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Anotauis. ITocmanoeéxka npobnemu. B ymMoBax ChOTOICHHS IPONOBOJIBbYA Oe3leka CBITy — Iie OJHa 3 TOJOBHUX
poOJIeM TOJIITHYHOI, eKOHOMIYHOI Ta HAYKOBOi CHUTPHOTH, ¥ HEUIOJAaBHS KpH3a 3 €KCIIOPTOM YKpaiHCBKOTO 3epHa
TUIBKU IHTEHCH(]IKY€E aKTyaJbHICTh MpoOseMu. HeBin’'eMHOIO 4acTHHOIO i€l MpOOJIEMH CTalo CTBOPEHHS Cy4acHHX
HaMIHHUX Ta OE3MEYHMX CHIIOCIB JJIs 30epiranHs 3epHa. Mema. 1l craTTs, 3aauinalydd 1mo3a yBarow (QiHaHCOBY
MEpPKaHTHWJIBHICTh OKPEMHX BHPOOHMKIB CHJIOCIB, CTaBUTh CcO0I 3a METy JaTH pPO3 SCHCHHS BITYM3HSIHUM
MPOEKTYBaTbHUKAM HHU3KH TMOJI0keHh HoBoro JIBH B.2.6-221:2021, moB’s3aHuX i3 NPOCKTYBaHHSM CHJIOCIB 13
KOHIYHMM JHUIIEM. 30KpeMa, MPOEKTYBaHHS OJHOTO 3 HaWBIINMOBINAIBHIMINX BY3JIOBUX 3’€IHAHb y MiCIi MEpPEXoy
LWTHIPUYHOI YaCTHHU CHJIOCHOI €MHOCTI y KOHIYHY pO3BaHTaKyBaIbHY BOPOHKY. Memooonocia. Jlns uporo
BUKOPUCTOBYETHCSI 3arajlbHa il€OJIOTiIsI Ta METOJOJIOTiI METOAy TpPaHWYHHX CTaHiB, peali30BaHMX y HOpMax
npoekTyBaHHs Eurocode yepes cucreMy 4acTKOBUX KOE(DII[iEHTIB HAMIHOCTI, & TAKOXK KIACHYHI METOAM OyIiBelbHOT
MEXaHIKH, SKi He 3HaXOIWIN IO IBOTO Yacy CBOTO JIOTIYHOTO BiJOOpaXEHHS Yy CHCTeMi OyAiBEIHHOTO HOPMYBAaHHS
cydacHOi Ykpainu. Pe3ynvbmamu. Sk pe3ynbTraT — dYiTKi peKOMEHJamii i3 MPOEKTYBAaHHS MEPEXiTHOTO 3 €IHAaHHSI
CWJIOCIB i3 KOHIYHMM JHWIIEM BiIOBIOHO 1O 3aradbHOEBpomeichkux HopMm Eurocode ta JIBH B.2.6-221:2021 Ta
pO3’SICHEHHSI «OCOOJIMBHX» MOMEHTIB, SIKi HE BHCBITJICHHI HaJE€XKHUM YHMHOM B 000X HOPMATHUBHHX JOKYMEHTaX.
Bucnoexu. HaBezeHi B crarti pekoMeHallii Ta po3’sCHEHHsI, MO-Teplie, TPUIIBHIIYIOTh YIPOBaIXKCHHS B IH)KEHEPHY
npaktuky HoBoro JIBH B.2.6-221:2021, rapmonizoBaHOro i3 cucTeMoro cTaHmaptusamii Eurocode, mo-apyre,
JIO3BOJISIIOTH JIOCSATTH OUIbII HaAidHMX Ta OE3MEYHHX NPOEKTHHUX pillleHb y Taily3i cuiocoOynyBaHHS, HO-TPETE,
HIBEJIIOIOTh XPOHIYHMH NPOEKTHHH OCTpax Cy4YacHOTO YKpAiHCHKOTO IHXKEHepa Iepe]] €BPOIEHCHKOI0 IIKOJIO0
Oy/iBEIEHOTO HOPMOTBOPEHHSI.

