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AHoTauis. OpHiero 3  HaAWOUIBII  MOIIMPEHUX  KOHCTPYKTMBHHMX  CX€M,  MIO
BUKOPHUCTOBYIOThCS TPH OYAIBHULITBI Ta PEKOHCTPYKIIil MPUYATIB — € TOHKI CTIHKH (007bBepK). L{st
crcTeMa CKJIAJa€eThCsl 3 JHMIBOBOI CTIHKM Ta aHKEPHOI CHUCTEMI, Y Ky BXOJATh TSK Ta aHKEpHA
cTiHka (a0o 1HIIMI BUJ aHKEPYIOYOTO MPUCTPOI0). MOXKIINBI JIesIKi Bapiallii KOHCTPYKTUBHOI CXeMH,
aJie B KOXKHY 3 HUX BXOJHTb JIMI[bOBA CTIHKA 3 IIMYHTY. Y poOOTi HaBEJIEHO BapiaHTH BU3HAYECHHS
T€OMETPUYHUX XapAaKTEPUCTHK TMepepi3iB INMYHTY sl BUKOPUCTAHHA Yy PO3paxyHKax IUIOCKOL
nedopmarii (mIocka po3paxyHKOBa MOJENb). Y CTaHJApTHUX COPTaMEHTaxX WIMYHTY HaBeleHi
JMILE 3arajibHi T€OMETPUYHI XapaKTepUCTHKH Mepepidy Taki, K IJIONIa, MOMEHT iHepIlii, MOMEHT
OTIOPY, pajiiyc iHEepIIii, ajie bOro 3aMajo JIJIs BUKOPUCTAHHS B PO3paXyHKaX METOJIOM CKIHYCHHHX
enemeHTiB. CkiaaHa ¢opma MOMEpeuHOro mepepisy  WIMYyHTY (3€TOBUHM, KOPUTHOTO, MPSMOTO,
KOMOIHOBAaHOTO Ta IHIIMX BHUJAIB Tepepidy) MPHU3BOIUTH 10 PO3ODKHOCTEH y BH3HAYEHI
T€OMETPUYHUX XapaKTePUCTUK Ta IX IHTeprpeTanii y IJIOCKIH Ta MPOCTOPOBI MOCTaHOBII
BU3HAYCHHS HAaNpyXeHO-1e(hOopMOBaHOTO cTaHy. B po0OoTi HaBeiaeHa METOAMKA BHU3HAYCHHS
TEOMETPUYHUX XapaKTEPUCTUK TIepepidy Ui CTEpXKHIO, MI0 3TUHAETbCA JUIA  TUIOCKOL
po3paxyHKoBOi Mojeni. s po3paxyHKIB METOJIOM CKIHYEHUX €JIEMEHTIB BHUKOPHUCTOBYETHCS
MPOTrpaHuii KOMIUIEKC JUIS TeOoTeXHIYHMX po3paxyHkiB Midas GTS NX. BukopucrtanHs Merony
CKIHUCHHHMX €JIEMEHT1 MpH BHU3HAUEHI T€OMETPUYHHMX XapAKTEPUCTHUK MOMEPEYHOr0 MEPETHHY
IIITYHTY Ja€ BiTHOCHY MOXUOKY 10 5% IO BiAHOIIEHHIO A0 JaHMX HaBeneHUX y copTamenTi. I1lo 3
NPUWHATHUM [T BUKOPUCTAHHS Y MOAAJBIINX PO3PaXyHKaX MPUYATBHUX KOHCTPYKILH. Y poOoTi
PO3IIISIHYTO JIBa BapiaHTH AJISl OJHOTO METPY MOTOHHOTO CTIHKU: B | M BXOJUTH | MIMyHT HOBHICTIO
600 MM Ta apyruit yactkoBo 400 mM; B 1 M BxomaTh oOmaBa mmyHTH o 500 mm. Haitmenme
3HAYCHHS MOMEHTY  iHEpIii OTpMMaHO s mepmoro Bapianty 72511 cm”, mo crmiBmamae 3
3HA4YEeHHSM 3 copTaMeHTy Ha -0.26%. A s Ipyroro BapiaHTy MOMEHT iHepuii Oinbine Ha 12%.
Tomy npu po3paxyHKax ciig npuiMaTH HaHOUIbI HEBUTIAHUN BapiaHT.

