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HAIIIOHAJIBHUM BCTYII

HepxaBuuit ctangapt Ykpainu JCTY-H EN 1993-4-1:20XX "IIpoekTyBaHHSI CTajaeBHX
KoHCTpyKUid. Yactuna 4-1: Cuiocu" imentnunuii €Bponeiicbkomy crangapty EN 1993-4-1:2007
"Eurocode 3: Design of steel structures — Part 4-1: Silos" (€Bpokox 3: IlpoekTyBaHHS CTaJIeBHX
KOHCTpYKLiH - Yactuna 1-4: Cunocn).

EN 1993-4-1:2007 miaroroieno Texniunumm komitetoM CEN/TC 250, cekperapiatrom
saxoro kepye BSIL.

I[O HaHiOHaJ'IBHOFO CTaHIapTy AOJIYYCHO aHTJIOMOBHHI TEKCT.

Ha teputopii Ykpainu sk HamioHanpbHHHA cTaHAapT nie giBa kojonka tekcry JCTY-H b
EN 1993-4-1:2007 "Eurocode 3: Design of steel structures — Part 4-1: Silos" (€Bpokon 3:
[TpoexTyBaHHS cTaeBUX KOHCTPYKLIM - YacTtuHa 4-1: CuiiocH), BUKIIaZieHa yKpaiHCbKOIO MOBOIO.

Bigmosimno nmo JBH A.1.1-1-2009 «Cucrema crapaapTu3aiii Ta HOpPMYBaHHS B
OyniBauLTBI. OCHOBHI TOJIOKEHHS» el CTaHAapT BiMHOCUTHCS 10 Komiuiekcy B.1.2 «Cucrema
HaJIMHOCTI Ta Ge3neku B Oy 1IBHUIITBI.

CraHgapT MICTUTh BUMOTH, SIK1 BiIIOBIJAal0Th YHHHOMY 3aKOHO/IaBCTBY.

HaykoBo-TexHi4Ha opraHizamis, BIANOBiZadbHAa 3a MeH craHmapr, — TOBapHCTBO 3
00OMEXEHOI BIJMOBIAANBHICTIO «YKpPAiHCBKUM 1HCTUTYT CTajeBUX KOHCTPyKIid im. B.M.
[[IlnMaHOBCBKOIO».

Jlo cTanmapTy BHECEHO TaKi pelaKIliiiHi 3MiHU:

- CJIOBA «IIe¥ MDXKHAPOTHUHA CTAHIAPT» 3aMIHEHO Ha «IIeW CTaHIapT;

- CTPYKTYpHI €JeMeHTH cTaHuapry: «OOxmaguHky», «llepeamoBy», «HamioHanbHHH BCTy»,
«BuzHaueHHst nmoHATH» Ta «biOmiorpadiuni gaHi» oGOpmIIEHO 3TiIHO 3 BUMOTraMM HalllOHAJIbHOI
CTaHJapTH3alil YKpainu;

- 3 «llepenmoBu n0 1993-4-1» y nel «HaliOHaJIbHUI BCTYI» B35TE Te, 110 OE3MOCEPEIHHO
CTOCYETHCS LIbOTO CTAHJAPTY;

Konii MC, HenmpuiHSTHUX SK HalllOHAJIbHI CTaHIApTH, Ha skl € nmocwianHd B EN 1993-4-1:2007,
MoykHa oTpuMatu B ["'ooBHOMY ¢oHi HOpMaTUBHUX HoKyMeHTIB JIT «YxkpH/IHLI».

Opranizaiiisi, BIANOBIJAIbHA 3a 1M JOKYMEHT, — TOBapuCTBO 3 OOMEXEHOIO BiJMOBIIATBHICTIO
«YKpalHCbKHH IHCTUTYT cTajeBUX KOHCTpYKLii iM. B.M. IllnumMaHOBCHEKOTO»

[Tpu po3poOJIeHHI LBOTO CTAaHAAPTy B YKPAlHOMOBHMH TEKCT pPENAKUIMHUX 3MiH, MOPIBHSHO 3
OpUTIHAJIOM, HE BHECEHO.
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BCTYII

et €Bponeiicbkuii Ctanmapt EN 1993-4-1,
€Bpokon 3: [IpoexTyBaHHS CTajJeBUX KOHCT-
PYKIIiH, mMAroToBiIeHn TeXHIYHUM KOMITETOM
CEN/TC250 "byaiBenbai €Bpokoan", cekpera-
piat sikoro miarpumye BSI. CEN/TC250 Biamo-
BigasbHUi 3a Bci KOHCTpYKTHBHI €BpOKOIH.

[Hpomy €BpomnelickkoMy cTaHaapTy Oyne Haja-
HUH CTaTyC HaIllOHAJBHOTO 3 ITyOJIKaIi€ro
IIGHTUYHOTO TEKCTy, abo CXBaJeHHSM, 0
cepns 2007 poky, 1 ampTepHATHBHI HaIliOHa-
JBHI CTaHJApTU MOBHUHHI OyTH BigMiHEH1 [0
oepesns 2010 poky.

e €Bpokox 3amintoe ENV 1993-4-1:1999.

VY BiIMOBIAHOCTI 3 BHYTPIIIHIMH MOCTaHOBAMHU
CEN/CENELEC HarionanbHi OpraHu 3i CTaH-
JapTu3alii HacTYyIMHUX KpaiH 3000B s3aH1 Mpuii-
HATH 1ed €Bponeicbkuid cTaHmapt: ABCTpif,
benwris, Benuka bpuranis, ['peuis, Hanis, Ip-
naumis, lenmannis, Icnanis, Itams, JlrokcemOypr,
Manbra, Higepnannu, Himeuuwmna, Hopseris,
[opryranis, @innsunia, Opanuis, Yecbka Pec-
ny6uika, [IBeitnapis, Lsewis.

VII

FOREWORD

This European Standard EN 1993-4-1,
“Eurocode 3: Design of steel structures — Part
4-1: Silos”, has been prepared by Technical
Committee CEN/TC250 «Structural Euroco-
des», the Secretariat of which is held by BSI.
CEN/TC250 is responsible for all Structural
Eurocodes.

This European Standard shall be given the
status of a National Standard, either by
publication of an identical text or by
endorsement, at the latest by August 2007 and
conflicting National Standards shall be
withdrawn at latest by March 2010.

This Eurocode supersedes ENV 1993-4-1:1999.

According to the CEN/CENELEC Internal
Regulations, the National Standard
Organizations of the following countries are
bound to implement this European Standard:
Austria, Belgium, Bulgaria, Cyprus, Czech
Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden,
Switzerland and United Kingdom.
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HAIIOHAJIBHUM CTAHJAPT YKPAIHU

€BPOKO/I 3: TIPOEKTYBAHHS CTAJIEBUX KOHCTPYKIIIM
YACTHHA 4-1: CMJIOCH

EBPOKO/I 3: TIPOEKTUPOBAHUE CTAJIbHBIX KOHCTPYKIIUI
YACTD 4-1: BYHKEPbBI

EUROCODE 3: DESIGN OF STEEL STRUCTURES
PART 4-1: SILOS

OcHoBu
nporpamu €BpoxoaiB

Y 1975 poui Kowmicis  €Bpomnelcbkoi
CrhiapbHOTH BHpIIIKIIA PO3IIOYATH IPOTpaMy dii
y ramy3i OydiBHHIITBA Ha MiACTaBi CTAarTi 95
Horosopy. Meroto mporpamu OyJio yCYHEHHs
TEeXHIYHMX TEpelkoa Juid  TOpriBii  Ta
Y3TOKEHHS TEXHIYHUX YMOB.

VY pamkax wiei nporpamu Aiii Komicist B3s1a Ha
ceOe 1HILIaTUBY BCTAHOBUTU CUCTEMY Y3rOJ-
KEHUX TEXHIYHUX MpPaBUI I NMPOEKTYBaHHS
Oy/iBeIb 1 CIIOPY/, SIKI Ha TEpIIii cTaaii Manu
CJIyTyBaTH aJlbTePHATHBOIO YUHHUM HaIllOHAJb-
HUM TIpaBWJIaM JIEP)KaB-WiICHIB, a 3pEIITO0
MaJld 3aMiHHUTH iX.

VYnoponorx n“smaguatu pokiB Kowmicia 3a
nornomororo PoGodoro komitery, A0 CKIamgy
SIKOTO BXOJIMJIM NPEJCTaBHUKHU JeprKaB-JIEHIB,
BeJla PO3pOoOKYy mporpamu E€BPOKOAIB, sKa
npusBena 70 MmyOmikamii KOMIUIEKTY MepIIoro
MTOKOJIIHHS €BPONEUChKUX KOAIB y 80-X pokax.

VY 1989 pomi Kowmicis ta aepkaBu-uieHu EU
(E€spomeiicekoi CrinbHoTH) Ta EFTA (€pormeii-
ChKOi acorriamii BUIBHOI TOPTriBJi) Ha OCHOBI
yromu' Mix Komiciero Ta CEN (€Bpomneiichkim
KOMITETOM 13 CTaHJIapTU3aIlil) BUPIMINAIU TIEpe-
JaTH TiATOTOBKY Ta MyOJiKallito €BpPOKOIiB
CEN 3a pomomororw cepii Mannari, 10
Hajano 6 €BpokogaM y MaiOyTHBOMY CTaTycCy

1

YuuHuii Big

Background
of the Eurocode programme

In 1975, the Commission of the European
Community decided on an action programme in
the field of construction, based on article 95 of
the Treaty. The objective of the programme was
the elimination of technical obstacles to trade
and the  harmonisation of  technical
specifications.

Within this action programme, the Commission
took the initiative to establish a set of
harmonised technical rules for the design of
construction works which, in a first stage,
would serve as an alternative to the national
rules in force in the Member States and,
ultimately, would replace them.

For fifteen years, the Commission, with the
help of a Steering Committee with
Representatives of Member States, conducted
the development of the Eurocodes programme,
which led to the first generation of European
codes in the 1980°S.

In 1989, the Commission and the Member
States of the EU and EFTA decided, on the
basis of an agreement' between the
Commission and CEN, to transfer the
preparation and the publication of the
Eurocodes to CEN through a series of
Mandates, in order to provide them with a
future status of European Standard (EN). This
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€Bpokoau 3 mojiokeHHsAMU JupektuB Pamm 1
pimens Kowmicii mono €Bponelcbkux cranaap-
TiB (To6TO dupextusu Pagu 89/106/EEC mono
OyniBenbHuX BUpOOiB — CPD — Ta Jlupektus
Pamgu 93/37/EEC, 92/50/EEC Ta 89/440/EEC
BITHOCHO CYCHUIBHUX POOIT Ta MOCIYT 1 eKBi-
BaJieHTHUX AupektuB EFTA, 3anmodyaTkoBaHuX,
mo0 JONOMOITH 3aCHYBAaHHIO BHYTPIIIHBOTO

PHUHKY).

CrpykTypHa mporpama €BpPOKOAIB BKIIOYAE
CTaHJApTH, SKI B OCHOBHOMY CKJIQJalOThCS 3
JEKUTbKOX YaCTHH:

EN 1990 €Bpokon: OcHOBU IpPOEKTYBaHHS
KOHCTPYKIIIN

EN 1991 €Bpokon 1: HaBanTakeHHsI Ha KOHCT-
pyKiii

EN 1992 €spoxon 2: IIpoexTyBaHHsI OETOHHUX
KOHCTPYKIIIN

EN 1993 €poxkop 3: IIpoektyBaHHs CTaJleBUX
KOHCTPYKIIN

EN 1994 €spoxon 4: IlpoextyBaHHS craie-
OETOHHUX KOHCTPYKIIIH

EN 1995 €spoxon 5: IlpoekryBaHHs nepe-
B STHUX KOHCTPYKIIiH

EN 1996 €Bpokoa 6: [IpoekTyBaHHS KaM  SHUX
KOHCTPYKIIIH

EN 1997 €Bpokon 7: I'eoTexHiuHE HpPOEKTY-
BaHHS

EN 1998 €poxon 8: IIpoexTyBaHHS KOHCTPYK-
i} IpU ceCMIYHOMY HaBaHTa)KEHHI1

EN 1999 €ppoxon 9: IlpoexTyBaHHS antOMiHi-
€BUX KOHCTPYKIIIH

Crangaptu €BpOKO/iB BU3HAIOTH BiJIMOBIIAb-
HICTh PETYJIATOPHUX OpPraHiB JepiaB-4JICHIB Ta
3aXMIIAIOTh 1X MpPaBO Ha NPU3HAYEHHS BeEU-
YHUH, SIKI MOB'$13aHI 3 PEryJIOBAHHAM IHTaHb
0e3MeKH Ha HalllOHAJTbHOMY PiBHI TaM, Jie BOHU
BIJIPI3HSAIOTHCS.

of all the Council's Directives and/or
Commission's Decisions dealing with European
standards (e.g. the Council Directive
89/106/EEC on construction products - CPD -
and Council Directives 93/37/EEC, 92/50/EEC
and 89/440/EEC on public works and services
and equivalent EFTA Directives initiated in
pursuit of setting up the internal market).

The Structural Eurocode programme comprises
the following standards generally consisting of
a number of Parts:

EN 1990 Eurocode: Basis of Structural Design

EN 1991 Eurocode 1: Actions on structures

EN 1992 Eurocode 2: Design of concrete
structures
EN 1993 Eurocode 3: Design of steel structures

EN 1994 Eurocode 4: Design of composite
steel and concrete structures

EN 1995 Eurocode 5: Design of timber
structures

EN 1996 Eurocode 6: Design of masonry
structures

EN 1997 Eurocode 7: Geotechnical design

EN 1998 Eurocode 8: Design of structures for
earthquake resistance

EN 1999 Eurocode 9: Design of aluminium
structures

Eurocode standards recognise the responsibility
of regulatory authorities in each Member State
and have safeguarded their right to determine
values related to regulatory safety matters at
national level where these continue to vary
from State to State.

'Vroma wmix Kowmicieto €Bponeiicbkux CrimbHOT i
€BporeiicbkkuM komiterom crannaprusanii (CEN) oo
poboTH Hax €BpoKoAaMH Ul IPOEKTYBaHHS OyniBelb 1
cnopyn (CONSTRUCT 89/019).

'Agreement between the Commission of the European
Communities and the European Committee for
Standardisation (CEN) concerning the work on
EUROCODES for the design of building and civil
engineering works (BC/CEN/03/89).
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€Bpoxoais

Hepxasu-unenn EU ta EFTA BusnawoTth, 110
€BpOKOJU MIIOTh K €TAJIOHHI JTOKYMEHTH IS
TaKUX I[IJICH:

— sIK 3aci0 JOBEICHHsI BiMOBITHOCTI OYy/IiBEIb 1
CIOpyl OCHOBHMM BuMoram Jlupexktusu Pann
89/106/EEC, 30kpema ocHOBHil BuMO3i Ne 1 —
MexaniuHa CTIMKICTh Ta CTaOUIBHICTH 1
ocHoBHIM BMO031 Ne 2 — IToxkexkHa Oe3neka;

— sSIK OCHOBa /Il YKJIaJiaHHS KOHTPAKTIB JIJIst
OymiBeNb 1 CHOpPYH Ta TMOB'SI3aHUX 3 HUMHU
IH)KEHEPHUX MOCTYT;

— SK OCHOBa Ui CKIQJaHHS Y3TOJDKECHUX
TeXHIYHUX creuudikamii st OyaiBeIbHUX
BupoOiB (ENs Ta ETAs)

€BpOKOAM, OCKUIBKM BOHU 0e3MmocepesTHbo
BIJTHOCSTBCSI 10 OyIIBENBbHUX CIOpPYHA, MAalOTh
NpsIMUI 3B“30K 3 TIyMayHUMH JOKYMEHTAMU
po3ainy 12 CPD, He3Baxkarouu Ta Te, 10 BOHU
MaloTh Pi3HY MNPUPOAY 3 TapMOHI30BAHUMHU
CTaHIApTaMH Ha BUPOOH’. TaKMM HHHOM, TeX-
HIYHI acleKTH, SKi BHUIUTUBAIOTH 3 €BPOKOIIB
Ui OyZAiBenb 1 CIOPYJ, MOBUHHI B MTOBHIN Mipi
OyTH pO3IISHYTUMHU TEeXHIYHUMH KOMITETaMU
CEN Tta/un poGounmu rpynamu EOTA, sxi
PO3pOOIISIIOTh CTaHJApTH Ha OyJiBeNbHI BUPO-
Ou, 3 TO3UIIINA JOCSITHEHHS TOBHOI CYMICHOCTI
TeXHIYHMX crenudikaiii 3 €BpokoamMH.

B s sl

of Eurocodes

The Member States of the EU and EFTA
recognise that Eurocodes serve as reference
documents for the following purposes:

— as a means to prove compliance of building
and civil engineering works with the essential
requirements of Council Directive 89/106/EEC,
particularly Essential Requirement N°1 — Me-
chanical resistance and stability — and Essential
Requirement N°2 — Safety in case of fire;

— as a basis for specifying contracts for
construction works and related engineering
services ;

— as a framework for drawing up harmonised
technical  specifications for construction
products (ENs and ETAs)

The Eurocodes, as far as they concern the
construction works themselves, have a direct
relationship with the Interpretative Documents®
referred to in Article 12 of the CPD, although
they are of a different nature from harmonised
product standards’. Therefore, technical aspects
arising from the Eurocodes work need to be
adequately considered by CEN Technical
Committees and/or EOTA Working Groups
working on product standards with a view to
achieving a full compatibility of these technical
specifications with the Eurocodes.

*Bignosiguo mo Cr. 3.3 CPD, OcuoBni Bumorn (ER)
OTPUMAIOTH  KOHKpeTHy  ¢opmy vy  Tinymaunumx
JIOKyMEHTax JUIsl CTBOPEHHS HEOOXimHMX B S3iB MiXK
OcHoBuuMu BuMoramu ta Maugatamu Ha hEN 1 ETA.

*Bigmosizso mo Cr. 12 CPD, Tiymauni IOKyMeHTH
MaroTh:

a) HajaTH KOHKpeTHy ¢opMy OCHOBHHM BHMOTaM,
Y3TOIMBIIN TEPMIiHOJIOTIIO 1 TEXHIYHI 3acajid, 1 BKa3aBIIH
KJacu abo piBHI sl KOXKHOT BUMOTH, JIe I1e HEOOXiIHO;

b) BKa3aTH METOIU BCTAHOBIICHHSI CITiBBIIHOUICHHS MiX
OUMH  KJacaMd a0o pIBHAMH BHMOT 3 TEXHIYHUMH
BHMOTaMH, HaIPUKIIaJ], METOIN PO3PaXyHKY i IEPEBipKH,
TEeXHIYHI MpaBWIa MPOSKTYBaHHS, TOIIO;

C) CHyryBaTH SK PEKOMEHIAIlis JUIsi BCTaHOBIJICHHS
Y3roJDKEHUX CTaHIAPTIB 1 HACTAHOB AJIsT €BPOMEHCHKOTO
TEXHIYHOTO YXBaJICHHS.

€Bpokoau (GaKTHYHO BiFirparoTh MoaiOHy posb y chepi
ER 1 iyactuni ER 2.

*According to Art. 3.3 of the CPD, the essential
requirements (ERs) shall be given concrete form in
interpretative documents for the creation of the necessary
links between the essential requirements and the
mandates for harmonised ENs and ETAGs/ETAs.

*According to Art. 12 of the CPD the interpretative
documents shall :

a) give concrete form to the essential requirements by
harmonising the terminology and the technical bases and
indicating classes or levels for each requirement where
necessary;

b) indicate methods of correlating these classes or levels
of requirement with the technical specifications, e.g.
methods of calculation and of proof, technical rules for
project design, etc.;

c) serve as a reference for the establishment of
harmonised standards and guidelines for European
technical approvals.