KarouoBi cioBa: cmanesuili cunoc, KOHiuHe OHuuje, nepexione 3 €OHAHHS; SPAHUYHUL CMAH NIACMUYHOCMI;
empama cmitikocmi npu OOKOBOMY GURYUYEAHHI; MIYHICMb NPU JIOKATbHOMY 32UHI; e(heKmusHuUll nepepis nepexionoco
3’€OHaHHA
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Abstract. Problem statement. Today, the food security of the world is one of the main issues for the political,
economic and scientific community, and the recent crisis with the export of Ukrainian grain only intensifies the urgency
of the problem. The important part of this issue is creation of reliable and safe grain storage silos. An analysis of recent
accidents in silos, especially with conical hoppers, revealed a range of imperfections in outdated regulatory practices
that Ukraine inherited from the Soviet building norm system. A limited list of agricultural crops, ignoring the statistical
spread of their physical and mechanical characteristics, not differentiating between the stress-strain state for filling and
discharge silos, the absolute absence of guidelines and recommendations for the design of principal connections - this is
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a far from complete list of shortcomings and omissions of outdated Soviet standards. With the entry into force of the
new Ukrainian norm DBN V.2.6-221:2021 “Designs of steel silos with a corrugated wall for grain”, the situation should
have changed. Firstly, the new standards take into account the world experience in design, construction and fabrication
of silos, and secondly, they have a direct and legitimate reference to the necessary standards of the Eurocode system, in
which a modern engineer can find answers to a wide range of practical questions. Unfortunately, the introduction of
this, without exaggeration, modern and extremely important standard into construction practice is constantly ignored.
On the one hand, this is due to the unwillingness of Ukrainian manufacturers to switch to new European and more rigid
requirements for reliability and safety, on the other hand, the fear of Ukrainian engineers in front of the complex and
extensive Eurocode standardization system. The purpose of the article (ignoring the financial commercialism of
individual silo manufacturers) is explain to domestic designers a few provisions of the new DBN V.2.6-221:2021
related to the design of silos with a conical hopper. In particular, the design of one of the very important units at the
point of transition of the cylindrical part of the silo to the conical hopper. Methodology. For this, the general ideology
and methodology of the limit state method, implemented in the Eurocode standards through the system of partial
reliability factors, as well as classical methods of structural mechanics, which are still not reflected in the system of
building regulation of modern Ukraine, are used. Results. As a result, clear recommendations for the design of the
transition junction of silos with a conical hopper in accordance with Eurocode and DBN V.2.6-221:2021, as well as
clarification of “special” points that are not properly covered in both regulations. Conclusion. The recommendations
and explanations given in the article, firstly, accelerate the introduction of the new DBN V.2.6-221:2021 into
engineering practice, which is harmonized with the Eurocode system, and secondly, allow to achieve more reliable and
safe design solutions in the field of silos fabrication, in thirdly, they deactivate the chronic design fear of Ukrainian
engineer before the European school of building standards.

Keywords: steel silo; conical hoppers; transition junctions; plastic limit state; out-of-plane buckling; local flexure
at the transition; effective section of the transition junction

IlocTanoBka npo6aemMu. AHaii3 OCTaHHIX  3HaWTH BIANOBIJ1 HAa HIMPOKE KOJIO MPAKTUUHUX
aBapii  CWJIOCIB, OCOOJMBO 3 KOHIYHUM  IHUTaHb.
JTHUILEM,  J03BOJIHUB BUSIBUTH CIEKTp Ha xanp, BOpoBakeHHs ULboro 0e3
HEJIOCKOHAJIOCTeH  apxXaiyHOi HOPMAaTHBHOI  MepeOiIbIIeHHS CyYyacHOTO i BKpail BaXKIIMBOTO
MIPaKTUKH, AKa JicTajach YKpaiHi y CIAJOK BiT ~ HOPMAaTUBY B IOBCAKACHHICTb OYJIiBEIHHOIO

