
3rd International Conference
Advanced Mechanics: Structure,
Materials, Tribology

Problems Of Updating The Calculation And Design Of Buildings
(Structures) Taking Into Account Seismic Loads In Accordance
With The Documents Of The Republic Of Uzbekistan

AIPCP25-CF-AMSMT2025-00041 | Article

PDF auto-generated using ReView
from



AlP
PUbliзhing

]hb LiсgýёЬRftЫl mtdЪýipdаdr€rrrпеdtэ tB Rосееdrцs E<ltor Ьеf;эте ttrеrпапrянфt
аа,? Ь trЁfisfiбd, Fрш fuпв реs{Ьпs фе]t lW &? s.l}тd fЕ ftfiтr, dе€ýе trftсt flP ЛР
Publishing Сопfегепсе Proceedlлgs оfrсе (сопFо@аiр_оrg}, Fоr ryвliопs гфаrdirц the
copyright teпTs апd condjlions 0f this Llcelъe, рЬе contact AlP Puýishing's office of RQhb апd
Peпniýions, 1305 Walt Whitman Road, ýuite 3ф, MeMlle, NY 1,1747-аф USA; Phone 51&576-
2268, Email: гjоhls(оаlр огq,

Artide Tille ("Work):

sOf ТЬе of Вчildiпqs (St]чGtчrоs)
With The DЪейmепts Of '

(Рlиsе indlcale thе finaltitle of the made to the liile аftеr аосqtапсе
ofthe Wоrk mау геquirе the completion of а пеW аgrеёmелt,)

A|I Ачftоr(s): itrчзохоп Ubaydulloyev, Оlimхоп Ubaydulloyev, Mrgizaxon Ubaydulbyeva

(Hease Нdttэаlhоlъ'tвnesй оrdеl astlrElwill4раr iп tюtllork. Al|lbbdauttюrs mбtbe
tIý desavirg о{ sJftо.*ф ad ю cldl autю{ý stюц|d Ь€ {rnitbd. Fоr lage grorр of ацhý5,
afiacn а ýерагаtё list t0 thiý бrm-)

Title of Сопfеrепсе: 3-rd lnternational Сопfеlепсе Adyanced ftleehanics:
ýtructu rо, [ll aterials, Т riЬоlо gy

Nапе(s) of Edto(s) Htboxon Ubaydulbyяl

All ОощgЕ 0fiE(s). if поt fuffK{s}:

4. Lhе the АМ fог poýiing wihin scjёntifrc collaboEtion пеМоrls (SCl',b), Fоr а detailed
dеsа,р&ш оf ш рdф ш раsЛrщ ,io sСЛФ, pbBse sее ая !|{еЬ PosФg G*Jollж
(htфв/hrэaiфФ.ар.OrфilrýsМf сskц$ýft k eý}

5, ReЁint tЕ versirt of ReBd (vffi) it рiпt corediшB шittеп ф hе Autho., оr in lhe
AUfto.'S {ЬЬ оr dsеrНiоп. lt Ь шdgsiood md ry€еd lhat ttЕ thesb ог
disýertabn mау Ь made аяilаЬЬ dectonically err lhe uйыsitt's site or iп iis
repsitory апd thai mpies mау Ье оff€rеd 

'Or 

ýale оп dgпалd.
6, RергоФсе офiеý of lhe VoR for courses tar:ght Ьу {ite Аl:thоr ог оffеrd at the

inslitution whеге the Ачthог lS employed, provided по fee iý фаrgеd fог ассфs to the
Wo{i(,

Z Ь he VOR fo. iпt*вl lrаiпrпg алd попсоmmеrсiаl business рutроsеs Ьу the
АчrшЪmфф.

8, [Ъе tfв WR iл сr,d рr€ýыЬýбБ пrаdе Ьу Шр Au[,or, sudr в at сФЬrеrcеý,
mеdiщý, ýеtnirEý, €ft.. prфiJedtжrecёil,irц фrЬ аrё inbrmed lhat they mау
not fixhef сору о( dstboletllе Wolk

9, Distrifute the VOR to dl€аguеý Ьт rвrcorTrmercial sdю|аф r,Be, provided ihose
receiving copies are iпfоrmеd that thq mау поt frrther сору oI distribute the Wоrk.

10. Post the VOR to their рвопаI wеЬ page и treГ emPryels wФ page 12 months
аflеr рuЫiсаtiоп Ьу AlP Publishing,

11. Depoit the VoR in ап iБlitut]onal оr fuпфг_фSigпаtеd гepository '12 months аftег

рЁfuаlоп фАFFl$il$гц
12, {фdаЬ а pitr рвýrц wih the VOR оп а псrrшпmgсН serve, srrlt as аrХiч, 12

mоrйs afferptt icaton ф АlР hЁIdtф.

Authof lъпайь

Eadt Аuthог аrd Copyright Оwпеr rерrеsепЬ and wаrrапts to AlP PubIbhing the following:

1- TtB Wогk Ь the original iлdрепdепt сгеаtiоп of each Ачthог апd does ло1 iпftirЕе
аlryсоруtфt о чiэlзiе а,у ot e( dФ dfly Ш*rd рfitу2. ТЬ Wolk Ь m| beerr parlolsly plcdred ard в rroi trdrц соrciфrd for

рФliсdЬп elsewtнe iп апу fiхm, oссept as а церiпl оп а поrшоmmеrсiаl server
such Ф trXiv, о. in а thesis оr dýsеrъf,оп.

