxenue
JIOKYMEHT Mmax MMWJIOHA Mmax MMHJIOHA Mmax MMWJIOHA
Regulatory Document (xHm) Placement (xHm) Placement (xHm) Placement
of the pylon of the pylon of the pylon
CII 14.13330.2018
SP 14.13330 2018 759,01 B2-111 574,32 Ir-111 901,5 B2-106
CHulI II-7-81
SNiP 11-7-81 930,82 B2-111 730,43 Ir-111 1098,72 B2-106
CII Pecry6mkm Ka-
3axcrad 2.03-30-2017
SP Republic of 1125,79 B2-111 882,11 Ir-111 1319,9 B2-106
Kazakhstan
2.03-30-2017
CH Pecny6miku Ap-
menus 11-6.02-2006
SN Republic 1024,01 B2-111 802,07 r-111 1184,13 B2-106
of Armenia
11-6.02—-2006
CHuII Pecniy6nuku
V36ekucran KMK
2.01.03-19
SNiP Republic 1246,87 B2-111 976,11 Ir-111 1447,0 B2-106
of Uzbekistan KMK
2.01.03-19
EN 1998 Eurocode 8 761,15 B2-111 592,4 Ir-111 897,57 B2-106
American Society
of Civil Engineers 813,87 B2-111 627,43 r-111 917,18 B2-106
ASCE/SEI 7-22
TEC: Turkish Earth-
quake Code—2018 567,0 B2-111 446,25 Ir-111 678,37 B2-106

Pe3ysibTaThl pacuera Ha celicCMHYeCKOe BO31eliCTBHE ¢ YCKOPEHHEM OCHOBaHHUs 2 M/c?

Jlasiee MpoBOAMIIOCH UCCIIEOBAHNUE ITOBEACHHS CUCTEMBI B CIIy4ae YBEJINUEHUS CUIIbI 3EMIIE-
TPSICEHUS], MCIIOJIb30BAINCH CUCTEMBI KOA((UIIMEHTOB, ONMCaHHbIe BbIle. [lapameTpsl cpaBHEHUS
HCIIOJIb30BAJIICH AHAIOTMYHBIE TEM, YTO U IIPK pacyeTe ¢ ycKopeHHeM ocHoBanus 1 m/c? (Tabm. 5-7).
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Tabnuya 5/ Table 5
MakcuMaJibHbIe HepEMELIEHUS 3/1aHHUs IPK celicMMYECKOM BO3JEHCTBUM C YCKOPEHHEM OCHOBAaHHUS 2 M/c?

Maximum displacements of a building under seismic action with a base acceleration of 2 m/s?

MakcumanbsHoe Tro-
MakcumanbsHoe ro- | MakcumanbHOE Bep-
PU3OHTAJIBHOC TIEPE-
PU3OHTAJIBLHOC TIEPEC- TUKAJIBHOC NIEPEME-
N MelleHue mno X, M
HOpMaTI/IBHI)II/I JAOKYMCHT . MCIICHUEC 110 Y, M ICHHUEC I10 Z, M
Maximum - . . -
Regulatory Document . Maximum Horizon- Maximum Vertical
Horizontal . .
. tal Displacement Displacement along
Displacement along
X m along Y, m Z,m
CIT 14.13330.2018 / SP 14.13330.2018 0,708 1,901 0,257
CHull II-7-81 / SNIP 11-7-81 0,580 1,956 0,254
CII Pecnybnuku Kazaxcran
2.03-30-2017 / SP Republic 0,724 2,392 0,388
of Kazakhstan 2.03-30-2017
CH Pecny6nuku Apmenwust 11-6.02—
2006 SN Republic 0,593 1,748 0,234
of Armenia 11-6.02-2006
CHull Pecniy6nuku Y36ekuctan KMK
2.01.03-19/ SNIP Republic of 0,681 2,427 0,252
Uzbekistan KMK 2.01.03-19
EN 1998 Eurocode 8 0,492 1,532 0,212
American Society of Civil Engineers
ASCE/SE| 7_22 0,467 1,625 0,224
TEC: Turkish Earthquake Code—2018 0,382 1,354 0,225