pansHCBKOT CHCTEMU HOPMOTBOPEHHS.  IMPOEKTYBAHHS Ta BHUPOOHHUITBA MOCTIHHO
OOMexxeHU TeperliK CUIbCHKOTOCIIOMAPChKUX  ITHOPYEThCSA. 3 OMHOTO OOKY, 1€ BHKIMKAHO
KYJBTYP, ITHOpYBaHHS CTATUCTHYHUM  HEOaKaHHIM YKPaiHCBKUX BUPOOHUKIB
PO3KHUIOM ix ¢Gi3uKO-MeXaHIYHUX  TMEPEeXOAWTH Ha HOBI €BPOMNEHCHKi, OiLIbII
XapaKTePUCTHK, HEPO3MEKYBAaHHS HAMPY)KEHO-  JKOPCTKI BHMOTH HAJIHHOCTI Ta Oe€3MeKu, 3

neGopMOBaHOTO  CTaHy Uil PEXUMIB  IHIIOTO, — OCTPaXxOM YKpaiHCBKHUX iHXKEHEpiB
3aBaHTAXEHHS Ta PO3BAHTAXEHHS CHJIOCIB,  MEpe] CKJIAIHOI Ta PO3TIaKCHOK CHCTEMOIO
MOBHA BiJICYTHICTh HACTaHOB Ta peKOMeHAalid  HopMmyBaHHs Eurocode.

3 MIPOEKTYBaHHS HAWBIAMOBIIAIBHIIITNX AHagiz ocraHHix mocaimkennb. [luranus
3’€¢lHaHb — OCh JAJIeKO He TOBHUN TMEpeNik  JOCHTIDKeHHsS €MHOCTEH i 30epiraHHs 3epHa
HEJIOJIKIB ~ Ta  HENOTJIAMIB  3acTapuioro  JOBTHM dYac 3aJuIIaeTbess y (OKyCl yBaru

PaAsiHCbKOTO HOPMAaTHUBY. Oarathox mocnigaukiB [1-5]. Bapro BigmiTuTH
[3 HaOpaHHAM YMHHOCTI TPUHIUIOBO  TAaKOX aKTyalbHI Mpali 3aKOpJOHHHUX YUYECHHX,
HOBOro HOpMaTuBHOrO AokymeHta JIbH B.2.6-  mio CIIUPAIOTHCS Ha 3aCTOCYBaHHs
221:2021 «KoHCTpyKIlii CHIIOCIB CTajeBHX 3  3aradbHOeBporneicbkux HopM Eurocode [6—9].
roppoBaHOIO CTIHKOIO JUISI 3€pHA» CHUTYaIlis Mera i 3aBaanHs. Meta crarti —
MMOBUHHA OyJia O 3MIHUTHCS. JIOCJTIJDKEHHS pOOOTH TEPEXiTHOI 30HU CHUIIOCY

[lo-nmepmie, HOBI HOPMH BpaxoBYIOTh 3 KOHIYHHUM JHHIIEM, 30KpeMa BY3JIOBOTO
BEJIMYE3HUNA CBITOBUHU JOCBIJ 13 TPOEKTYBaHHS, 3’€IHAHHSA y MICIIl Tepexoay IHWIHAPUIHOT

3BEICHHA Ta eKCIUTyaTalii CWJIOCIB, a, MO-  YacTUHM y  KOHIYHY  pO3BaHTaXyBaJbHY
Jpyre, MaloTh MIPSIME i IPaBOYMHHE TOCWJIAHHS ~ BOPOHKY. OCHOBHE 3aBJAaHHA — OTPUMAaHHS
Ha HeoOX1H1 CTaHAAPTH CUCTEMHM  MpPaKTUYHUX PEKOMEHJALIN 13 MPOEKTYBaHHS
3arajlbHO€BPONEHCHKOTr0 HOPMYBaHHS ~ JAaHOTO 3 €JlHAHHS CHJIOCIB BIANOBIAHO [0

Eurocode, B sKiifi cy4acHWil iH)KeHEp MOXe
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3araJibHOEBponeiicbknx HopM Eurocode Ta
JIBH B.2.6-221:2021 [10, 11].

