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PEAKIIA TYHEJIIO HA PYX IPYHTY 3A JOIIOMOI'OIO CIIPOILIIEHOI MOJIEJII

Mema ma 3aedannsn. Mema: nposecmu aunaniz 0eox cmametil: «System Identification of
Tunnel Response to Ground Motion Considering a Simplified Modely ma “A nonlinear
constitutive model for beam elements with cyclic degradation and damage assessment for
advanced dynamic analyses of geotechnical problems. Part I1: validation and application to a
dynamic soil-structure interaction problem», ma euseumu memoou, AKI MONCHA
BUKOPUCMOBY8AMU 6 HANUCAHHI Oucepmayii. 3a80aHHA. NoOKaA3amu Cnpoujerny Mooeib 3
BUKOPUCMAHHAM CHOLYYeHux oanox bepnynni ma 3cysy, wo niOmpumyomuscs npyiCUHAMU
muny Binknepa ma HeninitiHy KOHCMUMYMuHy mMooeib OAI0UHUX eleMeHmis 13 YUKIIYHOK
cnadauHam. OyiHumu NOWKOONCeHHsl OISl POSUUPEHO20 OUHAMIYHO20 AHANI3Y 2e0MEeXHIUHUX
enemenmis. Bussumu memoouxu ma ¢papmynu, sKi 6 no0aIbUOMY MOA*CHA OYOe BUKOpUCmamu
6 HANUCAHHI Oucepmuyii.

Memoou docniodicennsn: esecmu GUHAYEHHS MOOe, 1T piueHHs y 3aMKHYmMIl opmi 05
no0anbUo20 PIBHAHHA MOOANbHOI Xapakmepucmuku ma ¢opmu mooughikayii. Dopmu
Mooughikayii nepesipsaomuvcs 3a Hacaiokamu yucenvHux mooenetl. Ilomim nokazano anreopumm
i0oenmudpixayii cucmemu, AKUL OeMOHCMPYE 30AMHICMb GIOHOBUMU NAPAMEmpPU MOOeIi, Mot
yac, Koau 3anUcani 4acoei inmepeanu NPUCKOPEHHs. BNPO00BHC MYHENI0 NOPYULYIOMbCS Yepe3
WyM, a MICYe3Haxo0dCceHHs Oamyukxie 3miHwembvcs. Ilpedcmaenena cmpykmypa modice
BUKOPUCMOBYBAMUCS Ol NEPBUHHO20 MA NPOCMO20 GIOHOBNEHHS peakyii MmyHeno 3a
HAsA8HOCMI  OAHUX MOHIMOpUHZY ab0 01 NIAHYBAHHA KAMNAHIN ~MOHIMOPUHZY Y
H06030Y0068aHUX aO0 icHyrOuux myHensx. la HeniHiliHa KOHCMUmMymueHa mMooeib OAaN0YHUX
ellemMenmis, po3pobiena 3a-0is iHme2pysanHs 6 Komn romepruti coppm. Opienmosanuii Ha
2e0mexHiuHUll copm, 3a0ii NOOONAHHSA MUNOBUX 0OMENCEHb 8 CIMPYKMYPHOMY MOOEN0BAHHI.
Posunsaoysana xoncmumymugna mooens 30amua 3imimysamu YukaiuHy 0e2paoayiro MiyHocmi
ma scopcmrocmi. OKpim ybo2o, ye 0038011€ oyiHumu oegpopmayito konempykyii. Iloeonanms
He elacmuyHoOCmi CMPYKMYPHUX eleMeHmié i3 HeNiHilHOI0 NOBeJdIHKOK IPYHMIE Y
KOMN 1OmepHoOMYy coghmi, aKulli cneyianizyemuscs HA 2eomexHiunux oodamkax. Bin 30amen
Cnpusimu ROOOIAHHIO PO3PUBY MIHC 2e0MEXHIYHOI0 MA CIMPYKMYPHOIO CRIIbHOMON Npu cnpooi
supiwumu npooemu 83aEmo0ii IPYHMy ma KOHCMpPYKyii.