Tabnuya 6/ Table 6
MakcumanbHbIe MMPOJAOJIbHBIC CUJIBI N B CpC€aHEM, KpaﬁHeM 1 YIJIOBOM MUWJIOHE ITPU CeNCMUYECKOM BOSHeﬁCTBHH C YCKO-
pEHMEM OCHOBaHUs 2 M/c?
Maximum longitudinal forces N in the mean, edge and angular pylon under seismic action with base acceleration

of 2 m/s?
. Cpeanue MUIoHbI Kpaiinue numoHsl YriaoBbie MUIIOHBI
HopmarusHbiii Interior pylons Exterior pylons Corner pylons
JOKYMCHT py py py
Regulatory Document Pacnonoxe- Pacnonoxenue Pacnonoxenue
CII 14.13330.2018 SP Niax | Hie manoHa | Nimax TANOHA Nimax THJIoHa
14.13330.2018 (MH) Placement (MH) Placement (MH) Placement of
of the pylon of the pylon the pylon
2 3 4 5 6 7 8
CHullI 11-7-81
SNiP 11-7-81 11,107 A-B-106 11,985 r-113 10,006 I'-106
CII Pecny6nuku Ka3zax-
cran 2.03-30-2017
SP Republic of Kazakhstan 11,167 A-b-106 12,694 r-113 11,072 r-106
2.03-30-2017
CH Pecny6miku Apmenust
11-6.02-2006 SN Republic | 11,223 A-B-106 13,575 r-113 12,216 r-106
of Armenia 11-6.02-2006
CHull Pecrry6imxu ¥Y36e-
kuctan KMK 2.01.03-19 /
SNiP Republic / 11,039 A-B-106 12,273 r-113 10,612 I'-106
of Uzbekistan KMK
2.01.03-19
HopuaTuBHetil IOKYMHT | 19 367 | A.5.106 | 13,618 r-113 12,511 r-106
Regulatory Document
EN 1998 Eurocode 8 10,813 A-B-106 11,802 I-113 9,654 I'-106
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American Society of Civil

Engineers ASCE/SEI 7— | 10,804 | A-B-106 | 12,096 r-111 9.855 r-106
22

TEC: Turkish Earthquake | 1 g95 | A p.106 | 10578 r-111 8,278 B2-106
Code—2018

Tabauuya 7/ Table 7
MakcumanbHble U3rudaromme MoMeHThl M; B cpeltHeM, KpaiftHeM U YIJIOBOM IUJIOHE TPH CEHCMHYECKOM BO3JIEHCTBIN
C YCKOpEHHEM OCHOBaHus 2 M/c?
Maximum bending moments M; in the mean, edge and angular pylons under seismic action with base acceleration