KuarouoBi cioBa: ToHKa CTiHKa, OOJBBEpK, MPHUYAl, METOJ CKIHUYCHUX EJEMEHTIB,
reOMETPUYHI XapaKTEPUCTUKHU TIepepi3iB.

Beryn. Onniero 3 HalOUIbII MOMIMPEHUX KOHCTPYKTHBHHUX CXEM, IO BHKOPHCTOBYIOTHCS
npu OYAIBHUUTBI Ta PEKOHCTPYKLIii mpuyaniB — € TOHKI cTiHKM (OombBepk). Ll cucrtema
CKJIAJIA€THCS 3 JIMIILOBOI CTIHKM Ta aHKEPHOI CUCTEMI, y SIKY BXOJAAThH TSDK Ta aHKEpHA CTiHKa (abo
IHIIUH BHJI aHKEPYIOYOTO MPHUCTPOI0). MoKiMBi Aeski Bapialii KOHCTPYKTHBHOI CXEMH, ajie B
KO’KHY 3 HUX BXOJIUTH JIMIIHOBA CTIHKA 3 IIITYHTY.

AHaJi3 nocaigxensb Ta nyoaikaniii. [IImyHaToBa cTiHKa Ta MIMMYHTOBA Majs MPALIOKOTH HA
3TUH, TPU LBOMY pO3paxyHKOBa cCXeMa BCi€l KOHCTPYKIi MOXe pO3IsffaTucs, SK IUIOCKa
neopmanis [8, 2] Tak 1 B TpUBUMIpHIM mocTaHoBui. JIyii BH3HAYEHHS HANpyXEHHO-
neOpMOBAHOTO CTaHy Ta PO3PAXYHKY BUKOPHUCTOBYIOTH METO]] CKIHUEHHUX eleMeHTIB [9] Ta iioro
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cydacHi iHTepmperarlii [4]. Cami ITyHTOB1 NaJli MalOTh AOCTAaTHRO CKIAAHY (pOpMy MOMEPEUHOTO
nepepizy (3eTOBMi, KOPUTHHUH, NMpsAMHMA, KOMOIHOBaHMI Ta iHIII BUAM mepepidy) [6] Tomy ix
IHTEpIpeTallis y po3paxyHKOBiil cXeMi, € JOCTaTHRO TBOPUOIO 33/1a4€I0 1 MOTpedye MaTeMaTUYHOTO
oOrpyHTYyBaHHsA. Y poOOTI HaBEAEHO 3arajbHi MPUHLUIN igeaii3alii MomnepeyHoro MEepeTHHY
IIMTYHTOBUX METAJIEBUX Mallb sl BUKOPHCTAaHHS B IUIOCKMX Ta IPOCTOPOBUX PO3PAXYHKOBHX
cXeMaX METOJy CKIHYEHUX €JIEMEHTIB y MPOrpaHOMY KOMIUIEKCI JJIsl TE€OTEXHIYHUX PO3PaxyHKIB
Midas GTS NX. Lle pobuts po60oTy aKTyaJabHOI0 Ta OOYMOBIIIOE il MPAKTUYHE BUKOPUCTAHHS Y
peanbHUX po3paxyHKax MPUYATbHUX KOHCTPYKIIN THITY TOHKI CTIHKU 3 METaJE€BOIO IIITYHTY.

MeTo10 q0CTiTAKEHHS — € PO3pOOKa ATOPUTMY BU3HAUCHHS TE€OMETPUYHHUX XapaKTEPUCTHK
METaJeBOro IIMYyHTY, JUIi BHUKOPUCTAHHS B pO3paxyHKax TMpHUYATIB THUIY «OOJIBBEPK» 3
BUKOPHUCTaHHS METOY CKIHUEHHX €JIEMEHTIB Y IUIOCKIN OCTAaHOBII.