OcHosni peynomamu: 6 nepuiomy unaoky 0y6 GUKOPUCMAHUL NPOCMUL 2eHeMUYHUL
aneopumm i 3anponoHo8ana cnpowieHa mooens. byno nokaszarno, wo ioenmugpixayis cucmemu
Modice Oymu 3pobnena Ons pisHUX, 3MIHHUX, yM08. Modenv 6yna nepesipena Ha 080X pi3HUX
semaempycax pizHoi wacmomu. Taxoodc, napamempuyno, OO0CHIONHCEHU 6NAUE PO3NOOLNY
0amuyuxie 630062c mynento. Pesynomamu mecmie Oyau cneyiaibHo CKOMAPOMEMOBAHI uepes
0ooasanns binoco wiymy I'ayca 3 oucnepciero, aKull OOPIBHIOE MOMY, WO cnocmepieanacs nio
uac pyxy zemni. bByno nomiueno, wo ona 3uavenv o >3,0 (Koau 6nau6 3cy8HUX NPOMEHIE €
SHAYEHUM), napamempu Mooeii MOo*CYymv Oymu YCHiuHO BiOHO6AeHI. Y Opyeomy 6unaoky
KOHCIMUMYmueHa Mooelb 008eld, Wo 000pe Npayrwe makoxdc nio  OUHAMIYHUM
HasanmasicenHAM. Eontoyis pieHs scopcmrocmi Midc KOHCMPYKYIEIO [ 2PYHMAMU € 8ANCTIUBUM
acnekmom OUHAMIYHOIL npoOaeMU, SIKY 8AHCKO OYIHUMU 3 OONOMO20I0 CIAHOAPMHUX MEMOOi8.
Mooenv 6yna ycniwino ukopucmaua Oisi CeluCMiYHO20 aHANi3y Ni03eMHO20 MYHeNIo, KUl
003601U6 OYIHUMU BNIUE 3MIHU HEeBIONOBIOHOCMI HCOPCMKOCMI MIdC KOHCMPYKYIEo ma
3emaero nio yac pyxy 3emuoi nosepxui. llopisnanus pesynomamié CmMaHOAPMHUX piuileHb
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3aKkpumoi oopmu 3 nimepamypu ma 4UCeIbHO20 MOOEN08AHHSA NOKA3YE me, U0 CHPOujeHi
Memoou, SKI 3a38U4aill BUKOPUCTNOBYIOMbCSL HA NPAKMUYi, HeOOOYIHIOIMb CeucMiuHti Oii.

Haykosea mHoeusna: inwuil cnoci6 00 napamempuunoi idenmuixayii cucmemu
BUKOPUCTNAHHA CAPOWeHux mooenell. Y myHensax maki mooeni CKi1adaomscsi 3 0Al0OK HA
npysicunax muny Biuknepa, sxi Oysaomv sK ananimuuHi cxemu mak i yucenvHi. OOouax
CelcCMIiuny peaxyilo e2pyHmy Kpauje 3MOoO0enoeamu GUKOPUCMAWIU nonepeuny 0anky Hao
npyacunoro Binknepa. Lle 036on5€ 83a€mM0o0iamu Midc OKpeMumM HPYICUHAM, | He BKII0YAmU
OO0UH 3 WAPIB HE3ANEHCHUX NPYICUH. V Opyeomy 6Unaoky eanioayis 6a3yemvcsa Ha YUCETbHUX |
eKCNepUMeHManbHUxX mecmax.

Bucnoeku ma npakmuune 3HaueHHA.: pi3Hi Oani 0amyuKie, i MeHula KilbKicms 0amuuKie,
He npu3eenu 00 AKUX0Cb GIOMIHHOCmelU Y KIHYyegux pesyismamax. Lle nokasano, wjo nonosicenns
0amyuxka He € OCHOBHUM NAPAMEMPOM OJid BUNAOKY YOMUPLOX OAMHUUKIE 83008M4C VCi€l
0082icUHU MyHens. Bonu Oyau 3axpinnieni Ha 060X KiHYsX AKI OVau 3a3HAYeHi Y cmammi.

Knrouoei cnoea: npyscunu Binknepa, epynm; epyHm, Mooelb, NpeoCcmasienuii aneopumm
ioenmudpixayii cucmemu.

BCTYII

AKTyaJIbHicTh TeMmH. [lin3eMHI CrOpyAW MEHIIE WBIIIAIOTHCS 1O TOIIKOMKEHb, SKi
BUKJIMKaH1 3eMJIETPYyCOMHU, OO TO/1 3arajibHe MPUCKOPEHHS Ta 3MIIIEHHS 30UThIIYIOTHCS HAa ITOBEPXHI.
AJie yepe3 BeMKY BapTicTh OyNiBHUITBA, MIA3EMHI CIIOPYAH, 30KpeMa TYHEIIl, MOKYTh OYTH Pi3HUX
¢dopM: 3 BY3bKMMHU JAUISHKaMU Ha TPAHCIOPTHUX Mapuipyrax. Skmo me xoya O Tpoxu Oyne
MOPYUITYBaTH IXHIO (DYHKIIOHAIBHICTH, 11€ MOKE MIPUBECTH JI0 JTOBIOCTPOKOBUX MPOCTOIB, MPSIMHX 1
HenpsiMux BUTpaT. L{i pakTopu MOTHBYIOTH 10 PETENILHOTO PO3TIISAY HACTIAKIB CEMiCMIYHUX BIUIMBIB
i Yac MPOeKTyBaHHs, OyAIBHUIITBA Ta YIIPABIIHHS MiI36MHUMH CIIOpyIaMu (TyHEIsIMHA). [1]

