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OcHoBHMI 3MICT AUcepTaliiiHOI podoTH

Huceprariitna podoTa cripsiMOBaHa Ha TOKPAIIEHHS Ta PO3BUTOK METO1B OLIIHKU
Oe3nekr 00’€KTIB aTOMHOI CHEPreTMKU YKpaiHM [UISIXOM yTOYHEHHS Ta
BJIOCKOHQJICHHSI MIJXO/AIB JIO0 OI[IHKM MIIIHOCTI CTaJ€BUX OMOPHUX KOHCTPYKIIIM
obonaaHanas 1 TpybonpoBoAiB (COKOIT) eHnepro6yiokiB aTOMHHMX €JIEKTPOCTAHIIIN
(AEC) npu celicMiYHUX HaBaHTAKECHHSX.

3a pesyJbTaTamMu BUKOHAHUX OIJISAIB, aHaJi31B Ta CKIHYEHO-EJIEMEHTHUX
JOCITIJIKEHb MO/, 3HAaY€Hb YaCTOT BJIACHUX KOJMBaHb, HAMNPYKEHO-I1e(POPMOBAHOTO
CTaHy:

—  BHU3HAYEHI 3aKOHOMIPHOCTI JIMHAMIYHHUX XapaKTEPUCTUK Ta HaIpy>KEHO-
nedopmoBanoro ctany COKOIT B 3a1eXHOCTI BiJl TUTIOBOiI KOHCTPYKTUBHOI (hopmH,
YMOB 3aKpIIUIEHHA Ha KOHCTPYKTHBHIA OCHOBI, a TaKOX OCOOJMBUX YMOB
eKCIUTyaTallli;

—  PpO3BUHEHI Ta HAyKOBO OOIPYHTOBAaHI OCHOBHI IOJIOXEHHS METOAY
IpPaHUYHUX CTaHIB B yacThHi, o crocyeTbesi COKOIT eneprodnokiB AEC Ykpainu 3
ypaxyBaHHSIM OCOOJMBHMX YMOB 1iX eKCIUIyaraiii, a TakKoX CTYIEHI iX
BIIMOBIAAJILHOCTI {070 3a0e3meueHHst Oe3nekn AEC mig gac ta micisa celCMIYHUX
BILIUBIB;

— B PO3BUTOK IIOJIOKEHb HOPMATHBHO-TIPABOBUX aKTIiB 3 SACPHOI Ta
pamiarfiitHoi 6e3MeKu, a TaKoXK Jep:KaBHUX OyAiBEILHUX HOPM PO3pOOJICHa METOUKA
ominku  minHocTi  COKOIiT  eneprob6sokiB  3amopizekoi  (BAEC)  Ta

[TiBnennoyxkpaincekoi ([IAEC) AEC npu celicMiuHUX HaBaHTaXEHHSX.



3 mornsany Qinocodii Hayku nuceprauiiHa poOoTa CIpsMOBaHA HAa BHPILICHHS
aKTyaJlbHOTO (DITOCOPCHKOTO THUTAHHS IIOAO IIIHHOCTEW CydacHOI HayKH Ta
I1JIBUIIICHHS COIIAJIbHOI BIJMOBIIAIbBHOCTI HAYKOBIIIB CTOCOBHO MPUNHATHX PIIICHb
s 3abesnedenHs Oesneku AEC. B mexax [TOCHIDKEHHS BUKOPHCTOBYETHCS
KJIaCHYHAa METOJOJIOrIsA, II0 BUBYAE CTIMKI 3aJ€KHOCTI, SIKI MOXHA BHUPA3UTU
MepeBaXHO MATEMATUYHOIO MOBOIO. OCHOBHUMHU PUCAMU KJIACUYHOT METOJIOJIOT 1, SIK1
HAWBKJIUBIII IS AUCEPTALIMHOTO MOCHTIKCHHS, € TaKi: JOCHIKyBaHI SBHIIA,
PO3TIISAIAI0TRCS K PeaabHO ICHYIOUl Ta Taki, 110 HE 3aJIeKUTh Bij] Cy0'€eKTa Mi3HAHHS;
PO3TISAAIOTHCS (PAKTH, SIKi 00’ €KTUBHO ICHYIOTh Y IPUPO/Ii Ta MOB’sA3aH1 HE3MIHHUMHU
MOCTIMHUMU 3aJICKHOCTSIMH.

