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Tlopmosi 020p0o0Hcy8aNbHI CHOPYOU: MOU MA XEUNEIOMU, NIO0AIOMbCS GNIUBY NPUPOOHUX
A6y, Wo 8i00Y8aOMbC Y 3eMHill, BOOHIU (MOPCbKil) ma nosimpsHnitl cghepax. [o 0ii npupoonux
ABULY NPUEOHYEMBCSL | BNAUS PAKMOPIB, W0 BUHUKAIOMb BHACTIOOK OISIbHOCME THOOUHU.

Li paxmopu moxcymo nOOLIAMUCS HA MAKI OCHOBHL 2PYNu: 2e0N02iUHI, 2I0poMemeopono-
2IYHi; excniyamayituti; pakxmopu 6UKOHAHHA pobim, celicMiuHI, BIiCbKOGI.

Ipaxmuxa OydieHuymea ma eKCniyamayii nOpmoeux 020poo0XNCY8AIbHUX CHOPYO CEIOUUMD,
Wo 3a NeeHUX 6UNAOKi@ Gaxmopu KONICHOI 3 Neperiuenux 2pyn MOdCymv Cmamiu npuduUHoI0
oehopmayii cnopyou. OOHAK Y3a2aibHeHUll AHALI3 MAMEPIANiE NPO NOULKOONCEHHS 020PO0NCY-
BANLHUX CHOPYO 003605E€ KOHCIMAMYBAMU, Wo 8 OLIbUOCMI 6UNAOKIE SUPIUATbHUMU OIS iX 30e-
Pedicen s € 2e0N02TuHI pakmopu, wo 3yMOGII0I0Ms Xapakmep 63acmooii gynoamenmy cnopyou
ma IpyHmy, a makodic GU3HAYAIOMb CIAH 3a2albHOI CIMILIKOCMI cnopyou i IPYHMOB020 MACUEY,
Ha AKOMY 8OHA 36€0€HA .

Topmosi 020podaicysanvhi cnopyou, nRi0OaOHUCL BNAUEY OOCUMb SHAYHUX BEPMUKATLHUX
i 2OpUBOHMATLHUX CUT, CMBOPIOIOMb THMEHCUBHT MA GelUKI 3a NIOWEI0 HABAHMAICEHHS HA
IPYHMU, HA AKUX PO3MAauiosani. Bucoke 3nauenns nanpyau ipynmy xapakmepHe Os MONi6 i X6u-
JeI0OMi8 2pasimayitinozo muny, wo nepeoaiomv HABAHMAICEHHS HA TPYHM 0e3nocepedHbo ado
yepes niocunxy. Haituacmiuie nosepxnesi wapu Mopcoko2o OHa, AKi € Hecyuumu 01 yux cnopyo,
CKAA0AIOMbCsL 3 HEOOHOPIOHUX | Jle2KO CIUCaIusux rpyumis. Tomy 2eono2iuni ¢paxmopu maome
nepuiopsaone 3Hauenns 6 nPOCKMy6anni i Oyoienuymsi 020pooicysanviux cnopyo. legopmayii
ma asapii cnopyo uepes HegiONOBIOHICMb NPOEKMY AO0 MeMO0i6 BUPOOHUYMEBA 2e0N02TUHUM YMO-
6amM mMpanaaomecs oysce yacmo. Ilpuuunoro maxoi HegiOnogioHocmi 3a36uyail € HenpasuibHe
VABGNEHHS NPO ABUWA, WO 8I00YBAIOMbCA 8 IPYHMI NIO HABAHMAICEHHAM, A OMIICE, 3ACTNOCY8ANHS
HenpasuibHUX pO3PAXYHKOGUX cXeM I MemooOi6 GUIHAUEHHs 63AEMOOII CnOpyou i IPYHMY, Wjo
JexHcums 6 it 0cHo8i. IH00i ye 3yMOBIEeHO He3a00B8LIbHUM NPOBEOCHHAM 2€0N02TUHUX GUULYKYBAHb.