3, Wriltеп permission hаs Ьеел фНпеd for аrу mabial used frоm оthег sources and
сфiеs of the реrmisýiоп grапЬ have Ьеп вФрlЫ to АlР Publishing to Ье iпсluфd
iп the mапusсгiрl file,

4. AlI ttiгФрф maierial for йiсh permission has Ьееп obtatned has Ьееп рrорегIу
credted witЫп thе папiýсflрt.

5 lп the 6rсп| tH tE Аutю( Ь sйiecr Ь urmgýty 0рg| тееss polcb ог othe(
irBtituliorBlresftictb tНconflil*h апуоf ffE фЬtrр(о/Ь*rc of trb Licerrse,
st*hAuhortlаs фНпеdtв песýаlуйiuвrfurл hьorhermivыsivorinsýtutbn_

This License must Ье signed Ьу the Aufro(s} and, in t)е бе of а Wok fr,lade for Нrе, also ф the
Сфугighl ОwпеБ, Опе Ачthог/Саругjght Оwпеr mау sigп оп Ьehalf d all lhe conbibutoв/ownets
олlу lfthry all have authorized the signing, арргсшеd ofihe Licenýe, and agreed to Ье bound Ьу it,

The signing Author апd, in the case ofa l^Jork lйаф fоr Hire, the signing CФyrjght Оwпеr wаrгапts
tlаt hebheit has fulI authodty to епtеr into this License апd to make the grапЬ this License contains.

1. The Ачhоr mщ{ ýign Ье (exrytif апАutш baU.S. ýо,еrппепt€{rрlоу€е, |tЕп
pieaýe SФп bdФ):

/**, litrl.mý
AUtho(s)

2, The Copyright Оwпеr (if dffегепt from the AuthФ) muýt please sign hеге:

l',lаmеоfСФуfФtО*пеr AufrolbedsiшalшealdTlfle ъte

(Please list ф соругighl owne(s) Ьу паmе. ln the case ofa Work lr,{аф fo( НГе, the еmdryе(ý)
оr commissioning рагtу(iФ) аrе the copyright owne(s). Fоr |аrgе grофs of сФугight Фчпеrs,
attaф а sфаrаtе list lo this fоrm,)'

сорчriqht ownebhip апd Gfant of Riпhb

Fо fitеprpmеs о{tБ Li:€пýe, BB'Woff со.БЬЬ of d coflteпtfithin t€artide ibdf аd mаф
a€,iaЫg tr рdfЁ oif $,gаrýсЬ, hсi*ц еЯ lpl Ляibd Ь Рв афееасt, еаЬ, forrя*, g,вУю,
imagBs, and multrmedia fileý, aS well aS апу subýeqlenl errata, 'Supplе{nчrtary МаtЫаl" ЙsЬЬ
of mаtегiаl that jS associaled with the arlic|e but linked to оr accessed Sераrаtеlу (available
electronically only}, including fut not limited to йta sels апd апу additional fiies,

This Аgrееmепt rs ап Exclusive Lrcense to PuЫish по1 а Тrапsfег ofCopyright_ Copyright to the Wогk
rеmаiпs иtir lhe Authфs} oI, iп the саsе of а Wогk Made fог Нiге, йth the Author(s)' еmрlоуеф),
AlP PtДiý*{g LLC stBll оrп агd have the гight to TegbE in Ь лаrпе the сюруright to Й
рrосее*цs isяB ш fflу Фftеr cdl€clirc fr.t iп rtrl*r tB Wо* Ь iпduфd fuy r8hb gfanted
urdеr *Ё LigregесшýщчП qопаерtmсеоf tlеWo*furpflicdim byAlP РчЫi*irц. lf
fог апу геаsоп and at its оwп discrefion AlP Рйlistiпg deciФs поt to pr.dcish tre Work, tris Liense
is сопsidегеd vojd-

Each copyгight О!,чпеr hеrеЬу gлапЪ to AlP Publishing LLC the folloriing irгечосаЬlе righЬ for the
full tеrm ofUnited Shteý and foreign сорr/righЬ (incIuding апу ехlепsiопs):

1- ТЬ e*dmive rфt апd license to pФlish, гфгoduсе, digtфute, tarýmit, diф|ry,
d(q tаБldе. edl, аdФl, аrd сrеаlе derivdive ryodб tqn {Ь tтo.k {in whole ог in
pcTfi ur,шщlпЛ trc шН И d fum* td .пеdа rffiЕ{ по{ hфl ý laie{
фче'Ьреd, апd' tne norЕxcluslve пght апd licglýe tо ф fiе same win fie
Sфрlеmепtаry Маtеriаl,

2. The right fФ AIP Publishing lo frееlу tилsЪг andor subliceвe апу ог all of the
exclusive rights lisled in #1 фоче. SчЫiсепsirts includeý the right io authorize
геqфSЬ fоr геusе of the Work Ьу thard рагtiеS-3_ ТЬ right fог AlP Publishing to take whatever stepc il сопsiфý песеSsаry lo рrоtесt
апd e*brce, al its оwп ё(рпýе, the eХcltвive гights granted hегеiп against third

Fr|'ffi.

Au(fi оr Rffiтъ апd ft пrrilМ týes

Subject to the rightý hеrёiп gгапlеd to AlP Publishiпg, each Copyright Оwпеr retairБ orrlnership of
сФ}T jght and all olher ргфriеtаry гights such as patent righls in the Work.

Each Copyright owrеr геtаiпS fiе following noneХclusive гighь to use the Wой, wittючt obtaining
рrmiýоп {тоm AlP PdCishirц, iп keging *ith profeýsional рчЬliсаtiоп ethrсs апd pгovided cleai
cfedt Ь giv€n Ь ф tБt pdriяffi in ап ЛР Pr.blisting poceedng. Arry rам must indude а full
сrеdtlrcаdrвdефiцАР ПЁi*iцisрt*зtrrпФd alink btB VgъЬп d Recшd {VOR) on
АlРRd*Ь}irцЪ sib.