The Eurocodes, de facto, play a similar role in the field of
the ER 1 and a part of ER 2.
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BUJIA TIPOSKTYBAHHSI ISl TPAaKTHYHOTO BUKOPHC-
TaHHS BCiX KOHCTPYKLIN Ta iX KOMIIOHEHTIB, 5K
TPAAUIIAHOTO, TaK 1 IHHOBAIlIMHOTO XapaKTepy.
VYHikanbHi (OpMHU KOHCTPYKIIii a00 yMOBH Tpo-
eKTYBaHHSI HE OXOIUTIOIOTHCS, 1 B TAKMX BUIAJ-
Kax TPOEKTYBAJbHUKY MOTPIOEH J101aTKOBUIA
eKCTIEPTHUH PO3TIISL.

HanionaabHi cTangaprTu,
10 BIPOBAIKYHOTH €BpoKoan

HamionaneHi crangaptd, MO0 BOPOBAIKYIOTh
€BpOKOJIM, 3aBXK/JIHM BKIIIOYAIOTH TTOBHHHA TEKCT
€BpoKoly (BKJIIOYAIOUX BC1 AOAATKH), BUIAHUH
CEN, skomy MOXyTh nepenyBatu Hamionamns-
HUW TUTYIbHUHM JucT Ta HamionanbHa mepen-
MOBa, a TaK0X MOXYThb CYIPOBOKYBATHCS
HaitioHansHUM JTOJATKOM.

HauionanbHuil 101aTOK MOXKE TaKOXK BKITHOYATH
iHpOpMaIliF0 IIOMO0 THX TapaMeTpiB, SKi
3UIMIIMINCSA BIAKPUTUMU B €BpOKOAAX UL
HAIlIOHAJTBHOTO BHOOPY, BiIOMi SIK HAIliOHATHHO
BU3HAUEHI NapaMmeTpu JUIsl BUKOPHCTaHHS IPH
IIPOEKTYBaHH1 Oy/iBelb Ta 1H)KEHEPHUX CIIOPY/I,
o OyayTh MOOYI0BaH1 y 3allikaBlIeHiH KkpaiHi, a
came:

— 3HaueHHs 1/abo kmacu, Ae B EBpoKoai
JAr0ThCS ATbTEPHATHBH;

— 3HAYEHHS, SIKI CJI1Jl BUKOPUCTOBYBATH, KOJH B
€BPOKO/I1 HATTAETHCS TIIHKU TTO3HAYEHHS,

— crneuudiyHi gaHi KpaiHu (reorpadiui,
KJIIMAaTU4HI TOILIO), HAIIPUKJIAJ], KapTa CHITY;

— TIpOLIENTypa, SIKa BUKOPUCTOBYETHCS y BUTIAJIKY,
KOJIM aJIbTepHATHBHI MPOLEAYPH OOYMOBIIEHI B
€BpoKoi.

BoHM MOXXYTh TaKOX MICTUTH:
- peKoMeHaItii 1010
JIOBIIKOBHX JOJATKIB;

— TIOCHJIaHHSI Ha JI0JIaTKOBY 1H(oOpMaIiiio, ska
HE CyNepeyuTb HOPMATUBHUM BHUMOTram 1
J0TIOMarae py KOPUCTYBaHHI €BPOKOIaMH.

3aCTOCYBaHHS

structural design rules for everyday use for the
design of whole structures and component
products of both a traditional and an innovative
nature. Unusual forms of construction or design
conditions are not specifically covered and
additional expert consideration will be required
by the designer in such cases.

National Standards
implementing Eurocodes

The National Standards  implementing
Eurocodes will comprise the full text of the
Eurocode (including any annexes), as published
by CEN, which may be preceded by a National
title page and National foreword, and may be
followed by a National annex.

The National annex may only contain
information on those parameters which are left
open in the Eurocode for national choice,
known as Nationally Determined Parameters, to
be used for the design of buildings and civil
engineering works to be constructed in the
country concerned, i.e.:

— values and/or classes where alternatives are
given in the Eurocode,

— values to be used where a symbol only is
given in the Eurocode,

— country specific data (geographical, climatic,
etc), €.g. snow map,

— the procedure to be used where alternative
procedures are given in the Eurocode.

It may also contain:

— decisions on the application of informative
annexes,

— references to non-contradictory complemen-
tary information to assist the user to apply the
Eurocode.
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Hi30BAaHMMH TeXHIYHMMHU cnenndika-
uisimu (ENs ta ETAS) nis Bupo0iB

HeoOxigHa y3rofpkeHiCTh MK TapMOHI30Ba-
HUMH TEXHIYHUMHU crienudikamisiMu 1 Oyi-
BEJIbHUX BHUPOOIB Ta TEXHIYHUMH IPaBHIAMH
s Gymisens i cropyn’. Kpim Toro, moBHa
iHpopMallis, sfKa CYNpPOBOIKYE MapKyBaHHS
CE OyniBenbHUX BUPOOIB 1 Ma€ BIHOIICHHS 10
€BpOKOJIiB, TMOBHHHA YITKO 3a3HA4YaTH, SKi
HalllOHAJFHO BHW3HA4YEHI TMapameTpu Oyiau
MPUKAHSATI 10 yBary.

Jonarkosa ingopmanisi moao
EN 1993-4-1

EN 1993-4-1 namae Bka3iBku MO0 OYIiBENb-
HOTO MPOEKTYBAHHS CUJIOCIB.

EN 1993-4-1 namae mpaBuia NpOEKTYBAaHHS,
SKI JIOMOBHIOIOTH 0a30Bi IpaBWia Oaratbox
gactud EN 1993-1.

EN 1993-4-1 npusHaueHo isi 3aMOBHHKIB,
MPOEKTYBAIbHUKIB, MIAPSAHUKIB 1 KOHTPO-
JIIOIOYMX OPraHiB.

EN 1993-4-1 HeoOXigHO 3acTOCOBYBaTH Y
noeguanHi 3 EN 1990, 3 EN 1991-4, 3 inmuMun
gactunamu EN 1991, 3 EN 1993-1-6 1
EN 1993-4-2, 3 inmmmu yactuHamMu EN 1993, 3
EN 1992 i 3 igmumu gactugamu EN 1994 no
EN 1999, sxi BigHOCATBCS OO MPOEKTYBaHHS
cwiociB. IlutanHs, skl BXKe pO3KpUBAIOTHCS B
3raflaHuX JOKYMEHTaX, HE MOBTOPIOIOTHCS.
Uwucnoi 3HaYeHHS JJIs YaCTKOBUX Koe]irieH-
TiB Ta 1HIIMX [ApaMeTpiB HATIHHOCTI peKOMEH-
IYIOTBCS SIK OCHOBHI 3HAYEHHs, SKi 3a0esre-
YyIOTh NPUHHATHUN piBeHb HafiiHOCTI. BoHM
Oynu oOpaH1 TIpH JOMYIIEHHI, 10 3a0€3MeYeHo
BIMOBIAHAI piBeHb KOMIIETEHTHOCTI
POOITHUKIB Ta SKICHE YIPaBIIiHHS.
Koedirientu 6e3nexu s CUIIOCIB «TOBapHOTO
tuny» (paOpu4yHOro BUPOOHHUITBA) MOXKYTh
OyTH BKa3aHi BiMOBIAHUMH YIOBHOBKEHUMHU
opranamu. J[0 CHJIOCIB «TOBapHOTO THITY»
Koedirientu, Hanani y 2.10, 3acTOCOBYIOThCS
JUIIE y SKOCTI BKa3iBOK. BoHW HaBeneHi, 1mo0
MOKa3aTy BIPOTiAHI PiBHI, SIKi HEOOXiIHI JUIs
TOCSITHEHHS HAAIMHOCT1 Y CYMICHOCTI 3 IHIIUMHA
MIPOEKTAMHU.

harmonised technical specifications
(ENs and ETAs) for products

There is a need for consistency between the
harmonised  technical specifications  for
construction products and the technical rules for
works?, Furthermore, all the information
accompanying the CE Marking of the
construction products which refer to Eurocodes
should clearly mention which Nationally
Determined Parameters have been taken into
account.

Additional information specific to
EN 1993-4-1

EN 1993-4-1 gives design guidance for the
structural design of silos.

EN 1993-4-1 gives design rules that supplement
the generic rules in the many parts of EN 1993-
1.

EN 1993-4-1 is intended for clients, designers,
contractors and relevant authorities.

EN 1993-4-1 is intended to be used in
conjunction with EN 1990, with EN 1991-4,
with the other Parts of EN 1991, with EN 1993-
1-6 and EN 1993-4-2, with the other Parts of
EN 1993, with EN 1992 and with the other
Parts of EN 1994 to EN 1999 relevant to the
design of silos. Matters that are already covered
in those documents are not repeated.

Numerical values for partial factors and other
reliability parameters are recommended as
basic values that provide an acceptable level of
reliability. They have been selected assuming
that an appropriate level of workmanship and
quality management applies.

Safety factors for ,,product type™ silos (factory
production) can be specified by the appropriate
authorities. When applied to ,,product type*
silos, the factors in 2.10 are for guidance
purposes only. They are provided to show the
likely levels needed to achieve consistent
reliability with other designs.

‘Mus. Cr. 3.3 i Cr.12 CPD, a takox 4.2, 43.1, 43.2 ta
521D 1.

*See Art.3.3 and Art.12 of the CPD, as well as 4.2, 4.3.1,
432 and 5.2 of ID 1.
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Lleii crangapT Hajae aTbTEPHATUBHI MPOLEIYPH,
3HAQYEHHS 1 pEeKOMeHaamii maiId  KiaciB i3
MPUMITKaMH, sIKI MOKYTh BKa3yBaTH Micle, e
HEOOXITHO 3pOOWTH HAIlIOHAIBHUK  BHUOIP.
TakuM 4YMHOM, HAIIOHATBHHWHA CTAHIAPT, STKUN
BopoBapkye EN 1993-4-1, mnoBuHeH MmaTtu
HarmionanpHuit 101aTOK, KUK BKJIIOYAB O yci
HalllOHAJTFHO  BHU3HAYCHI  IMapaMeTpH, sKi
BUKOPHUCTOBYIOThCS npu MPOEKTYBaHHI
OyzdiBenb Ta LMBUIBHUX CHOpPYA, IO OyayTh
noOyJ0BaHi y BiNOBIIHIN KpaiHi.

HarionambHUM BHOOPOM JTO3BOJICHO BBIWTH JI0
EN 1993-4-1 3a 1onoMororo:
- 2.2(1)

- 2.2(3)

- 2.9.2.2(3)

- 34(1)

- 4.1.412)1(4)

- 4.2.2.3(6)

- 4.3.1(6)1(8)

- 5.3.23(03)

- 5.3.2.4 (10), (12) i (15)
- 5.3.2.5(10)1(14)
- 5.3.2.6(3)1(6)

- 5.3.2.8(2)

- 53.35(1)i(2)

- 5.3.43.2(2)

- 5.3.433(12)i1(5)
- 5.3.43.4(5)

- 5.3.4.5(3)

- 5442),3)i4)
- 5.4.7 (3)

- 5.523)

- 5.6.2(1)i(2)

- 6.1.2 (4)

- 6.3.2.3(2)i(4)

- 6.3.2.7 (3)

- 7.3.1 (4)

- 8334

- 8.4.1 (6)

- 8.4.2 (5)

- 8.5.3(3)

- 9.513)1(4)

- 9.5.2(5)

- 9.8.2(1)i(2)

- A2((1)i(2)

- A.3.2.1(6)

- A.3.2.2(6)

for EN 1993-4-1
This standard gives alternative procedures,
values and recommendations for classes with
notes indicating where National choices may
have to be made. Therefore the National
Standard implementing EN 1993-4-1 should
have a National Annex containing all
Nationally Determined Parameters to be used

for the design of buildings and civil engineering
works to be constructed in the relevant country.

National choice is allowed in EN 1993-4-1
through:

- 2.2 (1)

- 2.2 (3)

- 2.9.2.2(3)

- 34(1)

- 4.1.4 (2) and (4)

- 4.2.2.3(6)

- 4.3.1 (6) and (8)

- 5.3.2.303)

- 5.3.2.4 (10), (12) and (15)
- 5.3.2.5(10) and (14)
- 5.3.2.6 (3) and (6)

- 5.3.2.8(2)

- 5.3.3.5(1) and (2)

- 534322

- 5.3.43.3(2) and (5)
- 5.3.434(5)

- 5.3.4503)

- 5.4.4(2), (3) and (4)
- 54.7 (3)

- 5.5.2(3)

- 5.6.2 (1) and (2)

- 6.1.2 (4)

- 6.3.2.3 (2) and (4)

- 6.3.2.7 (3)

- 7.3.1 (4)

- 8.3.3 (4)

- 8.4.1(6)

- 8.4.2 (5)

- 8.5.3(3)

- 9.5.1 (3) and (4)

- 9.52(5)

- 9.8.2 (1) and (2)

- A.2(1)and (2)

- A.3.2.1(6)

- A.3.2.2 (6)
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A33(1),(2)i3) —  A3.3(1),(2)and (3)
A3.4(4) - A3.4(4)
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1 3AT'AJIBHI INTOJIO’KEHHSA

1.1 I'asty3b 3acTOCyBaHHSA

(1) Yactuna 4.1 EBpokoma 3 3abesmneuye
OPUHIUINM 1 TpaBWIa 3aCTOCYBAHHS IS
OymiBeTbHOTO  TMPOEKTYBaHHS  CTaJICBHX
OyHKepiB Kpyrioi abo mpsAMOKyTHOI Gopmu,
BCTaHOBJIFOBAaHHMX BUIBHO 200 Ha OTIOpax.

(2) IonoxxenHs, MO HaBECHI B 111 YaCTHHI,
3MIHIOIOTh abo 3aMiHIOIOTh co0010
nooxenust EN 1993-1.

(3) Lls yacTuHa cTaHAapTy, Ma€ BIAHOIICHHS
TIJBKH JI0 BUMOT OTIOPY 1 CTIHKOCTI CTaJIeBUX
cuwiociB. Ilfo crocyeTbcsi I1HIIUX BUMOT
(rakmx  sAK  eKciuTyatalliiina  Oesmexa,
(GyHKI[IOHaNTbHA TPOAYKTUBHICTh, BUIOTO-
BJICHHS 1 MOHTa), KOHTPOJIb SIKOCTI, JieTanen
Ha KIITAIT OTJISAJIOBUX KOJOJA3iB, (praHIIB,
3aBAaHTAXYBAIBHUX  IPHUCTPOIB, 3aCIIHOK

PO3BaHTaXXYBAIBHOTO  JIIOKA,  IMOJAIOYHUX
MEXaHI3MIB  TOIIIO), JIUB. BIJIITOB1IH1
CTaHIapTH.

(4) TlomoxkeHHs, sKi BIGHOCATBCA [0
CHelIaJIbHUX BUMOI 1O  CelcMiuHOMY
IIpOEeKTyBaHHIO, mependadeHi EN 1998-4,
KW JIOTIOBHIOE a00 aJamnTye TOJIO0XKECHHS
EBpokona 3 crnerianbHo A7 1€l MEeTH.

(5) IIpoexkTyBaHHS HeCy4yMX KOHCTPYKLIH
Ut cunociB posrsigaerbest B EN 1993-1-1.
BBaxkaeTbcsi, 1m0 Hecyda KOHCTPYKIIS
CKJIATIAEThCS 3 YCIX OyAiBEIbHUX JeTajeH,
pPO3TAllIOBAaHUX HUXKYE HUKHBOI MOJHIII
CaMoTO HIDKHBOTO Tosicy OyHKepa, IUB.
pucyHok 1.1.

(6) OcHOBM TPOEKTYBaHHS 3alli300€TOHHUX
KOHCTPYKIIIH  JUIsI  CTaJeBUX  CHJIOCIB
posrisinatotecs B EN 1992 ta EN 1997.

(7) YucnmoBi 3HAYECHHS OCOOJIMBUX BIUIMBIB
Ha CTaJieBl CHJIOCH TOBHMHHI BPaXxOBYBaTHCS
OpU  TPOEKTYBAaHHI  BIAIMOBIAHO 10
EN 1991-4 Jlii na OyHkepu 1 pe3epByapH.

1 GENERAL

1.1 Scope

(1) Part 4.1 of Eurocode 3 provides principles
and application rules for the structural design
of steel silos of circular or rectangular plan-
form, being free standing or supported.

(2) The provisions given in this Part
supplement modify or supersede the
equivalent provisions given in EN 1993-1.

(3) This part is concerned only with the
requirements for resistance and stability of
steel silos. For other requirements (such as
operational safety, functional performance,
fabrication and erection, quality control,
details like man-holes, flanges, filling devices,
outlet gates and feeders etc.), see the relevant
standards.

(4) Provisions relating to special requirements
of seismic design are provided in EN 1998-4,
which complements or adapts the provisions
of Eurocode 3 specifically for this purpose.

(5) The design of supporting structures for the
silo are dealt with in EN 1993-1-1. The
supporting structure is deemed to consist of all
structural elements beneath the bottom flange
of the lowest ring of the silo, see figure 1.1.

(6) Foundations in reinforced concrete for
steel silos are dealt with in EN 1992 and EN
1997.

(7) Numerical values of the specific actions on
steel silos to be taken into account in the
design are given in EN 1991-4 Actions in
Silos and Tanks.
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— BOTHETPHUBKICTH;

— OyHKepu 3 BHYTPIIIHIMH €MHOCTSIMH 1
BHYTPIIIHIMU KOHCTPYKIIiSIMH;

— OyHkepu MicTKicTio MeH1e 10 ToH;

— BHWIIQJKU, KOJU TOTPiOHE BUKOPUCTAHHS
OCOOJIMBUX 3aXOMiB I  TONEPEIHKCHHS
HACJIIKIB HENTACHUX BUIIAIKIB.

(9) Skmo meit craHmapT 3aCTOCOBYETHCS 0O
CHJIOCIB KPYTJIOi KOH(Iryparii, reoMeTpruiHa
dhopma Mae Oyt oOMex)eHa aCUMETPUIYHUMU
KOHCTPYKIISIMH, 1 Jisl HA HUX MOXE OyTH
aCUMETPUYHOI0, a 1X ONOpU MOXKYTh
BUKIMKATH y CWJIOCIB peakuii, ki He €
BiCCECUMETPUYHUMHU.

1.2 HopmaTuBHi NOCWIAHHS

Ileii craHmapT MICTUTh  JaTOBaHi 1
HEeIaTOBaHI1 MOCHIAHHS, IOJIOKEHHS 3 1HIINX
craggaptiB. [li HOpMaTWBHI TOCHJIAHHS
HABEJICHO Y BIATOBIIHUX MICIAX y TEKCTi, a
nyOmikamii mepepaxoBaHi  Hkue. J[us
JATOBAaHWX TIOCHWJIAHb HACTYIHI ITOTPAaBKU
abo mepernsau Oyap-SKUN 3 IUX MyOIiKallii
HaJleXkath 110 E€BPOMEHCHKOTO CTaHAAPTY
TIIBKM TPU BHECEHHI 10 HBOTO 3MiH abo
nepernsigiB. Jms HenatoBaHMX TOCHIIaHB
3aCTOCOBYIOTh OCTAaHHE BUIaHHS ITyOJIiKaIii.

EN 1090
KOHCTPYKLIH;
EN 1990 €Bpoxoa: OCHOBH IPOEKTYBaHHS;
EN 1991 EBpoxkonl: Jlii Ha KOHCTPYKIIIi:
Yactuna 1.1 IinbHicTh, BiacHa Bara i
KOPHCHI HAaBaHTAXKEHHS /7151 Oy TiBEIIb;
Yactuna 1.2 Mlii Ha koHctpykuii. Jlii Ha
KOHCTPYKLIi HE3aXUIlIeH] B1/l BOTHIO;
Yactuna 1.3 Jlii #Ha xoHctpykmii. CHirosi
HaBaHTaXCHHS;

Yactuna 1.4 Jlii Ha xoHcTpykuii. BiTposi
HaBaHTaXCHHS;

[IpoexkTyBaHHS  CTalleBUX

Yactuna 1.5 Jlii Ha  KOHCTPYKIII.
TemnepaTypHi BIUIUBHY;
Yactuna 1.6 Jlii Ha  KOHCTPYKIII.