Jlnist JOCSTHEHHSI METH JIOCTIDKEHHS TOTPiOHO OYyJ10 BUPIIIMTH HACTYIHI 3a4a4i:

1. [TobynyBaTu anropuT™ BU3HAUEHHS TEOMETPHYHHMX XapaKTEPUCTUK METAIEBOTO IIITYHTY
y MIDAS GTS NX;

2. BukoHaty NMOPIBHAJIBHUMA aHali3 OTPUMAHUX JaHUX 3 XapaKTePUCTUKAMU HAaBEJICHUMU Y
copTameHTi [6].

Marepiaim Ta MeToaAMKA JOCHIIKeHHsA. Ideamizamis mMMyHTY @npW NJIOCKIiH
PoO3paxyHKoBiii cxemi 2D.

CkiHYeHHI eJIEeMEHTH, 1110 BUKOPHCTOBYIOThCS NPH MoAeoBanHi 2D [4]:

1. T'pyHT MopemoeThcsi eneMeHTaMu Iutockoi aedopmarii Puc. 1.. Taki enemenTtn
BUKOPUCTOBYIOTBCS Ul PO3PAaXyHKIB CIIOPYA Ta iX OCHOB, 30KpeMa MpuYajiB, rpedenb i TyHeliB,
KOJIU THIIOBUI TEPETHH CIOPYIH HE 3MIHIOETHCS Ha BEIMKINA BIJCTaHI B HANPsIMKY HOpMali JI0
IUIOIIMHU JAaHOTO TepeTHHy. Tak K HampyXeHHsS B HANpPsIMKY TOBIIMHHU €JIEMEHTa ICHYIOTH,
HaNpYKEHUH CTaH B TAKUX €JIEMEHTAaX TEXHIYHO HE € JIBOBUMIPHUM.

Puc. 1 Cucrema KoOpauHAT eJIEMEHTY IUI0CKOT aedopmartii
2. CTiHKa MOJETIOEThCS 0AIOUHUM €JIEMEHTOM JUIsi BUSHAYCHHS MOB3J0BXKHIX, OTIEPEYHHX
CHJI Ta MOMEHTY, 110 3ruHae. Ha Puc. 2 HaBeneno y rpadiuHomy Buai 3ycuwmis, aedopmartii ta
crcTeMa KOOpIUHAT OaJ0YHOTO eIEMEHTY B 3arajbHOMY BUI.
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Puc.2. 3ycwns, nedpopmarrii Ta cuctema KOOpaAUHAT OATOYHOTO €JIEMEHTY
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Puc. 3. ®i3uuHa Ta igeanizoBaHa MOJIENb HITYHTY
a) ideanizosana moodensv, 6) Qhizuuna mooenn, 8) nonepeunull nepemun CMiHKU.
CaMm CKIHYCHHMI €JIEeMEHT Mae€ J[Ba BY3Ja, BiJCTaHb MDK HHMH XapaKTEpU3ye HOTO
JIOBXHHY. ['eOMETpHuHI XapaKTEpUCTHKU Tepepily HEOOXIHO BBOJUTH J0JaTKOBO y (opmy
Create/Modify 1D Property Bximanenka Beam Puc.4.

"

Create/Modify 1D Property ==
Pile | Geogrid(1D) [ Potonly(ip) .
Truss ] Embedded Truss Beam Embedded Beam |
D 31 Name 1D Property coor [ ][+
Material 6: Bored Ple ~| (€
[ Taper Section-i Section-j
Cross Sectional Area(A) 0.785398163 0.785398163 |m2
Torsional Constant(Ix) 0.0981747704 | 0.0981747704 |m¢
Torsional Stress Coeff, 0.5 0.5|m

Area Moment of Inertia(ly)  0.0490873852

Area Moment of Inertia(Iz) 0.0490873852

Effective Shear Area(Ay) 0.706858347 | 0.706858347 |m2
Effective Shear Area(Az) 0.706858347 0.706858347 | m2

Shear Stress Coefficient(Gy) 1.04719755 | 1.04719755 | im?

Shear Stress Coefficient(Gz) 1.04719755 1.04719755 | 1/m?
| Stress... Stress...
y Axis Variable Constant

z Axis Variable Constant
[¥] spacing 1 m

V| Section... Solid Round

ok | [ concel | [ acply |

Puc. 4. ®opma Create/Modify 1D Property

Cross sectional area (A) (ILtoma momepeynoro nepepizy).