BukopucTaHHs cuCTEM MOHITOPUHTY CTaHy KOHCTPYKIIii, B Hamomy Bunaaky SHMS, moxe
MaTH KOPUCTH 3 TOYKU 30pPY MiABHUILEHHS CTIIKOCTI TYHETIB A0 CEHCMIYHUX BIUIMBIB. [1]

B Teopii npuBeneHo ABi OCHOBHHX (GOpMyNH IS OLIHKMA BuximHux nanux SHMS, zaans
CHCTEMHOI iIeHTH]IKalii: mapaMeTpruIHUi Ta HeapaMeTpUIHUNA. Y MepIIoMy BHUITAKy HOBEIIHKA
OLIIHIOEThCSI 3 BUKOpPUCTAHHAM 310paHux naanux. [Ipu mapamerpuuniit ineHtudikamii cucremu
dopMyeThest MoJeTh TyHemO. Moro mapaMerpn KOpHUTYIOTHCS CTLIBKH, MOKH He Gy/ie BiITBOPEHO
BiAryK. JlJis 1IbOro MOKHA BHKOPHUCTOBYBATH YHCENbHI MOJENI, ale 301KHICTh 10 3HaXO/KEHHS
MPaBUJILHOTO PIlIEHHs 3aiiMae 0araro yacy, aje B TOMY BHITAJKY, SIKIIO II€ MOKIJIHUBO. [1]

B iHmomMy Bumnaaxky OUIBLIICTh HAaBHUX OOUYMCIIOBAJIBHHUX CEPBICIB CHELIali3yIOThCsA: abo
s CTpYKTypHHX 3actocyBanb (Hampukinag, SEISMOSTRUCT, RUAUMOKO), a6o ans
reoTexHiuHux 3acrocyBanb (Hanpukiaa, DYNAFLOW, PLAXIS, FLAC). [2] Toai sik ¢opmu 31aTHI
3 TOYHICTBIO B1JITBOPIOBATH HENIHIMHY PEAKIIII0 CTPYKTYPHHUX €JI€MEHTIB, BOHH [TOTaHO MOJEIIOI0Th
HEJHIAHY TMOBEIIHKY TPYHTY, OCOOJIMBO TiJl Yac 3€MJIETPYCHOTO HaBaHTaXEHHS. AJie, OCTaHHI
HaJIAIITOBaHI HABIIAKW: BOHU O0a3ylOThCS Ha MOJENIOBAHHI peakuii IPyHTy, ajie ayxe Ipyoi y
B1JITBOPEHHI HUKJIIYHOI NOBEIIHKH CTPYKTYPHHUX NapaMeTpiB Ta €JIEMEHTIB [2].

31aTHICTh  3MOJETIOBATH 3MiHY HEBIAMOBIAHOCTI JKOPCTKOCTI MIXK CTPYKTYpPHUMH
eIEMEHTaMH 1 TPYHTOM, IIiJl 4ac PyXy TIPYHTY, SBISETbCS KIFOYOBHUM AaCIIEKTOM JUIS OIIHKA
KiIHEMaTHYHOI CKJIaJI0BOi MPU MpopaxoByBaHHi 3a1a4 «SSI» [2].

IMocTanoBka 3aBaanHHsA. [lopiBHATH 2 cCTaTTi: CHOPOIIEHY MOJENb 3 BHUKOPUCTAHHSM
cionydyeHux Oanok bepHymini Ta 3cyBy, IO HIATPUMYIOTHCS MpYXMHaMU Tuly Binknepa, nis
CUCTEMHOI 17eHTH(]IKallli TyHEJB, CXUJIbHUX 0 PYXiB I'PYHTIB, BUKIMKAHUX 3emieTpycamu. Ta
MOKa3aTH NMPOCTY KOHCTUTYTUBHY MOJEIb JJISl HENIHIHHUX OaJIKOBUX €JIEMEHTIB, sika 3po0sieHa /s
1HTerpalii B KOMIT I0OTE€PHI IPOrpaMu, sIKi OPIEHTYIOThCSI HAa T€0TEXHIYHEe 3acTocyBaHHA. CrierniaibHO
JUIS BUKOHAHHS 3ama4d «SSIy [2].
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OCHOBHA YACTHHA