Buknang wmarepiamy. OmopHe Kinble
KOPCTKOCTI ~ HAJEXUTh /0  OJHOro i3
HaWBIAMOBIMAILHININX €JIEMEHTIB  CHJIOCHOI
€MHOCTI, B SIKOMY JIIOTh HaJ3BHYAiHO BEJUKI
3yCHJIIS CTUCKY (pHc. 1).

~— Onopre Kinvye

Jucmu
T 8oponku

Iy

__— Cmitixa

Iy | L=l
L Posznipka

'~/ |~ Posxocu

~{_ @Paconxa

| S M : %

Puc. 1. Cxemamuunuil 6ueisio OnopHOI HacmuHu cunoca
3 KOHIYHOI0 BOPOHKOIO

Bianosigao go Ttepminomnorii JCTY-H
b EN 1993-4-1 [12] onopHe Kijblie Ma€ Ha3BY
«transition ring» (mepexigHe Kimblie), OCKUTBKA
HE BHUKOHYE MEpPEpO3NOJTy BEPTHKAIbHHX
3yCWIb MIX CHJIOCHOK €MHICTIO Ta CTIMKaMu
OTIOPHOI YaCTUHH, a TUIBKU CIIPHUIMae 3yCUILISA
CTHCKY B KiIblleBoMY Hampsimi. Lle 3ymoBieHo
TUM, 0 BEpTHUKAIbHI pedpa KOPCTKOCTI
CHWJIOCHOI €MHOCTI CIIBBICHI 13 CTifiKaMu
OMOpPHOi YaCTMHM 1 TOMY BCl BEpPTHKaJIbHI
3yCWIJIS TIepealoThesl Bi pedep Ha CTiiiku Oe3
Oyab-KOTO  TEpepo3NOAily B  OINOPHOMY
kitbIll. CaMe KUTbIIE MiAJIATae IepPeBipKaM:
IPaHUYHUNA CTAH MIIHOCTI 32 CTHUCKY B
KUTBIIEBOMY HAIPsMI;

IPAaHUYHUI CTaH MILHOCTI 32 PO3TATY B
MEpHUIIOHATPHOMY HaIpsiMi;
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TpaHUYHHUA CTaH BTpPATH CTIAKOCTI 3
IUIOIIWHY KIJIBII;

IPaHUYHUMA CTaH BTPATH CTIMKOCTI MpHU
01YHOMY BUITy4yBaHHi.

— TpaHUYHUH  CTaH  MINHOCTI  HpHU
JOKAJIBHOMY 3THHI.
[lepeBipka HecHOi 3AaTHOCTI OMOPHOTO

KUIBbISL JKOPCTKOCTI BUKOHYETHCS Ha OCHOBI
MaKCUMaJbHUX  3yCWIb 1  HaIlpyXeHb,
3HAlICHUX Ha OCHOBI TEOPETUYHOIO METOIY
[12] Ta CKIHYEHHOENEMEHTHOTO PO3pPaxXyHKY
MMOBHOT KOMIT FOTEPHOT MOJIEIII.

EdexTuBanii [IOIIEPEYHUN nepepi3
OTOPHOTO  KIUTBIS  CKJIAJAE€TBCS 3 TaKHX
SJIEMEHTIB TPSAMOKYTHOI Qopmu: BUCTym (C),
xomnep (h), ximpue (r) Ta r00ka (s). BxxuBanus
TEepMiHa «E(QEKTUBHUN» 3yMOBJICHO THM, LIO
pPO3paxyHKOBa JIOBKMHA BKa3aHHX CJICMEHTIB
HEe OO0OB’SI3KOBO 30Ira€Tbcsi 3 I'€OMETPUYHOIO,
TOOTO 3a CTHCKY ONOPHOTO KUIBII MOXYTh
ICHYBaTH Taki JUIAHKM, sIKi He OynyTb Opatu
y4acTi B ioro pooori (puc. 2).