Torsional stiffness (Ixx) (KopcTkicTs mpu kpydeHH1)

JXKopCTKICTh pU KpY4eHi - I1e XapaKTEPUCTHKA OTIOPY KPYTHOMY MOMEHTY, 1 00UHCITIOETHCS
HACTYITHHUM YHHOM

Ly = — (1

ne, Iy - KOPCTKICTh MPH KpyueHi, 1" - KpyTHUH MOMEHT, O — KyT CKpy4yBaHHs, G — MOJIyJb 3CYBY.
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Kopctkicth mpu KpydeHi Moke OyTu oOuMcieHa 3 BUKOpUCTaHHAM mnpuHuuny CeH-
Benana. 3a ymMoBM BU3HaueHHS ® — QYHKI[IT KPY4eHHS, METOJIOM CKIHUEHHHUX €JIeMEeHTIB, Bupa3 (1)

MAa€ HaCTYIHUNA BUTJISL
e = [|(G2+v)y - (55 -2) 7] da @)

Effective shear area (Asy, Asz ) (EdexTuBHa muioma 3pi3y)

Bennuuna edekTuBHOT miiomli 3pizy HEOOXiqHA JUIsi OOUMCIIEHHS 3CYBHOI dKOPCTKOCTI, sIKa
XapakTepu3ye oIip Iii momnepeuHiil cuii. SKio epekTuBHA oA 3pi3y Mo JAeIKOMY HAINPsIMKY He
3aaHa, To Aedopmarii 3cyBy Mo JaHOMY HAMPSMKY ITHOPYIOThCS.

Agy = Sy A 4)

Asz = Ssz (5)

ne, Sk Ta Si-- Koe(ilieHT eeKTUBHOI IUIOILI 3pi3y, 110 XapaKTepu3ye Omip il MoNepeuHii cuii

B HampsMy BiCi y Ta Z CHCTEMHM KOODIMHAT eneMeHTa, Ag,, As, - edekTuBHA IIoma 3pisy, 1o
XapaKkTepU3ye OIip JIii MOMEepeyHild CHIIi B HAMpsMi BiCi y Ta z y CICTEMU KOOPAWHAT €JIeMEHTA.

Area moment of inertia (/,,, I..) (MomeHT iHep1ii epepi3y)

L,, = [ z*dA (6)

I, = [y*dA (7

VYci reoMeTpuuHi XapaKTEpUCTHKM MOKHAa BHM3HA4aTH Ta BBOJUTH B PY4HY, a MOXKHA
CKOPUCTATUCS METOJIOM CKIHYEHHUX €JIEMEHTIB, Ta BU3HAUUTH IX 3a JOTOMOTOI0 BOYIOBAaHOTO
KaJbKYJIATOpa reoMeTpuyHuX xapaktepuctuk B Midas GTS NX. Anroputwm aiit mist mmnynty PU32
HaBE/ICHO HUXKUE.

AJITOPUTM BH3HAYEHHSI FTeOMEeTPUYHUX XapaKkTepucTuk nepepizy B Midas GTS NX:

1. Immopt abpucy nomepeuHoro mepepizy. s IbOro BUKOPUCTOBYEMO EJIEKTPOHHY 0a3y
JaHUX Tepepi3iB LIMYHTY 3 calTy BupoOHuMKa y ¢opmari dxf [7], abo Oymyemo y pydHy 3a
JOTIOMOT010 T€OMETPUYHHX NPUMITUBIB.

2. TlepeBipka T€OMETPHYHUX PO3MIpIB Ta MacIITaOyBaHHS MOJENi. Y 3B’A3Ky 3 TUM LIO
nonepeuHuii nepetud B dxf ¢aiini BuKoHaHO B MiiMeTpax, a po3Mmipu mozeni B GTS NX mpuiinsato
B METpax, HaM HeoOXiHO MacuITadyBaTH MOJENb 3 Koedirienrom mMacirady 0.001.

3. [ToGynoBa moBepxHi 1o TpaHi.

4. BBeneHHs XapaKTepUCTHK Marepiany (Moaynb nedopmaiiii, KoedillieHT MomepeyHux
nedopmartiii, muroma Bara).

5. ®opMyBaHHS BIIACTUBOCTEH CKIHYCHHOTO E€JIEMEHTY, A (OPMYBAHHS IOIMEPEYHOTO
nepepizy. bynemo BukoprcToByBaTH 000JIOHKOBI CKIHYCHH] €IEMEHTH.