KoHcTpykiiliHi HaBaHTa)XEHHS,

Yacrtuna 1.5 JIii Ha koHCTpyKIii. Bumaakosi
i

Yactuna 4 [Iii Ha cuitocH 1 pe3epByapu;

EN 1993 Espokon 3: IIpoekTyBaHHs
CTaJIeBUX KOHCTPYKIIIH:

9

— resistance to fire;

— silos with internal subdivisions and internal
structures;

— silos with capacity less than 10 tonnes;

— cases where special measures are necessary
to limit the consequences of accidents.

(9) Where this standard applies to circular
planform silos, the geometric form is restricted
to axisymmetric structures, but the actions on
them may be unsymmetrical, and their
supports may induce forces in the silo that are
not axisymmetrical.

1.2 Normative references

This European Standard incorporates, by dated
and undated reference, provisions from other
standards. These normative references are
cited at the appropriate places in the text and
the publications are listed hereafter. For dated
references, subsequent amendments to, or
revisions of, any of these publications apply to
the  European  Standard only  when
incorporated in it by amendment or revision.
For undated references the latest edition of the
publication referred to applies.

EN 1090 Execution of steel structures;

EN 1990 Eurocode: Basis of design;

EN 1991 Eurocode 1: Actions on structures:
Part 1.1: Actions on structures — Densities,
self-weight and imposed loads for buildings;
Part 1.2: Actions on structures — Actions on
structures exposed to fire;

Part 1.3: Actions on structures — Snow loads;

Part 1.4: Actions on structures — Wind loads;

Part 1.5: Actions on structures — Thermal
loads;

Part 1.6: Actions on structures — Construction
loads;

Part 1.5: Actions on structures — Accidental
actions;

Part 4: Actions on silos and tanks;

EN 1993 Eurocode 3: Design of steel
structures:
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U1 OyiBeb;

Yactuna 1.3 XomomHo (opMOBaHI TOHKO-
CTIHHI €JIEMEHTH 1 JINCTH;
Yacrtuna 1.4 Hepskasitoui crani,
Yactuga 1.6 Minmicte 1
000JIOHKOBUX KOHCTPYKIIIH;
Yactuna 1.7 IlmockocTiHi KOHCTPYKINIT 13
3BapHHUX JUCTIB 3 MOTICPEYHUM
HABaHTAXCHHSIM;

Yacruna 1.8 IIpoexTyBaHHs 3'€1HaHB;
Yacruga 1.9 BroMHa MIIHICTE CTaJIEBUX
KOHCTPYKIIIH;

Yactuna 1.10 Bubip crani 3 ypaxyBaHHSIM
ymapHOi BSI3KOCTI 1 OIOPY YTBOPCHHIO
HACKPI3HUX TPIIlIHH;
Yacrtuna 4.2 PesepByapu;
EN 1997 Espokoxg 7:
MIPOCKTYBAHHS;

EN 1998 EBpoxop 8: [lonoxkeHHs 1O MpoeK-
TYBaHHIO CEMCMOCTIMKHX KOHCTPYKIIi;
Yactuna 4  Cunocu, pesepByapu 1
TpyOOIpoBOIN;

EN 10025 T'apstumii mpokaT 3 HeJIEroBaHOL
KOHCTPYKIIIHHOI CTajgl - TEXHIYHI yMOBH
MTOCTaBKHU;

CTIMKICTD

I'eoTexHiyne

EN 10147 T'apsiuekaraHi IIOCKI BUPOOM 31
CTaJlell BHUCOKOi MEX1 TEeKy4doCTi JJiA
XOJIOZAHOTO IITaMITyBaHHS;

ISO 1000 Oguanns CI;

ISO 3898 OcHoBH IIPOEKTYBaHHS
KOHCTPYKIIH. YMOBHI 3HaKu. 3arajibHi
MO3HAYCHHS;

ISO 4997 KoHcTpykIliiiHi  BJIacTUBOCTI
CTaJICBHX JIUCTIB XOJIOJTHOTO IPOKATY;

ISO 8930 3arampHi NPUHIMNUA HATIHHOCTI
KOHCTPYKITIH. Crnucok  eKBiBaJIEHTHUX
TEPMIHIB.

1.3 IlpunyumeHus

(1) B nomoBHEHHsS [0 3arajJibHUX MpPHITY-
meHb, Bkazanux B EN 1990, 3actocoByro-
ThCS HACTYIIHI JOMYCKU:
- BHUIOTOBJIEHHA 1

Bignosigatu EN 1090-2.

MOHTa)X IIOBUHHI

Part 1.3: Cold formed thin gauge members and
sheeting;

Part 1.4: Stainless steels;

Part 1.6: Strength and stability of shell
structures;

Part 1.7: Planar plated structures loaded
transversely;

Part 1.8: Design of joints;
Part 1.9: Fatigue strength of steel structures;

Part 1.10: Selection of steel for fracture
toughness and through-thickness properties;

Part 4.2: Tanks;
EN 1997 Eurocode 7: Geotechnical design;

EN 1998 Eurocode 8: Design provisions for
earthquake resistance of structures;
Part 4: Silos, tanks and pipelines;

EN 10025 Hot rolled products of non-alloy
structural  steels -  technical delivery
conditions;

EN 10147 Hot-rolled flat products made of
high yield strength steels for cold forming;

ISO 1000 SI Units;
ISO 3898 Bases for design of structures -
Notation - General symbols;

ISO 4997 Cold reduced steel sheet of
structural quality;

ISO 8930 General principles on reliability for
structures - List of equivalent terms.

1.3 Assumptions

(1) In addition to the general assumptions of
EN 1990 the following assumptions apply:

— fabrication and erection complies with EN
1090-2
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NPaBHJIAMHM 32CTOCYBAHHS
(1) Jus 1.4 EN 1990.
1.5 Tepminu TA BU3HaAYeHHSA

(1) Tepminau, npuBeneni B 1.5 EN 1990, nns
3arajbHOTO 3aCTOCYBaHHS B €BpOKOIaxX IO
OyIIBHHMIITBY 1 BHW3HAYEHHIO, NPHUBEACHI B
ISO 8930, 3acrocoByroTbCcs 10 JaHOI
gactuan 4.1 EN 1993, gxmo He BKa3aHO
inmre.  CrmemiaabHO 3 METOK  JIaHOL
gacTuHu 4.1 BBEJEHI HACTYMNHI J0AATKOBI
BU3HAYEHHS:

1.5.1 O6ononka
@dopmMoBaHa KOHCTPYKIisSi 13  3ICHYTOrO
TOHKOT'O JIUCTA.

1.5.2 Bicecumempuuna ooo10onka
Koncrpykuis 000M0OHKH, TeoMeTpis KOl
BH3HAYAETHCA 32 JIONMOMOTOK OOepTaHHS
MepHIiaHaIbHOT JIiHIT BIIHOCHO LIEHTPaIbHOT
oci.

1.5.3 Kopoo

3akpura TPUBHUMIpHA KOHCTPYKIIif,
BUTOTOBJICHA 3 HA0OpPY TUIOCKHX JHCTIB. Y
LUISIX IIbOTO CTaHAAPTY KOpoO Mae po3MipH,
SIK TIPaBUJIO, CyMIpPHI Ha BCIX HaIlpsIMKax.

1.5.4 Mepuoianvnuii nanpam

JloTnuHa 10 Oyb-sIKOT TOYKHU CTIHKH CHJIOCA
y BepTUKaJbHIN MiouuHl. BoHa 3MiHIOETHCS
3aJIeKHO Bl JAaHOTO KOHCTPYKTHBHOI'O
elleMeHTy. SIK HampsMOK JIOIIOBOI Kparuti
sKa CTIKa€ IO BePTUKAIbHIA abo MOXuiii
MOBEPXH1 KOHCTPYKIIIi.

1.5.5 Kinvyeeuii nanpam

lopuzoHTanekHa goTMYHA [0 OyIb-sAKOT
TOYKH CTIHKM cwioca. BoHa 3MIHIOETLCS 10
nepuMmeTrpy  OyHKepa, po3TalioBaHa B
TOPU3OHTANIBHIA TUIOMIMHI 1 MO JOTHYHIN
BIIHOCHO CTIHKM OyHKepa, HEe3aJeXHO BiJ
TOro, Ma€e OyHKep Kpyriy abo MpsSMOKYTHY
KOHirypariito.

11

Application rules.
(1) See 1.4 in EN 1990.
1.5 Terms and definitions

(1) The terms that are defined in 1.5 in EN
1990 for common use in the Structural
Eurocodes and the definitions given in ISO
8930 apply to this Part 4.1 of EN 1993, unless
otherwise stated, but for the purposes of this
Part 4.1 the following supplementary
definitions are given:

1.5.1 Shell
A structure formed from a curved thin plate.

1.5.2 Axisymmetric shell

A shell structure whose geometry is defined
by rotation of a meridional line about a central
axis.

1.5.3 Box

A structure formed from an assembly of flat
plates into a three-dimensional enclosed form.
For the purposes of this Standard, the box has
dimensions that are generally comparable in
all directions.

1.5.4 Meridional direction

The tangent to the silo wall in a vertical plane
at any point. It varies according to the
structural  element  being  considered.
Alternatively, it is the vertical or inclined
direction on the surface of the structure that a
rain drop would take in sliding down the
surface.

1.5.5 Circumferential direction

The horizontal tangent to the silo wall at any
point. It varies around the silo, lies in the
horizontal plane and is tangential to the silo
wall irrespective of whether the silo is circular
or rectangular in plan.
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Ileii  TepMiH  BUKOPHCTOBYETHCA  JJIA
MO3HAYEHHsSI SK BUIBHOI BiJl HaIpyXXeHb
CEepeNHbOi  TOBEpPXHi, KOJIU  OOOJIOHKA
(bopMyeThCS B pe3ysbTaTi MPOCTOTO BUTUHY,
TaK 1 CepelHiil MOBEPXHI IUIOCKOTO JIUCTA,
110 CTAaHOBUTH YACTUHY KOpOOa.

1.5.7 Po3nooin pebdep scopcmkocmi
Biacrane Mik cepenHaMu MO3A0BXKHIX OCEH
JBOX  CYMDKHUX  MapajeinbHuX  pebep
xopctkocTi. Ha momatok mo wactuam |1
craanapta EN 1993 (i wactunu 4 EN 1991) B
X i€l yactuHu 4.1  3aCTOCOBYIOTHCS
HACTYIHI TEpMiHU (IUB. pUCYHOK 1.1).

1.5.8 Bynxkep

byHkep € KoHTeiiHepoM st 30epiraHHs
rpaHy/IbOBaHMX YaCTOK TBEPIUX MaTepialib.
B npomy crangapti nependadaeTbes, Mo BiH
Ma€ BEPTHKAIbHY (OPMY 1 3aBaHTaXKYETHCS
3ropu, 3aBISKA CHJII TSDKIHHS TBEPIUX
MmarepianiB. TepMmMiH CHIOC BKIIOYAE YCi
KOHCTPYKTHBHI KoHIryparii IS
30epiraHHs 4acTOK TBEpAMX MarepianiiB, SKi
B IHIIUX BWIIaJKax MOXKHa Oyno O Ha3BaTH
3acik, BOPOHKA, CXOBHWINE JJIs 3epHa abo

OyHKep.

1.5.9 bapaoan-yuninop
bapaGan-tuninap - 1€ BepTUKaIbHA CEKIIis
OyHKepa, 0OMeKeHa CTIHKaMH.

1.5.10 Xonep

Xomep € CeKIi€w, M0 3BYXKYETbCSI Yy
HampsAMKy 10  AHa  OyHkepa.  Bin
3aCTOCOBYETBCS  JUISI  TOJA4yi  TBEPAUX
MaTepiamiB  MmiJa  CHJIOK  TKIHHA B
PO3BaHTaXXyBaJIbHUM MPUCTPIH.

1.5.11 3'eonannsn

3'eqHaHHS - 1€ TOYKAa CIIOTYYCHHsS JBOX 1
OubllIe 3ITHYTHX €JIeMEHTIB O0OJIOHKH abo
JIBOX 1 O1NIbIIIE JIMCTOBHUX E€JIEMEHTIB Kopooa.
3'eqHaHHd  MOXKE  BKJIIOUAaTH a0o0  He
BKJIIOYAaTH  pedpo  JKOPCTKOCTi:  TOYKY
CIIOJTyY€HHS KUIbLIEBOTO pedpa KOPCTKOCTI 3
000JIOHKOIO abo Kopobom MOYKHA
PO3TIIATATH SIK 3'€THAHHS.

This term is used to refer to both the stress-
free middle surface when a shell is in pure
bending and the middle plane of a flat plate
that forms part of a box.

1.5.7 Separation of stiffeners

The centre to centre distance between the
longitudinal axes of two adjacent parallel
stiffeners. Supplementary to Part 1 of EN
1993 (and Part 4 of EN 1991), for the
purposes of this Part 4.1, the following
terminology applies, see figure 1.1.

1.5.8 Silo

A silo is a vessel for storing particulate
granular solids. In this Standard, it is assumed
to have a vertical form with solids being added
by gravity at the top. The term silo includes all
forms of particulate solids storage structure,
that might otherwise be referred to as a bin,
hopper, grain tank or bunker.

1.5.9 Barrel
The barrel is the vertical walled section of a
silo.

1.5.10 Hopper

A hopper is a converging section towards the
bottom of a silo. It is used to channel solids
towards a gravity discharge outlet.

1.5.11 Junction

A junction is the point at which any two or
more shell segments, or two or more flat plate
elements of a box meet. It can include a
stiffener or not: the point of attachment of a
ring stiffener to the shell or box may be treated
as a junction.
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[lepexinne 3'eqHaHHA- 1€ 3'€THAHHA MK
UTiHAPOM 1 xommepoM. Lle 3'eananus Moxe
OyTH posTamioBaHe OUIS OCHOBH IWJIIHApA
a0o0 B IOTO CEpeMHH.

1.5.13 IO6ka

IO06ka — 1e wactMHa MWIIHApA, sSKa 3HAXO-
JTUTHCSI HUXKYE TIEPEXiTHOTO 3'€IHAHHS: BOHA
BIIPI3HAETBCSA BiJl BEPXHHOI YACTHHU THM,
10 HE CTHKAETHCS 3 CHITYYHMH MaTepiajlaMmH,
10 30€epiraroThCsl.

1.5.14 Ilosac obuwiuexku

[Tosic abo psim — 1€ OJAMH IUTACT CTAJICBUX
JUCTIB, 10 YTBOPIOE OAWH  piBEHb
00YKOMOIIOHOTO IMWTIHIPY OYHKEpa.

1.5.15 Iloe300865tcHe pebpo sncopcmkocmi

[ToB310BXXHE peOpO  KOPCTKOCTI — IIe
€JIEMEHT JIOKaJIbHOTO YKPITUJICHHS
KOHCTPYKIIii, pO3TallOBaHU I Y3I0BXK
Mepuaiana  OOOJOHKH, SKHH  yTBOPIOE
000JIOHKY o0epTaHHs. Bono

BCTAHOBJIIOETHCS JIJIA IiIBUIICHHS CTIMKOCTI,
OTOpYy JIOKAIbHUM HaBaHTKEHHSM abo

OCbOBHUM  HaBaHTaXEHHAM. BoHO  He
npu3HaueHe s 3a0e3meueHHs Hecydol
31aTHOCTI B1JIHOCHO OCHOBHOT'O
HaBAHTAXKEHHS Ha  3TUH BHACJI/IOK
MOIEPEYHOI0 HANIPYKEHHS.

1.5.16 Peopo

Pe6po — me nokanbHMI e€NEeMEHT, SKUi

3a0e3neyye HeCydy 3/1aTHICTh BIJIHOCHO
OCHOBHOTO HaBaHTA)KEHHS TMPH HAMPYKEHHI,
0 BHKJIMKAE 3THH HIKYEC MEPHUIiaIbHOT
JiHIT 00OJIOHKHM a00 IJIOCKHUX JIMCTIB, 1 3a
JIOTIOMOTOF0 OOEPTaHHS YTBOPIOE OOOJOHKY.
Ile Takoxx BepTHKaIbHE PeOPO KOPCTKOCTI
kopoba. Bono  3acrocoByeTbcs A
pPO3MOJIiTy HAaBaHTAXEHb HAa KOHCTPYKIIIIO,
10 BUHUKAIOTh B pe3yJIbTaTi Ail Ha 3THH.

1.5.17 Kinvyese peopo s«copcmxocmi

KinbrieBe peOpo KOPCTKOCTI — 1€ JTOKaTbHUN
3MIITHIOIOYHI €JIEMEHT, SIKWW TMPOXOJUTH IO
KOJTy KOHCTPYKIIi B 3aJaHiidi TOYIll Ha
Mepumiani. Ilepenbavaerses, mo 1e pedpo
HE Ma€ KOPCTKOCTI B MEpUIIaNIbHIN MIONTHHI
KOHCTpyKIlii. BoHO 3abe3medye mmiaBUIICHS
cTifikocTi abo mepeiimMae Ha cede JOKalbHI
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The transition junE:tion is the junction between
the barrel and hopper. The junction can be at
the base of the barrel or part way down it.

1.5.13 Skirt

The skirt is that part of the barrel which lies
below the transition junction: it differs from
the higher part in that it has no contact with
the stored bulk solids.

1.5.14 Strake

A strake or course is a single layer of steel
plates used to form one level of the cylindrical
barrel of a silo.

1.5.15 Stringer stiffener

A stringer stiffener is a local stiffening
member that follows the meridian of a shell,
representing a generator of the shell of
revolution. It is provided to increase the
stability, or to assist with the introduction of
local loads or to carry axial loads. It is not
intended to provide a primary load carrying
capacity for bending due to transverse loads.

1.5.16 Rib

A rib is a local member that provides a
primary load carrying path for loads causing
bending down the meridian of a shell or flat
plate, representing a generator of the shell of
revolution or a vertical stiffener on a box. It is
used to distribute transverse loads on the
structure by bending action.

1.5.17 Ring stiffener

A ring stiffener is a local stiffening member
that passes around the circumference of the
structure at a given point on the meridian. It is
assumed to have no stiffness in the meridional
plane of the structure. It is provided to
increase the stability or to introduce local
loads, not as a primary load-carrying element.


arymarenko
Прямоугольник


HECy4yoro OCHOBHE HAaBaHTAXEHHSI. Y
KpyTJ1iii 000JIOHIII BOHO MPOXOJUTH 1O KOITY,
a B NPAMOKYTHHX KOHCTPYKLISX HaOyBae
npsIMOKYTHOT (OopMH 3TiAHO KOHIryparii
nepepisy.

1.5.18 Po3noodineni peopa >«copcmkocmi
Pebpa >KOpPCTKOCTI HA3MBAaIOTh PO3MOJLJIe-
HHUMH, SKILIO BJIACTUBOCTI CTIHKH OOOJOHKH 1
OKpeMHX pebep pOo3IsSAaloThCA y pPaMKax
CKJIAJICHOI CEKIIii 3 MIUPHHOIO PIBHOKO YHCITY
KpaTHOMY PO3IOALTY pedep 5 KOPCTKOCTI.
BiractuBOCTI ’KOPCTKOCTI CTIHKA OOOJIOHKH 3
po3moAiieHuMH  pedpamMH  JKOPCTKOCTI €
OPTOTPOIIHUMH, Ta 32 YMOB HaBaHTA)KCHHS 3
EKCIEHPUCUTETOM, TIPU3BOJIATH IO CYMICHOI
POOOTH KOHCTPYKIIIT Ha 3THH Ta PO3TSIT.

Koniunmit nax

/—|Cunicz1| roof

nninppirana

Cylindrical
shell or
/— barrel
Kinerie
Ring

H06xa

L ; /—l—\
Gymxepa 4 \ ; "~ ——1Skirt |

Conical hopper

Column:
supporting
structure

Konoua: mecyua
KOHCTPYELIA

a) OyHKep Kpyryioi KOH(Irypariii,
a) Circular planform silo

obononka abo LumiHIp

Komiunuii xonmnep

rectangular structures is takes the rectangular
form of the plan section.

1.5.18 Smeared stiffeners

Stiffeners are said to be smeared when the
properties of the shell wall and the individual
stiffeners are treated as a composite section
using a width equal to an integer multiple of
the separation of the stiffeners. The stiffness
properties of a shell wall with smeared
stiffeners are orthotropic with eccentric terms
leading to coupling between bending and
stretching behaviour.