E*tt &gд{l* Otr+вг r*ay:

1 . Rерiпt роrtiоrв oi {,te Work {ФФ$ф, figures, tяýеs} iп futu{e ýýlý €feat€d Ьу tiв
еЕfюr, in kе€рфЯh раЕssiоrвI цýil:аliorr ethbs,

t fuýt Ё]*Дсс€лЫ }ts,ъýсrФt tA}*} Е Ёdr pe*std чеЬ рqе оr tшк *фqýs
тreЬ pge imnedately аfuг ассерtаrюе ф AlP Prblbhing.

Э. DфФit t}rе АМ i* ап iжtifutigBl оr fuBdaiesigTBled rерсоiЫу imrnedaeý afbr
ксеS*вефАР Ptýishirg.

3. lf ап Аuthоr is а U,S_ Government еmРоуее, sшh AuthФ mýt @ýе sigп below.
The signing Аuthог ceгtifieý that the WФk цаs WTitten б р€ft of hb/tier offcial duties апd is tюrеfоrе
not eljgible for сфуdghl рrоtёсtiоп iп the United Sht€ý,

Мmе of U.S. Gwe.mиt tbitufпt {eg., }|ad Rececdt [*o*ry. }ýQ

Aulhor Sigпаturе Print Мmе йtе

РLйSЕ NOTE: II]ATЮNAL LABORATOR|ES т1-1АтАж SPONSORED ВY U,S, GоVЕRNмЕNТ
AGENCiES BUT ARE INDEPENDENTLY RUN ARE NOT CONý|DERED GOVERNMENT
llýTlTUTlONS. (Fоr example, Argorne, Brookhaven, Lаwгепсе Liчеrmоге, Sanda, and ottrers,)
Authfiý at theýe Феý of imttutoný should sigп uпФr #1 ог#2 above.

tf l}в ltYсrkrras a$tered uвdеr а U_ý. €оlеlппеrтl mпtаd. ard 1he U,ý. GoverBment*ishes 1а

ehth h{iýdfфdоfflgý*lфиiЕЬddf,ареd-rр,аmее*дirе.iгтадшfiе,*rвrýrr**irсетв*
iл the t4l0{lc Ь тqrоdзс*. FФйе daiwbe ltýriý }(rп" dý*bJB оqь 10 Ё,е sýiс, Frftхrr}
p,rý,dy, а{d *sфу р.&liф, ф от оп behdf of ** €l}*TlтrTent, dw сrвй ras ЬФ{ bekhY and
add llв rejýJaяl сФпrIаеi numbýý_
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L|CENSE TERt\,]S DЕti NED

Acceobd lапчsсrid Шtl: Тhе fiпаl чевiшt of ап auфot's rnanusяipt tttat has
begt фdЬрtЁIоаliшаd irюо{рrаЬ all tЕ€фЬйl dвпgеs made Ь
me mапчýсrФt аfiеr gчЬmisеlЬп and рееr в,/iil. Tlle АМ феý not yet refecI апу
of the publisher's епhапсеmепЬ to lhе work sчФ аs cзpyediling, рщiпаfiоп, апd
other stапdаrd formatting.

аrХiч: Ап electonic аrфiче and distribution sеrчеr for reýearoh article рrбрriпtý iп

ttё fiвlф of phpics, mamematicý, computer soiene, quantitative biology,
quanliНive firwce, апd ýtаiЬЬ, uhich Ь ошпеd and фeвted Ьу Соrпеll
Udч€пitу, hф/Фdy.о{q/.

Соmmеrсiаl and notcommorcial scholarlv чве: Nолсоmmеlсlаlsсhоlаф usos
are those that fuгthег the геsоаrсh рrосеss for аufiоrý and rеsеаrфеrs оп ап
individual basis fоr their оulп реrsопаl purposes. They аrе autttobtoauftor
iпtеrасtiопв meant fol the ехФапgе of ideas. Соmmеrоаl цsев fall outside the

ачtюr{оачtюr есоhапgв аrd iпdчф but аrе поt limited to the соруiпg ог
diýfrbutirn сf m alide, €ahef iп Мгd сOру form оr ohctmklalty, fоr rсваlе оr
lkнхiц Ь а ttd рfiИ рdfrц d tE АМ ш VOR d ап шticle Ьу а ýЬ or servb
whеrе ап access fee is Фаrgеd оr whЫ Ь sщprted Ь,у commercial paid

advertising оr sропsовhiр; uBe Ьу а fоrаrоfit елtiф for апу ýре of рюmоtiопаl
pupoBe. Соmmеrсiаl чвеs require the permiBBion of AlP Publishing,

ЁmЬrоо реriоd: The pвriod of time dчгiпg which frее access to the full text of ап
atide is dehyed.

Еmпlqrt'з S re: А шФ щв оп ш яrр@s,*te tnt КфlФЬ tФ
асшmрlishmепЬ and rеsеаrсh inteвstt ol the соmрапу'э еrпрlоуееs, whiФ
usually includes thеil publications, (See аlsо: Реrsопаl wеЬ page апd Scholarly
CollaboHtion NeМork).

Exclusb Liсопsе to Puhlish: Ап exclusive licenBe to publish is а wlitten
аgrееmепt in which the copyright оwпа gМes he publisher exdusivity over сейiп
irf,еrвпt dфЬ *sot$Ъd шitt tB соруrфt iп hе work. Тtюве фhts indude &е
dфt Ь ,вроdrе tЕ шI[ Ь dýfrЬuЬ qЬ d tB ro*, to рrЬrm аrЁ dфlау
the work рчЬliф, and to authorize otheв to do ttte sаmе. The publisher do* поt
hold the соругight to the work, which continues to rеsiф wittr the author. The terms
ofthe AlP Publishing License to Publish епоочrаgе authoв to mаkе fчll чsе oftheir
wоrk апd help ftеm to соmрlу with Bquiromonts impoBd Ьу еmрlоуев,
institutionв, and fundeв.