B nepwiomy po3oini BUCBITICHI OCOOJMBOCTI MAXOAIB JO 3a0e3NeUeHHS
cericmocrtiiikocTl eneMeHTiB AEC, gx1 € BIAMIHHUMH BIJ MIIXOJIB JIO OI[IHKH
CEHCMOCTIMKOCTI 3arajJbHOMPOMHUCIOBUX 00’ €KTIB. PO3IIIAHYTO 1CHYIOY1 HalllOHATBHI
Ta Cy4acHI MDKHApOJHI METOJU OI[IHKU CEHCMOCTIMKOCTI KOHCTPYKIIIA. BusHaueHi
OCOOJIMBOCTI Cy4YacHOI KOHUEMNIIi PO3BUTKY HOPMATUBHO-NIPABOBOi 0a3u YKpaiHu
mono 3abesnedyeHHs Oesneku AEC. IlpoananizoBaHi cydacHi HaI[lOHaJIbHI Ta
€BPOIENUCHKI (€BPOKOIM) MIAXOAM 10 PO3PAXYHKIB KOHCTPYKIIIM HA MILHICTh, B TOMY
yuci cericMmiuny. OKpeciieHl HEIOCKOHAIOCTI Jep’KaBHUX OY/IBEIbHUX HOPM B
JaCTHHI BUKOPUCTAHHS X IMOJOKEHB Mif yac OoIiHKu cericMiunoi MirtHOoCcTI COKOIT
eHepro6siokiB AEC Ykpainu.

Y opyzomy po3zoini po3kpuBaroThcs ocobmmBi ymoBu ekcruryaramii COKOiT
enepro0sokie AEC, siki 00yMOBJIEHI OJHOYACHOIO €0 TAKWUX JBOX EMi30JUYHUX
BIUIMBIB SIK 3€MJIETPYC Ta MaKCHMallbHa MPOEKTHA aBapisi «J{BOCTOPOHHIN po3puB
TOJIOBHOTO IUPKYJIsLiiHOTO TpydompoBoay [y 850» Ha eneproounoni AEC.

[Ipoanaini3oBaHi reosjoriyHl yMOBH po3TainyBaHHs eHeproosokiB AEC Ykpainu,
a TakKoX pe3yJdbTaTH CYYaCHUX JOJATKOBUX CEMCMOJIOTIYHUX JOCITIIKeHb iX
MPOMUCIOBUX  MalJlaHYWKiB.  3’siCOBaHI  MIKOBI  3HAYEHHA  NPUCKOPCHHS
TOPU30HTAJIBHOI CKJIQJIOBOI PyXy TIPYHTYy TIpU 3E€MIIETPYCi Ha IMPOMHUCIOBHX
Maiinaaunkax AEC Vkpainm. JlocmipkeHi piBHI CEHMCMIYHUX HaBaHTAKEHb, SKHM

nignani COKOIT, po3ramoBani y Jiana3oHi BUCOTHUX BIAMITOK BiJ 0 M. 10 36-38 M.



peaktopHux BiaaineHs eHeproOiokiB 3AEC Tta ITAEC. [lpuBeneni aprymeHtu Ha
Kopucth BuOOpy came 1mx AEC s BUKOHaHHS JOCHiKeHHS. BpaxyBaHHs
(baKTUYHUX Te0JOTIYHUX Ta cericMonoriyHnx ymoB ekcrutyatarlii COKOIT 3aiiicHeHo
IIUIIXOM BUKOPHUCTAHHS PETPE3CHTATUBHUX CEHCMIYHUX HABAHTAKCHH (MIOBEPXOBHUX
CIIEKTPIB BIATYKY), SKI BH3HaueHI Ha MijcTaBl (HAKTUYHUX PIBHIB CEUCMIYHOI
HeOesnekn MmainanuukiB 3AEC Tta TIAEC 13 BpaxyBaHHSIM B3a€MOJii «IPYHT-
KOHCTpYKIlisi».  [IpermcraBmeHa  BH3HAYeHa  HOMEHKJIATypa  PO3PaxXyHKOBHX
HaBaHTaxeHb, skuM miggani COKOIT enepro6nokie AEC mig yac oco0JIMBUX YMOB
eKCILTyaTarii.