6. ®opMyBaHHS MEpEXi CKIHUEHHUX €TIEMEHTIB.

7. Bu3HaYeHHS TCOMETPUYHUX XaAPAKTEPUCTHK TOMEPEYHOTO NEPeTHHY IIINyHTY 3a

J0TIOMOT010 BOYHoBaHOTO Kaibkynsatopa B GTS NX Puc.5.
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Puc. 5. Bu3HaueHHs reOMETPUYHUX XaPAKTEPUCTUK IOIEPEYHOTO IEPETUHY
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9. ®opMmyBaHHS BJIACTHBOCTEH IMOMEPEYHOTO TMEPETHUHY s 3aBJaHHS MapameTpiB
CKIHUEHHOMY eJIeMeHTY THIry Oanka Puc.6.
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Puc. 6. ®opmyBaHHS BIIACTHBOCTEH MOMEPEYHOTO MEPETUHY JJIS 3aBIAAHHS apaMeTpiB
CKIHUEHHOMY €JIEMEHTY THITYy OaJika.

[Tpu BUKOpUCTaHHI MJIOCKOI PO3paxXyHKOBOT CXeMHM CIIiJ] YMOBHO BHUpi3aTH 1 M.II. mpuyaiy,
ajie KM caMme CIIiJ BUPIIIyBaTH iH)XeHepy. Y poOOTi po3rJITHYTO /Ba BapiaHTH: B 1 M BXoauTh 1
mmyHT noBHicTIo 600 MM Ta apyruit yactkoBo 400 mm Puc. 7 a; B 1 M BX0AATh 00MBA LIITYHTH
no 500 mm. Puc. 7 0.

AHaJIi3 OTPUMAHHUX pe3yJbTAaTiB.

Jlnst aHamizy Ta MOJIMBOCTI BUKOPHUCTaHHS OTPUMAaHHIX JaHHUX OyleMO MOPIHIOBATH iX 3
JAaHHUMH, 110 HaBeZEHI B capTaMmeHTi mmyHTY ¢ipmu ArcelorMittal [6]. [TopiBHIOBaTH Oyaemo 1Bi
TeOMETPHUYHI XapakTepucTuku A (mwromy) Ta I (MOMEHT iHepiii) Ans YOTUPHOX BapiaHTIB
MIOTIEPEYHOr0 TMepepi3y: OJIUH IIIMYHT, JiBa HIMYHTH, IMeTp CTIHKM (SIK moka3aHo Ha Puc. 7 a) ta
Imetp cTiHKH (K moka3aHo Ha Puc. 7 0).

PesynpTaT BU3HAYEHHS TEOMETPUYHHMX XapaKTEPUCTHK  Mepepisy Ta BU3HAYCHHS
BITHOCHHX BIIXWJICHb HaBeneHi y Tabmurs 1.

a)

Puc. 7. MoxnBi BUJ MOTIEPEYHOro nepepizy Ha 1 M CTiHKH
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Taomums 1

[TopiBHSAHHS OTPUMAHUX PE3YIABTATIB 3 JAHUMHU copTaMeHTy uia PU32

. . 3a pe3ynpTaraMu . )
BinnosinHo 1o [6] DO3PAXYEIY BinHocHe BinxuneHHs
Tpodpirs [Ino1a, MOMef.{T [Ino1a, MOMef.{T o o
2 mHepuii / 2 Hepuii / Yo Yo
CM 4 CM 4
M M
s S 145.4 10950 144.2 10426 0.83 4.79
g D 290.8 86790 288.5 87059 0.79 -0.31
i 1 m
criman | 2423 72320 234.9 7251 3.05 0.26
puc. 7 a
i 1 m
CTIHKH 242.3 72320 224.8 80773 7.22 -11.69
puc. 76
Bucnoskmu.

1. BuxopucraHHs MeETOAY CKIHUEHHHX €JIEMEHTI TNpU BHU3HAYCHI TIE€OMETPUYHHX
XapaKTePUCTUK MMOTIEPEYHOT0 MEPETUHY IIMYHTY Ja€ BIAHOCHY MOXHOKY 10 5% MO BiTHOILIEHHIO JI0
JaHUX HaBeAeHUX y coprameHTti. Illo 5 OpUIHATHUM JUIS BUKOPUCTaHHS Yy MOJAIBLIMX
pO3paxyHKax MpUYATIbHUX KOHCTPYKITIH.