Knrwowuogi cnosa: pospiodxcenns, niosoOHUl X6ULENOM, NiWaHuil IPYHmM, OUHAMIuHI Oil, npu-
CKOpEHHs, 3CY8il, MACUBU.

Mironenko 1.M., Litvinenko V.V. Coastal protection structure

Port protective structures — moles and breakwaters are exposed to natural phenomena occur-
ring in three areas: terrestrial, water (sea) and air. The influence of factors that arise as a result
of human activity is added to the action of natural phenomena.

These factors can be divided into the following main groups: geological; hydrometeorologi-
cal; operational; factors of production of work; seismic; military factors.

The practice of construction and operation of port protective structures shows that, in appro-
priate cases, the factors of each of the listed groups can cause deformations of the structure.
However, a generalized analysis of materials on damage to protective structures allows us to
establish that in the overwhelming majority of cases, decisive for their safety are geological fac-
tors that determine the nature of the interaction between the foundation of a structure and the soil
at its base, as well as determine the state of general stability of the structure and the soil massif
on which it is erected.

Port protective structures, being exposed to very significant vertical and horizontal forces,
create intense and widespread loads on the soils underlying them. The high value of soil tension
is characteristic of moles and breakwaters of the gravitational type, which transfer the load to
the soil directly or through the backfill. Most often, the surface layers of the seabed carrying these
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structures are composed of heterogeneous and easily compressible soils. Therefore, geological
factors are of paramount importance in the design and construction of protective structures.
Deformations and breakdowns of structures due to inconsistency of the design or work meth-
ods with geological conditions occur very often. The reasons for this discrepancy are usually
a misconception about the phenomena occurring in the soil under load, and, as a consequence,
the use of incorrect design schemes and methods for determining the interaction of the structure
and the soil at its base. Sometimes this is due to unsatisfactory geological surveys.

Key words: liquefaction, underwater breakwater, sandy soil, dynamic effects, acceleration,
landslides, massifs.

BeperozaxucHi ciopynu y BUDIIAI MiIBOAHUX XBUJIEIOMIB, XBHJIEBIA0OIHHUX CTIHOK
Ta OyH YTBOPIOIOTH CKJIaJIHY CUCTEMY, IO BKIItOYa€e B cebe caMy KOHCTPYKIIIIO 1 IpyH-
TOBE Ta BOTHE CEPEHOBHINA, IO KOHTAKTYIOTh 3 Helo. [loOymoBa mMomerneii, ski mepe-
OyBaroTh MiJi BIUIMBOM XBHUJIbOBHX, IHIIMX CTAaTUYHHMX 1 JUHAMIYHMX HABAHTaXCHb,
Ta iX KUTbKiCHA peai3allisi onycaHi B HeliHiiHIi mocTanoBui [1-2; 3, c¢. 87, c. 145].
Taki KOHCTPYKIIIi € TOPOTMMH 1 BAKOPHCTOBYFOTBCS JIJIS 3aXUCTY OeperiB Bil MOPCHKUX
XBUWJIb, JUIA 3aXUCTY OEpEroBHX CXWJIIB BiJ] 3CYBHHUX MPOIIECIB, 10 BUHUKAIOTH BHACTI-
JIOK pO3MUBY I'PYHTY. PO3IISTHEMO KOHCTPYKIIii, SIKi 320€31Me4y0Th CTIHKICTh CXHIIIB JIO
(bNBTpaIifHOTO THCKY BOIH, TUCKY I'PYHTOBOTO CEPEIOBHINA i 10 HABAHTAKECHHS, IO
Ha HUX JiI0Th.

[Ipoananizyemo oiHy 3 po0IIeM, OB’ s13aHy 3 PO3PIHKEHHSIM OCHOB ITiJl KOHCTPYK-
isIMH OEPETOBHX YKPIIUIEHB Yepe3 TMHAMIYHUAHN BILTHB MOPCHKHX XBHIIb.