Fшll CrBdtr Цш: А|Р РtЬli$irцЪ prefe{rвd lomat fo. а crвdit lirв is as fоllошв
(yot, Bll пееd Ь ilвert tЕ Ф€dЕс dИion iпbrmalion in рЬсе of the caiН
letters): 

-Reproducэd 
from IFULL сlтдтlоNl, ,flith hе рrmiýоп of дlР

Publishing." А FULL CITATION wou|d аррmr аs: Joumal abbBviation, volume
пumЬоr, artiole |D пчmЬеr orpage пчrФы (уеаф. Fоr examplo: фрl. Php. Lett.
107,021102 (2015).

lпstihtЬпd rэpвitocv: А univeBiý ог вsеаrф instifution's dýihl collection of
trlid€ý tnt treЬ€Gп ачhшеd Ьу Ь sffiаrd йtiФ ав шшllу шаdерФliф
acaaoo}le Ь аtйов are ыоочrаgаd агrd gпо{imео rвqJiФd eD iлdrde lrisir
published агtiоlеs iп thеir institution's repooitory, the majoTiý of pФlisheв allow for
deposit of the Acoэpted Manuscript for this рurроsа. AlP Publbhing аlзо аllоws fоr
the VОR to Ье deposited 12 mопths аftеr publication of the Work.

Joumal editorial office: ТЬ onEct роiпt for ачthов сопсеmiпg matters related
to the рйlkиliоп of ftеir mапввiф, Сопhсt iпfоrпвtiоп for tre joumal Фitойl
оfiсеs ппу Ьеtпл,dm tвiхпd пtвhitss чrdеrttв'АЬоuf hЬ.

Linkinq to the Vеrsiоп of Rscord {VOR}: То crcate а link to уочr article in ап AlP
Pub|ishing journal or рrооееdiпgs, уоu пееd to kпоw tha CrossRef dýital фесt
identifior {doi). You сап find the doi оп the article's abýtract page, Fоr iпstrчсtiопs
оп |inking, pleaBe rеfеr to оur Wф Posting Guidelineg at
hФs://рфlighiпq.аiр.огdачthогфчф{оsliпq{uidеliпеs.

}ldЬлJ Шorфrhо: }Hiord l*огаЬiеý аrе Фorýorcd апd fuirded Ьу t}ю

U.S. Gаrgrrmеr,t bt* h*в iпфрсrdgп{ поrшйt аffИ*rв and атploy priвte
secfu reвotяB. Tiж kвýutixý ае fu*&d в fuаý Fсr# R€фаrф
апd Dwафrrтепt бепtев {FiRDft}. AufroB июrkф at FFftGs are not

considered U,S, Govemment оmрlоуееs for the рчrроsеs of copyright. The Маstвг

фчеmmепt List of FFRDСs mау Ье found at htb,/itvww пsf ,qov/statisfiB/ffrdclist/.

PeBonal шЬ раса: А wф раsе thаt Ь hosbd Ьу tE iltor оr |tB auftot's
iпstitчtiоп and Ь dedicated to the аuhоl's peýord rеsеdф iпtеrвsЬ апd

рuЬliсаtiоп history, Ап autho/s рrоfi|е pagie ф а social rrdia site оr sйolarly
со|lаЬоrаtiоп neМork sile iз лоt соmiфгеd а Fsопаl wеЬ page, {See alBo:

ýоhоlаф СоllаЬогаtiоп Nеtwоrk; Еmрlоуеr's wФ page).

Рееr ХРrезв: А ч*еЬфаsеd mапчsиiрt зчЬmissiоп system Ьу which authors
subTnit fiаi mапшпфб Ь АР РtЁЬttiлg frr рd*иtiоп" оппmчп]саtе wiф fie
editorial offces, аrd Еас* йс shttв of teir fllхпЬilБ. Тlю Рег Хfrеss
system рrwidзs а ful|y electonic mаrв of соrр|еliпg ttе License to Рфlish. А
hаrd сору of the Agrcement will Ье sщplied Ьу tte editйia| offoe if the author is
чпфlе to соmрlёtе the еlесtюпiс veвion ol the fom. (Confelence Ргосееdiпgs

ачfiоrs will сопtiпuе to sцЬmit their mапusсriрЬ апd fоrmв directly to he
Сопfеrепсе Editoв.)

Рrерriпt А чевlоп dап aufitols mашsсr}t htеr,dеdЬrцЁftфп btttff}atIБ
поt Ьееп рееr revieýed ffid doeý f,d rеfl€d аry editшЫ фчt с рФlЬlвr
епhапсеmепь.

Plofessional Publkation Ethicз: AlP РФlishirц provideB iпfогmаtiоп оп what it
expects fгоm authoв iп itý 'ýtatement of ethiв and rеsропsiЬilitiеs of autttoв
sФmifiпg toAIP РчЬlishiпg jочrпаls" (htb:/ioublishino-aip.orq/authoB/othicý), AlP
РФlЬhiпg Ь аЬо а rt}ember of the Committee оп Publication Ethicв (СОРЕ)

ШФJ/очЫiсаliопеtк ого'l" fiiott рwЬ пmеmв rеоочrсев апd guiНines
for аuhов, еdiЬrs, and рФЬЬ witt rcgad to efrtbal shnfuds апd accepted
pвctices iп sсiепlifю рФlЬhiпg.

ýсhоlаrlч Collaboration ilвtчgоrt (ýСil}: РrоЬiопаl пеМоrkiпg sites that

facilihte collaboration аmопg геsеаtсhев as well as the shаriпg of dala, геsulЬ,
апd publirиtions. ýCNs inolude sites sчсh as Academia.edu, ResearфGate, and
illenddey, аmопg oiheB.

