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OreHKa BIMSIHUSI TPYHTOBOM CJIOMCTOM TOJIIIY BEPXHEH YaCTH re0JIOTHYECKOTO pa3pe3a Ha CEMCMUYECKre
BO3JICHCTBUS SBISICTCS 00SI3aTEIIBHON COCTABIISIFOIICH PabOT 1O OIIEHKE CeHCMUYIECKOM OTTACHOCTH O0OBEKTOB
KpUTHYECKOU MHPPACTPYKTYphl. [lpu mpoBeneHUN TaKWX WCCIICOBAHMNA IS COOPY)KEHUN B aKBATOPHUSIX
MOpEeH CllelyeT pacCMaTpUBaTh MOPUCTYIO BOJAOHACKIILIEHHYIO CTPYKTYPY MOPCKHUX TPYHTOB.

B Hacrosimeld paboTe ¢ MOMOIIBIO YUCIEHHOTO MOJEIMpPOBaHUsS Obula HCClEI0BaHa 3aBUCHUMOCTD
CEHCMMUYECKOIr0 OTKJIMKA BOJAOHACBIIEHHBIX TPYHTOBBIX CJIOEB OT 3HAUYEHHUH BIAQXXHOCTH I'PYHTAa U YPOBHS
BXOJIHBIX Bo3zaeicTBuil (g SH BonH). [l MoaenupoBanust ObUHM CO3/1aHbl 6 CUHTETUYECKUX IPYHTOBBIX
pa3pe30B, MO 3 i CBSI3HBIX (TJIMHBI) U HECBA3HBIX (II€COK) IPYHTOB, B KOTOPBHIX MPUIIOBEPXHOCTHBIM IPYHT
MIOJICTUJIAJICS. TIOJYTIPOCTPAHCTBOM YCIIOBHO CKaJIbHOTO TpyHTa. [l Ka)KA0ro Tuna rpyHTa 3a1aBajoch IO
3 3raueHus BiaxHoctu 25, 50 u 75%. I'myOuHa 3aeranus rpyHTa Bo Beex nmpodmisax paBHo 10 M. 1o Obu10
C/IEJIAHO C LIEJIbIO UCKIIIOUEHUS BIMSIHUSI JAHHOTO IapaMeTpa Ha KOHEUHBIN pPe3yJIbTarT.

Jnist kax1oro npoduiist TpyHTa pacyeThl MPOBOAMIINCH C MCTIOIB30BAHUEM TPeX HAOOPOB MCKYCCTBEHHBIX
BXOJIHBIX aKCEJIepOrpaMM C pa3IM4HbIM HUKOBBIM YCKOPEHUEM TPYHTa IpU 3emiieTpsiceHuu. Kaxaplii Habop
COCTOMT U3 IMSTH CUTHAJIOB U YMEHBLIEHHUS] CTOXaCTHYECKOro pa3dpoca pe3yibTaTOB MOJECINPOBAHUS
IIyTEM YCPEIHEHUS IOJYyUYEHHBIX CHEKTPOB OTKJIMKA. Tpu HabOpa OCHOBHBIX MapaMETPOB MOJAEIUPYEMOTO
3emuierpsicenus crnenyromme: M =4.5, R=20xm; M =6.0, R=10 xm; M =7.0, R =10 km.

YucneHHOE MOJAEIMPOBAHUE OCYLIECTBIIIIOCH € Momolbio nporpammbel MatNERApor, sBistomeiics
MOTU(UIIMPOBAHHON BEPCHEH H3BECTHOTO aIrOPUTMA HEIMHEHHOTO aHann3a ceiicMuyeckoro otkianka NERA.
B ocHOBe anropuTMa JIEKHUT MOZENh 3aBUCUMOCTH HamnpspkeHue-aedopmanust AiiBena-Mpo3sa (HeTuHeHas
TUCTEPE3UCHAsI MOJIENb).