Ilipaminanermit nax

Pyramidal
s roof

IpamoryTHMIT Kopob

Rectangular
box

Kineneea banxa

Hepexin:
— Ring girder
/ - Transition ”
5 —  106a
' Y —~—{Skirt

[lipaminaneHnit xonmnep
_— Pyramidal hopper

Column:
supporting
structure

Konona: mHecyaa
KOHCTPYKLIA

0) OyHKep NMpsAMOKYTHOI KOHIryparii
b) Rectangular planform silo

Pucynoxk 1.1 TepmiHonoris, BUKOPUCTOBYBaHA B KOHCTPYKIIii OyHKepa
Figure 1.1 Terminology used in silo structures

1.5.19 Kinvue ocnosu

Kinblie ocHOBH — 1€ KOHCTPYKTHBHUI
€JIEMEHT, KUl OmosAcye KOHCTPYKIIIO IO
Koy Ol OCHOBM 1 3a0e3meuye KpilIeHHS
KOHCTPYKIlIi Ha (pyHIaMEHTI a00 Ha 1HIIOMY
eneMeHTi. BoHO moTpiOHE 11 3a0e3MeYeHHS
BIIMOBITHOCTI BKa3aHHUX TPAHWYHHUX YMOB

1.5.19 Base ring

A base ring is a structural member that passes
around the circumference of the structure at
the base and provides means of attachment of
the structure to a foundation or other element.
It is required to ensure that the assumed
boundary conditions are achieved in practice.
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1.5.20 Kinbyesa oOanka abo Kinoyeea

nepexknaouna
Kinenesa Oanka abo KIJIbIIEBA
nepekjaguHa  — Iie  KUIblleBe  pedpo

KOPCTKOCTI, SIKE Ma€ KOPCTKICTh HA 3THH 1
MIIHICTh K B TUIONIMHI KPYTJIOTo Mepepizy
O0OJIOHKM, TaK 1 B IUIOIIUHI Tepepizy
KOHCTPYKIIii, ~BOHO Ma€  TPSIMOKYTHY
KOoHirypariito. Pebpo OpPTOTOHAJIbHE
BimHOCHO i€l miommHM. Ile pebpo €
OCHOBHUM HECYyYUM €JIEMEHTOM
HABAaHTAXXEHHS 1 PO3MOALIAE  JIOKaJIbHI
HaBaHTAXCHHSI Ha 000JOHKY a00 KopoOdary
KOHCTPYKLIIO.

1.5.21 Cyuyinvna onopa

ByHnkep Mae cymiibHY oropy, Ko y Oyab-
AKI TO3ULli MO TMepuMeTpy Kojia BiH
MIATPUMYETBCS ~ ICHTHYHUM  CIIOCOOOM.
Hesnauni BigxuieHHs BiI 1€l yMOBH
(HampuKIIaa, HASBHICTh HEBEJIMKOTO OTBOPY)
HE T[IOBMHHI BIUTMBAaTH HA 3aCTOCYBAHHS
I[OTO BU3HAYCHHS.

1.5.22 Bioocoonena onopa

Bynkep mae Bijoco0seHy onopy B MOJIOXKEHI,
KOJIM BIH MIATPUMYETCS 32 JOMNOMOIOIO
JIOKAJIbHOTO KpOHIITeHHa a0 KOJOHU 3
OOMEXEHOI KUIBKICTIO BY3bKHX CTIHOK,
PO3TalIOBaHUX MO KONy OyHKepa. 3a3Buyait
BUKOPUCTOBYIOTBCS HOTHUpU aboO  IIICTh
BIJOCOOJIEHUX OMOp, aje 3yCTpidaroThes 1
OyHKepH 3 TpbOMa 1 OUIBIN HDK IIICTbMa
OTopamH.

1.5.23 Iipamioanvnuii xonep
[lipaminanpHUl Xomep 3acCTOCOBYETHCS B
SIKOCTI BOPOHKOTOIIOHOT CeKIIii
NpsIMOKYTHOTO  OyHKepy y  BHUIJISAIL
NepEeBEPHYTOI mipamian. Y 1bOMY CTaHIapTi
nepeadavaeThes, MO HOro TEOMETpIst TPoCcTa
1 CKJIaAa€ThCs TUIBKU 3 YOTHPHOX IUIOCKHX
€JIEMEHTIB TpareuieBuIHOT POpMHU.

1.6 Ilo3HaueHHs1 BUKOPUCTaHI y po3aiii 4

Bukopucrani nmo3HaueHHs 3acHoBani Ha ISO
3898: 1987.

15

1.5.20 Ring girder or ring beam

A ring girder or ring beam is a circumferential
stiffener which has bending stiffness and
strength both in the plane of the circular
section of a shell or the plan section of a
rectangular structure and also normal to that
plane. It is a primary load-carrying element,
used to distribute local loads into the shell or
box structure.

1.5.21 Continuous support

A continuously supported silo is one in which
all positions around the circumference are
supported in an identical manner. Minor
departures from this condition (e.g. a small
opening) need not affect the applicability of
the definition.

1.5.22 Discrete support

A discrete support is a position in which a silo
is supported using a local bracket or column,
giving a limited number of narrow supports
around the silo circumference. Four or six
discrete supports are commonly used, but
three or more than six are also found.

1.5.23 Pyramidal hopper

A pyramidal hopper is used for the hopper
section of a rectangular silo, in the form of an
inverted pyramid. In this Standard, it is
assumed that the geometry is simple,
consisting of only four planar elements of
trapezoidal shape.

1.6 Symbols used in Part 4.1 of Eurocode 3
The symbols used are based on ISO 3898:
1987.
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1.6.1 IIponuchi
angasiry

OYKBM JIATHHCHKOI'O

A IUIONIA TONIEPEYHOro Mepepizy;

C MeMOpaHHa MIIHICTh Ha PO3TSIT;

C Koe(iIieHT MOB3I0BKHLOTO BUTHHY
D YKOPCTKICTh Ha 3THH;

E MoxayJib FOHra;

F cuia;

G MOJYJIb 3CYBY;

H BUCOTA KOHCTPYKIIIT;

1 MOMEHT iHepIii IUIOIIi MOIepeYHOTrO
nepepizy;

I, yHi(piKOoBaHa MOCTiifHA KPY4YEHHS;

K 3TUHHA KOPCTKICTh CTIHHOI MaHeli;

L BUCOTA CErMeHTy OOO0JIOHKH abo
pedpa )KOPCTKOCTI;

M 3THHAIYUN MOMEHT;

N 0OChOBA CHJIA;

0 piBEHb JOMYCKYy Ha BUTOTOBIICHHS

KOHCTPYKIIi OOOJOHKH, CIPUHHSATIUBOI [0
MOB3JI0B)KHbOT'O BUTHHY;

R,  noxanpHuii paniyc Ha rpebeni abo B

3anaauHi rogpa )KOPCTKOCTI.

1.6.2 PaakoBi OykBH  JIaTHHCBKOIO
andasiry
a KOE(]IIi€HT;

b IApUHA JHCTa abo pedpa
AKOPCTKOCTI;

d BIJICTaHb MIX I'PEOCHSMHU KOPCTKOCTI
ro¢pa;

e eKCIEHTPUCUTET cuiu abo pebpa
AKOPCTKOCTI;

f ) MeKa TeKYJOCTi CTalli;

f. MesKa MIITHOCTI CTalli;

h PO3JIIT TIOJTUITH KiJIBIIEBOT OAJIKH;

J KoedirieHT MIITHOCTI 3BapHUX
3'€THAHb BHAXJIECT, BU3HAUCHUI 3a
JI0NIOMOT0I0 MEMOPaHHOTO HaNpy>KEHHS;

j €KBIBaJICHTHA TrapMOHiKa Bapialii
PO3paxXyHKOBOTO HaIPYKEHHS;

) KOpDHCHa JIOBXUHA OOOJIOHKH B

peXuMI aHaji3y JIHIMHOTO (OJHOBICHOTO)
HaTPYXCHHS;

/ JIOBXKMHA XBWJII Todpa XBHUIACTOT
JINCTOBOI CTaJi;

1.6.1 Roman upper case letters

A arca of cross-section;
C membrane stretching stiffness;
C buckling coefficient;
D bending flexural rigidity;
E Young's modulus;

F force;

G shear modulus;

H

1

height of structure;
second moment of area of cross-

; uniform torsion constant;

K flexural stiffness of wall panel;
L height of shell segment or stiffener;

M bending moment;

N axial force;

0 fabrication quality  of
construction of a shell susceptible to buckling;

tolerance

R, local radius at the crest or trough of a

corrugation.
1.6.2 Roman lower case letters

a coefficient;

b width of plate or stiffener;

d crest to crest dimension of a
corrugation;

e eccentricity of force or stiffener;

f, yield strength of steel;

f. ultimate strength of steel;

h separation of flanges of ring girder;

j joint efficiency factor for welded lap

joints assessed using membrane stresses;

j equivalent harmonic of the design
stress variation;

/ effective length of shell in linear stress
analysis;

l wavelength of a corrugation in
corrugated sheeting;
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BIpOTiIHOTO BUTHHY (IIpH  pO3paxyHKax
BpPaxXOBYETHCS BUCOTA);

m 3rUHAIOYMHA MOMEHT HAa OIMHUIIIO
IMPUHH;
m, MepHIiaTbHUN 3THMHAIOYUH MOMEHT

Ha OJIMHHUIIIO KOJIA;
m, 3TUHAIOYUH MOMEHT B KUIBIIEBOMY
HanpsMi Ha OJIMHUIIIO BUCOTH KOPOOa;

mgy 3TUHAIOYUM MOMCHT B KiHBHeBOMy

HaprIMi Ha OAMHUIIIO BUCOTHU O60J'IOHKI/I;

m,,  TONEPCYHUH KPYTHIbHHI MOMCHT Ha

OAVHHUIIO IIUPUHHA JIUCTA,
m., HOHepe‘lHI/Iﬁ KPYTI/IJ'ILHI/II‘/‘I MOMCHT, Ha

OJIMHUIIO IIKUPHUHHU 06OJ'IOHKI/I;

n pe3yibTyroue MeMOpaHHE HAIPYKCH-
HS;

n KUIBKICTh B1JI0COOJIEHUX onop
Y3JI0BXK Kojia OyHKepa;

n, pe3yJbTylOue  MEpUIiaIbHE  MEM-

OpaHHE HANPY)KECHHS HA OJUHUIIKO JIOBXUHU
KOJIa;

n, pe3ynbTyroue MeMOpaHHE HampyKeH-
HS B KUIBIEBOMY HalpsiMi Ha OJMHHIIIO
BHCOTH KOp00a;

n, pe3ynbTyroue MeMOpaHHE HampyKeH-
HS B KUIBIEBOMY HalpsiMi Ha OJMHHIIIO
BHCOTH 00OJIOHKHU;

n, pe3ynbTyroue MeMOpaHHE HampyKeH-
Hi 3CYBY Ha OAMHUIIO HIMPHUHU JINCTA,

n,  Ppe3ylbTyHoue MeMOpaHHE HalpyKeH-

Hi 3CYBY Ha OAMHUIIO ITUPHUHA 060J'IOHKI/I;

p HaBaHTa)XCHHS PO3MOIITIEHUM
THCKOM;
, HOPMaJIbHUM THUCK Ha OOOJOHKY

(cipssMOBaHMi1 HA30BHI);

D, MepuiaTbHe TIOBEpPXHEBE HaBaH-
TaKEHHS TMapajelibHe OOOJOHIl (CIpsIMO-
BaHE JIOHU3Y);

Do MOBEPXHEBE HABAHTA)XCHHS Tapa-
JenbHEe OOOJOHIII B KUIBLIEBOMY HaIpsimi
(MpOTH TOMHHUKOBOT CTPIJIKHK);

q norepeyHe  3ycuwiuis  3CyBYy  Ha
OJIMHHMIIIO JOBXKUHH, JiI0Ue Ha CTATHEHHS;

r pamianbHa ~ KoOopauHaTa  OyHKepa
KpyrJ1oi KoH(Iryparii;

r paniyc CepeaUHHOL MOBEPXHI
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(height to be considered in calculation);
m bending moment per unit width;

m, meridional bending moment per unit

circumference;

m,  circumferential bending moment per
unit height of box;

m, circumferential bending moment per
unit height of shell;

m,,  twisting shear moment per unit width
of plate;

m_,  twisting shear moment per unit width
of shell;

n membrane stress resultant;

n number of discrete supports around silo
circumference;

n meridional membrane stress resultant

X

per unit circumference;

n circumferential membrane stress

y
resultant per unit height of box;

ny, circumferential ~membrane  stress

resultant per unit height of shell;

n,  membrane shear stress resultant per

unit width of plate;
n,  membrane shear stress resultant per

unit width of shell;
p pressure distributed loading;

D, pressure normal to shell (outward);

D, meridional surface loading parallel to
shell (downward);

Do circumferential surface loading parallel
to shell (anticlockwise in plan);

q transverse force per unit length acting
on a tie;

r radial coordinate in a circular plan-
form silo;

r radius of shell middle surface;
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s KPOK pebep >KOPCTKOCTI B OKpYX-
HOMY HaIpsiMi;
t TOBIIMHA CTIHKU,

{.,{, €KBIBAJICHTHA  TOBIIMHA  CTIHKH

roppoBaHoro smcra mpu
HampsMax x, y;
Jiaras3oH 1e(eKTHOCTI;

po3TAry B

w
w paaianbHE BIIXWICHHS,

X JIOKaJIbHA MepHliajbHa KOOPINHATA;
y JIOKaJIbHA OKPY)KHA KOOPINHATA;

z
z

rIo0abHa KOOPAMHATA TIO Bici,

KOOpJIMHATAa Y3JIOBX BEPTHUKAIBHOI
oci BicecuMeTpudHOro OyHKepa (000JOHKA
obepTaHHs)

1.6.3 Byxeu cpeuvkozo angpagimy

[0 Koe(DILIeHT NpPYKHOI BTpaTH CTiii-
KOCTI BHacmigok naedextHocTi (koedimieHT
pyHHYBaHH);

a KOe(IIiEHT TeMIepaTypHOTro pPO3IIHU-
pEHHS;

/] MOJIOBMHA KyTa MIPU BEPIIHHI XOIepa;
Vr YaCTKOBHM Koe(illieHT Jis HaBaH-

TaXCHb;
Y YaCTKOBHM KOE(DILIEHT I OTIOPY;

o I'PaHUYHUI IPOTHH;

A HpUpiCT;

V4 Koe(illi€eHT 3MEHIICHHS MOB3OBX-
HBOT'O BUTHHY KOJIOHH;

V4 KOE(IIIEHT 3MEHIIEHHS KPUTUYHOTO

HampyXeHHs] 000JOHKH MPHU MOB3JOBKHBMY
BUTHHI;

A JIOBKUHA TIBXBWJII MEPHUIIAIIBHOTO
BUTHUHY 00O0JIOHKU;

A BIIHOCHE  3MEHIIEHHS  JOBXHUHU
000JIOHKH;

Y7, KoeQILI€HT TepTs 00 CTIHKHY;

1% koediuient Ilyaccona;

0 OKpYXHa  KOOpJMHATa  BiJTHOCHO
000JIOHKH;

o) HOpMAaJTbHE HAIIPYKCHHS;

0, ~ MepHulialbHE  HANpPYXEHHSI  IpH
BUTHHI;

O, ~ KUIbLEBE 3IUHHE HANPYKEHHA B

KOpo0i;

s circumferential separation of stiffeners;

t wall thickness;

t.,t, equivalent wall thickness of corrugated

x>y

sheet for stretching in the x, y directions;

imperfection amplitude;

w
w radial deflection;

X local meridional coordinate;

y local circumferential coordinate;
z
z

global axial coordinate;

coordinate along the vertical axis of an
axisymmetric silo (shell of revolution).

1.6.3 Greek letters
o elastic buckling imperfection factor
(knock-down factor);

a coefficient of thermal expansion;

o] hopper apex half angle;
Ve partial factor for actions;

Yy partial factor for resistance;

o limiting deflection;

A increment;

V4 reduction factor for flexural column
buckling;

V4 shell buckling stress reduction factor;

A shell meridional bending  half-
wavelength;

A relative slenderness of a shell;

7 wall friction coefficient;

1% Poisson‘‘s ratio;

0 circumferential ~ coordinate  around
shell;

o direct stress;

o,.  meridional bending stress;

Oy circumferential bending stress in box;
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oy ‘ ..
3IrHYTIH 000JI0HII];

T,,  HAIPYXKCHHS 3CyBY NPH KPY4YEHHI B
KOpoOi;

T,, HaIPYXEHHS 3CyBY NpPH KPYyYCHHI B
3IrHYTIH 000JI0HII];

o,, MepulialpHe MeMOpaHHE Hampy-
KCHHS;
0,  KilblleBe MeMOpaHHE HANPYKEHHS B
KOpoOi;

0,, KijblieBe MeMOpaHHE HANpPYyXEHHS B

3ITHYTI 000JIOHIII;

T, MeMOpaHHe HampyXeHHS 3CYBy B
KOpoOi;
T,, MEMOpaHHE HAampyXCHHS 3CyBy B

3IrHYTI 000IOHIIL;

o,,. MepHuIiaibHe HaIpyKEeHHS Ha
30BHIIIHIN TTOBEPXHi;
O, KUIbLIEBE HANPYKEHHS HA 30BHIIIHIN

MOBEPXHi KOpoOa;
0., KUIBLIEBE HAIIPYKEHHS Ha 30BHIIIHIMI
MOBEPXHI1 3ITHYTO1 000JIOHKH;

T Halpy)XeHHs 3CyBYy Ha 30BHILIHIN

soxy
MOBEPXHI KOpoOa;
T Halpy)XeHHs. 3CyBYy Ha 30BHILIHIN

sox0

MOBEPXHI1 3ITHYTO1 0O0JOHKH;

T HaINpy>XEHHS 3CYBY;
@ 0e3po3MipHUN TMapaMeTp B po3pa-
XYHKaX BUTHHY;

® HaXWj J0 BEepTHKall XoIepa, BiCh
SIKOT'O He BePTHUKAJIbHA,

7% napamMeTp HepiBHOMIPHOCTI Harpy-
KEHHSI.

1.6.4 Huocni inoexcu

E BEJIMYMHA HaIpPyKEeHHS abo
3Mill[eHH (110 BUHUKJIM [TPH IPOEKTYBaHHI);
F IiT;

M Marepia;

R orip;

S BEIMYMHA PE3YyNbTYIOUOTO HaIpy-
’KEHH$ (1110 BUHUKJIO IIPU MPOEKTYBaHHI);

b BHUTHH;

c HUTIH]P;

19

cufved shell;

7,,  twisting shear stress in box;

7,  twisting shear stress in curved shell;

o,, meridional membrane stress;
o,  circumferential membrane stress in
box;

o,s circumferential membrane stress in
curved shell;

T membrane shear stress in box;

mxy

membrane shear stress in curved shell;

mx6

o, meridional outer surface stress;
o, circumferential outer surface stress in
box;

o, circumferential outer surface stress in
curved shell;

7., outer surface shear stress in box;

T, outer surface shear stress in curved
shell;

T shear stress;

® dimensionless parameter in buckling
calculation;

@ inclination to vertical of a hopper
whose axis is not vertical;

7% stress non-uniformity parameter.