ýшоэlеmолtаr}, Пatelial: Rebted rrИеrН tat Ь Ье€л }tdged Ьу рееr Bview
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Abstract. The article is devoted to the issues of improving calculations and design of buildings and structures in 

earthquake-prone regions of the Republic of Uzbekistan based on the norms of KMK 2.01.03-19 «Construction in 

seismic areas». The authors analyze modern approaches to accounting for seismic loads in design, highlighting the 

features relevant to the conditions of regions with a seismicity of 8-9 points. Proposals for the further development of the 

calculation methodology aimed at improving the reliability, earthquake resistance and economic efficiency of 

construction are presented. The advantages of KMK 2.01.03-19 are noted, including the possibility of taking into account 

various degrees of responsibility of structural elements, the use of dynamic analysis and the calculation of buildings 

according to the second group of limit state. The applicability of the approach to unique and massive facilities, taking 

into account operational characteristics and technical conditions, is also shown. Comparative calculations have been 

carried out using other regulatory documents, which makes it possible to identify the advantages of the Uzbek 

methodology and ensure its compatibility with international standards. The results obtained demonstrate the high 

accuracy and practical value of the calculated models. The proposed approaches contribute to improving the efficiency of 

earthquake-resistant design and may be useful in the context of a national program to improve the safety of buildings and 

structures. 

INTRODUCTION 

Ensuring earthquake-resistant construction and reliability of facilities under construction, including the seismic 

safety of the population, is of paramount importance for the protection of human lives, as well as material and 

cultural values created by the labor of many generations living in the seismically active regions of Central Asia. 

Such regions include 78-87% of the Republic of Uzbekistan territory belongs to such regions, where more than 90% 

of the country's population lives. These areas, especially the 8th and 9th points, account for the largest volume of 

construction. The share of modern development of earthquake-resistant construction in our country largely 

determines the main directions for improving methods of their calculation and design, taking into account technical 

and economic indicators assessing their operational characteristics (reliability, seismic safety, durability, 

deformability, etc.), with a reasonable compromise between cost estimates and efficiency, largely depending on the 

regulations of national norms of design through updating and harmonization, which seems to be quite significant 

because, this, to a certain extent, determines the level of development of construction science and technology [1, 2, 

6-9]. 

Relevance, main tasks and problems. The guarantee of earthquake resistance of construction and reliability of 

facilities under construction, as well as protection of the population from seismic risks, are the most important 

elements in the process of improving the national standards of the Republic of Uzbekistan in the field of design, 

construction and reconstruction of buildings and engineering structures. In accordance with the current Building 
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Codes and Norms (hereinafter referred to as the “KMK”) KMK 2.01.03-19 [1, 2], which take into account seismic 

loads, the relevance of this topic is determined by the need for further development and harmonization of regulatory 

requirements. 

The results of the present studies [6-9] conducted by the authors aim to fill this gap to some extent by analyzing 

international experience, since the spectral calculation method, widely used in practice, has both advantages and 

some disadvantages [2]. In this regard, it is important to systematize and take into account the available materials on 

the modernization of similar regulatory documents, including Eurocodes, building codes of the USA, Great Britain, 

Japan, China, South Korea, as well as norms of the Russian Federation and CIS countries, that take already 

“Updating”  to some extent their standards taking into account Eurocode-8 [3-5, 7-9]. But it must be borne in mind 

that not even all European countries use Eurocodes. For example, European countries prone to earthquake-prone 

countries such as Italy, Spain, Portugal, Germany, and some others use their own regulatory documents [7-9]. The 

main objectives of the work are as follows:  

- preservation and development of the advantages of the current building codes and regulations (KMK and 

ShNK);  

- minimization of the identified shortcomings;  

- comparison of the methodology for calculating seismic impacts on buildings with similar calculations for 

engineering networks, hydraulic, transport, agricultural and other structures.  

Let’s consider the key advantages and possible disadvantages of the methodology presented in KMK 2.01.03-19 

[2]. 

The advantages of KMK 2.01.03-19 [2] include:  

- the features have been taken into account and a methodology for designing buildings and structures in the 

Republic of Uzbekistan has been developed, taking into account the characteristics of areas with a seismicity of 

more than 9 points (for soils of the third category in the 9 point zone) and 9* points (in areas where seismic sources 

are likely to occur);  

- a methodology has been developed for calculating unique buildings (structures) with a height of more than 40 

m, as well as for mass buildings with a height of up to 40 m, using dynamic analysis conducted with the 

participation of specialized research organizations in the field of earthquake-resistant construction;  

- the opportunity is used to take into account the varying degrees of responsibility of structural elements for the 

ultimate condition of buildings and structures, which significantly increased the economic efficiency of 

construction;  

- the probability of significant deformation of buildings in the initial stage of an earthquake (in the elastic stage) 

is estimated, which can lead to significant distortion of objects. Post-seismic surveys confirm the possibility of 

increased displacement of buildings (structures) during in real earthquakes;  

- a methodology for designing buildings (structures) according to a second group of limit states (LST-2) has been 

developed, taking into account the distortions of buildings and floors under the influence of seismic loads.  

This allows you for the correct determination of displacement for the assignment of the width of antiseismic 

joint. This approach, applied in the Republic of Uzbekistan, has already been taken into account in the regulatory 

documents of other Commonwealth of Independent States (CIS) countries;  

- one of the advantages of KMK 2.01.03-19 [2] is the ability to determine, within the framework of a single 

calculation both the displacements in the initial (conditionally elastic) stage of an earthquake for assigning the width 

of antiseismic joints, and as well as the combination of efforts in the elements, taking into account their different 

degrees of responsibility for the limiting state of buildings and structures, which is necessary for optimal selection 

and checking their cross-sections. This approach may be of interest to other countries as well. 