of 2 m/s?
HopmarusHbiii CpenH_I/Ie TTUJIOHBL KpaI‘/'IH?Ie MAJIOHBI VYrioBbie MIOHBI
Interior pylons Exterior pylons Corner pylons
R JIOKYMCHT Pacnionoxxenune Pacnonosxenne Pacnionoxxenune
egulatory Document
CIT 14.13330.2018 Mmax MAJIOHA Mmax MHAJI0OHA Mmax TAJIOHA
SP 14.13330.2018 (xHwm) Placement (xHm) Placement of (xHm) Placement
' ' of the pylon the pylon of the pylon
CHullI 11-7-81
SNiP 11-7-81 1365,35 B2-111 1107,5 r-111 1625,31 B2-106
CII Pecny6nuku Ka-
3axctan 2.03-30-2017
SP Republic of 174737 B2-111 1365,91 r-111 20141 B2-106
Kazakhstan
2.03-30-2017
CH Pecny6miku Ap-
menus 11-6.02—-2006
SN Republic of 2137,16 B2-111 1669,28 r-111 2458,4 B2-106
Armenia
11-6.02—2006
CHull Pecrry6nmxu
V36ekucran KMK
2.01.03-19
SNiP Republic 2186,7 B2-111 1509,21 r-111 2186,7 B2-106
of Uzbekistan KMK
2.01.03-19
HopmatusHsIi
JIOKYMEHT 2379,32 B2-111 1857,29 r-111 27124 B2-106
Regulatory Document
EN 1998 Eurocode 8 | 1280,7 B2-111 1110,7 r-111 1648,7 B2-106
American Society
of Civil Engineers 1507,18 B2-111 1320,43 r-111 1707,18 B2-106
ASCE/SEI 7-22
TEC: Turkish Earth-
quake Code2018 1019,59 B2-111 898,62 r-111 1275,17 B2-106
SAK/IIOYEHHUE

MeTtoiuKa BBIMOTHEHHUS PACYETOB HA CEHCMUYECKYIO HAarpy3Ky JIMHEHHO-CIIEKTPAJIbHBIM METO-
JIOM BO BCEX CPaBHUBAEMBIX HOpMaxX CX0xka Mexay co0oil. Pa3nuuust cocTOAT B UCIIOJIB30BAaHUU pa3-
JMYHBIX CHEKTPOB peakuuil (OTBETOB) MM KOA(PPHUIHMEHTA JUMHAMUYHOCTH, a TAKXKE B IPUMEHEHUHN
pa3NuYHbIX KO3 UIMEHTOB, YUUTHIBAIOLIMX PACCEBAHHE SHEPTHH 3a CUET JOIyCKaeMoOM I1acThuye-
CKOM paboThl KOHCTPYKLIMH, KJIaCC OTBETCTBEHHOCTH 3/1aHMsI, KOHCTPYKTUBHbIE OCOOCHHOCTU. B He-
KOTOPBIX HOPMax BBOJSATCS JOIMOJHUTEIbHBIE KOA(PQHUIMEHTHI, YUYUTHIBAIOUINE HEOJIHOPOIHOCTS,
HEPETYJISIPHOCTb CTPYKTYPHI.

AHanu3upys pe3ynbTaThl pacyeTa Ha CEHCMUYECKOE BO3AEHCTBUE, MOXKHO OTMETUTh, YTO MAaKCH-
MaJIbHBIE TIEPEMEIICHHS M YCUIIHS TIOIYYHINCh OJMM3KUMHU MeX Iy coOoi. [Ipu aTom criegyeTr oTme-
TUTh, YTO 3HAYCHUS TEPEMEIICHUN TPU pacueTe MO0 HOPMATUBHBIM JIOKYMEHTaM CTpaH OBIBIIETO
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CCCP okazanuch Heckoabko Oonbimmmu otHOcuTenbHO CIT 14.13330.2018. Hanbonee 6au3kuMu K
3HAYEHUSM IPU pacueTe MO POCCUIICKOMY CBOIY MpaBWJI HA MPHUMEPE JAHHOTO 3/1aHUs SBISIOTCA
HopMbI EBponetickoro Coro3a.

IIpu pacyere Ha ceficMUYECKOM BO3/IEHCTBUM C YCKOPEHHEM OCHOBaHHUA 2 M/c 1o HopmaM Ka-
3axcTaHa u Y30eKuCcTaHa U3ruOaroIii MOMEHT U ITPOAOIBHOE YCUIINE TOCTUTAIOT 10CTATOYHO 00JIb-
IIMX 3HAYEHUH, YTO MOXKET NOTpeOoBaTh OOJIBLIET0 KOJIMYECTBA apMaTypbl TP KOHCTPYHPOBAHUU
ceueHuil. Pacuet no Typenkum HopMaMm Jaj HaUMEHBIINE 3HAYCHUs YCWIMNH OTHOCUTEIbHO JAPYTUX
CPaBHUBAEMBIX JOKYMEHTOB, YTO MOXET IPUBECTH K HEAOCTATOUHOMY apMHUPOBAHUIO KOHCTPYKLIHUH.