1.6.4 Subscripts

E value of stress or displacement (arising
from design actions);

F actions;

M material;

R resistance;

S value of stress resultant (arising from
design actions);

b bending;

c cylinder;
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BUTHHY;
d MPOEKTHE 3HAYCHHS,
eff PO3paxyHKOBE 3HAYCHHS;

h Xorep;
m MeMOpaHa, Cepe/iHs TOUKa IIPOroHY;

min  MiHIMaJbHE IONYCTUME 3HAYCHHS,

n HOpMaJlb BIIHOCHO CTIHKU;

p THUCK;

r pazianbpHa Opl€HTAIlis,

s 100Ka, o1opa;

s NOBEPXHEBE  HANpYyXXeHHSI  (3...
30BHIIIHBOT TIOBEPXHI, 6... BHYTPIIIHBOI
TTOBEPXHi)

u KPUTUYHE 3HAYCHHS;

w MepuialibHe TapajelibHe BiJIHOCHO
CTIHKU (TepTs 00 CTIHKY);

X MepUAiaTbHIA HATIPSM;

y OKpY)XKHUH HampsM  (KOHCTPYKIIii
Kopo0a), TeKy4iCTb;

z BICHOBUI HAMPSIM;

0 OKPYTJIICTh (00OJIOHOK 00epTaHHS).

1.7 ‘YMoOBHI HO3HAYECHHSA

1.7.1 Ymoeni nosnauenns 6 3acanvuiii
cucmemi giceil KOOpOWHAT ISt
IMJIIHAPUYHOI KOHCTPYKLii OyHKepa

(1) [TpuBeneHi TyT yMOBHI MO3HAY€HHS
NpU3HAYeHI  JJsS  TOBHOI  KOHCTPYKIIT
OyHKepa, BOHH IepeadadarTh, MO OyHKep
HE € JIMIIe eJeMEHTOM  OyaiBeIbHOi
KOHCTPYKLII].

d design value;

eff effective;

h hopper;

m membrane, midspan;

min minimum allowed value;

n normal to the wall;

p pressure;

r radial;

s skirt, support;

s surface stress (o... outer surface, i...

inner surface)

u ultimate;

w meridionally parallel to the wall (wall
friction);

X meridional;

y circumferential (box structures), yield;
z axial direction;

0 circumferential (shells of revolution).

1.7  Sign conventions
1.7.1 Conventions for global silo structure

axis system for circular silos

(1)  The sign convention given here is for
the complete silo structure, and recognises that
the silo is not a structural member.
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Touxra Ha oci
KOOPOHMHAT
Pole —=
Mitrtrernit HeHTp
obepranHs

MepHIioHATEHOI KpUEBOT
Instantaneous centre
af

meridional curvature A
23 :-./

ey

a) 3arajbHa CHCTEMa KOOPAMHAT CEKIIii
110 3aBAaHTAXYETHCS;
a) general coordinate system

Mepupian obomonrm
Shell meridian

" LIMLIIHID
SJ barrel
P, ™
repexin

transition

-
—

robka
skirt

HXOMIIEp
happer

—
-

0) CyKyIHI KOOpAWHATH 00OJIOHKH OyHKepa

b) silo shell coordinates and loading: section

Pucynok 1.2 Cucremu KoopAHHAT KpyroBoro OyHkepa

Figure

(2) Sk mpaBuiIO, B SAKOCTI 3arajabHOI
CHCTEMH Biceli KOOpAMHAT KOHCTPYKIIil
OyHKepa (muB. PUCYHOK 1.2)
BUKOPHUCTOBYIOTHCS IMJIIHAPUYHA CHUCTEMA
KOOpAWHAT 3  HACTYIHUMH  YMOBHUMH
MO3HAYCHHSIMHU:

CucreMa KOOpJIAWHAT

KOOpIMHATa  y3/0BXK  LIEHTpaIbHOI  OCi
000JI0HKH o0epTaHHs z;
paaianpHa KOOpAMHATA r;
OKpY’XHa KOOpJIUHATa 0.

(3) YMmoBHI mO3HAa4eHHS B MO3UTUBHOMY
Hanpsmi:

[To3uTHBHUI HampsM Ha30BHI (MTO3UTHBHUN
BHYTPILIHI THUCK, TO3UTHBHE 3MILICHHS
Ha3oBHi). [lo3uTHBHE HampyXeHHS MpU
po3TAry (32 BHHSATKOM Y TOB3JIOBKHBOMY
BUTHHI, KONMM Jedopmallis CTHCKY Mae
MO3UTUBHE 3HAUYEHHS).

(4) YMOBHI MO3HAYEHHS PO3MOALIEHUX
Till Ha MOBEpXHI CTIHKK OyHKepa:
HOpMaJbHUM THCK Ha O0OJOHKY (IO3UTHUBHE
B BUITYKJIOMY HaIlpsiMi) D,
MepuianbHe TOBEPXHEBE HABAHTAKECHHS
napajesbHO KOOpIAWHATI 000JOHKH (TI03H-
THBHA CI1a/1a104a) P.;

KIUJTbIIeBE MOBEPXHEBE HABAHTAKEHHS Iapa-

21

1.2 Coordinate systems for a circular silo

2) In general, the convention for the
global silo structure axis system is in
cylindrical coordinates (see figure 1.2) as
follows:

Coordinate system
Coordinate along the central axis of a shell of

revolution z
Radial coordinate r
Circumferential coordinate 0

3) The convention for positive directions
is:

Outward direction positive (internal pressure
positive, outward displacements positive)
Tensile stresses positive (except in buckling
expressions where compression is positive).

(4)  The convention for distributed actions
on the silo wall surface is:
Pressure normal to shell (outward positive) p,

Meridional surface loading parallel to shell
(downward positive) D,

Circumferential surface loading parallel to
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(MO3UTUBHA B HANpPSAMI NPOTU FOAUHHHKOBOI
CTPLIKH Dy-

1.7.2 Ymoeni nosnauennsn 6 3azanvHii
cucmemi giceil Koopounam onsa
RPAMOKYMHOT KOHCMPYKUIi OyHKepa

(1) [IpuBeneHi TyT yMOBHI TO3HA4YCHHS
NpU3HAYEHI AN TOBHOI  KOHCTPYKIT
OyHKepa, BOHH IepeadadarTh, 1Mo OyHKep
HE € JIMIIe eJIEeMEHTOM  OyaiBeIbHOI
KOHCTPYKIIi.

(2) Sk mpaBWsio, B 3arajibHIi CHCTEMI
Oocell KOOpIMHAT KOHCTPYKIii OyHKepa
BUKOPHUCTOBYETHCS TPSMOKYTHa JEKapTOBa
cucremMa KOOpAMHAT X,y,z, [J€ BEpPTH-

KaJIbHUI HANpsM [MO3HaYEeHUH OYKBOIO z; JTHB
pucyHok 1.3.

(3) YMmoBHI mO3HAYeHHS B MO3UTUBHOMY
Hanpsmi:

[To3uTHBHUI HampsM Ha30BHI (MTO3UTHUBHUN
BHYTPILIHIA THUCK, TO3UTHBHE 3MIIIECHHS
HA30BHI B HAIPsMi BUITYKJIOCTI).

[To3uTnBHE HaAMpyXXEHHA MpU PO3TA3i (3a
BUHATKOM TIOJIO)KEHb MOB3/I0BXKHIX BUTHHY,
Ko gedopmariisi CTHCKY Ma€ TO3WTHBHE
3HAYEHHS).

4) YMOBHI MO3HAYEHHS PO3MOIITICHUX
Ji{ Ha TOBEPXHIO CTIHKU OyHKepa:
HOpMaJIbHUM THCK Ha KOpoO (TO3UTUBHE B
30BHIIIHBOMY HampsiMi) D,
MepuiaTbHe TOBEPXHEBE HABaHTAKCHHS
napajeabHO MOBEpXHI Kopoba (IO3UTHBHA
criajaroya) D,
KUTBIICBE TIOBEPXHEBE HABAaHTAXKCHHS Y
IUIONIMHI TMOMEPEeYHOro Imepepizy Kopobda
(Mo3UTHBHA B HaMpsiMi MPOTHU TOJUHHUKOBOL
CTPLIKH D, -

1.7.2 Conventions for global silo structure
axis system for rectangular silos

(D) The sign convention given here is for
the complete silo structure, and recognises that
the silo is not a structural member.

2) In general, the convention for the
global silo structure axis system is in Cartesian
coordinates x, y,z, where the vertical direction

is taken as z, see figure 1.3.

3) The convention for positive directions
1s:

Outward direction positive (internal pressure
positive, outward displacements positive).

Tensile stresses positive (except in buckling
expressions where compression is positive).

4) The convention for distributed actions
on the silo wall surface is:

Pressure normal to box (outward positive p,
Meridional surface loading parallel to box
surface (downward positive) D,
Circumferential surface loading in the plane of
the box plan cross-section (anticlockwise
positive) P,
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MepHuaias kopoba
Box meridian

a) 3arajbHa CHCTeMa KOOPAWHAT CEKIIil
III0 3aBaHTAXKYETHCS,;
a) general coordinate system

mn )
m*
Kopob
| barrel
\

B ]
nepexin
transition

pl; r0Ka
) skirt
XoImmep
hopper
r
=

0) xKoopAMHATH KOpoOUaToro OyHkepa

b) silo box coordinates and loading: section

Pucynox 1.3 Cucremu KOOpIUHAT NPSIMOKYTHOTO OyHKepa
Figure 1.3 Coordinate systems for a rectangular silo

1.7.2 Ymoeni no3HauUeHHA giceil
KOHCMPYKMUBHUX elleMeHmie y OyHKepax,
W0 MarOmy YUIIHOPUYHY YU NPAMOKYMHY

Koughicypauyiio

(1)  VYmoBHI mNO3HAYeHHS KOHCTPYKTUB-
HUX €JIEMEHTIB, 3aKpIIJIECHUX Ha CTIHII
Oynkepa (nuB pucynku 1.4 1 1.5). Bonu pi3ni
JUISL MEPUIIAJIbHUX 1 KPYTOBUX €J1€MEHTIB.

(2)  YwmoBHe MO3HAYEHHS MPSIMUX
MepuIiaTbHIX KOHCTPYKTHBHHUX €JEMEHTIB
(nuB. pucyHok 1.4a), 3akpilUIeHHUX Ha
cTinkax OyHkepa (00OJIOHKOBOTO  abo
KOpoO4aToro):

MepuianbHa KOOp/AWHATa LWTIHApA
(kopoba), xomepa 1 1axy X;

BiCb  CHJIBHOTO  BHIHHY  (HapaneiabHO
MOJIMISAM: BICH MEPHIIaJbHOTO BUTHHY)

Vs
BiCh CJAOKOTO BUTHHY (TMEPICHIUKYISIPHO
TTOJIUTISIM) Z.
Hpumirka:  MepugianeHe  pedpo  KOPCTKOCTI

3TUHAETBCS TAaKUM UYHWHOM, IO TOEAHYETHCS 3
MepumioHanshuM  3ruHoM  (M1.) B umitingpax

BiIHOCHO 0Oci y pedpa >KOpCTKOCTi.
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1.7.3 Conventions for structural element
axes in both circular and rectangular silos

(1) The convention for structural elements
attached to the silo wall (see figures 1.4 and
1.5) is different for meridional and
circumferential members.

(2)  The convention for meridional straight
structural elements (see figure 1.4a) attached
to the silo wall (shells and boxes) is:

Meridional coordinate for barrel, hopper and
roof attachment X
Strong bending axis (parallel to flanges: axis
for meridional bending) y
Weak bending axis (perpendicular to flanges)

z

NOTE: A meridional stiffener bending in a manner that
is compatible with meridional bending (7 ) in the
cylinder bends about the y axis of the stiffener.
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td

-

z

a) peOpo )KOPCTKOCTI 1 BiCh BUTUHY
a) stiffener and axes of bending

i)
max
roof :
OHTHAP
abo xopob
barrel

f .

—

——
-

0) noKanbHI OCi pI3HUX CErMEHTIB
b) local axes in different segments

JlokanpHI CUCTEMH KOOPAMHAT MEPHUIIaJIbHUX pedep HKOPCTKOCTI Ha 000JIOHIII ab0

Pucynok 1.4 KOpOGi

Figure 1.4 Coordinate systems for a rectangular silo

AN

a) pedpo )KOPCTKOCTI 1 BICh BUTHHY;
a) stiffener and axes of bending

Pucynokl.5 %0pobi

LIATHAP

- ~
abo xopob
barrel

0) JIoKaJbHI OC1 PI3HUX CErMEHTIB
b) local axes in different segments

JlokasnbHI CHUCTEMH KOOPAMHAT OKPYXKHHUX pedep >KOpCTKOCTI Ha 000JoHII abo

Figurel.5 Local coordinate systems for circumferential stiffeners on a shell or box

3) YMoBHI MO3HAYEHHS 3ITHYTHX
OKPYKHMX KOHCTPYKTUBHHUX €JIEMEHTIB (IUB.
pucyHok 1.5a), 3akpileHMX Ha CTIHII
00OJIOHKH:
OKpY’XHa BiCh KOOpIUHAT (KpuBa) &;
panianbHa Bich (BICh BUTHHY Y BEPTUKAJIbHIN
TIJTOTIIMH1 ) r;
BEPTUKAJIbHA BiCh(BICh OKPYHOT'O BUTHUHY)
z.

3) The convention for circumferential
curved structural elements (see figure 1.5a)
attached to a shell wall is:

Circumferential coordinate axis (curved) &
Radial axis (axis for bending in the vertical

plane) r
Vertical axis (axis for circumferential
bending) z
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Mae OyTH 3iTHYTE BiTHOCHO CBO€T BEPTHKAIBLHOT OCi Z,
SIKIIIO 3TWH CYMICHUM 3 OKPY)KHUM 3THHOM IHJIiHIpa
(mg). BoOHO cxXwiIbHEe J0 3THHAIOYAX MOMEHTIB
BiTHOCHO CBO€i pamiaibHOi OCi 7, SKIIO BUCTYIA€E
KIJTBLEBOIO Oalikoro, abo SAKIO 3HAXOIWTHCSA I
BIUIMBOM paJiaibHUX CHJI B IMO3AICHTPOBIM TOUIl
LEHTPY TSOKIHHS KiJbLIs.

(4) YMoBHE MO3HAYCHHS PSAMUX
KUTBIIEBHUX KOHCTPYKTHBHUX EJIEMEHTIB, SIKi
KpIIUIATBCSI HA KOpOOi :

OxpyxHa BiCh X;
I'opuzonTanbpHa Bich ¥
BeprukanbsHa Bich z.

Hpumirka: [Ipsme kimpreBe peOpo >KOPCTKOCTI Ha
KOpobi Mae OyTH 3iTHYyTE BiTHOCHO CBO€i BEPTHKAJIb-
HOI oci z, SKIIO B HOPMAIBHHX YMOBax S3TUH
3HAXOMTKLCS 1032 IIONIHMHOI0 CTIHKK KOpooa.

1.7.4 Ymoeni noznauennsn pesynbmyrouux
Hanpycenv 01A WUITHOPUYHUX OYHKepig i
NPAMOKYmHUX OyHKepie

(1) YMoOBHI ITO3HAYEHHS HUKHIX
1HEKCIB, 1110 BKa3ylOTh Ha MeMOpaHH1 CUITH:
"HwxHiil 1HIEKC BUBOIUTHCS 3 HAIpsMy, B
AKOMY Il CHWJIa BHKJIHKA€ HOPMalbHE
HanpyXeHHs"

Pe3ynbryroue MmemOpaHHe HaNpy>KEHHS:

n, pe3yNbTyIOYe  MEpHuIialbHE  MEM-

OpaHHE HaNpy>KEHHS;
ny, pe3yibTyloue KiIblleBe MeMOpaHHE

HAIIpY’>KCHHS B 06OJ'IOHK8.X;

n, pe3yNbTyloue KUIblIeBE MeMOpaHHE

HampyXeHHs B KopoOax;
n, abo n, pe3ylpTyroue

Xy

MeMOpaHHe

HaIpy>XeHHs 3CyBY.

MeMOpaHHe HANIPYKEHHS:
o MepuaiagbHe MeMOpaHHE — Harpy-

mx
KEHHS;
0,, KuUlblleBe MEMOpAaHHE Halpy>KCHHS B
000JIOHKAX;

0,  KUIblIeBe MEMOPaHHE HAMPYKEHHS B
NPSIMOKYTHUX KOpoOax;

7,.,@00 7, , MeMOpaHHe HalpyXeHHs 3Cy-

BY.
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bending about its vertical axis z when the bending is
compatible with circumferential bending in the cylinder
(mg). It is subject to bending moments about its radial
axis » when either acting as a ring girder, or when
subject to radial forces acting at a point eccentric to the
ring centroid.

4) The convention for -circumferential
straight structural elements attached to a box
is:

Circumferential axis X
Horizontal axis y
Vertical axis z

NOTE: A circumferential straight stiffener on a box is
subject to bending about its vertical axis z when the
bending is out of the plane of the box wall, which is the
normal condition.

1.7.4 Conventions for stress resultants for
circular silos and rectangular silos

(1)  The convention used for subscripts
indicating membrane forces is:

"The subscript derives from the direction in
which direct stress is induced by the force"

Membrane stress resultants:
n meridional membrane stress resultant

X

ny circumferential ~membrane  stress

resultant in shells
n, circumferential
resultant in rectangular boxes

n, orn, membrane shear stress resultant

membrane stress

Membrane stresses:
o meridional membrane stress

mx

0,0 circumferential membrane stress in

shells

o,, circumferential membrane stress in

rectangular boxes
T OrT membrane shear stress

mxy mx6
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(2) YMOBHI MO3HAYEHHS, BXXWBaHI B
HIDKHIX  1HJEKcaX, 10 BKa3ylOTh Ha
MOMEHTH:

"HwxHiil 1HIEKC BUBOIUTHLCSA 3 HAIpsMy, B
SKOMY IIeil MOMEHT BHKIIMKA€ HOPMAaJIbHE
HaIpyKeHHs'".

Mpumirka: lle ymoBHe mO3Ha4YeHHsS OOOJOHKU 1
JICTA BIIPI3HAETHCS BiJl MO3HAYEHHS 0aJIOK 1 KOJIOH y
yactuHax 1.1 1 1.3 EBpokona 3. Konu pazom 3 1umu
MpaBWJIaMHU 3aCTOCOBYIOTbCA wyacTuHu 1.1 Ta 1.3,
HEOOXiTHO TPOSIBIISATH 00EPEKHICTB.

Pe3ynbTyroue HanpyKEHHS! BUTHHY:
m MEpUIiaTbHUN 3TUHAIOYMKA  MOMEHT

X
Ha OJIMHUIIIO IIUPHUHU;
m, KUIBLIEBAI 3THHAIOYMA MOMEHT Ha

OJIMHUIIIO IIMPUHU B 00OJIOHKAX;
m,  pe3yibTyIOUe KUIbLIEBE HANpPYKCHHS
BUTHHY B IIPSIMOKYTHUX KOpOOax;
m,, abo m, KPYyTHIbHUH MOMEHT 3CYBY,

Ha OJVHUIIO IUUPHUHHU.
Hamnpyxenns Buruny:

o, MepuiajibHe HaPY>KEHHS BUTUHY;

X

0,, KUIbLIeBE HANpyXEHHS BHUTUHY B

000JI0HKaX;

O, ~ KUIbIEBE HANpPYKEHHA BUIUHY B

MPSIMOKYTHUX KOpoOax;
T,, 800 7, , KpYyTHE HAIPYKECHHSI 3CYBY.

HanpyxeHHst Ha BHYTpIIIHIX 1 30BHILIHIX
MTOBEPXOHSIX:
o.,O MepHIiaabHe

six 2 sox
30BHIIIHE  TIOBEPXHEBE
Kopobax 1 00070HKaX;

O, O, KUIbLIEBE BHYTpIIIHE, 30B-

N

BHYTPIILHE,
Hamnpy>XeHHS B

HIITHE  TIOBEPXHEBE
000JIOHKAX;
T.0s Tsonp Tsoxo BHYTPIIIIHE,  30BHIIIHE  TIO-

Hampy>KeHHs B

BEPXHEBE HANPY>KEHHS 3CYBY B 000JIOHKAX;
c,.,O KUTbIICBE BHYTpIIIHE,

siy » soy
30BHIIIHE  TTOBEPXHEBE
NPSIMOKYTHUX KOpoOax;

HampyXeHHs B

(2)  The convention used for subscripts
indicating moments is:

"The subscript derives from the direction in
which direct stress is induced by the moment".

NOTE: This plate and shell convention differs from
that for beams and columns as used in Eurocode 3 Parts
1.1 and 1.3. Care must be exercised when using Parts
1.1 and 1.3 in conjunction with these rules.