Some disadvantages of KMK 2.01.03-19 [2] include the following:  

According to subclause 2.21 of KMK 2.01.03-19 [2], when calculating buildings (structures) in accordance with 

subparagraph 2.6b, to check that the limiting state of LST-1 has not occurred, the calculated forces in the structural 

system elements from a special combination of loads, taking into account seismic impacts, are determined by the [2, 

formula (2.8)]. When applying the [2, formula (2.8)] of the reduced reduction ratio before the radical expression r, 

the calculation is based on the assumption, according to which the efforts in the elastic system, with the subsequent 

introduction of reduction coefficients. These coefficients, regulated by the standards, depend on the type of 

structural system, of the material used, as well as the degree of responsibility of the elements for the transition of the 

system to the limit state.;  

- the use of a spectral method for calculating buildings and structures, which takes into account the degree of 

responsibility of the elements for the transition to the limiting state, leads to an imbalance in the nodes of the system. 

This makes it difficult to compare the results with the standards of other countries and limits the possibility of using 
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foreign regulatory documents (manuals, recommendations, guidelines) to verify calculations, which may increase 

the risk of errors;  

- the calculation features related to taking into account the reduction coefficient in [2, formula (2.8)] rather than 

in [2, formulas (2.3) and (2.4)] of KMK 2.01.03-19 make it difficult to compare the data obtained with international 

standards. This also complicates the coordination of methods for designing structures in earthquake-prone areas 

within the KMK itself, since [2, section 4] is based on the methodology of the former USSR with minor adjustments 

[7-9];  

- the dynamic calculation method is not intended for mass use, since its use is limited by references to special 

technical conditions that are inaccessible to most designers;  

- there are no methodological manuals explaining the key aspects of spectral and dynamic calculation methods, 

as well as practical recommendations for calculating and verifying results obtained using computers, and therefore it 

is necessary to develop and issue a series of manuals explaining the main provisions of the KMK and simplifying its 

application in practice. 

ANALYSIS OF THE CALCULATION RESULTS 

A comparative analysis of the calculations of the building (structure) using the methodology KMK 2.01.03-19 

[2], SNIP (Building codes and regulations) 2.7-81* (USSR) [3] and SP (Building regulations) 14.13330.2014 

(Russia) [4]. The study revealed certain shortcomings of regulatory documents that make it difficult to obtain 

unambiguous calculated results.  

As an example, a design scheme of a 6 m frame with a span of 6 m for a single-span four-storey building 

(residential, public or industrial) made of reinforced concrete with a height of 12,0 m (height of each floor 3,0 m) is 

adopted. The cross section of the columns and crossbars is 400×400 mm, concrete of class B30 (Eb = 33,1×103 

MPa). The frame is loaded with two types of loads: the 1st load - horizontal dynamic loads (seismic); the 2nd load - 

vertical static loads. The following coefficients were used to calculate seismic loads according to KMK: α = 1 [2, 

subparagraph 2.16]; Kp = 1 coefficient of regularity; Ko = 1 coefficient of responsibility; Kэт = 1 coefficient 

depending on the number of storeys of the building (structure), determined to [2, paragraph 2.17]; Кп = 1 coefficient 

of earthquake recurrence factor [2].  

Let's compare the obtained values of seismic loads and forces in the elements of this frame building located on a 

site with a seismicity of 9 points and soils of the 2nd category in terms of seismic properties. The oscillation period 

of the first tone is T1 = 0.9852 seconds (according to computer calculations), and the weight of the floor assigned to 

the point “K” is equal to Qk = 500 kN (without taking into account the loads of the main combination). The 

comparison is based on the following regulatory documents: SNIP (Building codes and regulations) 2-7-81* 

(paragraphs 2.5-2.10) [3], SP (Building regulations) 14.13330.2014 [4] and KMK 2.01.03-19 – by limit state of 

LST-1, taking into account the requirements of [2, paragraphs 2.22 and 2.24]. In this case, the reduction coefficient r 

is taken into account, corresponding to different values of the relative inelastic deformation of the elements μ 

(according to [2, table 2.11]), as well as r = 1.0 under the assumption of elastic deformation of structures [2]. 

When calculating buildings and structures in accordance with paragraph 2.6 b to check that the limit state has not 

occured LST-1, the calculated forces in the elements of the structural system arising from a special combination of 

loads taking into account seismic forces are determined by the [2, formula (2.8)]. And to take into account the 

seismic force, the second part of this [2, formula (2.8)] is used, which was disclosed by the authors of the article in 

the radical expression. Four forms of oscillations are taken into account in this expression [7-10].  

For columns at μ = 5, the value of r calculated by [2, formula (2.9)] is -4.27. [2, condition (2.10)] is not fulfilled, 

since r = -4.27 ≥ r1 = 1.951. In this case, according to [2, formula (2.11)], the value of r is 0,85μ-0,67 = 0,289.  

For crossbars at μ = 7.5, the value of r according to [2, formula (2.9)] is also -4.27. [2, condition (2.10)] is not 

fulfilled, since r = -4.27 ≥ r1 = 1.951. Therefore, according to [2, formula (2.11)], r is 0,85μ-0,67 = 0,222.  

According to KMK 2.01.03-19 [2, for formulas (2.3) and (2.4)] the following coefficient values were adopted: 

Ko = 1.0 – coefficient of responsibility according to [2, table 2.3]; Kp = 1.0 - coefficient of earthquake recurrence 

according to [2, table 2.4]; Ket = 1.0 – coefficient depending on the number of storeys and structural solutions of 

buildings and structures according to [2, Table 2.10]; Kp = 1.0 – coefficient regularity according to [2, table 2.12]; 

K = 1.0 is the dissipation coefficient according to [2, formula (2.5)] at  = 0.3 according to [2, table 2.9];  = 1.0 

during seismity of 9 points according to [2, table 2.7]; Wi = 0.48 at T1 = 0.9852 sec according to [2, table 2.8]; 

1k = 1.278495, for example, for the first form of natural oscillations. 