B paiioni Jlamxepony B Opeci Ha Bincrani 100 M Bim Oepera Ha milaHe JHO
Oyno ykiajgeHo napanenbHo Oeperopiid miHIT 110 OyTOOSTOHHMX MAacHBIB Baror
17 ToHH KOkeH. J[OBXKHMHA CHOPYIKEHOTO XBHICIOMY CTaHOBWIA 250 M, MIMpUHA —
2,6 M, Bucota — 1,47 M, a mo4yaTKoBa rMTMOKWHA 3aIATaHHS MAacUBIB — 1,4 M HIOKYE OpIH-
Hapa. [licis 3aBeprieHHs OyJiBHWIITBA TMiBHIYHA 1 MiBJCHHA YacTHHU JIaHXepOHiB-
CBKOT'O IUISDKY MOMOBHUIIMCS MILIAHUMU HaHOcaMH. Lle miaTBepauio NO3UTUBHY POJIb
XBHJIETIOMY B 3aXHCTI MOPCHKOTO y30€pexKsl BiJl XBUIbOBHX HAaBAHTAXXEHb. 3T0OZI0OM IIiJ
OUHAMIYHUM BIUIMBOM MOPCBKHX XBWJIb MACHBH XBHJICJIOMY IIOYaJI 3aHYPIOBATHCS
B ITiIIaHE AHO 1 TOCTYNOBO Oyiy 3aMuTi. OHI€I0 3 IPUYKH PYyHHYBaHHS XBHJIEIOMY Oyrna
HE3a/I0BIIbHA TIITOTOBKA OCHOBH IIiJi MACHBH, 110 Oysia po3pifKeHa i Mi€I0 XBHIIb.

[HI1 pukaaM pyHHYBaHHS CIIOPYI, TIOB’s3aHi 3 PO3PIIKEHHAM IPYHTIB, HaBEJCHI
B pobotax [4—7]. HeoOXiiHO BiA3HAYUTH, 1110 II€ SIBUIIIE CIIOCTEPIraeThCsS 1 CIPUUUHIOE
3HauHi pyHHYBaHHS IiJ yac 3eMieTpycis [8].

[TuTaHHSIMH PO3PIIPKEHHS BOAOHACHUSHHX IMIIIIAHUX IPYHTIB CTAJIN 3aMaTHCS ITiCIIs
aBapii IpyHTOBOi rpedii y Cipcrpoi. Toai x Oyno po3mouato po3poOKy ¢inbTpamiitHol
Teopii TMHAMIYHOI CTIHKOCTI BOOHACHYCHHUX TICKiB. 3rogoM ¢inbTpaliiiHa Teopist Oymna
MiATBEPIXKEHA BEITMKOIO KUTbKICTIO JTAOOPATOPHUX 1 TTOJBOBHUX SKCIIEPUMEHTIB. 3TiTHO
3 HEIO JUIsl BU3HAYEHHS MEX BTPATH CTIHKOCTI BOJOHACHYEHUMH IiCKaMH HE0OXiTHO
3HATU KPUTHUYHE 3HAYCHHS IHTCHCUBHOCTI JUHAMIYHOTO BILTUBY, IO XapaKTEPU3YEThCS
KPUTHYHUM IIPUCKOPEHHAM a_. [IOHATTS MbOro MpUCKOPEHHS BiANOBIAAE Til KPUTHY-
Hill IHTEHCHBHOCTI KOJMBaHb, KOJH ITICOK, IO 3HAXOIWBCS JIO ILOTO B CTaOiIbHOMY
CTaHi, MOYMHAE 3HOBY yHIUTbHIOBaTHCA. Ofechka Oeperosa 30Ha MoTpedye MPOBEACHHS
EKCIIEPUMEHTIB UIs OiNBII TOYHOTO BH3HAUCHHS KPUTHYHOTO TPHCKOPEHHS ITiCKiB.
BomHodac MO)KHA CKOpHCTATHCS eMIipHIHIMH (opmynamu [6—7]. Takox CKIAZHO
00paxoBY€eThCs pO3PaXyHKOBE MPUCKOPEHHS YaCTHHOK y TOBILI BOJOHACHYEHOIO MIiCKY
a,, BOHH MOXYTb OyTH BU3HAYCHI EKCTICPUMCHTAIIBHO.