2. Y po06OTi po3rJIHYTO BA BapiaHTH JUIsl OJJHOTO METPY MOTOHHOTO CTIHKHU: B 1 M BXOIMUTH
1 mmynT noBHicTio 600 MM Ta apyruii yactkoBo 400 MM Puc. 14 a; B 1 M BX0A4Th 00HM/1BA IIITYHTH
10 500 Mm. HaiiMeHIle 3Ha4eHHs MOMEHTY iHepIlil OTPHMAHO IS epIioro Bapianty 72511 cm”,
IO CIHIBIMAJA€ 3 3HAUCHHSM 3 coprameHTy Ha -0.26%. A nams apyroro BapiaHTy MOMEHT iHepIlii
outbme Ha 12%. Tomy npu po3paxyHKax CiIiJl NpuiMaTi HaOUIbII HEBUTIIHUI BapiaHT.

Chnucok aiteparypu
1. Bopoxuos E. B. PasHocTHBIE MeTO/BI pelIeHus 3a7a4 MEXaHUKH CIUIOIIHBIX cpena: Yuel.

nocobue. — M3narensctBo HI'TY — HoBocubOupck, 1998. — 86c.
2. JIBH B.2.1-10-2009 OcHoBu 1a ¢pyHaamMenTH criopya. M.: Minperion0yn Ykpaiau,2009

3. Knosannu, C. @., besymko /.M. MeToq KOHEYHBIX 3J€MEHTOB B HEIMHEWHBIX pacuerax
MIPOCTPAHCTBEHHBIX JKEJIE€300€TOHHBIX KOHCTPYKIHi. - Onecca: OHMY, 2009, 93c.

4. ITocobue mo pacuetam GTS NX — enekrponHe BuuaHHs [Pexum pocrymy:
http://ru.midasuser.com/web/page.php?no=65].

S. Penrau B.H. IllmyHToBBIe cTeHKH. Pacuer u mpoektupoBanue. M31arenbCcTBO IuTepaTypsl
1o crpoutenscTBy: Jlenunrpan, 1970, 106¢.

6. Cranbable mmyHTOBBIe cBan. OOmmii karanor 2018. — ArcelorMittal, 2018. — 64. [Pexum
JOCTYITY: https://sheetpiling.arcelormittal.com/wp-

content/uploads/2017/10/AMCRPS_General Catalogue GB 2019 web.pdf]

7. AutoCad files. The full range of ArcelorMittal's steel sheet piles 2019 [Pexxum moctymy:
https://sheetpiling.arcelormittal.com/download-center/autocad-files/]

8. Fedorovsky V.G., Kolesnikov Yu. M, Kurillo S.V., Levachev S.N. Piles in Hydrotechnical
Engineering. - CRC Press, 2002. — 264p.

9. Zienkiewicz O. C. The finite element method. — Megrow-Hill Book Company (UK)
Limited, 1986. — 787 p.

- 16 -



Cyuacni 6ydisenvHi koncmpykuyii 3 memany ma depesuriu, 2020. — Bun. Ne 24 (crop. 11-18)

References

1. Vorozhtsov Ye. V. Raznostnyye metody resheniya zadach mekhaniki sploshnykh sred: Ucheb.
posobiye. — Izdatel'stvo NGTU — Novosibirsk, 1998. — 86s.

2. DBN V.2.1-10-2009 Osnovi ta fundamenti sporud. M.: Minregionbud Ukraini,2009

3. Klovanich, S. F., Bezushko D.I. Metod konechnykh elementov v nelineynykh raschetakh
prostranstvennykh zhelezobetonnykh konstruktsiy. - Odessa: ONMU, 2009, 93s.

4. Calculation Guide GTS NX - Electronic View [Access Mode:
http://ru.midasuser.com/web/page.php?no=65].

5. Rengach V.N. Shpuntovyye stenki. Raschet i proyektirovaniye. Izdatel'stvo literatury po
stroitel'stvu: Leningrad, 1970, 106s.