According to SNIP (Building codes and regulations) 2-7-81* [3], the following coefficient values are accepted 

for [3, formulas (1) and (2)]: K1 = 0.25 is a coefficient taking into account permissible damage to buildings and 
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structures, is taken from [3, table 3]; K2 = 1.0 is a coefficient taking into account the structural solutions of buildings 

and structures, adopted according to [3, table. 4]; K = 1.0 – according to the [3, table. 6]; A = 0.4 – with 9 points; 

I = 1.1/T1 = 1.1/0.9852 = 1.1165; coefficient 1k = 1.278495, for example is for the first form of oscillations.  

According to SP (Building regulations) 14.13330.2014 [4] were accepted  the following values of the 

coefficients for [4, formulas (1) and (2)]: K0 = 1.0 is a coefficient taking into account the purpose of the structure 

and its responsibility according to [4, table 3]; K1 = 0,35 is a coefficient taking into account the permissible damage 

to buildings and structures is adopted according to [4, table 4] for reinforced concrete frame buildings (when 

calculating deformations, the value of K1 = 1.0 – see [4, note 2 to Table 4]; K = 1.3 is a coefficient taking into 

account the ability of buildings and structures to dissipate energy, according to [4, table 5]; A = 0.4 m/s2 is 

acceleration at the base level at 9 points; I = 2.5(0.4/T1)0.5 is the dynamic coefficient at Ti > 0.4 s; the coefficient 

1kj = 1.278495, for example, is for the first form of oscillations. 

Based on the calculation results, it was found that the values of efforts from the seismic loading in the sections of 

elements adjacent to the nodes, assuming elastic deformation of structures according to KMK [2], SNIP [3] and SP 

[4], are in equilibrium. 

However, in KMK [2], instead of the coefficient K1 [3, 4], which takes into account the permissible damage to 

buildings and structures for the entire object, different reduction coefficients r (according to [2, subparagraph 2.22) 

are used for different elements. These coefficients depend on the period of natural oscillations of the first tone T1 

and the permissible relative inelastic deformation of the elements μ, determined by [2, Table 2.11].  

At the same time, different reduction coefficients are used for different elements when calculating combinations 

of efforts from the seismic load. This approach takes into account the assumed varying degrees of responsibility of 

the elements for the transition of the building to its limit state, but at the same time violates the basic principles of 

structural mechanics and strength of material, since it leads to a violation of the equilibrium in the section of  

elements adjacent to the nodes. For example, if you set different coefficients  = 5 for columns and  = 7.5 for 

crossbars, and calculate them using the KMK method, the balance of efforts in the sections of elements adjacent to 

the nodes is immediately distured [7-10].  

If instead of a single coefficient [k] = 5 or 7.5 for all elements (columns and crossbars) - in the KMK [2, 

formula (2.3)], additionally take into account the correction factor Kr = 0.289 or Kr = 0.222 (equal to the reduction 

coefficient r), for  = r = 1.0, then the balance of forces in the elements adjacent to the nodes is fulfilled. 

In reality, when exposed to seismic stress or operational overloads, defects and cracks may appear in the 

elements, both in normal and especially in inclined sections of the support zones, which leads to a decrease in their 

rigidity. If in this way we take into account the possibility of reducing the rigidity of the crossbars in the first place, 

then we can consider what will happen to the combinations of forces in the frame elements, both in individual 

structures and in the entire structure as a whole. In this example, a single coefficient [k] = 5 should be set for all 

frame elements (for columns and crossbars). However, the modulus of elasticity of the concrete crossbars must be 

reduced by an amount equal to the ratio of the coefficients of reduction of the crossbars to the coefficients of 

reduction of the columns: 0,222/0,289 = 0,768·(33,1·103) = 25,42·103 MPa.  

This allows us to take into account the varying degrees of responsibility of the elements for achieving the 

ultimate condition of the building. With this approach, the balance of forces is maintained in the nodes, but at the 

same time the forces themselves change, their combinations in the sections of the elements under consideration, as 

well as the movement of the nodes. It is important to note that changing the rigidity of the crossbars affects the 

forces and their combinations not only in the sections under consideration, but also at full load, including the loads 

of the main combination, which is not taken into account by the KMK methodology. In general, there is a 

redistribution of efforts in the framework system while maintaining the balance of efforts and their combinations in 

the nodes. The resulting combinations of forces can be used to select sections of the elements. Thus, we can be 

concluded that changing the rigidity of the crossbars leads to a redistribution of forces, which does not correspond to 

the standard methodology adopted in the KMK [2, 7-10]. 

Combinations of efforts according to the KMK methodology were determined for several options:  

- according to the existing standard methodology, where the coefficients μ and r take into account the different 

degrees of responsibility of the frame elements in [2, formula (2.8) [2];  

- with coefficients μ and r corresponding to the same degree of responsibility of all frame elements in [2, formula 

(2.8)], separately for μ = 5 and μ = 7.5 [2];  

- within the framework of the proposed approach of the methodology, the option of setting the coefficient 

μ = r = 1 in [2, formula (2.8)] was considered with the simultaneous introduction of the correction factor K r in [2, 

formulas (2.4)]. This coefficient took into account the different degrees of responsibility of the frame elements, but 

was set separately for more and less responsible elements during the repeated calculation;  
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- options for specifying sections of reduced rigidity in columns and crossbars on the length of (1.5...2)h were also 

considered, where h = 400 mm is the cross-section size of the crossbar or column. This was done by reducing the 

modulus of elasticity in proportion to the reduction coefficients in the sections of the elements adjacent to the nodes, 

separately for crossbars, columns and simultaneously for both types of elements. 