Heo0xoa1Mo 0TMETHUTD, UTO PA3INUUs B ONPEACICHUN CEHCMUYECKOM CUITBI IO Pa3HBIM HOpMam
U KaK CIIE/ICTBUE Pa3IMYHOE HAMPSHKEHHO-1e()OPMUPOBAHHOE COCTOSHUE KOHCTPYKIUI MOTYT OBITH
HUBEJIMPOBAHBI HA ATAIle KOHCTPYHPOBAHUS, TaK KaK B Ka)JIOM HOPMATUBHOM JIOKYMEHTE IPHUCYT-
CTBYIOT JIONOJHUTENIbHBIE TPEOOBAHUS 110 ApMHUPOBAHHUIO KETIE300€TOHHBIX ITIEMEHTOB.

CIIMCOK JIMTEPATYPbI
1. Iepenvmymep A.B., Kabanyes O.B. O KOHIENTYaJIbHBIX MOJOXECHUSIX HOPM IPOSKTHPOBAHUS CEHCMO-
croiikoro crpoutenbera // Bectauk MI'CVY. 2020. T. 15. Bem. 12. C. 1673-1684.
2. Tpexun H.H., Koovuw 3.H., [l[edpun O.C. YTounenue xod3pdurmenta orsercteerrHoct KO mpu pac-

4eTe Ha CeHCMOCTOMKOCTB JUISl OTAGNBHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB (KOJIOHH) MHOTO3Ta)KHBIX MOHOJIMTHBIX KeJe30-
OETOHHBIX KapKacHBIX 31aHui (B mopsake oocyxaenus) // CelicMOCTONKOE CTPOUTENLCTBO. be30nmacHOCTh COOpPYKEHUIA.
2021. Ne 4. C. 8-18.

3. Hemuunos FO.U. CeiicmocToiikocTs 3qanuii u coopyxennii. Kues : HUMCK Munperunonctpos Ykpa-
unsbl, 2008. 480 c.

4, Kim Y.J. Seismic Analysis and Design of Building Structures. Woodhead Publishing, 2024. 268 p.

5. Datta T.K. Seismic analysis of structures. John Wiley & Sons (Asia) Pte Ltd, 2010. 464 p.

6. Mxpmoiueg O.B. be3onacHOCTb 34aHUI U COOPYKEHUM U CEUCMUYECKUX U aBAPUIHBIX BO3ACHCTBUSIX.
M. : MI'CY, 2010. 152 c.

7. Aiizenbepe A.M., Koovuu 3.H., Hukxumun UK., Cmupnos B.U., Tpexun H.H. CelicMOCTOWKHAE MHOTO-
STa)KHBIE 3TaHUS C Kele300eTOHHBIM KapkacoM. M. : M31aTenscTBO ACCOIMani CTPOUTEIHHBIX By30B, 2012. 264 c.

8. Mxkpmuwiues O.B., [Hopoocunckuii B.b., Cuoopos /].C. UccrenoBanmne ceiCMOCTOWKOCTH Kele300eToH-
HBIX 3/[aHUH Pa3IMYHBIX KOHCTPYKTUBHBIX cxeM // Bectnuk MI'CVY. 2015. Ne 12. C. 66-75.

9. Kabanyes O.B., Yceunos D.C., Lllapunog LLl. O metoauke onpeaeieHust Ko3hGUIueHTa J0myCcKaeMbIx
MOBpexIeHNH ceiicMocToikux koHeTpyKimi / Becthuk TTACY. 2016. Ne 2. C. 118-129.