6. Steel sheet piles. General catalog 2018. - ArcelorMittal, 2018. - 64. [Access mode:
https://sheetpiling.arcelormittal.com/wp-

content/uploads/2017/10/AMCRPS_General Catalogue GB 2019 web.pdf].

7. AutoCad files. The full range of ArcelorMittal's steel sheet piles 2019 [Pexxum poctymy:
https://sheetpiling.arcelormittal.com/download-center/autocad-files/]

8. Fedorovsky V.G., Kolesnikov Yu. M, Kurillo S.V., Levachev S.N. Piles in Hydrotechnical
Engineering. - CRC Press, 2002. — 264p.

9. Zienkiewicz O. C. The finite element method. — Megrow-Hill Book Company (UK) Limited,
1986. — 787 p.

ONNPEAEJIEHUE TEOMETPUYECKHUX XAPAKTEPUCTUK IIITYHTOB JIJIA
PACYETOB JE®OPMHUPOBAHUSA TOHKHUX CTEHOK B 2D IIOCTAHOBKE

be3ymko /.HU., K.T.H., TOUEHT,

dibezushko@gmail.com ORCID 0000-0003-2215-1136
Ooecckuii HAYUOHAILHBILL MOPCKOU YHUBEPCUMem
Apcupuii E.W., cm. npenodosamens,
elena.arsiriy@gmail.com ORCID 0000-0001-8660-6916
Ooecckuii HAYUOHAILHBILL MOPCKOU YHUBEPCUMEem
Inbuyes B.I'., k. apXutexrypsl,

chigil960@gmail.com

Ooecckuii HAYUOHAILHBILL MOPCKOU YHUBEPCUMem

AnHoTanus. OqHOM U3 HauboJiee PaCIPOCTPAHEHHBIX KOHCTPYKTUBHBIX CXEM, MCIIOJIb3YEMBIX TIPU
CTPOUTENBCTBE M PEKOHCTPYKIIMM TPHYATIOB - €CTh TOHKHE CTeHKH (00JBbBEpK). DTa crucTeMa
COCTOMT W3 JIULIEBON CTEHKU M aHKEPHOM CHUCTEME, B KOTOPYIO BXOJAT TSDK U aHKEpHasi CTEHKa (MJIn
JIpYroil BUJ aHKepyIolle ycTpoiicTBa). Bo3MOKHBI HEKOTOPBIE BapUALIMM KOHCTPYKTUBHOM CXEMBI,
HO B K@XJIOW M3 HUX BXOIMT JIMIEBAas CTeHKa C IIMyHTa. B pa®oTe mpuBEIEHbI BapHAHTHI
OIIPENEICHUSI T€OMETPUYECKUX XAPAKTEPUCTUK CEUYECHUN IIIMYHTa JUIS MCIOJIB30BAaHUS B pacyeTax
IOCKOM nedopmanuu (IJIOCKask pacyeTHas MOJENb). B CTaHZapTHBIX COPTaMEHT IIITyHTa
MIPUBEICHBI JIUIIH 00IME TeOMETPUUYECKIE XapaKTEPUCTHKN CEUYCHHs TaKue, KaK IJI0IIa b, MOMEHT
WHEpPLUH, MOMEHT COIPOTUBJICHUS, PAJUyC HMHEPLHUHM, HO 3TOrO0 MAJIO JJIs HCIOJIb30BAHUS B
pacuerax METOJOM KOHEYHbIX 3i1eMeHTOB. CioxkHas (opMma NONEPEYHOTO CEYEHUsS UIMyHTa
(3€TOBBIN, KOPBITHOTO, HPSIMOro, KOMOMHMPOBAHHOTO M JAPYTUX BHUIOB CEUYCHMs) NPHBOJUT K
pa3HOIIaCUSAM B OIPEICIICHHBIE TEOMETPUYECKUX XapPAKTEPUCTUK U UX UHTEPIPETALUH B INIOCKON
U TPOCTPAHCTBEHHOW IMOCTAHOBKE OMPEACICHUS HaNpsHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSHHS. B
paboTe mpHUBENEHA METOJMKA ONPEACICHUS TI'eOMETPUYECKUX XapaKTePUCTHK CEUYCHHs IS
CTEP)KHIO, YTO Crubaercst A TUIOCKOW pacyeTHOM Mojenu. J[isi pacueToB METOJOM KOHEYHBIX
SJIEMEHTOB HCHOJb3yeTCs MPOUTPaH KOMIUIEKC AJs reoTexHudeckux pacueroB Midas GTS NX.
Hcnonp3oBanne METONa KOHEYHBIX IEMEHTE IIPU ONPEAEICHUU I'€OMETPUYECKUX XapaKTEPUCTUK
MIONIEPEYHOI0 CEYEHMsI IIITYHTAa AAeT OTHOCHUTEIbHYIO IMOTIPEHIHOCTh A0 5% IO OTHOUIEHHIO K
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JAHHBIM TIPUBEACHHBIX B copTameHTe. UTo 3 mpueMieMbIM JUlsl UCHOJIb30BAaHUS B JAIbHEUIINX
pacuerax NMpHYAIbHBIX KOHCTpYKIUi. B paboTe paccMOTpeHbI [Ba BapuaHTa Ui OJHOTO MeTpa
IIOTOHHOTO CTeHKH: B 1 M BxoauT 1 mmyHT noaHocTeio 600 MM u Bropoit yactuuHo 400 Mmm; B 1 M
BXOJiIT o0a mmyHTel mo 500 mMMm. HaumeHbllee 3HaueHHME MOMEHTAa WHEPLUUU MOJIYYEHO ISt
nepBoro Bapuanta 72511 cm4, yTo coBmagaer co 3HaueHuUeM ¢ coprameHTta Ha -0.26%. A mnsa
BTOpPOTO BapuaHTa MOMEHT MHepIuu Oosbie Ha 12%. [TosToMy npu pacueTrax cieayeT NpUHUMATh
Han0oJiee HEBBITOIHBINA BapHUaHT.