Onucana mMareMaTMyHa MOJElb HampyxkeHo-aepopmoBanoro crany COKOIT,
OKpECJICHI BUKOPUCTaHI TIMOTE3W IMIOAO0 CTPYKTYpPH Ta BJIACTUBOCTEW MaTepiaiiB, a
TaKOoX 110710 Xapakrepy aedopmariiiii. [IpencrasieHi po3po0iaeHi CKIHYEHO-EIEMEHTHI
mozeni COKOIT TunoBux KOHCTPYKTUBHUX (POPM 3 BUKOPUCTAHHAM JIIEH31MHOIO
po3paxyHKoBoro komiiekcy ANSYS.

OOrpyHTOoBaHO, 10 po3pobneHa ¢i3uko-marematuyHa wmoxaenb COKOIT
eneproosiokie AEC: BimoOpaxkae AiiicHI yMOBH iX poOOTH; BPaxOBYE BaKJIMBI JJIs
OI[IHKH CEUCMIYHOI MIIIHOCT1 OCOOJIMBOCTI T€OMETP1i KOHCTPYKIIiH, & TAKOXK PO3MOALTY
Mac 1 >KOPCTKOCTEH; MpeACTaBis€ KOHCTPYKINT SK €IUHI MPOCTOPOBI CHUCTEMH,
BpPaxOBY€ YHHHHUKH, 10 BU3HAYAIOTh HANIPYKEHO-1e(POPMOBAHUI CTaH.

Y mpemwvomy po3oini na miacraBl pe3ynbTaTiB BUKOHAHMX 64 BapilamidHux
CKIHUEHO-EJIEMEHTHHX JOCI1HPKeHb HaBEJICH1 BU3HAUCHI 3aKOHOMIPHOCTI:

—  nuHamiyaux xapaktepuctuk COKOiT B 3amexHOCTI BiJ THIOBOL
KOHCTPYKTHUBHOT (OPMHU, YMOB 3aKpIIJIEHHS Ha KOHCTPYKTHUBHIM OCHOBi, a TaKOX
0COOJIMBUX YMOB €KCILTyaTallii;

—  BIUTMBY MPUETHAHOTO OO IHAHHS HA TMHAMIYHI XapaKTEePUCTUKHU CTAJIEBOI
OMOPHOI KOHCTPYKIIIi;

— 3MiHM HamnpyxeHo-aepopmoBanoro crany COKOIT B 3amexHoCTi Bif
TUTIOBUX KOHCTPYKTUBHHX (POPM Ta YMOB 3aKPITIJICHHS HA KOHCTPYKTHBHIMA OCHOBI T

yac CEUCMIYHUX HaBaHTaXKE€Hb Ta OJHOYACHOI A11 ABOX €130 JUYHHUX BILIUBIB.



PesynpTaT mOCHIIKEHh JWHAMIYHAX XapaKTEPUCTUK CTaJeBOI  OIMOPHOI
KOHCTPYKIli MPOJAEMOHCTPYBaJIM, IO TpsAME BpaxyBaHHS OOJaJHAHHSI B
PO3paxyHKOBIM MOl 3MIHIOE SK MOJM, TaK 1 caml 3HA4€HHS YacTOT BJIACHUX
KoJmBaHb. Lle 00yMOBIIEHO THM, 1110 BpaXyBaHHS O€3MIOCEPETHBO 00IaTHAHHS 3MIHIOE,
cepeJl 1HIIOTo, KIHeMAaTHYHI I'PaHUYH1 YMOBHU CTaJI€BO1 OMOPHOT KOHCTPYKIIii, OCKUIBKU
HaKJIaJa€ T0AaTKOBI B 5131 Ha 11 KOHCTPYKTUBHI €JIEMEHTH.

Busnaueno, mo gunamiuni xapaktepuctuku COKOIT THIOBUX KOHCTPYKTUBHUX
(dbopM CyTTEBO BILUIMBAIOThH HA iX KOHCTPYKTUBHY O€3IEKyY B Alana3oHl 4acTOT BIACHUX
KOJMBaHb JO 3HA4YEHHS, SIK€ BIAMOBIZAE MPUCKOPEHHIO HYJIHLOBOTO TEPIOy.
[pyHTYIOUHCh Ha OTPUMAaHHMX pe3yJbTarax po3po0JIEHO Ta HAYKOBO OOIPYHTOBAHO
niaxoau o0 Bubopy parioHaabHux COKOIT ay1st kparmoro CipuiiHITTS CEHCMIYHUX
HaBaHTAKCHb.