10. Tampasan A.I'., Mayeesuy T.A. OueHka CTEIICHH MOBPEXICHHUS 3IaHIH MIPU 3eMIICTPACEHISIX METOIOM

craructuueckoro moaenuposanus // XKenezoberonnsie koucTpykiuu. 2024; Ne 7 (3). C. 3-11. DOI: 10.22227/2949-
1622.2024.3.3-11

11. Kypbayxui E.H., Monopyc B.JI. lunamuveckre K03 QHUIUCHTHI HITH CIEKTPBI Peakiuil (OTBETOB) CO-
opyXeHuii Ha ceicmudeckue Bo3aeicteus? // ACADEMIA. Apxurekrypa u crpourenscTtso. 2019. Ne 1. C. 107-114.
12. Amabexan P.A., Hazapemsan C.H. MeTonbl onpeieTICHAsT CCHCMUYECKUX BO3ICHCTBUI Ha COOPYKCHHUS

IO pa3HbIM CTPOUTCIbHBIM HOPMAaM U BO3MOKHOCTH CO3AaHUA CIMHOTO METOda // BOHpOCBI I/IH)KGHCPHOﬁ CEeHCMOIOTHH.
2022. T. 49. Ne 3. C. 39-53.

13. K Hadar Elmi, Erdal Coskun. Comparative of Study the Design Spectra Defined by Various Seismic
Codes // International Journal of Engineering Research & Technology (IJERT). 2020. Vol. 9. Pp. 722-728.

14. Xie Qi. The application of seismic parameters conversion among different structure design codes // Ma-
terial Science, Engineering and Applications. 2022. Vol. 2. Pp. 49-55.

15. Gunawan N., Han A., Gan B.S. Proposed design philosophy for seismic-resistant buildings // Civil En-
gineering Dimension. 2019. Vol. 21. Pp. 1-5.

16. CII 14.13330.2018 (M3m. 1, 2, 3, 4). Cox mpaBwit. CTPOUTEIBCTBO B CEHCMHYECKUX palioHax. AKTya-
m3upoBanHas penakuus CHull 11-7-81.

17. CII267.1325800.2016 (M3m. 1, 2). CBox npaBmit. 3gaHust M KOMITIEKCH BBICOTHBIE. [IpaBuina npoexTn-
pOBaHMSI.

18. CHulI II-7-81. CtpourenbHble HOPMBI U ITpaBuiia. CTPOUTENBCTBO B CEHCMUYECKUX paiioHax.

19. CII PK 2.03-30-2017. CBox mpaBui Pecriy6ommmkn Kazaxcran. CTpOUTENBCTBO B CEHCMHYECKIX 30HAX.

20. CH Pecny6muxu Apmenns [1-6.02-2006. CeiicMocTolKOE CTPOUTETHCTBO. HOPMBI IPOSKTHPOBAHUS.

21. KMK 2.01.03-19. CrpourensHbie HOpMBI 1 TipaBiita Pecryonukn Y36ekucran. CTpOUTENBCTBO B CEHi-

CMMUYECKHUX paiioHax.

22, EN 1998 Eurocode 8: Design of structures for earthquake resistance: EN 1998-1:2004. Part 1: General
rules, seismic actions and rules for buildings.

23. ASCE/SEI 7-22. Minimum design loads for buildings and other structures.

24, TEC 2007: Turkish Earthquake Code—2007.

MPOEKTUPOBAHWE 67



Trekin N.N., Mikhailova S.S. Reinforced Concrete Structures. 2025; 3(11):58-68

REFERENCES

1. Perelmuter A.V., Kabantsev O.V. On conceptual provisions of design standards for earthquake-resistant con-
struction. Vestnik MGSU. 2020; 15(12):1673-1684. (in Russian).

2. Trekin N.N., Kodysh E.N., Shchedrin O.S. Clarification of the coefficient of responsibility KO when calculating
earthquake resistance for individual structural elements (columns) of multi-storey monolithic reinforced concrete frame
buildings (in the order of discussion). Earthquake-resistant construction. Security of facilities. 2021; 4:8-18. (in Russian).