B pe3synbrare pacyeToB BbISBIEHBI CIIEAYIOIINE 3aKOHOMEPHOCTH:

— HacebllleHne ammuTyl SH BoiH (C yBelnMuYeHUEM YpOBHS BXOJHBIX BO3JIEHCTBUI) B BEpXHEH y4acTu
IPYHTOBOTI'O pa3pe3a MPOUCXOIUT ObICTpee B Cllydyae IPyHTOB ¢ 00Ji€€ BHICOKOW BIaXKHOCTBIO;

— HacblleHHe aMIUIUTY SH BOJIH y IIMH HAaCTyIaeT TeM ObICTpee, UEM BbIILIE UMIIEAAHC IPYHTA. Y CBA3HBIX
IPYHTOB UMIIEJIAHC MAJJAET C YBEJIMUYEHUEM BIIAXKHOCTU;

— y IIeCKa MMIIEIaHC BO3pPAcCTaeT C yBEJIMYEHUEM BIIAXKHOCTH, HO HacbllleHHe amiuiuTy SH BosnH Bcé
PaBHO MPOUCXOJUT TEM ObICTpeE, YeEM OOJIbIIE BIAYKHOCTD;

— 3¢ PeKT HACKIIICHUS B OOJBILEH CTEIICHH 3aBUCUT OT CKOPOCTEH CEHCMUYECKUX BOJH B TPYHTAX, YEM OT
IUIOTHOCTH WJIM UMIIEJJaHCA TPYHTOB.

— U151 TJIMH PE30HAHCHAs YacTOTa CIIEKTPA CMELIAETCsI B CTOPOHY OOJIBIINX IEPUOJIOB C POCTOM BIIAXKHOCTH.
VY necka HabOmOHaeTCS TOT XKe 3PPEKT, HO OH MEHEE BBIPAKCH.

Paboma svinonnena npu gpunarcosoti noodepcke PH® (epanm Ne 23-17-00125-11).
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Assessment of the influence of the soil stratified stratum of the upper part of the geological section on
seismic impacts is an obligatory component of work to assess the seismic hazard of critical infrastructure
facilities. When conducting such studies for structures in the waters of the seas, the porous water-saturated
structure of marine soils should be considered.
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In this work, the dependence of the seismic response of water-saturated soil layers on the values of soil
moisture and the level of input impacts (for SH waves) was investigated using numerical modeling. For
modeling, 6 synthetic soil sections were created, 3 each for cohesive (clay) and non-cohesive (sand) soils,
in which the subsurface soil was underlain by a half-space of conditionally rocky soil. For each type of soil,
3 moisture values of 25, 50 and 75% were set. The depth of the soil in all profiles = 10 m. This was done in
order to exclude the influence of this parameter on the final result. For each soil profile, calculations were
performed using three sets of artificial input accelerograms with different peak acceleration of the soil during
an earthquake.

Each set consists of five signals to reduce the stochastic spread of the simulation results by averaging the
obtained response spectra. The three sets of basic parameters of the simulated earthquake are as follows:
M =45 R=20km; M=6.0,R=10km; M=7.0, R=10 km.

Numerical modeling was carried out using the MatNERApor program, which is a modified version of the
well-known nonlinear seismic response analysis algorithm NERA. The algorithm is based on the Ivan-Mroz
stress-strain dependence model (nonlinear hysteresis model).

As a result of calculations, the following patterns were revealed:

— saturation of the amplitudes of SH waves (with an increase in the level of input signal) in the upper part
of the soil section occurs faster in the case of soils with higher moisture;

— saturation of the amplitudes of SH waves in clays occurs faster, the higher the impedance of the soil. For
cohesive soils, the impedance decreases with increasing moisture;

—in sand, the impedance increases with increasing moisture, but saturation of the amplitudes of SH waves
still occurs faster, the higher the moisture;

— the saturation effect depends more on the velocity of seismic waves in the soil than on the density or
impedance of the soil;

— for clays, the resonant frequency of the spectrum shifts towards longer periods with increasing moisture.
Sand has the same effect, but it is less pronounced.
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