PesynbpTaTn JOCIKEHb HaIpPYXeHO-1e(POPMOBAHOTO CTaHy
MPOJIEMOHCTPYBAJH, 110 PO3PAXYHKOBI HAIPY>KEHHS BiJl CEMCMIYHMX HABAHTAKEHb
MOXYTh MiABUIIYBaTUCS y 1,5 -3 pa3d B 3aJIe)KHOCTI BiJi BHCOTHOI BIJAMITKH
posramryBanHsi COKOiIT B peaktopHomy BinaineHi eneprodinokis 3AEC, ITAEC Ta
carati 3HadyeHb npuOmmu3Ho Big 1 Mlla mo 96 Mlla pans  pi3HUX THIOBHX
KOHCTPYKTUBHUX (popM. Takuil CyTTeBUIl pO3KU] 3HAUEHb CEHCMIUHUX HAIPYKEHb B
COKOIT pi3HUX THUNOBUX KOHCTPYKTUBHUX (OpM OOYMOBICHHI KapJAHMHAIBHO
PI3HUMU CIIEKTpPaMH 3HAYE€Hb YaCTOT BJIACHUX KOJIMBaHb KOHCTPYKIIiH Ta, BIJMOBITHO,
3HAYHUM PO3KHJOM 3HAYEHb CEUCMIUYHUX HABAHTAKEHb (CEWCMIUHI MPUCKOPEHHS
3MIHIOETBCS Bix 4,8 M/c? mo 22,7 m/c?).

[IpoaemoHCTpOBaHO, 110 0cobsmBl yMoBH ekcrutyartaiii COKOI1T BminBaroTh Ha
iX KOHCTPYKTUBHY O€3IE€Ky BHACIIJOK HAsBHOCTI y MOBEPXOBUX CIEKTPaX BIATYKY
JUJISTHOK CTPUOKOMOAIOHOTO MiJBUIIIEHHS 3HAY€Hb CEHCMIUHMX HABAaHTAXKEHb MPU
HEe3HauHii 3MiHI (B Mexax | ['l1) 3HadeHb 4acTOT BIACHUX KOJMBAaHb KOHCTPYKIIIH.
Bcranosneno, mo 3mina (3 UX=UY=UZ=0, MX=MY=MZ=0 na UX=UY=UZ=0,
MX#0, MY#0, MZ+#0) ymoB 3akpimienas COKOI1T Ha KOHCTpYKTUBHIM OCHOB1 TaKOX
YyTIWBa 70 BKAa3aHOi OCOOJMBOCTI IMOBEPXOBHX CIHEKTPIB BIATYKY PEAKTOPHUX

BiuieHs eHeproosiokiB 3AEC ta ITAEC.



Po3pobneno Ta HaykoBO OOIPYHTOBAHO MIAXOAM IOJO0 BUOOPY pallioHATBHUX
COKOIT gist kpamoro CpuiHSITTS CEHCMIYHIX HAaBAaHTAKEHb.

Y uemeepmomy po3oini na mincraBi BUKOHAHUX JOCHIIKEHb JWHAMIYHUX
XapaKTEPUCTHK Ta HAMPYXeHO-Ie(hOpPMOBAHOTO CTaHy pO3pOOJIEHI Ta HAyKOBO
OOIpYHTOBAaHI MPOMO3UIIIi 1010 PO3BUTKY OCHOBHHMX IOJOKE€Hb METOAY IPAHUYHUX
ctaniB 110 BigHomeHHto 10 COKOIT eneprodmokiB AEC 3a ceiicMIYHUX HaBaHTa)KEHb,
a TaKOX ITJT 4ac OJTHOYACHOI Jii TBOX emi30AndHuX BIUIMBIB. CYTTEBOIO MEpPEBAror0
pO3pO0JIEHUX BIOCKOHAJICHb B MOPIBHSHHI 13 TOJOXXKEHHSIMH METOJY TpaHUYHUX
CTaHiB, PETJaMEHTOBAHUMHU JEP>KaBHUMHU OyIiBET-HUMU HOPMaMH, € T€, 110 BOHU
BpaxoBYyI0Th 0co0mB1 yMoBH ekciutyataiiii COKOIT Ta cTyneHs iX BiiOBIIAIBHOCTI
o710 3a6e3neuenns 6e3neku AEC mijg yac Ta micisi CEHCMIYHUX BIUIMBIB.