Cnepy, po3risiaemo crartio «System Identification of Tunnel Response to Ground Motion
Considering a Simplified Model»[1]. B Hiii 6yna po3po0iieHa crpollneHa MOJICIb, sKa BMIIIye
npyxunu Binkiepa, siki TpumatoTh 6anky beprymii Ta nonepeuny 6anky. [1] Bonu, B cBotO uepry,
3'elHaHI 3 BIChOBUMHU JIAaHKAMU TakK, 10 BOHU MiJJIAIOTHCS THM CAMUM HOMEPEYHUM MEPEMIIICHHIM
y HampsAMKy y (IO BepTHKali), SK IMOKa3aHo Ha puc. 1. Moxmenp moOynoBaHa Ha HACTYITHHX
NPUIYIIECHHSX

- peaxlisi € CyTO eTaCTUYHOIO, sIKa JIOMyCKae HaKJIaJaHHS,

- OCbOBI HABAaHTAKCHHS B3JIOBXK OCI TYHENIIO HE BPAaxOBYIOTHCS, €MHE HaBaHTAKCHHS
IIOB'SI3aHE 3 PYXOM IPYHTY;

- PyX IPYHTY B IQJIEKOMY I10JIi B3/I0BK 3€MJISTHOTO MOJIOTHA OHAKOBHH 10 JIOBXKHHI TYHEIIIO;

- BIICYTHS B3a€EMO/Iisl MK OCBOBHMH Ta MONEPEYHUMH 3CyBaMHU a00 MiXk 3MIIICHHSMH 11032
IUTOIIMHOIO, 1 TOMY PEaKIis y IbOMY HapsAMKY MOXe OyTH HakJaeHa 0e31ocepeHbo;

- BIUTMB 00€pTaJIbHOI iHEepIlii HE BPaXOBYETHCS;

- nedopMallis MOMepeyHOro nepepizy 3ruHaIbHOI OaNKH BiAMOBiIa€ rinote3i bepuymii;

- MaTepialii TYHEIO Ta 3eMJITHOTO TIOJIOTHA € OJJHOPiTHUMH.

EEEEE TP P EEE

Bernoulli beam

O Q O QO QO OO QO OO 0 QO 00 Q0 0 000 00 000 00 000000000 0 O

Rigid axial links

Shear beam

Spring subgrade

y Soil
’ Far field ground motion
Z

Pucynok 1 — Cxema po3poodnenoi cnpouwsenoi mooeni [1]

PiBHSIHHS pyXYy, sIK€ ONHUCYeE BiOpallito MOJIENi [0 HaBEACHUX MPUITYLICHHSIX:
d*u(z,t) d?u(z,t) d?u(z,t) d*ug(z,t)
EI g4 AG 17 e + ku(z,t) = —p ST
1ie: Z — OpAWHATA B3J0BXK JIOBKWHU TYHEIIO, I — 4ac, U — BEPTUKAJIBHHUH MTPOTHH TYHEIO,
El — xopctkicTh Ha 3ruH 6anku bepuymti, AG — OpCTKICTh Ha 3CyB OanKku Ha 3pi3, K — peakiiist
3eMJISTHOTO TIOJIOTHAa BiHKIIepa MOy, p — OIMHUYHA Maca TYHENI0 Ha JOBXHHY, UJ — TIO3HaYae
PIBHOMIpHMI BEpPTUKAJIBHUN PyX IPYHTY MiJ pyHIaMEHTOM y albHil 30Hi.

CrporieHa MOZesb, SIKa BU3HAYA€ThCS 3a YOTUPMA MapaMeTpaMy BUKOPUCTOBYETHCS 3715
igeHTudikamnii cucreMu B npunymieHHsX. [1] /laTunku Mepexi MaroTh JOCTYI JAJsl BUMIPIOBaHHS
(bakTUyHO peakiii TyHen0. BcTaHOBIEHHS BIpHUX 3HaY€Hb JUJIS TapaMeTPiB, 110 OMHUCYIOTh MOEIb,
BUKOHAHA IIJISXOM BKJIIOUEHHS MapaMeTpiB 1AeHTU(IKALT CHCTEMH SK YaCTOTHOI, TaK 1 B 4YacOBIH
o0IacTi, onrcaHoi Ha pUCYHKY 2.
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Select values for a, T, k, and ¢

initialisation For given « compute ff and y,
according to Eq. (8) and Eq. (9)
Evaluate mode shapes ¢,
according to Eq. (14) and Eq. (13)

Evaluate period ratios according
to Eq. (10), and multiply by 7,

main process

Evaluate modal participation
factors, by Eq. (20) or Appendix A
Evaluate modal responses
according to Eq. (19)

Evaluate total response superimposing
according to Eq. (21)

output

a, T]. k), and (:
satisfactory

Is evaluated total response
close to recorded one?