RESEARCH RESULTS 

It was established that when different values of μ are simultaneously specified for elements with different 

degrees of responsibility according to the KMK methodology, the combinations of forces in the sections of the 

elements adjacent to the nodes turn out to be unbalanced. For example, in the upper node in the column (section 4-

2), the moment is M = ±97.34 kNm, whereas in the adjacent crossbar (section 12-1), the moment is equal to 

M = ±74.19 kNm.  

In the case of sitting the same values of μ for all elements during repeated calculations (separately for the 

elements with greater and lesser responsibility), the combinations of forces in the considered sections of adjacent 

elements become balanced and similar to the previous results. However, the analysis of such data must be carried 

out separately for crossbars and separately for columns.  

When calculating according to the proposed approach to the KMK methodlogy, using the coefficient Kr = 0.2892 

(which corresponds to μ = 5) in [2, formula (3)] and when setting the same values of μ = r = 1 for all elements in [2, 

formula (2.8)], the combinations of forces in the sections of the elements adjacent to the nodes are balanced. For 

example, in the upper node, the moment in the column (section 4-2) is M = ±97.34 kNm, and in the adjacent 

crossbar (section 12-1) – M = ±97.34 kNm. In this case the analysis of these results should be carried out separately 

for crossbars and columns, specifying the required values of the coefficient Kr separately for each type of element 

for columns and crossbars during the repeated calculation. 

When analyzing various options for setting sections of reduced rigidity in columns and crossbars at a length of 

(1.5... 2)h, where h = 40 cm (the cross-section size of the crossbar or column), by reducing the modulus of elasticity 

in proportion to the reduction coefficients in the sections of elements adjacent to the nodes (separately in crossbars, 

columns and simultaneously in both elements), it is established that in all cases there is a redistribution of 

combinations of efforts. However, in the sections of the elements adjacent to the nodes, the combinations of forces 

remain in balance. With a slight decrease in the rigidity of the crossbars, the bending moments in the columns 

remained virtually unchanged compared to the calculated data according to the KMK method, while the moments in 

the crossbars, on the contrary, increased rather than decreased. In addition, the displacement of the frame and the 

distortion of the floors at the elastic stage increased slightly, amounting to 153.44 mm compared to 147.76 mm.  

With a further decrease in the rigidity of the crossbar and column sections, the combinations of forces in these 

elements are significantly reduced, remaining balanced at the nodes. However, the sharply increases the 

displacement of the frame and the distortion of the floors, reaching 234.9 mm, as well as the oscillation periods 

increase. A similar redistribution is observed for longitudinal and transverse forces [2].  

It is interesting to note that when comparing the calculated results performed according to Russian standards, a 

significant increase in the combinations of forces in the frame elements calculated according to SP 14.13330-2014 

[4] was revealed. In particular, the displacements of the upper part of the frame at the elastic stage amounted to 

255.33 mm, which significantly exceeds the values obtained according to SNIP 2.7-81 [3] and KMK 2.01.03-19 [2]. 

CONCLUSIONS 

Despite the significant amount of research conducted, this issue remains relevant, requiring further research 

aimed at designing and examining the technical condition of buildings and structures, taking into account seismic 

impacts in accordance with KMK 2.01.03-19 [2], with an emphasis on economic efficiency, reliability, seismic 

safety, durability and deformability.  

1. The standard methodology for determining seismic loads and combinations of forces in cross-sections of 

building elements and structures, taking into account the varying degrees of responsibility of the elements for 

achieving the limiting condition, in addition to saving, may lead to a decrease in the reliability of the design of 

certain types of buildings and structures. This is especially relevant for structures with large periods of natural 

oscillations, if we compare their calculation with the standards of other CIS countries, Russia, Ukraine, Belarus, 

Kazakhstan and others.  

2. This method, in which coefficients [µ] and r are set for all elements, taking into account the reduced rigidity of 

individual elements (for example, by reducing their modulus of elasticity, taking into account the assumed different 
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responsibilities of the elements for achieving the limiting condition of the building), allows to take into account the 

redistribution of efforts when defects occur in individual elements. It gives results similar to the KMK method and 

eliminates its main drawback – the lack of balance of combinations of forces in the sections of the elements adjacent 

to the nodes [6-10].  

3. It is necessary to review and clarify the provisions of KMK 2.01.03-19 concerning the location of the 

reduction coefficient r used in calculating the design forces for a special combination of loads. The simplest solution 

to this problem may be to introduce a single reduction coefficient r in [2, formulas 2.3-2.4] of KMK, and taking into 

account the varying degrees of responsibility of the elements of the structural system can also be carried out by 

using the coefficients of responsibility when selecting their sections. 

4. The analysis of the stress state of the elements of the structural system of buildings (structures) for seismic 

loads when calculated using the spectral method can be carried out according to the methodology used in the CIS 

countries, while the degree of responsibility of the elements can be taken into account through repeated calculations 

with the corresponding values of the reduction coefficient r. It will also be necessary to check the calculation 

programs that take into account the provisions of the KMK for compliance with these clarifications. Regulatory 

documents should be sufficiently reliable, easy to understand for specialists using these documents, have results 

comparable to the results of documents from other countries, with results easily verifiable by manual calculations, 

which in general should help to eliminate possible errors when using regulatory documents.  

The conducted approach will make it possible to apply the results of calculations according to the norms of other 

countries, as well as to use regulatory documentation (manuals, recommendations, instructions) as analogues, if 

necessary, to verify their own calculations. This, in turn, will reduce the number of errors, speed up the correction of 

KMK deficiencies and simplify the work of designers, especially in areas with seismicity of 8 and 9 points. In 

addition, the use of this method in seismic loads calculation will not only increase the authenticity  and reliability of 

calculations, but also the efficiency of construction, but also represents the independent scientific and practical 

interest from the point of view of ensuring earthquake-resistant construction and seismic safety of the population of 

the Republic of Uzbekistan and will facilitate the international exchange the construction ideas and effective 

constructive solutions for earthquake-resistant construction. 
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