Bending stress resultants:

m_  meridional bending moment per unit
width

m, circumferential bending moment per
unit width in shells

m,  circumferential bending stress resultant

in rectangular boxes

m,, or m,  twisting shear moment per unit

width
Bending stresses:
o,  meridional bending stress

X

o,, circumferential bending stress in shells

o, ~ circumferential bending stress in
rectangular boxes
Ty, O T,,  twisting shear stress

Inner and outer surface stresses:

o meridional inner, outer surface

six 2 sox

o

stress for boxes and shells
0. O, circumferential inner, outer

surface stress in shells

To0s Tsond inner, outer surface shear stress
in shells
Oiy> Oy circumferential inner, outer

surface stress in rectangular boxes
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Stay < sury v 1 - Stay < sury

BEpXHEBE HANpYXEHHS 3CyBy B IIps- in rectangular boxes
MOKYTHHX KOpoOax.

n m
X Xy
m
n
Xy :
n
y
n
Xy
n
y
~
n
X
a) Pesynpryroue MmeMOpaHHE HANpyKEHHS, 0) Pe3ynpTyrode HampyXeHHS BUTHHY
a) Membrane stress resultants b) Bending stress resultants
PesynbTyroue HampyKeHHS B CTIHKax OyHKepa (B 000JOHKaX i
Pucynok 1.6 YARTYIO by ynepa (

Kopobax)
Figure 1.6 Stress resultants in the silo wall (shells and boxes)

1.8 Onuanui BUMipy 1.8 Units
(1)P Opununi Bumipy cuctemu CIl moBuHHI (1)P S.I. units shall be used in accordance with
3aCTOCOBYBATUCS BIJIMOBIIHO /10 CTaHIAPTY ISO 1000.
ISO 1000.
I'aGaputu i TOBIIMHA M MM
dimensions and thicknesses m mm
MUTOMA Bara kH/™M  H/mw®
unit weight kKN/m’>  N/mm’
3YCHJUIS 1 HAaBaHTaXXECHHS kH H
forces and loads kN N
THIAHI CHII 1 JTiHIMHI HAaBaHTaXXCHHS kH/m H/mm
line forces and line loads kN/m  N/mm
THUCK 1 IJI0MIa PO3NOATICHUX T klla Mna
pressures and area distributed actions kPa Mpa
OJIMHMYHA Maca Kr/M> KI/MM
unit mass kg/m®  kg/mm’
MIPUCKOPEHHS Km/c’ m/c?
acceleration km/s*  m/s®
pe3yabpTyloue MeMOpaHHOTO HanpykeHHs:  kH/m H/mm
membrane stress resultants kKN/m  N/mm
pe3yNbTyIodue 3THHAIYOro HampyxkeHHs kKHwm/Mm — Hmwm/mm
bending stress resultants kKNm/m Nmm/mm
HaTpy>KeHHs 1 MOy MPYKHOCTI klla Mna (=H/mm?)
stresses and elastic moduli kPa Mpa (=N/mm?)
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2 OCHOBHU NPOEKTYBAHHAA

2.1 Bumorn

(1) byHkep TIOBMHEH MPOEKTYBaTHUCH,
OyayBaTHCcs 1 0OCITyroBYBaTHCS BiAIOBIIHO
no Bumor po3gity 2 EN 1990 1 3
ypaxyBaHHSM HUKYCHABECHUX JOTIOBHEHb.

(2) Konctpykuiss ~ OyHKepa  IOBHHHA
BKJIIOUaTH  yci  OyniBenmbHI  CeKmii 3
O00OJIOHKaMU 1  3BapHUMH  JINCTOBUMHU

CJIIEMCHTaMH, a TaKOX PeOpaMu >KOPCTKOCTI,
po3mipKamMu, KUTBIISIMH 1 OCHAIIICHHSIM.

(3) Hecyya KOHCTpPYKIliI HE TIOBHHHA
posrisaaThcs  AK  YacTUHA  KOHCTPYKIT
Oynkepa. Mexy Mik OyHKepoMm 1 ¥#oro
HECYYHMMH OIOpaMM CIiJ| CIpUHAMATH, SK
Moka3aHo Ha pucyHKy 1.1. AmHanorigso,
I0YaTKOM IHIIMX ~ KOHCTPYKIIiH, SIKI
HIATPUMYIOTBCSI OYHKEpOM, CIiJl MpuiMaTu
TOYKH, JI€ 3aKIHUYIOTbCA CTiHKa OyHKepa 1
JIOr0 OCHAIIICHHS.

(4) Ilpu HeoOXigHOCTI MPOEKT OyHKepiB
MOBUHEH TMependayaTu iX 3axHCT  Bij
VIIKO/DKEHh 3~ ypaxyBaHHSM  YMOB
eKCIuTyaTarii OyHkepa.

(5) CremniambHi BHMOTH JJII  OCOOJIMBHX
MPUKIIATHUX [UJIeH MOXKYTh OYTH TOTO/KEHI
o JIOMOBJIEHOCTI MIDXK MPOEKTHOIO
OpraHi3alfi€ro, 3aMOBHHKOM 1 BiJMOBIIHUM
HATJIIOBUM OPTaHOM.

2.2 Po3meskyBaHHs HAXIHOCTI

(1) Ilutanus po3mMexyBaHHS HAQAIMHOCTI JUB.
EN 1990.

Mpumirka: HamioHanbHUH JOJATOK MOXE MICTHTH
BH3HAUEHHs  KJaciB  HACHiAKiB  OyHKepiB 3
ypaxyBaHHSIM  (QYHKI[IOHALHUX  O3HAK:  MicCIs
po3TallyBaHHs, croco6iB 3aMOBHEHHS i
3aBaHTAXEHHS, KOHCTPYKTHBHOTO THITY, PO3MIpy i
TEXHOJIOTI1 eKCILTyaTallii.

(2) IIpoexTn OyHKEpiB TOBUHHI ITepeadadaT
pi3HI piBHI IX JKOPCTKOCTI 3aJ€XKHO BIJ
BHOPAHOTO KJIacy, KOHCTPYKTUBHUX PIIICHb,

2 BASIS OF DESIGN

2.1 Requirements

(1) A silo shall be designed, constructed and
maintained to meet the requirements of section
2 of EN 1990 as supplemented by the
following.

(2) The silo structure should include all shell
and plated sections of the structure, including
stiffeners, ribs, rings and attachments.

(3) The supporting structure should not be
treated as part of the silo structure. The
boundary between the silo and its supports
should be taken as indicated in figure 1.1.
Similarly, other structures supported by the
silo should be treated as beginning where the
silo wall or attachment ends.

(4) Silos should be designed to be damage-
tolerant where appropriate, considering the use
of the silo.

(5) Particular requirements for special
applications may be agreed between the
designer, the client and the relevant authority.

2.2 Reliability differentiation

(1) For reliability differentiation, see EN 1990.

NOTE: The national annex may define consequence
classes for silos as a function of the location, type of
infill and loading, the structural type, size and type of
operation.

(2) Different levels of rigour should be used in
the design of silo structures, depending on the
consequence class chosen, the structural
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BIJIMOBH.
(3) B nmanomy craHmapTi poO3TISANAIOTHCS
BHMOTH JIO MPOEKTIB TPhOX KJIACIB HACIIIKIB
OyHKepiB, 3 OJHAKOBUM PIBHEM PHU3UKY NPH
OIIIHIII TPOEKTY 1 BUTPAT SIKi BPaXOBYIOTH i,
HEOOXiHI JJI1 3MEHIICHHSI PU3UKY BiIMOBHU
pi3HUX KOHCTpyKIid. Ile OyHkepu KiaciB
Hacmiakie 1,21 3.

HOpumirtka 1: Iadopmamis mpo Kiracugikario
OyHKepiB Moxe Mictutucs B  HarioHaisHOMY
momatky. Y rtabmumi 2.1 HaBeOeHWH —TIPUKIIAXN
knmacuikamii 3a ABOMa MapaMeTpaMu: pPO3MIpoOM i
METOJIOM  eKcIuTyaramii. Yci iHmi mapaMeTpu
BUBOIATBCS HAa TIACTaBi CepeqHIX IMOKa3HUKIB;
muB. B. 3.1 crangapty EN 1990.

failure modes.
(3) For this standard, 3 consequence
classes are used, with requirements which
produce designs with essentially equal risk in
the design assessment and considering the
expense and procedures necessary to reduce
the risk of failure for different structures:
Consequence Classes 1, 2 and 3.

NOTE 1: The national annex may provide information
one the consequence classes. Table 2.1 gives an
example for the classification of two parameters, the
size and the type of operation into consequence classes
when all other parameters result in medium
consequences, see EN 1990, B.3.1.

Ta6auns 2.1 — Kiacu HacHigkiB 3 ypaxyBaHHSIM pO3Mipy OyHKEpa 1 METOdy

eKcCIUTyaTalii

Table 2.1 — Consequence classes depending on size and operation

Kitac gacmiakis
Consequence Class

YMOBH NPOCKTYBaHHS
Design situations

Kitac macminkis 3
Consequence Class 3

IIPOEKTYBaHHS :

ByHkepu 3 Ha3eMHUME OoropaMu abo OYHKEPH, 10 CIIUPAIOTHCS HA CYLITIbHY
100Ky J10 piBHS 3eMIIi i III0 MarOTh MiCTKiCTb Oinbine W, TOHH

Ground supported silos or silos supported on a complete skirt extending to the
ground with capacity in excess of ¥, tonnes

ByHkepu Ha BiIOKpeMIIEHHX OIOpax MICTKIiCTIO Oinblie WV,, TOHH
Discretely supported silos with capacity in excess of W, tonnes

Bynkepu micTkicTio Oinblue W, TOHH, B KX € Oy[b-siKa 3 HACTYIIHUX YMOB

Silos with capacity in excess of W, tonnes in which any of the following
design situations occur:

a) HEeLIEHTPOBaHEe HABAHTAXKECHHS

a) eccentric discharge

0) JoKaTi3allis HaBaHTa)KEHHS Ha OKPEMHUX JTUISTHKAX

b) local patch loading

C) acCUMEeTpUYHE HAIOBHEHHS

c¢) unsymmetrical filling

Kiac nacminkis 2
Consequence Class 2

VYci OyHKepH, OXOIUIeHI UM CTaHIapTOM i He BKIIFOYCHI B iHIINI KJ1ac
All silos covered by this Standard and not placed in another class

Kuac nacminkis 1
Consequence Class 1

Bynkepu micrkicTio Big W,

Silos with capacity between W, tonnest and W], tonnes

ToHHT 0 W, TOHH

la

1 ByHKepu MiCTKicTIO MeHII 1,

la

TOHH HEC nizma,ua}on, l'Ii,H BUMOTI'U JAHHOT'O CTaHAAPTY.

1 Silos with capacity less than 1], tonnes are not covered by this standard.
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PexoMeH10BaH1 3HAYEHHS /ISl PO3MEKYBaHHS KJIaciB :
The recommended values for class boundaries are as follows:

Mexa kinacy | PekomeHmoBaHe 3HaueHHs (Y TOHHAX)
Class boundary Recommended value (tonnes)
W, 5000
w,, 1000
W, 200
W, 100
W, 10

Mpumirka 2: Kiacudikamito 3 ypaxyBaHHIM OLIHKA
TUMiB i auB. B cranaapti EN 1991-4.

4) 3apxau  Moke OyTu TNpUHHATHI
BUIIMM KjJac HACHIAKIB, HIXK TOH, SKHH
noTpioHO.

(%) Bubip BiAMOBiIHOTO KJIACy HACIIIKIB
Ma€e OyTH CHUIBHO TOTO/DKEHUH MPOEKTHOIO
OpraHi3aIfi€ro, 3aMOBHHKOM 1 BiJIIOBIIHHM
HATJISIZIOBUM OPTaHOM.

(6) Knac mHacmiakiB 3 cmiag  3acTo-
COBYBaTH B TMpOEKTax Ui JIOKaji3aril
HAaBaHTA)XCHHS Ha OKpeMux ninsHkax. lle
BITHOCUTBHCSI ~ JO  3aBaHTAXEHHS  Ha
30epiraHHd  TBepAMX  MaTepiaiiB,  sKe
BHUKJIMKA€ HABAHTAKECHHSI HA OKPEMI JIIJISTHKH,
10 TMOIIMPIOETBCA HAa MEHII HDK Ha
MOJIOBUHY Kojia OyHKepa, SIK BH3HA4YEHO B
crangapti EN 1991-4.

(7)  Hns xnacy HachiakiB 1 MOXyTh OyTH
MPUIHATI CIIPOLIEH] MOJIOKEHHS.

Hpumirka: BianmoBimHi monoxeHHs Ui OYHKepiB
KJIaCy HACHINKIiB | BUKIIAJICHI B IOJATKy A.

23 I'pannyHi cranu

(1) CTOCOBHO JaHHOI YacCTHHHM  CIILJ
NPUAHATH TPAaHUYHI CTaHW, BU3HAYEHI Y
craggapti EN 1993-1-6.

NOTE 2: For the classification into action assessment
classes, see EN 1991-4

(4) A higher Consequence Class may
always be adopted than that required.

(5)  The choice of relevant Consequence
Class shall be agreed between the designer,
the client and the relevant authority.

(6) Consequence Class 3 should be used
for local patch loading, which refers to a
stored solids loading case causing a patch load
which extends round less than half the
circumference of the silo, as defined in EN
1991-4.

(7) For Consequence Class 1, simplified
provisions may be adopted.

NOTE: Appropriate provisions for silos in
Consequence Class 1 are set out in Annex A.

2.3 Limit states

(D) The limit states defined in EN 1993-1-
6 should be adopted for this Part.
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24 BB i exkoJ10TiUHI HACTIAKHT

2.4.1 3azanvnui eumocu

(1) [ToBUHHI BHUKOHYBAaTHCS 3arajbHI
BUMOTH, BUKIAQJCHI B PO3Iii 4 CTaHIAPTy
EN 1990.

2.4.2 Haeanmascenus gimpy

(1) B mimsix koHKpeTHu3anii nii BiTpY, HE
BkazaHux B cranaapti EN 1991-1-4 B sxocri

YMOB HPOCKTYBaHHSI BIJIOKpEMJICHHX
OyHkepiB abo iXx Tpym,  HEOOXiaHO
HOro/KyBaTH  BIANOBIAHY  JIOJATKOBY
iHpopMarIifo.

(2) OCKUTBKM BENHKI JIETKi KOHCTPYKIIT

YyTJINUBI HaBITH bi o) HEBEJIMKOI0
MepPEepOo3MOIITy BITPOBOTO THCKY Ha CTIHKY
OyHKepa, 3 TOYKU 30py oropy

MOB3I0BXXHOMY BUTHHY B TIOPOKXHBOMY
CTaHl 1 HEOOXiTHOCTI MOHTAXY KPIMHIbHUX
netane  Ha  (QyHmameHTi,  J0JaTKOBa
iHpopMallisi MOXK€ BHKOPHUCTOBYBATHCS IS
MOTIOBHEHHSI OCHOBHUX JIAHHUX PO BiTEP, M0
MicTaThcss B cranmapti EN 1991-1-4 nns
3a0e3MeyeHHs] KOHKPETHUX IMOTped mpu
eKCIUTyaTarii OKPEMHUX OyniBeIbHUX
KOHCTPYKIIH.

Hpumirka: Bigmosigaa momatkoBa iHGOpMAIis mpo
PO3TOMLT THCKY BITPY MIiCTHTBCS B ogaTky C.

2.43 Komoinauii MUCKY
Mmamepianie 3 inmumu Oiamu

meepoux

(1) Hii na OyHKepM TOBHHHI Bpaxo-
BYBaTH OKpeMi YMHHUKH, BUKJIaJieHl B 2.9.2.

2.5 BaacruBocti MmaTepiany

(1) Cnig #AOTpUMYBATHCS — 3arajllbHUX
BUMOI /10  BJIACTMBOCTEH  Martepialis,
3aganHux B EN 1993-1-1.

(2) HeobximHo JTOTPUMYBATHUCS 1

0COONIMBUX BJIACTUBOCTEH MaTepianiB yis
OyHKepiB, BUKIAIEHUX B po3auni 3 miel
YAaCTHUHU.
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2.4 Actions and environmental effects
2.4.1 General

()P  The general requirements set out in
section 4 of EN 1990 shall be satisfied.

2.4.2 Wind action

(D) For specifications of wind actions not
set down in EN 1991-1-4 for the design of
silos in isolation and in groups, appropriate
additional information should be agreed.

(2)  Because these large light structures are
sensitive to the detailed wind pressure
distribution on the wall, both with respect to
the buckling resistance when empty and the
holding down details required at the
foundation, additional information may be
used to augment the basic wind data provided
in EN 1991-1-4 for the specific needs of
individual constructions.

NOTE: Appropriate additional information on wind
pressure distributions is set out in Annex C.

2.4.3 Combination of solids pressures with
other actions

(1)  The partial factors on actions in silos
set out in 2.9.2 shall be used.

2.5  Material properties

(1)  The general requirements for material
properties set out in EN 1993-1-1 should be
followed.

2) The specific properties of materials for
silos given in section 3 of this Part should be
used.
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2.6 I'eomeTpuyHi xani

(1) Crniz kepyBaTHCS MOJOKECHHIMHU TPO
reOMETPHUYHI XapaKTePUCTHKH, 0
MICTATBCS y po3aiii 6 crangapty EN 1990.

(2)  Takox NMOBMHHA BUKOPUCTOBYBATHUCS
JI07aTKoBa 1HQOpMaLis XapakTepHa s
000JIOHKOBUX KOHCTPYKIIIH, sIKa MICTUTHCS B
crarnapti EN 1993-1-6.

3) ToBmuHy nHUCTa OOOJOHKH  CIIiJ
PO3IIISLIATH SIK HOMIHAJIbHY TOBIIUHY. Y pasi
HAaHECCHHS Ha CTaJIEeBUU JIUCT METAJICBOTO
MOKPUTTSI 3aHYPEHHSIM B Trapsdy BaHHY
srigHo 13 craggaprom  EN 10147
HOMIHAJIBHOK TOBIIUHOK CJiJI BBaKaTH
HOMIHAQJIGHY TOBIIWHY OCHOBHOTO METAIy,
OTpUMaHy B pe3yiabTaTl BIAHIMAHHS 3
HOMIHAJIBHOT 30BHIIIHBOT TOBIIMHU
3arajibHOi TOBIIMHY IIMHKOBOTO TIOKPUTTS Ha
000X TTOBEPXHSX CTAJICBOTO JIKCTA.

(4) Hacnminkun  kopos3ii 1 BiAMOBigHE
3MEHIIIEHHS TOBIIMHU CTIHHMX  JIACTIB
OyHKepa TIOBHHHI BPaxOBYBAaTHUCA TIPH
MPOEKTYBaHH1 BiANOBiAHO 110 4.1.4.

2.7  MopenoBaHHsA OyHkepa Jifi |
BU3HAYECHHA HACTIAKIB BILIUBIB

(1) Cnin KepyBaTucs 3araJlbHUMHU
BUMOTaMH{, BUKIAQACHUMU Y po3aim 7
crangapty EN 1990.

(2) 3 METOIO 3a0e3neYeHHs
eKCIUTyaTallifHol  HaaiiHOCTI  HEOOXiTHO
BUKOHYBAaTH creriajgbHi BUMOTH bie}
CTPYKTYpHOTO  aHami3y, BUKIQACHI Yy

po3ainax 4 - 9 mi€l 4acTHHHM TSI KOXKHOTO
KOHCTPYKTHUBHOT'O €JIEMEHTY.

Takoxx HEOOXiTHO BUKOHYBAaTH CIHEIliaJIbHI
BHMOTH JIO CTPYKTYPHOTO aHaJli3y B YaCTHHI
3a0e3neueHHs] KpalHiX TpaHUYHHUX CTaHiB,
nepeabdaveHi y po3auiax 4 - 9 miei yacTuHu 1
OUIBII JEeTaThbHO BHKJIAJEHUX B CTaHAApPTaX
EN 1993-1-6 ta  EN 1993-1-7.

2.6 Geometrical data

(D) The provisions concerning geometrical
data given in section 6 of EN 1990 shall be
followed.

2) The additional information specific to
shell structures given in EN 1993-1-6 should
also be applied.