Zg

Puc. 2. Pospaxynkoea cxema onopnozo Kinvys
arcopemrocmi OHuwya
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BinamosigHO 10 1150T0, €(pEKTHBHA TOBKHHA
KOKHOIO 3 €JIEMEHTIB 3aBXIOM MEHIIA IOoro

T€OMETPUYHOI  JOBXHHHM, a TOMy |
KOHCTPYIOBAaTH  KiJbIle 3  €JIEMEHTIB 13
JNOBXKMHAMHM,  OUIbIIMMH 32  e(eKTHUBHY,

HepalioHanbHO. J[0 OCHOBHHMX TI€OMETPUYHUX
XapaKTEePUCTHK e(eKTHBHOTO nepepizy
HaJexarh wioma A, Ta MOMEHT iHepuii J, ,

Z
g 2
NpOXOJIWTh Yepe3 MeHTp Baru (Touka G)
nepepisy (puc. 2)
A=A+ A+ A +A+HA,

‘]b,z = ‘Jc,z + ‘Jh,z + ‘]sl,z + ‘]sz,z + ‘Jr,z )

BIJIHOCHO  BEPTHKAJIBHOI  OCI sIKa

1)
)

ac AC’ Ah’ A517 AsZ’ Ar Ta ‘]C,Z’ ‘Jh,Z’ ‘Jsl,Z!
‘]sz,z' ‘]r,z

iHepIii BiIHOCHO OCi Zg OKPEMHX EJIEMEHTIB

— BIJNOBIAHO IIOII Ta MOMEHTH

OTIOPHOTO KiJIBIIS.

3ayBakKHUMO, IO ISl OOYMCIICHHS TUION] Ta
MOMEHTIB 1HEpIlii TaKWX EJIEMEHTIB KUIBIS SIK
BHUCTYII, XOmep 1 100ka HEOOXITHO OINepyBaTH
PO3PaxXyHKOBOK JIOBXHMHOIK enemenra (, ,

sIka JTOPIBHIOE MEHIIIN 3 reoMeTpudHoi ¢ _ Ta
1 e,e
e=CANATASLAS2).

e(heKTUBHOI JIOBYKUH (iHIeKC

t

I — (5)
Jtﬁ +t4 +t2

ap

Jlnst eneMenTa Kbl e(peKTHBHA JTOBXKHUHA

Loy 30iraerecs 3 reoMeTrpudHor £,
JOBXHHOIO, a Horo e¢eKkTUBHa IuIoINa
BU3HAYAETHCS 32 OKPEMHM  BHpPa3oM i3

MOHMKYBaJbHUM KOE(IIIEHTOM BiJIIIOBITHO 10
Hopm [12]:

A=ltIn. n,=1+16-¢,/d,. (6)
Po3paxyHkoBe 3Ha4eHHs 3YCUIUISA CTHUCKY,
Ha SK€ BUKOHYETbCS IE€peBipKa  HECHOI
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3IATHOCTI OMOPHOTO KIiJbI B KUIBIIEBOMY
HampsiMi, BU3HA4YaeThcs BiAMOBiAHO 10 [12] 3
YpaxyBaHHIM  YCEPEOHCHUX  HOPMaIbHHUX
TUCKIB HAa UWIHAPUYHY YaCTHHY KOpITyca
CHJIOCY Ta JIUCTH BOPOHKH y MICIIi IEPEXiTHOTO
3’€JHAHHA.

d .
I\IE’,Ed :EC'I:N¢h,Ed Smﬂb — Pne 'gp,c -

—Pon Lo ‘(Cosﬁb = Hheif sinﬁb)],

(7)

B

ae 3yCWUIL  pO3TATY

Pnc

pO3paxyHKOBe 3HAYEHHS JIOKaJIbHOTO
HOPMAaJIbHOTO THCKY Ha BEPTHKAJIbHY IUISHKY
OIIOPHOTO KUTbLS (ememeHT BUCTYM)
Oe3nocepeIHbO HAJA MEPEXiHUM 3’ €IHAHHSM;

N jn, Ed

MEpHUIIOHATBHOMY HaIpsMi;