B Mexkax po3BHTKYy Cy4acHOTO MDKHApPOJHOTO METONY OIIHKH TPaHUIHOI
ceiicmocTiitkocTi enemeHTiB AEC po3po0iieHi miaxoay 10 aganTarii MaTeMaTu4yHOTO
amapary JIIeH31MHOro po3paxyHkoBoro komiuiekcy ANSYS st aBToMaTu30BaHOIrO
po3paxyHky rpanuuHoi cericmoctiiikocti COKOIT enepro6nokis 3AEC ta ITAEC.
[TepeBaroro po3po0IeHUX MAXOIIB € Te, IO X pearizallisl YHeMOKIUBIIIOE TOTEHITIHH1
nomMuwiku y BuOopi penpeseHtatuBHux rnepepiziB COKOIT enepro6nokis 3AEC Tta
ITAEC mijt yac BU3HaY€HHS X TPaHUYHOT CEHCMOCTIMKOCTI.

BukoHaHi JIOCHiKEHHS Ta PO3pOO0JICHI BIOCKOHAJEHHS METONY TPaHUYHHX
CTaHIB, a TaKOX METOJy TPaHUYHOI CEWCMOCTIMKOCTI JO3BOJMIJIA CTBOPUTH HOBY
Metoauky pospaxyHky COKOIT enepro6iokie AEC VYkpainum mpu celcMidHUX
HABaHTAXXEHHSX, a TaKOX MPU OJHOYACHIMA Jii ABOX €Mi30JUYHUX BIUTUBIB. [s
COKOIiT HaykoBO OOIpYHTOBAaHO HOBiI KpHUTEpii CEUCMIYHOI MIIHOCTI, @ TaKOX
OTpUMaHI YHUCJIOBI 3HAa4YeHHS KOe(DIIIEHTIB yMOB pOOOTH Ta BiJMOBINAIBLHOCTI 3a
AIepHy Ta pajiauiiiHy Oe3neky. Mertonuka po3poOiieHa B PO3BUTOK HOPMATHMBHO-
MIPaBOBUX AKTIB 3 SIZIEPHOT Ta palialliitHOT O€3MeKH, a TAKOXK JIep>KaBHUX OyT1BEIbHUX
HOPM.

HoBi HayKkoBI pe3ynbTaTH poOOTH BIPOBAHKEHI:

—  EKCIUTyaTyIOuOI0 OpraHi3alli€elo B MeXax po3poOKu OOIpyHTYBaHb

ceficMocTiiikocTi enemeHTiB eHeprooyiokiB AEC VYkpaimm ming wac peamizarii



KommuiekcHoi (3BeneHoi) mporpamMu MiABHUILEHHS PIBHSA O€3MeKd €HeprooOJoKiB
aTOMHUX €JeKTPOCTaHIIIi, 3aTBepakeHol moctaHoBoro Kabinety MinicTpiB Ykpainu
Bi1 07.12.2011 Ne 1270;

—  mpu npoBeacHHI Jlep)KaBHUX €KCIEepPTU3 SACpPHOI Ta padialliifHol Oe3reKu
BKa3aHUX OOTPYHTYBaHb.

Knwuoei cnoea: crajieBl KOHCTPYKIii, JWHAMIYHI HaBaHTAKCHHS, YacTOTH
BJIACHUX KOJWBaHb, (POPMU KOJIMBaHb, METOJ] CKIHUYCHUX EJIEMEHTIB, CKIHYCHO-
eJIEeMEHTHA MOJIeb, €MI30JMYHI HABaHTAXCHHsI, IOBEPXOBI CIEKTPU BIATYKY,

MIIHICTh, METOJ] TPAHUYHHUX CTaHIB.



ABSTRACT

Shugaylo O. Operation of steel supporting structures of nuclear power plant
equipment and piping under seismic loads. — Qualifying scientific work on the rights
of the manuscript.