(3)  The shell plate thickness should be
taken as the nominal thickness. In the case of
hot-dipped metal coated steel sheet
conforming with EN 10147, the nominal
thickness should be taken as the nominal core
thickness, obtained as the nominal external
thickness less the total thickness of zinc
coating on both surfaces.

(4)  The effects of corrosion and abrasion
on the thickness of silo wall plates should be
included in the design, in accordance with
4.1.4.

2.7  Modelling of the silo for determining
action effects

(D) The general requirements set out in
section 7 of EN 1990 shall be followed.

(2)  The specific requirements for structural
analysis in relation to serviceability, set out in
sections 4 to 9 of this Part for each structural
segment, should be followed.

(3)  The specific requirements for structural
analysis in relation to ultimate limit states, set
out in sections 4 to 9 of this Part and in more
detail in EN 1993-1-6 and EN 1993-1-7,
should be followed.
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2.8 IIpoexkTyBaHHsI, 0 CYNPOBOIKYETHCS
TeCTYBAHHAM

(1) Cnig xepyBaTHCs 3aralbHUIMH BUMOTaMH,
BKazaHumu y noaatky D no EN 1990.

(2) Ho tumoBux OyHKEpiB (3aBOACHKOIO
BHI'OTOBJICHHS), SIKI HiJIAral0Th BCCOIYHHM
BUIIPOOYBAHHIM, MOXE 3aCTOCOBYBATHCS
KpUTEpiid 000B'13K0BO1 BIAIIOBIIHOCTI,
NPUHAHATHAN B IUIAX TPOCKTYBaHHS.

29 Hacaingku gin  Jdas
TPAHUYHOIO CTAHY

nepeBipku

2.9.1 3azanwvni eumozu

(1) B miif yacTHHI TOBUHHI BHKOHYBATHCS
3aranbHi BHMOTH, BKa3zaHi y po3aim 9
EN 1990.

2.9.2 Yacmrkosi koeghiyicnmu 0na OoyiHKu
KPQUHIX 2PAHUYHUX CIAHIB

2.9.2.1 Yacmkosi koegiyienmu Oii Ha
OyHKepu

(1) Jnst cTifiKuX, THMYAaCOBUX 1 BUITaJKOBUX
YMOB TPOEKTYBaHHS YacTKOBI Koe(ilieHTH
Yr MOXYTh OyTu B crangaptax EN 1990 Ta
EN 1991-4.

(2) YactkoBi Kkoe(illiEHTH Ui TUIIOBUX

OykepiB (3aBOJCKKOTO  BHUTOTOBJICHHS)
MOXYTh  OyTH  3alaHi  BIANOBITHUMU
MTOBHOBKHUMH OpPTaHAMHU.

Hpnmirka: CrocoBHO TUIIOBUX OyHKepiB

KoedirienTy, BkazaHi B (1), cryaTb TUIBKHA B SIKOCTI
HanpaBIIrounX. BoHH mpencrtaBiieHi, mo0 MOKa3aTh
BipoTifHI  piBHI  HEOOXigHI Ui  JTOCATHEHHS
TIOCITITOBHOT CYMICHOCTI 3 iHIITMMY MTPOSKTAMH.

29.2.2 Yacmkosi  roeghiyiecnmu,  wo
BNIUBAIOMb HA ONIPHICb

(1)  Sxkmo  cTpyKTypHI  BIACTHBOCTI
BU3HAUAIOTHCA IUISXOM TECTYBaHHS, TO
MOBUHHI ~ 3aCTOCOBYBaTHUCS  BUMOTH 1
npouenyp, nependaueni B EN 1990.
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2.8 Design assisted by testing

(1) The general requirements set out in Annex
D of EN 1990 should be followed.

(2) For ‘'product type' silos (factory
production), which are subject to full scale
testing, 'deemed-to-satisfy' criteria may be
adopted for design purposes.

2.9 Action effects for limit state verifications

2.9.1 General

(1) The general requirements set out in section
9 of EN 1990 shall be satisfied.

2.9.2 Partial factors for ultimate limit states

2.9.2.1 Partial factors for actions on silos

(1) For persistent, transient and accidental
design situations, the partial factors yr shall be
taken from EN 1990 and EN 1991-4.

(2) Partial factors for ,product type™ silos
(factory production) may be specified by the
appropriate authorities.

NOTE: When applied to ,product type™ silos, the
factors in (1) are for guidance purposes only. They

are provided to show the likely levels needed to achieve
consistent reliability with other designs.

2.9.2.2 Partial factors for resistances

(1) Where structural properties are determined
by testing, the requirements and procedures of
EN 1990 should be adopted.
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IIOBHHHA I:IpOBOI[I/ITI/IC;{ 3Fi,£[HO posainy 9
EN 1993-1-6.

(3) YactkoBi koediuieHTH p,, AT PI3HUX
TpaHUYHUX  CTaHIB  TPEACTaBICHI B

Tabymmi 2.2.

9 of EN 1993-1-6.

(3) The partial factors y,, for different limit
states shall be taken from table 2.2.

Tabmuus 2.2 — YacTkoBi Koedii€HTH OMIPHOCTI

Table 2.2 — Partial factors for resistance

OmnipHICTh CTaHy BiIMOBH PeneBanTHMI

Resistance to failure mode KoepimieHT y
Relevant y

OmipHicTh 3BapHOTO a00 OONTOBOTO 3'€THAHHS CTIHKH OOOJIOHKH CTaHY

MEXi INIACTHYHOCTI Vo

Resistance of welded or bolted shell wall to plastic limit state

OmnipHICTh CTIHKH 000JIOHKH CTIHKOCTI

Resistance of shell wall to stability Var

OmnipHicTh 3BapHOTO 200 OONTOBOTO 3'€AHAHHS CTIHKHA OOOJOHKH PO3PUBY

Resistance of welded or bolted shell wall to rupture Yirz

OmnipHICTh CTIHKU 000JIOHKH IUKJIIUHIN TIACTUIHOCTI

Resistance of shell wall to cyclic plasticity Vs

OmnipHICTh 3'€JHaHB

Resistance of connections Vs

OmnipHICTh CTIHKH 000JIOHKH BTOMI

Resistance of shell wall to fatigue Fide

Mpumirka: YacTkosi koedimienTn y,, s GyHKepiB
MOXYTh OyTH BU3HaueHi B HarioHamsHOMY HOIATKYy.
HonatkoBa  iHdopMamis Hpo  3HAYEHHA s
3HaxouThesl B cranaapti EN 1993-1-8. Jlonarkoa
uHbOpMAlliT TPO 3HAYECHHA ), 3HAXOAUTHCA B

EN 1993-1-9. [Mns OyHKepiB pPEKOMEHIYIOTHCS
HACTYITHI YKCJIOBI 3HAYCHHS:

NOTE: Partial factors y,, for silos may be defined in
the National Annex. For values of p,,, further
information may be found in EN 1993-1-8. For values
of ¥,,6, further information may be found in EN 1993-

1-9. The following numerical values are recommended
for silos:

Vo= 1,00

V= 1,10

Vo= 1,25

Via= 1,00

Vis= 1,25

Vye= 1,10

Jlia nonanbiioi audepenmiamii aus. 2.2(1) 1
2.2(3).

2.9.3 I'panuunuit cman npudoamuocmi 00
excnayamauii

(1) Sxkmo BiAMOBIAHI TOJOXEHHS PO
rpaHuYHI CTaHU MPUAATHOCTI 1o
eKCIUTyaTarii MICTATh CIPOIICHI TpaBHIa
BIAIIOBIZHOCTI, HEOOXI1THO BHUKOHATHU
JCeTallbHI ~ PO3PAaXyHKH, BHKOPUCTOBYIOUH
pi3HI HEOOXiAHI TOEJHAHHS JiH.

For further differentiation, see 2.2(1) and
2.2(3)

2.9.3 Serviceability limit states

(1) Where simplified compliance rules are
given in the relevant provisions dealing with
serviceability limit states, detailed calculations
using combinations of actions need not be
carried out.
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2.10 /IoBroBiunictb

(1) Cnig BuUKOHATH 3arajbHI BUMOTH,
BUKJa/ieH1 B po3aiii 2.6 EN 1990.

2.11 BornecriiikicTb
(1) B wactuni 3a06e3ne4eHHs BOTHECTIMKOCTI

HEOOXIZTHO  JOTPUMYBATHCS  IOJIOXKEHb,
BcranoBieHnx B EN 1993-1-2.

35

2.10 Durability

(1) The general requirements set out in 2.6 of
EN 1990 should be followed.

2.11 Fire resistance

(1) The provisions set out in EN 1993-1-2 for
fire resistance should be met.
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3 BIACTUBOCTI MATEPIAJIIB

3.1 3arajnHi oJI0KeHH A

(1) Yci mapku cTaii, 110 BUKOPUCTOBYIOTHCS
s OyHKepiB, MarOThb OyTH NpUAATHI IS
3BapIOBaHHS, MO0 TMpH  HEOOXITHOCTI
3a0e3neunTH MoAaibi Moandikarii.

(2) Yci mapku craii, 0 BUKOPUCTOBYIOTHCS
JUIsl OyHKEpiB HWJIIHIAPUYHOI KOH(Iiryparii,
MaloTh OyTH TpHUIATHI I XOJOJHOTO
dbopMyBaHHS B JHCTHU abo0 e€JIEeMEHTH
KPUBOJIHIIHOT popMH.

(3) BiactuBocTi Marepiainy, BKa3aHi B IbOMY
po3aini (muB. Tabmumo 3.1 EN 1993-1-1 i
tabmumio  3.1b  EN  1993-1-3), mnoBuHHI
po3risAaTCS SIK  HOMIHANbHI 3HAYCHHH,
NPUUAHATI B TPOEGKTHUX PO3pPaxXyHKax sK
XapaKTEePUCTHYHI 3HAUYCHHS.

(4) T BmacTUBOCTI MaTepialliB MPUBEICHI
y BIINOBIIHUX €TAJIOHHUX CTaHJapTax,
BKazaHux y cranaapti EN 1993-1-1.

(5) Sxmo OyHkep MOXHa 3alOBHIOBATH
rapsiaMMU TBEPAUMH MaTepiajlaMH, 3HaYeHHS
BJIACTUBOCTEH MaTepialiB MaioTb OyTH
BIJIIIOBITHO [IOHIKEH] o 3HaYCHb,
BINOBITHUX MAaKCHUMaJIbHUM TeMIIepaTy-
pam, SIKi 3yCTpivaroThCs Ha TIPAKTHIILI.

(6) Axmo temmneparypa nepesunrye 100°C,
BJIACTUBOCTI marepiany MOBHHHI
BusHavatucy 3rigHo 3 EN 13084-7.

3.2 KoncrpykuiiiHi crasi

(1) MeTtoau mpoekTyBaHHS 3a JOMNOMOIOIO
PO3paxyHKIB, IO MICTAThCS B i YacTHHI
4.1 EN 1993, MOXyTb 3aCTOCOBYBAaTHCS 10
KOHCTPYKIIMHUX CTaje 3TigHO CTaHIapTy
EN 1993-1-1, saxmo BOHH BiJNOBIIAIOTh
€BPOMENHCHKUM 1 MIKHAPOJIHUM CTaHAapTaM,
nepepaxoBaHuM B Ta0muil 3.1.

(2) MexaHiuHI BJaCTUBOCTI KOHCTPYKIIHHUX
crajeil 3rigHo cranaapry EN 10025 ab6o
EN 10149 BusHauaroThCs BIANOBITHO [0
cragnaptie EN 1993-1-1, EN 1993-1-3 Ta

3 PROPERTIES OF MATERIALS

3.1 General

(1) All steels used for silos should be suitable
for welding to permit later modifications when
necessary.

(2) All steels used for silos of circular
planform should be suitable for cold forming
into curved sheets or curved members.

(3) The material properties given in this
section, see Table 3.1 in EN 1993-1-1 and
Table 3.1b in EN 1993-1-3, should be treated
as nominal values to be adopted as
characteristic values in design calculations.

(4) Other material properties are given in the
relevant Reference Standards defined in EN
1993-1-1.

(5) Where the silo may be filled with hot
solids, the values of the material properties
should be appropriately reduced to values
corresponding to the maximum temperatures
to be encountered.

(6) Where the temperature exceeds 100°C, the
material properties should be obtained from
EN 13084-7.

3.2 Structural steels

(1) The methods for design by calculation
given in this Part 4.1 of EN 1993 may be used
for structural steels as defined in
EN 1993-1-1, which conform with the
European  Standards and  International
Standards listed in table 3.1.

(2) The mechanical properties of structural
steels, according to EN 10025 or EN 10149
should be obtained from EN 1993-1-1,
EN 1993-1-3 and EN 1993-1-4.
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(3) Homycku Ha KOpO3il0 1 CTUpaHHS
npuBeeHI B po3aiii 4 yactunu 4.1.

(4) IlepenbavaeThcs, MO0 BJIACTHBOCTI CTali
IIPU PO3TA31 PIBHO3HAYHI BIACTUBOCTSAM IpHU
CTHCKY.

(5) Mnsa craneit, mo po3risAarOThCS B IIiH
gactuHi 4.1 crapmapty EN 1993, npoektne

3HaYCHHs  MOAaylsi  mpyxHocTi  FOHra
npuiimaeteess Ak E=210000(MIla), a
KoedirieHT MOTNEPEYHOT nedopmartii

[lyaccona npuiimaerses sik v =0,3.

3.3 Heipaxagiroui craul

(1) MexaniuHi BIIACTHBOCTI HEip)KaBIIOYHX
CTallel TOBWHHI BIAMOBIJATH CTaHAAPTY
EN 1993-1-4.

(2) Kepiai Hampsmm  uis BUOOpY
HEIp)KaBIIOUMX CTaJlled 3 ypaxyBaHHSAM Aii
KOpO3ii 1 CTUpaHHI TBEPAUX MaTepiajiB, LIO0
30epiraroTbCcs,  MOXKHa  OTpUMaTd 3
BI/IMOBITHUX JDKEpeT.

(3) Sxmo  mpoekT  MoB's3aHMM 3
pO3paxyHKaMH BUTHHY, MOBUHHI 3aCTOCOBY-
BaTHCS BIAMOBIAHI 3MEHIIEH] ITOKAa3HUKHU
BrnactuBoctelt (1uB. EN 1993-1-6).

3.4 CneniajabHi Jeropani craji

(1) WMo crocyeTbcsi HeCTaHIAPTU30BAHUX
JIETOBAaHUX CTallel, MalOTh OyTH BU3HAYEHI
3HIDKEH] 3HAYEHHS BIAMOBIIHUX MEXAHIUHUX
BJIIaCTHBOCTEI.

Ipumirka: Indopmaiis npo BiANOBIAHI 3HAYCHHS
MOXe MicTUTHUCS B HarioHampHOMY TOJaTKYy.

(2) KepiBui Hampsmu  Juis BUOOpPY
HEIp)KaBIIOUMX CTajled 3 ypaxyBaHHSAM Aii
KOpO3ii 1 CTUpaHHI TBEPAUX Marepiaiis, II0
30epiratloTbcsi,  MOXKHa  OTpUMaTd 3
BIJITIOBITHUX JIXKEPEll.

(3) Sxmo mnpoekT moB'I3aHUNA 3 po3pa-
XyYHKaMH BUTHHY, TO IOBUHHI 3acTo-
COBYBAaTHCSl BIJMOBIAHI 3MEHIICHI TOKa3-
HUKH BiaacTuBocTei(auB. EN 1993-1-6).
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(3) Corrosion and abrasion allowances are
given in section 4 of this Part 4.1.

(4) It should be assumed that the properties of
steel in tension are the same as those in
compression.

(5) For the steels covered by this Part 4.1 of
EN 1993, the design value of the modulus of
elasticity should be taken as £ =210000MPa
and Poisson“s ratio as v =0, 3.

3.3 Stainless steels

(1) The mechanical properties of stainless
steels should be obtained from EN 1993-1-4.

(2) Guidance for the selection of stainless
steels in view of corrosion and abrasion
actions of stored solids may be obtained from
appropriate sources.

(3) Where the design involves a buckling
calculation, appropriate reduced properties
should be used (see EN 1993-1-6).

3.4 Special alloy steels

(1) For non-standardised alloy steels,
appropriate values of relevant mechanical
properties should be defined.

NOTE: The National Annex may give information on
appropriate values.

(2) Guidance for the selection of non-
standardised alloy steels with respect to the
corrosion and abrasion actions of stored solids
should be obtained from appropriate sources.

(3) Where the design involves a buckling
calculation, appropriate reduced properties
should be used (see EN 1993-1-6).


arymarenko
Прямоугольник


(1) Bumorm go  MimHOCTI  cranei (1) The toughness requirements for the steels
BHU3HAYAIOTHCS y BIJIITOBITHOCTI 3 should be determined according to
EN 1993-1-10. EN 1993-1-10.
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4 OCHOBA CTPYKTYPHOIO
AHAJII3Y

4.1 Kpaiini rpaHi4Hi cTaHH
4.1.1 Ocnosa

(1) Cxnanm crameBuX  KOHCTPYKIIH 1
KOMIUIEKTYIOUMX ITOBHHEH 3aJ0BOJBHATH
OCHOBHHMM NPOEKTHUM BUMOTaM, BKa3aHUM B
po3miii 2.

4.1.2 Heooxioui nepegipku

(1) B rpaHmyHHX cTaHax KOHCTPYKIIii
MPOEKT TOBHHEH BIiJINOBIJaTH HACTYIHIN

YMOBI:

Sa

ne S 1 R TpeacTaBisIOTH OyAb-SKHA
BIJIMIOBIIHUI ITapamMeTp.

4.1.3 Bmoma i yuxkiiuna naacmuyHicmo —
MATOYUKTIYHA NIACMUYHA 6MOMA

(1) Herami KOHCTpyKIii, M0 MiIATal0Th
pI3KOMY  MICLIEBOMY BUTHMHY, [OBUHHI
NEepeBIPATUCS HAa TPaHUYHI CTaHU BTOMHU 1
[UKJIIYHOI INIACTUYHOCTI 3a JTOIIOMOIOO
npouenyp, InepeadayeHux — CcTaHAapTaMu
EN 1993-1-6 1 EN 1993-1-7, BignoBiagHo.

(2) byskepu knacy HacimigkiB 1 He
BHMAararoTh NEPEBIPKU HAa BTOMY 1 IUKIIYHY
IJIaCTUYHICTb.

4.1.4 /lonyck na cmupannsa i Kopo3ito

(1) BrumB cTtupaHHa Big [Oii  TBepauX
pEeUoOBHH, IO 30epiraroThCsi, Ha CTIHKH
KOHTEIiHepy Ha MpOoTsI31 TEPMIHY CIyXKOU
KOHCTPYKIIi MOBMHEH OyTH BKIIOYEHUH Y
aHaJli3  Opd  BHU3HAYEHHI  e(PeKTUBHOL
TOBILUHU CTIHKH.

(2) Skmo xoHKpeTHa iH(OpMAaLis BiACYTHS,
nependavaeTsCs, MO B PE3yabTaTi TEPTS
yci€ei TMOBEpXHI MpH KOHTAKTI 3 TBEPAUM
MarepiajaoM, IO PYXAEThCs, TOBIIUHA CTIHKH
3MEHIIYEThCS 32 paXyHOK BTpPAaTH METAly Ha
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4 BASIS FOR STRUCTURAL
ANALYSIS

4.1 Ultimate limit states
4.1.1 Basis

(1) Steel structures and components should be
so proportioned that the basic design
requirements given in section 2 are satisfied.

4.1.2 Required checks

(1) For every relevant limit state, the design
shall satisfy the condition:

(4.1)

where S and R represent any appropriate
parameter.

4.1.3 Fatigue and cyclic plasticity — low
cycle fatigue

(1) Parts of the structure subject to severe
local bending should be checked against the
fatigue and cyclic plasticity limit states using
the procedures of EN 1993-1-6 and
EN 1993-1-7 as appropriate.

(2) Silos in Consequence Class 1 need not be
checked for fatigue or cyclic plasticity.

4.1.4 Allowance for corrosion and abrasion

(1) The effects of abrasion of the stored solid
on the walls of the container over the life of
the structure should be included in
determining the effective thickness of the wall
for analysis.