KawueBble cjoBa: TOHKas CTEHKa, OOJbBEPK, NpUYal, METOJ KOHEYHBIX D3JIEMEHTOB,
Ir€OMETPUYECKUE XapaKTEPUCTUKU CEUEHUH.
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CALCULATIONS OF THIN WALL DEFORMATION IN 2D PRODUCTION

Bezushko D., Ph.D., Assistant Professor
dibezushko@gmail.com ORCID 0000-0003-2215-1136
Odessa National Maritime University

Arsirii E., Senior lecturer

elena.arsiriy@gmail.com ORCID 0000-0001-8660-6916
Odessa National Maritime University

Ilichov V., Ph.D.,

chigil960@gmail.com

Odessa National Maritime University

Abstract. One of the most common structural schemes used in the construction and reconstruction
of berths - is a thin wall (bolverk). This system consists of a front wall and an anchor system, which
includes a string and an anchor wall (or other type of anchoring device). There are some variations
of the design scheme, but each of them includes a front wall of sheet piling. The paper presents
options for determining the geometric characteristics of sheet piles for use in the calculations of flat
deformation (flat design model). In the standard assortments of sheet piling, only the general
geometrical characteristics of the section such as area, moment of inertia, moment of resistance,
radius of inertia are given, but this is not enough for use in finite element calculations. The complex
shape of the cross-section of the sheet pile (zeta, trough, straight, combined and other types of
cross-section) leads to differences in the definition of geometric characteristics and their
interpretation in the flat and spatial formulation of the stress-strain state. The paper presents a
method for determining the geometric characteristics of the cross section for a bending rod for a flat
design model. For finite element calculations, the lost complex for geotechnical calculations Midas
GTS NX is used. The use of the finite element method in determining the geometric characteristics
of the cross section of the sheet pile gives a relative error of up to 5% relative to the data given in
the range. What is acceptable for use in further calculations of berth structures. The paper considers
two options for one meter of the running wall: 1 m includes 1 tongue completely 600 mm and the
second partially 400 mm; in 1 m both sheet piles on 500 mm enter. The lowest value of the moment
of inertia was obtained for the first variant 72511 cm4, which coincides with the value from the
range by -0.26%. And for the second option, the moment of inertia is more than 12%. Therefore, the
calculations should take the most unfavorable option.

Keywords: thin wall, bollard, berth, finite element method, geometric characteristics of sections.
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