Pucynok 2 — Cxema npouyecy euznauennsn cucmemu [1]

[Iporniec movMHAETHCA 3 BU3HAYEHHS MMOYATKOBOTO HAOOpy MpOIECiB 1 mapamerpiB, SKHN
aBTOMAaTUYHO MOHOBJIIOETHCSA [0 Ti€l MOPH, JO-TIOKU PI3HULA MK MOJICIbOBAHUM Ta BiIMIPSIHUM
BIJI'YKOM B ITOTPIOHMX MICIISIX HE CTaHE MEHINIOIO 33 CTaTUYHE 3HAYCHHs. B3arasi, BUKOpUCTOBYBaTH
METOJU, SIK1 3aJe’KaTh BiJl TPaJi€HTa, € JOMYCTUMHUM. Alle, BOHH CXUJIbHI JaBaTH JIOKalIbHi, aHIX
rino0anbHi 3Ha4eHHA. [1] AJBTEpHATHBOIO IIbOMY € MiAOIp €BPUCTHYHMX METOMIB, SIKI IMITYIOTh
OlosoriuHi Ta (i3WYHI SBUIIA IS CUCTEMAaTHYHOTO TIONMIYKY B 00JIacTi IMOBIPHUX 3HA4Y€Hb, IO
JI03BOJISIE€ 3/1IHCHIOBATH BMIIQJKOBHMH IMOIIYK 3a MEKaMH 00JIaCTe, Jie CIIOCTepIiraloThCsl JIOKAJIbHI
MiHIMyMH. Crig OIAKPECIUTH, 10 E€BPUCTUYHI AJITOPUTMHU HE JAalOTh TapaHTII0 JOCATHEHHS
a0COJIIOTHOT'O MIHIMYMY; TOX, 3BUYaifHOIO MPAKTHKOIO € KPUTUUHUI aHaJIi3 KiHIIEBUX PE3yJIbTaTiB,
AK1 3aJie)arh Bl OaraTopa3oBUX 3amycKiB. Y IIH CTaTTI PI3HULS KBaJApaTiB MK BUMIPSHHUMHU Ta
MIPOrHO30BAHUMHU ICTOPISIMU 3arajibHOTO Yyacy NPUCKOPEHHS 3a7aeThes K 1iboBa pyHkuis (OF), sika
Mae O0yTu MiHiMi30BaHa [1]:

OF = (a,kp,T1,§) = %j = In[uT (a, kb, T1,&, %)) — tirm(x]?
Jie: N — KUIBKICTb 3alIMCAHUX CYMapHMX MepioJIiB 4acy NPUCKOPEHHS (Ury) Y MICLAX X].

HactynHoro posrisimaetbest cratts «A nonlinear constitutive model for beam elements with
cyclic degradation and damage assessment for advanced dynamic analyses of geotechnical problems.
Part 1l: validation and application to a dynamic soil-structure interaction problem».B Hiit
3aMpoNOHOBAHO HENIHINHY KOHCTUTYTUBHY MOJIENb OAJTKOBUX €JIEMEHTIB, K1 100pe MiAXOASTh s
004MCITIOBaHHA TIaT(OPM, SKI MAIOTh HACTYITHI XapaKTePUCTUKU:

1) BOHHM 30pi€HTOBAHI HAa BUPIIICHHS T'€OTEXHIYHHUX 3a7a4 3 OOMEXKEHUMHU MOXKITHUBOCTIMU
CTPYKTYpPHOT'O MOJEIIIOBaHHS;

2) BUKOPUCTOBYIOTHCSI B HAYKOBHX JOCII/IKEHHSX 1 HA MPaKTHUIIL;

3) ocHamieni ssBHUMH BupimyBadamu (Hampukiaa, DYNAFLOW, FLAC, ABAQUS, LS-
DYNA, ANSYS).