PosrsHemo IPYTHHA MiIXi[, M0 JO3BOJSE OUIBII TOYHO 3’SICYBaTH MPHCKOPEHHS
4acTUHOK. KpuTepieM MOXIUBOCTI MEPEeXody MIiCKy B PO3PLIKEHHN CTaH BUCTYIA€e
HepiBHICTH QinpTpaniitHoi Teopii:
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ITpoBeneMo 1oCiAXKEHHS MMiIBOAHOTO XBUIIEIOMY, HETiHIHA pO3paxyHKOBa MOJEIb
SKOIo HaBeJeHa y [2]. BoHa cTaHOBUTH cUCTEMY, sIKa BKJIIOYAE XBUJIEIOM, HOro IpyH-

TOBY OCHOBY 1 BOJTHE cepenoBHile (puc. 1).

Puc. 1. IlinBoanuii XBHJIejaom

Hinsoanuit xBusienom OyB BUIIPOOYyBaHUH B HATYPHUX YMOBax B paioHi OnechKoi
XBHneﬂocniﬂHHubKo'f cranuii [9]. Moro posmipu: h, = 0,25 m; h = 2,90 m; a, = 4,40 m;
= 0,60 M. Bucora xBumi h = 3,00 M; cepenHs ,E[OB)KI/IHa k =29 M, a CepenHii
Heplou T, o= =5 c. Yxun gua i = 0,035. XapakrepucTuku rpyHTy ocrosu: E = 30 MIla;
n=0,3; 9,=30% c= 0,003 MIla. Xapakrepuctuku 6eTony xuienomy: E=30000 MIIa;
n=0,2; 6, = 1,3 MlIla; 6,= 17 MIla. Unnue HaBaHTa)XeHHs 00OPaXOBYEThCA 3 €MIOPH
XBUJIBOBOTO THCKY 3a 1% 3a0e3neueHocTi, ska moOyoBaHa 3a pe3yabraTaMHi HaTypHUX
crioctepekerb Ha ONIeChKild XBHIIEIOCIITHUIIBKIH CTaHIIi1.

Po3misiHeMO BHIIAIOK, KOJMM TPeOiHb XBWIII 3HAXOAWTHCS HAJ HMOXWIOK TPaHHIO
XBUJIEJIOMY 1 MOTIM BiAOyBa€ThCsA HOTO BIUIMB HA XBUJIEJIOM HE Y BHUIVISAI CTATUYHOTO
HAaBaHTAKCHHS, a y BUIVIAAL yZapy, IO CIIOCTEPIraeThes 3a HaTypHUX yMOB. [liist o0umc-
JICHHST PO3PaxXyHKOBOTO MPHUCKOPEHHS YAaCTHHOK IMIAHOI OCHOBH BHUKOPHUCTOBYETHCSI
fioro TUHaMi4Ha PO3paxyHKOBa MOAENb, po3podieHa B [2]. Po3pimkeHHs MHilfaHOro
TPYHTY BU3HAYAETHCS 3a (PiIBTpaIiifHOIO TEOpi€To.

Jlist BU3HAYCHHS PO3PAaxXyHKOBOTO NPHCKOPEHHS & 3aCTOCOBYeThCs MeTox Hbio-
Mapka, BuKiIaaeHui y [3, c. 203]. Kpurnune anCKopeHHﬂ KOJIMBAHb &  OOYMCITIOETHCS
3a pe3ynsTaTaMu BiOpOKOMIpECiHHUX BUIIPOOyBaHb. Y 3B 53Ky 3 Blz[cyTchTfo TOYHUX
JIaHMX BU3HAYEHHS a_ [T HAMUBHHX TicKiB OeperoBoi 30 Oyiecy Ha MiJCTaBi HATYP-
HHX Ta €KCIIEPUMEHTAJIbHUX JJaHuX [6—7] BBaXkaeThess a = 5 cM/c’.