The thesis on conferment of a scientific degree of the Doctor of philosophy on a
specialty 192 — Building and civil engineering, area of knowledge 19 — Architecture
and building. — Kyiv National University of Construction and Architecture. Ministry
of Education and Science of Ukraine, Kyiv, 2022.

The main content of the thesis.

The research was aimed at improving and developing the methods of safety
assessment of Ukrainian nuclear power plants (NPP) by clarifying and improving
approaches to assessing the strength of steel supporting structures of equipment and
piping (SSSEP) of NPP power units under seismic loads.

According to the results of the performed reviews, analyses and finite-element
research’s of modes, values of natural frequencies, stress-strain state:

— reqgularities of dynamic characteristics and stress-strain state of SSSEP
depending on the standard structural form, conditions of fastening components on the
structural basis, as well as special operating conditions were determined,;

— main provisions of the limit states method in the part related to Ukrainian
NPP power units SSSEP, taking into account the special conditions of their operation,
as well as the degree of their responsibility for ensuring the NPP safety during and after
seismic hazards were developed and scientifically justified,;

— amethodology for assessing the strength of Zaporizhzhya NPP (ZNPP) and
Pivdennoukrainska NPP (PNPP) power units SSSEP under seismic loads has been
developed to supplement the provisions of regulations on nuclear and radiation safety,
as well as state building code.

From the philosophical view point, the dissertation was aimed at solving an urgent
philosophical issue concerning the values of contemporary science and increasing the
social responsibility of scientists in relation to the decisions made to ensure the safety

of nuclear power plants. The research uses a classical methodology that studies stable



dependencies that can be expressed mainly in mathematical language. The main
features of the classical methodology, which were the most important for the research,
are the following: the studied phenomena were considered as actually existing and such
that do not depend on the subject of study; facts that objectively exist in nature and are
associated with unchanging permanent dependencies were addressed as well.

Section 1 highlights the peculiarities of approaches to ensuring the seismic
resistance of NPP components, which are different from approaches to assessing the
seismic resistance of general industrial facilities. The existing national and up-to-date
international methodologies of assessing the seismic resistance of structures were
considered. The specific features of the modern concept of the Ukrainian regulatory
and legal framework development with respect to ensuring the safety of nuclear power
plants were determined. Up-to-date national and European (Eurocodes) approaches to
structural strength calculations, including seismic ones, were analyzed. Imperfections
of the state construction standards in terms of using their provisions during the
assessment of the seismic SSSEP strength of Ukrainian NPP power units were outlined.

Section 2 reveals special operating conditions of NPP power units SSSEP, which
are caused by the simultaneous action of two episodic impacts, such as an earthquake
and the maximum design basis accident “Two-Sided Rupture of the Main Circulation
Pipeline Dn 850 at an NPP power unit.

The geological conditions of the location of Ukrainian NPP power units, as well
as the results of advanced additional seismological studies of their industrial sites, were
analyzed. The peak ground acceleration values of the horizontal component of soil
movement during an earthquake at the industrial sites of the Ukrainian NPPs have been
determined. The investigated levels of seismic loads to which SSSEP are subjected are
located in the range of elevations from 0 m to 36-38 m of ZNPP and PNPP reactor
compartments. Arguments in favor of choosing these NPPs for the research were
provided. Consideration of actual geological and seismological SSSEP operating
conditions has been carried out by using representative seismic loads (floor response
spectra), which were determined based on the actual seismic hazard levels of ZNPP

and PNPP sites, taking into account the “soil-structure” interaction. The defined list of



calculated loads to which SSSEP of NPP power units are subjected during special
operating conditions was presented.

The mathematical model of the SSSEP stress-strain state was described, and the
hypotheses used regarding the structure and properties of materials, as well as the
nature of deformations, were outlined. The developed finite-element models of SSSEP
standard structural forms using the licensed calculation complex ANSYS were
presented.

It was substantiated that the developed physico-mathematical model of NPP
power units SSSEP: reflects the actual conditions of their operation; takes into account
the features of the geometry of structures, as well as the distribution of masses and
stiffnesses, which are important for the assessment of seismic resistance; represents
constructions as single spatial systems; considers the factors that determine the stress-
strain state.