BukopucroByBasincsi cranaapTHi Oanku i manboBi enemeHTiB mporpamu FLAC-2D. [2]
HeNIHIMHY MOBEAIHKY OyJIO 3MOJENbOBAaHO TUIBKM 3a JIOMOMOTOI0 MOJAEN! IJIaCTUYHOCTI 3
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BHKOPHUCTAHHIM MPOCTOTO 3aKOHY MPYKHO-17I€aTbHOTO TUIACTUYHOTO TicTepe3ucy, 6e3 medopmarrii
MIIHOCT1 Ta XKOPCTKOCTi. Llei miaxi BHKOPUCTOBYETHCS TUTHKH ISl CTAJIEBUX €JIEMEHTIB. byB
CrelialbHO pPO3pOOJICHUI €JIeMEHT BKIAJACHHS JUIsl BUPIMICHHS TPOOJIeM TYHEIIOBaHHS.
HemniniitHicTh MaTepiany BHPaXOBYEThCS 3a JOMOMOIOK, BU3HAYCHOI KOPHCTYBadeM, OTHHAIOYO1
pyiiHYBaHHS, sika 3MoAu(IKOBaHA 3a11 MOYaTKOBOI aiarpamu B3aemoaii M-N. [2] Takuii miaxin
PO3TIISAIAIOTH SIK MOJIEPHI3aIlil0 0aTKOBO-ITATLOBUX €IEMEHTIB. AJie, IIbOT0 MOXKe OYTH HEJOCTATHBO
JUIs AMUHAMIYHOTO aHalli3y, TaK SIK >KOPCTKICTh 3aJMINAETHCS MOCTIHHOIO MiJ Yac IUKIIYHOTO
HaBaHTaXeHHA. Peanizallisi KOHCTUTYTHBHOI MOJEI BUKOPHUCTOBYE OallkOBI €J1€MEHTIB Ha OCHOBI
crangaptHoi ¢opmynu Einepa-bepHymii 3 Tpboma CTymeHsIMH CBOOOAHM B KOXXHOMY KiHIIEBOMY
By3ui. L{i By3nu 0GanmoyHuX eneMeHTiB MOBMHHI OyTH 3aKpiruieHi 0e3mocepeiHbO B TOUKAaX CITKH 1
CIPHATH 3CYBHHM 1 OCLOBUM Hampyram. bpyc, ckuii OyB NpHKpIIJIEHUH 10 CITKH, TOBUHEH OyTH
3’€IHAaHUM IIMWIBKAMU y By3nax 3’enHaHHs. [2] By3nu, ski moeqHYIOTh pi3Hi Oaiku, mepeaarThb
3TUHAJIBHUIA MOMEHT MIXK €JIEMEHTaMH KOHCTPYKIIii, 32 BHHATKOM BHUIIAJIKiB, KOJH BOHHU 3aKpiIUIEH]
B LIUX By3jax. AJjie, BOHH 3aBXIU MOBHHHI OyTH 3’€aHaH] mtudTamMu B MicIli 3’ €aHaHHS OaJKU Ta
ciTku. B TakoMy BUMaKy, By3/IM CTPYKTYPHHUX €JIEMEHTIB MOXKYTh B3a€MOIISITH 13 CITKOIO TAKOX 32
JIOTIOMOTOI0 €JIEMEHTIB MoBepxHi. bepyun no yBaru 1i ocoOGIMBOCTI, peasizailis 3anpornoHOBaHOI
MOJIEITi TIOJISTaE y BU3HAYCHHI QJITOPUTMY BiTOOpaKeHHS, SIKUH KOHTPOJIIIOE MIITHICTD 1 KOPCTKICTh
HETPY)KHUX 30H KIHIIEBOI JTOBXXKMHH, SIKI BU3HAYAIOTh IIACTUYHY TOBEIIHKY €JIEMEHTIB malli Ta
6anku. Tak sk B SBHOMY PO3B’si3aHHI 3MiHHI O (TOOTO 3rMHAIBHUN MOMEHT, 00epTaHH:, BiCbOBE
HaBaHTaXXCHHS, MOTPeOa B INIACTUYHOCTI TOIIO) 3aTHIIAKTHCS HE3MIHHUMU IPOTSITOM OJJTHOTO KPOKY
Jacy, y IbOMY IHTEPBaJIi JITOPUTM IIPH3HAYAE OHOBIICHY JKOPCTKICTH 1 MIIHICTh Ha BUTHH 31 3SMIHHHX
CTaHy BIJIOBIIHO JI0 MpaBUJjia ricTepe3ncy, MpeAcTaBlieHl B HaBeeHii cTaTTi [2].
I'eomerpis, siky TpeOa BKa3yBaTH Il BUKOPUCTAHHS MOJIEN, IOKa3aHa Ha PUCYHKY 3.