Buxonani PO3PaXyHKH MOKa3a/Id, MO OTPUMAHE PO3PAXYHKOBE MPUCKOPEHHA A
y BY3JIOBHX TOYKAaX KIiHIICBHX CIIEMCHTIB BHUSIBHIOCS MEHIINM 3a KPUTUYHE IIPHUCKO-
penns (0 < a S 3 cM/c?), po3piKEeHHS MiCKIB HE MOBUHHO BiJ0yBaTHCS, IO Cymepe-
YHTH HABECHUM BUIIIEC peallbHUM MpuKiIagaM. HeoOxiaHo 3a3HaYuTH, 1110:

— XBHJIHOBE HABaHTAXKCHHS BU3HAYAJIOCH SIK YCEpeTHCHA BENMYMHA; 32 HATYPHUX
YMOB BOHO MOKE BIIXWJISTHUCS SIK Y OLIbIIMM, TaK 1 B MEHIIHH OiK;

— sIK TIOKa3aHo B po6ori [10], mig gac ygapy XBWIi MOKYTh BUHHKHYTH «TOJIKOBi»
MHTTEBI HaBaHTAKEHHS IHTEHCUBHICTIO ITOHAJ S\, Ie A — BUCOTa XBUJII; Jac 1X il cTa-
HoBUTH (,002—-0,005 ¢, a moBTOpIOBaHICTH HE NiepeBuILye 5—8%.
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Bynu BUKOHaHI pi3HI pO3paxyHKH IUHAMIYHUX HABAHTAKECHb, SIKi MOKa3aiy, II0
B JICIKHX BY3JIOBHX TOUKaX KiHI[CBUX €JICMEHTIB OCHOBH BUHHKAIOTH PO3PaXyHKOBI IIPH-
CKOPEHHS, 110 NIEPEBUILYIOTH BETUIHHY KPUTHIHOTO npuckopents (0 <a <8 cM/c?).
OTxe, B MilIaHiil OCHOBI i XBUJIEIOMOM MOXXYTh YTBOPUTHCS AITSHKH, B SIKUX BinOy-
Ba€ThCS PO3PIIKEHHS TTicKy. Hajaumi i JUISHKHA pO3IIHPIOIOTHCS, 1 MACHBH XBUIICIIOMIB
MOCTYIOBO 3aHYPIOKOTHCS B MIIAHY OCHOBY.

3aranoMm JUIs BUKJIIOUEHHSI PO3PILKEHHS OCHOBU MiJl XBHJICIOMOM CIIiJ[ BXKH-
BaTH 3aXO0Jld, IepepaxoBaHi B podorax [6—8]. B posnisHyTOMY BUMaIKy HEOOXiTHO
MiJi MacuBH XBHJIEJIOMY OOJAIITOBYBaTH KaM’siHy MOCTiIb. [Ipouec po3pilxeHHs
1 3MIIIHEHHS HE3B SI3HUX IPYHTIB HE 3aJISKUTh BiJl IX TPaHYJIOMETPUYHOTO CKIIAMY, ajie
31 30UTBIIICHHSAM KPYITHOCTI, a OTXKE, BOJIOHEITPOHHUKHOCTI 3MEHIIIYEThCS Yac iX nepeody-
BaHHS B PO3PIIHKEHOMY CTaHi. B pasi pyiiHyBaHHs CTPYKTYpH HEBEIUKUX LIAPIB BEIH-
KO3EPHUCTHX TPYHTIB IIeH Mepiof] TAKMKA Manuii, 0 B HUX IPAaKTUIHO HE CIIocTepira-
€ThCS TIPOSIB po3pikeHHs [11].
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