3. Nemchinov Yu.l. Earthquake resistance of buildings and structures. Kiev, Research Institute of the Ministry of
Regional Construction of Ukraine, 2008; 480. (in Russian).

4. Kim Y.J. Seismic Analysis and Design of Building Structures. Woodhead Publishing, 2024; 268.

5. Datta T.K. Seismic analysis of structures. John Wiley & Sons (Asia) Pte Ltd, 2010; 464.

6. Mkrtychev O.V. Safety of buildings and structures during seismic and emergency impacts. Moscow, MGSU,
2010; 152. (in Russian).

7. Aizenberg Ya.M., Kodysh E.N., Nikitin I.LK., Smirnov V.I., Trekin N.N. Earthquake-resistant multi-storey build-
ings with reinforced concrete frame. Moscow, Publishing House of the Association of Construction Universities, 2012;
264. (in Russian).

8. Mkrtychev O.V., Dorozhinskiy V.B., Sidorov D.S. Seismic Resistance Calculation of Reinforced Concrete Build-
ings of Different Structural Schemes. Vestnik MGSU. 2015; 12:66-75. (in Russian).

9. Kabantsev O.V., Useinov E.S., Sharipov Sh. Determination of allowable damage factor of antiseismic structures.
Vestnik of Tomsk State University of Architecture and Building. 2016; 2(55):117-129. (in Russian).

10. Tamrazyan A.G., Matseevich T.A. Estimation of Damage Degree of Buildings in Earthquakes by Statistical Mod-
eling Method. Reinforced concrete structures. 2024; 7(3):3-11. DOI: 10.22227/2949-1622.2024.3.3-11 (in Russian).

11. Kurbatskiy E.N., Mondrus V.L. Dynamic coefficients or response spectra of structures to earthquake?
ACADEMIA. Architecture and Construction. 2019; 1:107-114. (in Russian).

12. Atabekyan R.A., Nazaretyan S.N. Some methods for determining seismic impacts on structures by different
building codes and possibility of creating a unified method. Voprosy Inzhenernoi Seismologii (Problems of Engineering
Seismology). 2022; 49(3):39-53. (in Russian).

13. K Hadar Elmi, Erdal Coskun. Comparative of Study the Design Spectra Defined by Various Seismic Codes.
International Journal of Engineering Research & Technology (IJERT). 2020; 9:722-728.

14. Xie Qi. The application of seismic parameters conversion among different structure design codes. Material Sci-
ence, Engineering and Applications. 2022; 2:49-55.

15. Gunawan N., Han A., Gan B.S. Proposed design philosophy for seismic-resistant buildings. Civil Engineering
Dimension. 2019; 21:1-5.

16. SP 14.13330.2018. Seismic building design code. Updated version of SNiP 11-7-81. (in Russian).

17.SP 267.1325800.2016. High rise buildings and complexes. Design rules. (in Russian).

18. SNIP 11-7-81. Building codes and regulations. Construction in seismic areas. (in Russian).

19. SP of the Republic of Kazakhstan 2.03-30-2017. Code of Rules of the Republic of Kazakhstan. Construction in
seismic zones. (in Russian).

20. SN of the Republic of Armenia 11-6.02-2006. Earthquake-resistant construction. Design standards. (in Russian).

21. KMK 2.01.03-19. Building codes and regulations of the Republic of Uzbekistan. Construction in seismic areas.
(in Russian).

22.EN 1998 Eurocode 8: Design of structures for earthquake resistance: EN 1998-1:2004. Part 1: General rules,
seismic actions and rules for buildings.

23. ASCE/SEI 7-22. Minimum design loads for buildings and other structures.

24. TEC 2007: Turkish Earthquake Code—2007.

68 STRUCTURAL DESIGN