F
B 4 D 4 D 04 p— 03 = Ob.?,l'l
Lyz = b3
= Opg = 0, — 0,
Opr = Opge + ’)/'H.;n
3 b2 3 Ly =Ly + Ly,
Lpn 2 2 o= do o 0,
1 b1 1 diL. L,

Pucynox 3 — Homenxknamypa 013 6u3HaAUeHHs HERPYIHCHUX 30H (UePBOHUM), HEODXIOHUX
07151 3anpononoeanoi mooei. (2]

BUCHOBKM ta npakTu4He 3Ha4eHHSH

VY crarri «System Identification of Tunnel Response to Ground Motion Considering a
Simplified Model» moka3ano BHKOpPHCTAaHHS CIPOIIEHOT MOJAETI IS CHCTEMHOI imeHTHdiKaIil
TYHENIB 3 BpaXyBaHHSAM PYXy IPYHTY, KM CHPUUYUHSAETHCS 3eMJIETPYCOM. Moieib BUKOPUCTOBYE
KOMITOHOBaH1 Oanku, sIKi MIANMUPAIOThCA MpyxkuHamu Binknepa. BoHu mignaroTbes 0JHAKOBUM
BEPTUKAILHUM IIPUCKOPEHHAM [1].

[Tokazana crpoliieHa MoAeIb MOKe OyTH MpPaBUIBHO BHUKOPHCTaHA TLIBKH 32 JOIMOMOTOIO
YOTUPHOX MapaMeTpiB: MepioJ mepumoro pexumy T1; BITHOLIEHHS 0 >KOPCTKOCTI Ha 3TMH [0
’KOPCTKOCTI Ha 3CYB; CIiBBiIHOMIEHHS kb MK )KOPCTKICTIO 3eMJIIHOT TOBEPXHI Ta )KOPCTKICTIO OaJIKK
HAa 3TUH; 3arajJbHUI KOeIlieHT & A KOXKHOTO pexumy [1].
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BukopucTaHHS TPOCTOTO alrOPUTMY 1 3allPONOHOBAHY CIPOIICHY MOJENb MOKa3ye, M0
imeHTudikais cucreMi Moke OyTH BUKOHaHa JJIsl pi3HUX yMOB. Mojienb Oyia rnepeBipeHa Ha JBOX
pI3HUX 3eMiIeTpycax pi3HOI YacTOTH, a TaKOXX MapaMETPUYHO JIOCIIHKCHO BIUIHMB PO3IOALTY
JATYUKIB B3JIOBXK Mi3eMHOT criopyau [1].

Pi3H1 moniny 1aTYMKIB Ta MEHINA KUTBKICTh TaTYMKIB HE TTOKA3aIM iICTOTHUX BiIMIHHOCTEH Y
OCTaTOYHHUX pe3yibraTtax. Lle mokasye, o moyoxeHHs JaTYUKIB HE € JOMIHYIOYHM TapameTpoM [1].

A y crarTi «A nonlinear constitutive model for beam elements with cyclic degradation and
damage assessment for advanced dynamic analyses of geotechnical problems. Part II: validation and
application to a dynamic soil-structure interaction problem [2]» Oyno moka3aHo peaizallilo Ta
MePEBIPKY HEJIHIMHOI KOHCTUTYTUBHOI Moeli ajist O0anok. [IopiBHSIHHS pe3ysbTaTiB MOJCITIOBAHHS
Ta CTAHJAPTHUX PIIIEHb 3aKPUTOI POPMHU MiTKPECITIOE TOH (aKT, 110 METOHU, IKI BUKOPUCTOBYIOTHCS
B MPAKTHII, MAIOTh TEHJCHIIIIO 3HEIIHIOBATH CEHCMIYHI ITPOsIBU [2].

He nuBnsumch Ha Te, MO HOBAa MOJENTh Oyla BHKOPUCTaHA B JIOCIIIDKCHHI CTATTi JIO
MiJI3EMHUX CIIOPY, 30KpeMa TyHEIB, ii GopMyitoBaHHS € aOCOIOTHO TTOBHUM [2]. BinmosinHo 1o
cnenudikailiid, MPUBEACHUX Yy HAaBEIEHINH CTaTTi, LI MOJENb 3 JIETKICTIO 3aCTOCOBYETHCS IS
BUBYCHHSI CCHCMIYHUX KOJIMBaHb HAJ3EMHUX OyIiBEIbHHX CHUCTEM Ha MIMOOKHMX (yHIaAMEHTaX,
najasiXx, B paMKaxX MPOSKTYBaHHS, /1€ B OCHOBI TPOIAYKTHBHICTh, CTPYKTYpPHI MOIIKOKCHHS
JOMYCKAIOTHCS IS cucTeMu QyHIaMEHTy [2].