Section 3 presents the determined regularities based on the results of 64
variational finite-element research’s:

— dynamic characteristics of SSSEP depending on the standard design form,
conditions of fastenings on the structural basis, as well as special operating conditions;

—  the impact of the fastened equipment on the dynamic characteristics of the
steel supporting structure;

— changes in the stress-strain state of the SSSEP depending on the standard
structural forms and conditions of fastening on the structural basis during the
simultaneous action of two episodic impacts.

The research results of the dynamic characteristics of the steel supporting
structure demonstrated that the direct consideration of the equipment in the calculation
model changes both the modes of its natural frequencies as well as the values of the
natural frequencies themselves. This is due to the fact that the consideration of the
equipment itself changes, among other things, the kinematic boundary conditions of
the steel supporting structure, as it imposes additional loads on its structural

components.



It was determined that the dynamic SSSEP characteristics of the standard
structural design significantly affect their structural safety in the frequency range up to
the value that corresponds to the acceleration of the zero period. Based on the obtained
results, approaches for choosing rational SSSEPs for better perception of seismic loads
have been developed and scientifically justified.

The results of research’s of the stress-strain state demonstrated that the calculated
stresses from seismic loads can increase by 1.5-3 times depending on the elevation of
the SSSEP location in the reactor compartments of the ZNPP and PNPP power units
and reach values from approximately 1 MPa to 96 MPa for various standard design
forms. Such a significant distribution of seismic stress values in SSSEP of various
standard design forms is due to radically different spectra values of frequencies of
natural oscillations of structures and, accordingly, a significant distribution of seismic
load values (seismic acceleration varies from 4.8 m/s? to 22.7 m/s?).

It has been demonstrated that the special operating conditions of SSSEP affect
their structural safety due to the presence in the floor response spectra of areas of a
jump-like increase in the values of seismic loads with a slight change (within 1 Hz) in
the values of the natural frequencies of the structures. It was established that the change
(from UX=UY=UZ=0, MX=MY=MZ=0 to UX=UY=UZ=0, MX#0, MY+#0, MZ+0)
of the SSSEP fastening conditions on the structural basis is also sensitive to the
specified feature of the surface response spectra of the reactor compartments of ZNPP
and PNPP power units.

Approaches to selecting rational SSSEPs for better perception of seismic loads
have been developed and scientifically justified.

Section 4 presents proposals for the development of the main provisions of the
limit state method in relation to the NPP power units SSSEP under seismic loads, as
well as during the simultaneous action of two episodic impacts developed and
scientifically justified based on the performed researches of dynamic characteristics
and stress-strain state. A significant advantage of the developed improvements in
comparison with the provisions of the limit state method, regulated by state building

code, was that they consider special operating conditions of SSSEPs and the degree of



their responsibility for ensuring the NPP safety during and after seismic hazards.

As part of the development of the up-to-date international seismic margin
assessment method of NPP components, approaches to the adaptation of the
mathematical apparatus of the ANSYS licensed calculation complex have been
developed for the automated calculation of the seismic margin assessment of SSSEP
of ZNPP and PNPP power units. The advantage of the developed approaches is that
their implementation prevents potential errors in the selection of representative
sections of SSSEP of ZNPP and PNPP power units when determining their seismic
margin assessment.

The conducted research and developed improvements to the limit states method,
as well as the seismic margin assessment method, allowed creating a new methodology
for calculating the SSSEP for Ukrainian NPP power units under seismic loads, as well
as under simultaneous action of two episodic impacts. For SSSEP, new seismic
strength criteria were scientifically substantiated, as well as numerical values of
coefficients of operating conditions and responsibility for nuclear and radiation safety
were obtained. The methodology was developed to update regulations on nuclear and
radiation safety, as well as state building code.

New scientific research results have been implemented:

— by the operator in the framework of the development of justifications for the
seismic resistance of components of Ukrainian NPP power units during the
implementation of the Comprehensive (Integrated) Safety Improvement Program for
Nuclear Power Plants (C(1)SIP) approved by Resolution of the Cabinet of Ministers of
Ukraine No. 1270 dated 7 December 2011,

— under State nuclear and radiation safety reviews of the specified
justifications.

Key words: steel structures, dynamic loads, frequencies of natural oscillations,
form of oscillations, finite element method, finite element model, episodic loads, floor
response spectra, strength, limit states method.
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