Phn — PO3paxyHKOBE 3HAYEHHS JIOKAJIBHOTO
HOPMAJILHOTO THUCKY Ha TOXWIY JIUISHKY
OTIOPHOTO KUTBLIS (enemeHT xorep)

0e31mocepeIHbO 1] IEPEXITHUM 3’ €THAHHSIM.
Po3paxyHkoBe HOpMalIbHE HANPYKCHHS B
OTIOPHOMY KIJIBITI:

I\IH,Ed

: (8)

1€ 1ygq — TMOHWKYBAIbHMN KOE(IMIEHT IO
e(hEeKTUBHOTO TIepepi3y:

ng,Ed :1+0.6'£r /dC (9)

[lepeBipka TrpaHUYHHX CTaHIB OMNOPHOTO
KUJIBISI BUKOHYETHCS 32 YOTHpPMa HaBEJCHUMHU
Buiie kputepisimu ( A — E).

A. Kputnunuii (pakTop ONOpHOTO KuIbLS Y
NpYyXHIH cTafii 3a CTUCKY B KUIBIIEBOMY
HarnpsMi po3paxoBY€ETHCS 3a BUPA30M

Krpt =004/ Tpra - (10)
e Opprdy ~ PO3PaXyHKOBHH OIlip OIMOPHOTO
KUTBILIS JJIs IPYKHOT cTafil poOoTH:
f
_ y.b
OpRd = — (11)
Imo - RE

ne f,, — Mexa mmmHHOCTI cTami omopHOro

KUIBLIA.
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B. Kputnunmii ¢pakTop ONOPHOTO KiNBLS Y
MIPYXKHIM cTaii 32 po3TATY B MEPUIIOHATTEHOMY
HanpsMi pO3pPaxOBYETHCS 32 BUPA3OM:

Kr p2 =Ngnea / Ny ra - (12)

ne Nypq — pospaxynkoBuil omip (puc. 3), mo

BHU3HAYAETHCS SIK:

_OpRd '£o¢+ pnc'goc +

N =
#Rd sin g,
: (13)
N Prn - £on '(Cosﬁb—ﬂheﬂ 'S'nﬂb)
sin 3, '
Hesinomi reOMETpUYHI1 napameTpu
OLIIHIOIOTHCS 32 POpMYyJIaMu:
2
Log=— (o te+lon -t +
0¢ dc (r oc ‘c oh "*h ' (14)
+A+éosl'tsl+£052't52)’
ly. =0,975-,/0,5-d, -t , (15)
6031201975"//%'\/O’S'dc'tsl’ (16)
Eosz:0’975"//0b'\/0’5'dc't52
d;-t
Lon =0,975-yqp - /C—h 17
oh Yo 2.c0s f, (17)
W, =0,7+0,6-f —0,3- a5 (18)

C. Kputnunuii (akTop BTpaTh CTIHKOCTI
OTIOPHOTO KIIBIS Yy TOPU3OHTANBHIN TUIOIIMHI
PO3PaxXOBYETHCS SIK:

Kr,p3 =00,ed | Oipra (19)

e Oi Rd PO3paxyHKOBHH OIp BTpaTH
CTIMKOCTI:

1 4-E;-J,,
Oip,Rd = 5 - (20)

i Ke A (05dg+4, - y,)
D. Kputnunauii ¢aktop BTpaTH CTIHKOCTI
npyu O1YHOMY BUITYYyBaHHI:

KR,p4 =0pEd /O'op,Rd ' (21)

e OgpRd PO3paxyHKOBUH OIp BTpaTH

CTIMKOCTI pu 61YHOMY BUIyUyBaHHI

63

Oop,Rd =

2
1 t
-~ k.. -E.| x|, (22)
v Ke ® (EJ

J€ TIOHWKYyBaJbHHI KoedimienT K VIS

op
3HAXO/PKCHHA  SIKOTO MOXHa CKOPUCTATHUCA
TaKoro (HOPMyYITBHOIO MPOLEAYPOIO:

Top.c = 0,5-[(tc 11, )7° + (t, 11, )% +

25 25 (23)
+Htg /)7 + (s /)" }
q 2
Mops =0,43+0,1-| —— |, (24)
o 400,
kop,c =1154+112-7,/d., (25)
kop,s:0’385+0’64' ¢, 1d,, (26)
Moo e “Kop o +1op < - K
kop: op,c “Mop,c op,s "op.s (27)
770p,c+770p,s
E. Kpurnunwmii ¢akTop MIIHOCTI TIpH
JOKaJbHOMY 3TMHI  ONOPHOTO  KUIBLSA €
J0JTATKOBOIO XapaKTePUCTHKOIO HECHOI
3aTHOCTI  TeEpexigHoro  3’€AHaHHA. BiH
pO3paxoOBY€TbCS 3  METOK  YHUKHEHHS
MUKIIYHOT [LUIACTUYHOCTI 1 BTOMHOTO
pyHHYBaHHS €JICMEHTIB MepexiaHoTo
3’€JHaHHs cUjloca y pas3i Horo JOBrOTPUBAION
ekcruryatarii. MoskHa ckazaTh, 10 IeHl
MOKA3HUK OifbIlle  HAJeXUTh JO JIUCTIB

BOPOHKHU mepexinHoi 30HU. I[Ipore mpouenypa
OLIIHIOBAHHS KPUTHUYHOTO (hakTopa oOmepye
TE€OMETPUIHUMHU XapaKTepUCTHKAMHU
MOTIEPEYHOT0 Tepepi3y OMOPHOrO KilbIlsd. J[ms
OILIIHIOBAaHHS KPUTHUYHOTO (akTopa MOXKHA
3aCTOCYBaTH BUPA3:

Kg,ps :‘Gb,Ed‘/Up,Rm (28)

e Oy rd — PO3PAXYHKOBUI omip 3a GpopMyIor0
(11); opprg — NOKaNbHE HANpPYKEHHsS 3TUHY Y
BEpXHIH YaCTHHI BOPOHKH:

6

O, Ed ZA_‘[Mb,Ed (@ —2- g 17 ) —
bb

(29)

~Np,gq * Pop " (g5 =2+ 85 'Ubb):|_t_2' Foh * Xon-
h
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[Tponiemypa oriHIOBaHHS CKJIAIOBUX I[HOTO ay, =tﬁ +t§1 +t§2 _t(?, (37)
BUpa3y BUTJISIAE TaK:
Xoo = 0,276+, t, < £, By =lg "+l +iey +\Jc0s B, (38)
Xgn = 0,276- Oty Con (50 Mgy =28y -8gy — 8. (39)
Ccos f3,

BucHoBku. Hageneni y CTaTTi
Foc =2 X5 * Prcs (31) pekoMeHpaalii Ta pO3’ACHEHHsA, IMO-TIeplle,
E =2 % D x NPUIIBUALIYIOTh YIPOBA/DKECHHS B 1HXKCHEPHY
bh bn * Pron (32) npaktuky HoBoro JIBH B.2.6-221:2021 [11],
x(0,85_0,15. Lheft - CtQ ﬂb)’ TFapMOHI30BaHOIO 13 CHUCTEMOIO CTaHAapTU3aLli
Eurocode [10], mo-npyre, A03BOJISIOTH TOCATTH
Nb,Ed =N Jh.Ed .sin ﬁb — Fbc — th, (33) OUThII HAMIAHUX Ta OE3MEeYHUX MPOEKTHUX
pillieHb y Taly3i CHJIOCOOYAyBaHHs, MO-TPETE,
My ed = Foc * Xoc = Fon - %o » (34)  wmiBemOIOTH XPOHIYHMIE MPOEKTHHH OCTpax

Cy4aCHOT'O YKpaiHCLKOFO iH)KeHepa nepen

Pop = 0,78-,\f0.5-dc . Ty =+/th-COS Ay, (35)  eBpomeiicKor0 IIIKOJIOO OyAiBEIBHOTO

HOPMOTBOPCHHA.
ay =1+t +t5 + 2/ cos B, + A, piy, (36)
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