B3sBmm 10 yBarw mi ZIBi CTaTTi, Ta MOJIENI BHPIIICHHS MUTaHb CEHCMIKH, 10 POOOTH HaJ
aucepraniero OyayTh B3ATi oOuaBa BapianTu. L{i craTTi MaroTh pi3Hi pimieHHsS Ansa Qikcamii Ta
BHUPINICHHS NTUTaHb 3 CCHCMIYHUMHU KOJMBAaHHSIMH, 30KpEMa BUSIBIICHHS ITUX KOJIMBAaHb. 30KpeMa,
ctarta A nonlinear constitutive model for beam elements with cyclic degradation and damage
assessment for advanced dynamic analyses of geotechnical problems. Part II: validation and
application to a dynamic soil-structure interaction problem [2]» mae 6i51b11 00IIMPHE BUKOPUCTAHHS,
Ta IOBHOIIHHO ITiIXOUThH JIJISl BAKOPUCTAHHS Y MOiii poOOTi.
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TUNNEL REACTION TO GROUND MOVEMENT USING A SIMPLIFIED MODEL

Purpose and task. Purpose: to analyze two articles: "System ldentification of Tunnel Response
to Ground Motion Considering a Simplified Model [1] " and "A nonlinear constitutive model for
beam elements with cyclic degradation and damage assessment for advanced dynamic analyzes of
geotechnical problems. Part Il: validation and application to a dynamic soil-structure interaction
problem”, and identify methods that can be used in writing a dissertation. Task: to show a simplified
model using coupled Bernoulli and shear beams supported by Winkler-type springs and a nonlinear
constitutive model of beam elements with cyclic decay. Assess damage for advanced dynamic analysis
of geotechnical elements. Identify methods and formulas that can be used later in writing a
dissertation.
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Research methods: introduce the definition of the model, its solution in closed form for the
further equation of the modal characteristic and the form of modification. The forms of modification
are verified by the results of numerical models. Then, a system identification algorithm is shown that
demonstrates the ability to recover the model parameters when the recorded acceleration time
intervals along the tunnel are perturbed by noise and sensor locations change. The presented
framework can be used for initial and simple recovery of tunnel response in the presence of
monitoring data or for planning monitoring campaigns in newly constructed or existing tunnels. The
non-linear constitutive model of beam elements, developed for integration into computer software.
Oriented to geotechnical software to overcome typical limitations in structural modeling. The
degenerate constitutive model is capable of simulating the cyclic degradation of strength and
stiffness. In addition, it allows to estimate the deformation of the structure. Combining the inelasticity
of structural elements with the nonlinear behavior of soils in a computer software that specializes in
geotechnical applications. It has the potential to help bridge the gap between the geotechnical and
structural communities when attempting to solve soil-structure interaction problems.

The main results: in the first case, a simple genetic algorithm was used and a simplified model
was proposed. It was shown that system identification can be done for different, changing, conditions.
The model was tested on two different earthquakes of different frequencies. Also, parametrically, the
influence of the distribution of sensors along the tunnel was studied. The test results were specifically
compromised by the addition of white Gaussian noise with a variance equal to that observed during
ground motion. It was observed that for values of a >3.0 (when the effect of shear rays is significant),
the model parameters can be successfully recovered. In the second case, the constitutive model
proved to work well also under dynamic load. The evolution of the stiffness level between the structure
and the soil is an important aspect of the dynamic problem, which is difficult to evaluate using
standard methods. The model was successfully used for the seismic analysis of an underground
tunnel, which allowed to evaluate the influence of the change in stiffness mismatch between the
structure and the ground during the movement of the earth's surface. A comparison of the results of
standard closed-form solutions from the literature and numerical simulations shows that the
simplified methods commonly used in practice underestimate seismic actions.

Scientific novelty: another way to parametric system identification using simplified models. In
tunnels, such models consist of beams on springs of the Winkler type, which are both analytical
schemes and numerical. However, the seismic response of the soil is better modeled using a
transverse beam over a Winkler spring. This allows interaction between individual springs, and not
include one of the layers of independent springs. In the second case, validation is based on numerical
and experimental tests.

Conclusions and practical significance.: different sensor data, and a smaller number of
sensors, did not lead to any differences in the final results. This showed that sensor position is not the
main parameter for the case of four sensors along the entire length of the tunnel. They were fixed at
both ends which were mentioned in the article.

Key words: Winkler springs, soil; soil; model; system identification algorithm is presented.
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