(2) Where no specific information is available,
the wall should be assumed to lose an amount
At, of its thickness due to abrasion at all

points on contact with moving solid.
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Hpumirka: 3nadenns Af, Moxe GyTu 3anaHe B

HarmionaneHOMy nonaTky. PekoMeHy€eThCsl 3HAYCHHS

At, =2 mm.

(3) BrituB xopo3ii Ha CTIHKY NPU KOHTAKTI 3
TBEPJAUMH DPEUOBHMHAMH, IO 30epiraroThCes,
MPOTSTOM  TEPMiHY  CIYXOM  CHOpYyaH
MOBHHEH OYyTH BKJIIOYEHUH Yy aHali3 Npu
BH3HA4YCHHI €(DEKTUBHOI TOBIIMHH CTiHH.

(4) KoukperHi 3Ha4YeHHA JOIYCKIB Ha
KOpO3il0 1 CTHUpaHHS TpU TepTi, MIO
BIJNIOBIJAIOTh ~ BH3HAUCHHOMY  IpH3HA-
YeHHIO, MaloTh OyTH TOTOKEHI MIX
MPOCKTHOK OpTraHi3alli€lo, 3aMOBHUKOM 1
BIJIMOBIJHAM TOBHOBRXHHM OPraHoM 3
ypaxyBaHHSIM BHU3HAYCHHOT chepu
3aCTOCYBaHHS 1 TIPUPOAU THUX TBEPAHX
PEYOBHH, 110 30€PIiraroThCsl.

Mpumirka 1: BigmoBinHi 3HaueHHs IOMYCKIB Ha
BTPaTH MeETally BHACIIJOK KOpo3ii 1 CTHpaHHsA BiX
TepTs npu 30epiraHHi MEBHUX TBEPIUX MaTepiaiiB,
IO 3HAaXOJIAThCS B KOHTaKTI 3 BH3HAYEHUMH
MaTepiallaM¥ CTIHOK OyHKepa, MOXKYTh OyTH 3aJaHi B
HamionansHOMY m0OMaTKy 3 ypaxyBaHHSAM CIIOCOOY
MepeMillleHHs] TBEPAWX MaTepianiB, BH3HAUYCHUX B
EN 1991-4.

Hpumirka 2: [I{o0 rapanTtyBatu peaizaiiiio
MPOSKTHUX TIPUIYIICHbh B TMPOIECi eKCILIyaTarlii,
HEOOXI1IHO BIPOBAUTH BignoBinHi 3aX0IHu
KOHTPOJIIO.

4.1.5 /lonyck na memnepamypHui énnueu

(1) SAxmo y OyHkepi 30epiraioTbcsi TBEpIi
MaTepiajgy B rapsuoMy CTaHi, BIUTUB PI3HUII
TEMIIEpaTyp MK JETaIIMH KOHCTPYKLIi, 1110
KOHTAKTYIOTb 3 TrapsyuM MarepiajoM, 1
OXOJIO[DKEHUMHU  JeTallsiMU ~ Mae  OyTH
BpaxOBaHWN TMpH BHU3HAUEHI PO3MOALTY
HanpyXeHHsI B CTIHLII.

NOTE: The National Annex may choose the value of
At, . The value Af, =2 mm is recommended.

(3) The effects of corrosion of the wall in
contact with the stored solid over the life of
the structure should be included in
determining the effective thickness of the wall
for analysis.

(4) Specific values for corrosion and abrasion
losses, appropriate to the intended use, should
be agreed between the designer, the client and
the relevant authority, taking account of the
intended use and the nature of the solids to be
stored.

NOTE 1: The National Annex may choose appropriate
values for corrosion and abrasion losses for particular
solids in frictional contact with defined silo wall
materials, recognising the mode of solids flow defined
in EN 1991-4.

NOTE 2: To ensure that the design assumptions are
met in service, appropriate inspection measures have to
be instituted.

4.1.5 Allowance for temperature effects

(1) Where hot solids are stored in the silo, the
effects of differential temperature between
parts of the structure in contact with hot
material and those that have cooled should be
included in determining the stress distribution
in the wall.
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KOBOI'O BYHKEPA

4.2.1 Mooenroeannsa
00010HKU

KOHCmMpPYKUii

(1) Mopgenp 000JOHKOBOI  KOHCTPYKIIii
NOBUHHA BIANOBIAaTH BHMOTaM CTaHAAPTY
EN 1993-1-6. I1li BuMOrd MOBUHHI
3a7I0BOJIbHATH HACTYITHUM IOJIOKEHHSIM.

(2) Mogenp 0007T0HKOBOT  KOHCTPYKITIT
MOBUHHA  BKJIIOYATH  yCi  CIEMEHTH
YKOPCTKOCTI, BEJIMKi OTBOPH 1 OCHAIIICHHS.

(3) IIpoekr mOBUHEH TapaHTyBaTH, IO
OyayTh 3aJ0BOJICHI BH3HAYCHI TpaHUYHI

YMOBH.

4.2.2 Memoou ananizy
4.2.2.1 3acanvni nonoxcenns

(1) Amnamiz o6ononku OyHKepa TMOBHHEH
MPOBOJUTUCS  BIAMOBIIHO /10  BUMOT
EN 1993-1-6.

(2) o OyHkepa MEBHOTO KJIacy HAacIiJKiB
3aBKIM MOXKHA 3aCTOCYBaTH aHalli3 OUIbLI
BHCOKOTI'O KJacy.

4.2.2.2 Knac Hacniokis 3

(1) V 6ynkepax kmacy HacniakiB 3 (auB. 2.3)
BHYTpIIIHI CHUJIM 1 MOMEHTH IIOBHHHI
BHU3HAYaTUCS 3a JONOMOTOI0 JOCTOBIPHOTO
YUCENHHOTO aHai3y (3riTHO 3 BU3HAUYCHHSIM

B EN 1993-1-6). Cunu mninacTUYHOTO
pyVHYBaHHS B CTaHax OCHOBHOTI'O
HalpyXXeHHsI  MOXYTb  3aCTOCOBYBAaTHCS

BiJIHOCHO TPAHUYHOTO B'SI3KOTEKYYOTO CTaHY
3riHO 3 Bu3HaueHHsIM B EN 1993-1-6.

4.2.2.3 Knac nacnioxie 2

(1) o GyHkepiB Ki1acy HaCliJKiB 2 B yMOBax
BICECUMETPUYHUX [i Ha OMNOpHI CTIMKHU
MOX€E 3aCTOCOBYBATHUCS OAMH 3 JIBOX
aNbTEPHATUBHUX METOIIB aHATI3Y:

(a) MemOpaHHa  Teopisi  PO3paxyHKY
O0OJIOHOK  MOX€  3aCTOCOBYBATUCS  JJIs
BHU3HAYCHHS OCHOBHHMX HampykeHb. Bupasu
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A SHELL SILO

4.2.1 Modelling of the structural shell

(1) The modelling of the structural shell
should follow the requirements of EN 1993-1-
6. They may be deemed to be satisfied by the
following provisions.

(2) The modelling of the structural shell
should include all stiffeners, large openings,
and attachments.

(3) The design should ensure that the assumed
boundary conditions are satisfied.

4.2.2 Methods of analysis
4.2.2.1 General

(1) The analysis of the silo shell should be
carried out according to the requirements of
EN 1993-1-6.

(2) A higher class of analysis may always be
used than that defined for the Consequence
Class.

4.2.2.2 Consequence Class 3

(1) For silos in Consequence Class 3 (see 2.3),
the internal forces and moments should be
determined using a validated numerical
analysis (finite element shell analysis) (as
defined in EN 1993-1-6). Plastic collapse
strengths under primary stress states may be
used in relation to the plastic limit state as
defined in EN 1993-1-6.

4.2.2.3 Consequence Class 2

(1)  For silos in Consequence Class 2 under
conditions of axisymmetric actions and
support, one of two alternative analyses may
be used:

a) Membrane theory may be used to
determine the primary stresses. Bending
theory elastic expressions may be used to
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3aCTOCOBYBAaTHCS ISl BHM3HA4YEHHS YCiX
JIOKAJIbHUX /i BUTHHY.

(6) Moske 3aCTOCOBYBATHCS JOCTOBIpHUIN
YUCENbHUN aHalli3 (3T1IHO 3 BU3HAYCHHSIM
EN 1993-1-6).

(2) SIKn0  IpOEKTHE  HaBaHTAXKEHHS
TBEpJUX MaTepiamiB, IO 30epiralroThCs, HE
MOJKE€ PO3TIISAATUCS K BICECHMETPUYHE, MA€E
OyTH 3aCTOCOBAHHI JOCTOBIPHHUI YHCEIbHHMA
aHai3.

3) HesBaxaroun Ha mosioxeHHs (2),
SKIIO HABAHTAXEHHS TI0 KOy OOOJOHKH
3MIHIOETBCS IIJIABHO, BHUKIMKAIOYM TIUIBKH
3aranbHU 3ruH (TOOTO Yy BUIUIANI MEepIIoi
TapMOHIKH), JUJIi BHU3HAUCHHS OCHOBHHUX
HaTpy>KeHb MOXKHA 3aCTOCYBAaTH MEMOpaHHY
TEOPII0 PO3PAXyHKY 0O0JIOHOK.

(4) Jis  anamizy Ol BHACIHIJOK
BITPOBOTO HaBaHTaXXEHHs, 1/a00 ocaaku
byHgamMeHTy i/abo TUTAaBHUX 3MiH
HAaBaHTA)XCHHS Ha OKpeMi IUISTHKU (JIUB.
EN 1991-4 no ToHKOCTIHHUX OyHKepax)
MOJKHa 3acTOCYBaTH HaliBMOMEHTHY a0o
MeMOpaHHY T€OPII0 POo3paxyHKy 000JIOHOK.

%) SIKmo s BU3HAYEHHS OCHOBHOTO
Hanpy>keHHs B OOOJIOHIII 3aCTOCOBYETHCS
MeMOpaHHa Teopis:

a) BinocoOeHi Kijbls, TPUKPIIUIEH] 10
130TpOIHOI LWTIHIPUYHOT 000JIOHKH
OyHKepa IiJ] MAi€l0 BHYTPIIIHBOTO THCKY,
MOXYTh BBXaTHCS TaKUMH, IO MalOTh
KOPDUCHY TIUIONIY, sIKa BMIIIY€E TOBXUHY

00O0JOHKH BHUINE i HIKYe KodbIs 0,78/rt

3a BHHATKOM BHIAAKYy, KOJIH KUIbIIE
3HAaXOAMUTHCS Ha MEPEXiTHOMY 3'€JHAHHI.

0) BB JOKanpHOTO  3rHHAKOYOTO
3yCHJUIA B MICIIX, JI€ TIOpYIIeHA LIJICHICTh
MOBEpXHI OOOJIOHKM a00 OMOpPHUX CTINOK,
MTOBMHHA OL[IHIOBATUCSI OKPEMO.

(6) Skmio 130TporHa CTiHKa OOOJIOHKH
MiJICWJICHA BiIOCOOJIEHUMH BEPTUKATLHUMU
pebpamMu >KOPCTKOCTI, HaIpy>KeHHS pedep
KOPCTKOCTI 1 CTIHKA OOOJOHKH MOKHA
po3paxyBaTH, TNPUAMAIOYM  HAIPYKCHHS
pedep KOPCTKOCTI SIK «PO3MOJITICHE» IO
CTiHIII OOOJIOHKM 3a YMOBH, IO I1HTEpBAI
MK peOpaMH JKOPCTKOCTI CKJIaja€ He

b) A validated numerical analysis may be
used (e.g. finite element shell analysis) (as
defined in EN 1993-1-6).

(2)  Where the design loading from stored
solids cannot be treated as axisymmetric, a
validated numerical analysis should be used.

(3)  Notwithstanding paragraph (2), where
the loading varies smoothly around the shell
causing global bending only (i.e. in the form
of harmonic 1), membrane theory may be used
to determine the primary stresses.

(4) For analyses of actions due to wind
loading and/or foundation settlement and/or
smoothly varying patch loads (see EN 1991-4
for thin walled silos), semi-membrane theory
or membrane theory may be used.

%) Where membrane theory is used to find
the primary stresses in the shell:

a) Discrete rings attached to an isotropic
cylindrical silo shell under internal pressure
may be deemed to have an effective area
which includes a length of shell above and

below the ring of 0,78rt except where the
ring is at a transition junction.

b) The effect of local bending stresses at
discontinuities in the shell surface and
supports should be evaluated separately.

(6) Where an isotropic shell wall is
discretely stiffened by vertical stiffeners, the
stresses in the stiffeners and the shell wall may
be calculated by treating the stiffeners as
smeared on the shell wall, provided the
spacing of the stiffeners is no wider than

nrt
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Cavaraaae gy Iy .
vs NIt

Ilpumirka: 3HaueHHs #,, Moxe OyTH 3aj1aHe B
HauionansHoMy nonaTky. PexomenmyeThcs 3HaueHHs
n,=5.

(7) SIKII0 3acTOCOBYIOTBCS PO3IOALICHI
peOpa >KOPCTKOCTI, Hampy>KeHHs B pedpi
KOPCTKOCTI ~ TOBHHHE  BH3Ha4YaTuCs 3
ypaxyBaHHSAM HAaJEKHOTO JONYCKY Ha
CyMICHICTh pebpa >KOPCTKOCTI 13 CTIHKOIO,
BKJTIOYAIOYN BIUIMB MeMOpaHHOTO
HATPY>KEHHSI CTIHKA B OPTOTOHAIBHOMY
HaTpsMi.

(8) Sxmo kingpIeBa Oajika 3MOHTOBaHA
BHIIIC BIJOCOOJICHUX OMOPHUX CTIHOK, IS
BH3HAYCHHS OCHOBHOTO HAIPYXKEHHS MOXKHA
3aCTOCYBAaTH MEMOpaHHY TEOPiI0; MPHU LIbOMY
HEOOXiTHO JIOTpUMYyBaTHcS BuUMOr 5.4 i
8.1.4, 1m0 CTOCYIOThCA OILIHKHU J0AATKOBOTO
HE BICECUMETPUYHOTO OCHOBHOI'O HAaIpy-
JKEHHS.

9) Slkmo KingbleBa Oalika 3MOHTOBaHa
BUIIE BIJOCOOJICHMX  OIMOPHUX  CTIHOK,
MTOBUHHA BpPaxOBYBaTHCS CYMICHICTb
nedopmaliii - MK KUIBIIEBOIO OaJIKOO 1
CYMDKHUMHU CETMEHTaMu OOOJIOHKH; JIHB.
pucynok 4.1. OcobnuBy yBary ciif

3BEPHYTHU Ha CYMICHICTb OCBOBUX
nedopmarii, OCKLTBKH CKJIaJIHE
HampyXXeHHs  TTUOOKO  TMPOHHUKAE B

000JIOHKY. SIKIIO BHKOPHCTOBYETHCS TaKa
KiplleBa ©Oanka, HEOOXIJHO BpaxyBaTu
€KCLUEHTPUCUTET LIEHTPY TSKIHHS KIIbIEBOL
OalKku 1 LIEHTpa 3CyBY BIHOCHO CTIHKH
000JIOHKH 1 IIEHTPOBOT JIiHIi ONMOPHOI CTIHKH;
mmB. 8.1.418.2.3.
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NOTE: The National Annex may choose the value of
n, . The value 1, =5 is recommended.

(7 Where smeared stiffeners are used, the
stress in the stiffener should be determined
making proper allowance for compatibility
between the stiffener and the wall and
including the effect of the wall membrane
stress in the orthogonal direction.

(8)  Where a ring girder is used above
discrete supports, membrane theory may be
used to determine the primary stresses, but the
requirements of 5.4 and 8.1.4 concerning the
evaluation of additional non-axisymmetric
primary stresses should be followed.

9 Where a ring girder is used above
discrete supports, compatibility of the
deformations between the ring and adjacent
shell segments should be considered, see
Figure 4.1. Particular attention should be paid
to compatibility of the axial deformations, as
the induced stresses penetrate far up the shell.
Where such a ring girder is used, the
eccentricity of the ring girder centroid and
shear centre relative to the shell wall and the
support centreline should be considered, see
8.1.4 and 8.2.3.
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,"- T JJJLCLHNLC].PYI"_‘IL‘IC

ITumiHOpHYHa ~ |~ HapaHTaKeHHJ Ha

00OIOHKA CTIiHKH i THCK Ha OHO
Axisymmetric
wall loading

Cylindrical J
J and bottom
J
J

i L
shell L
'
'

pressures

PieHOMipHA IIATPHMEA MITHIPA
-7 -~ KITBILEBOK JamKom

|~ Uniform support to
I ? * + * * + cylinder from ring girder

PieHOMipHEe HaBaHTAKEHHA HA

Kineieea Ganka (2

PISHOKO TEOMETPIEIO KiBIIeRy Sanky 3 GOKy IITHIpa
MOIIePEYHOTO Tepepizy) + Uniform loading of
Ring girder ring girder by cylinder
(various
cross-section
geometries) T T
Binoco0neHi TOKaNBHI OIOPHI CTiHKH
Discrete local supports
a) TpaauiiiHa MOJIENb MPOEKTY OYHKEPIB Ha OMOPHUX CTiKKax
a) Traditional design model for column-supported silos
BepTHKANLHI BiIXIIeHHA
CTiHKa 050MOHKH B ONHiil mIomIHi
Shell wall In-plane vertical
deflections
Kpueomniniiina
KOH(Irypauia KineleBol
OanKn
Ring girder

deflected shape

Bimocodmena Discrete BimocoGmena Discrete
OTIOpHA CTifika  support OTIOpHA CTilika support
0) yMoBa JedopMallii HUIiHApa, BUKINKaHa CYMICHICTIO
b) Deformation requirement on cylinder imposed by compatibility with beam deformation
CyMicHICTh 0chOBUX JedopMaliil KUTbIEBOT OaIKu 1
Pucynok 4.1 M Aehopman H
000JIOHKH
. Axial deformation compatibility between ring girder and
Figure 4.1 P Y £
shell
(10) Sxmo Oynkep migisrae Oyab-SKOMY (10)  Where the silo is subject to any form of
ACUMETPUYHOMY HABAHTAKECHHIO CHUITYYHX unsymmetrical bulk solids loading (patch
TBEPAMNX marepiaiis (TOuKOBUM loads, eccentric discharge, unsymmetrical
HaBaHTAKECHHSIM, HEIICHTPOBAHOMY pPO3BaH- filling etc.), the structural model should be
TQKEHHIO, ACHUMETPUYHOMY 3allOBHEHHIO designed to capture the membrane shear
TOIO), MPOEKT MOJIE1 KOHCTPYKIIii MTOBUHEH transmission within the silo wall and between
OXOIUTH Tepefadyy MeMOpPaHHOTO 3CYyBy B the wall and rings.

CTiHIII OyHKEpa 1 MK CTIHOFO 1 KUTBIISIMH.
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Mpumirka: [lepenaya 3cyBy MiXk 4aCTUHAMHM CTIHKH 1
KUTBIIMH Ma€ OCOOJMBE 3HAUCHHS B KOHCTPYKIIISX,
JIc¢ BUKOPUCTOBYIOTBCS OONTH 1 1iHINI BiZ0COOJCHI
cHony4yHi 3acobu (HampuKkiIan, MK CTIHKOIO 1
XOMEPOM, MK OKPEMUMH MOSICAMU KOPITYCY).

(11) Sxkmo nmns mepepo3moiTy HaBaHTa-
JKEHHs B CTiHII OyHKepa Ha BiJgoCOOJICHI
OIOpU BUKOPUCTOBYETCS KijbleBa Oanka i
SIKIO IS 3'€THAHHS €JIEMEHTIB KOHCTPYKIIIi
BUKOPUCTOBYIOTbCA ~ Oontu  abo  iHIIi
BiJIOCOOJIEHI CHONMy4YHI 3acobu, HEoOXiJaHO
BH3HAUUTH Tepeady 3CyBY MiK YaCTHHAMH
KIUIbLIA BHACHIIOK e€(eKTy BUTUHY OOOJOHKHU
1 KiJIb1I€BOT OaJIKH.

(12) 3a BUHATKOM  BUNAIKIB, KOJK
3aCTOCOBYETHCS pAIllOHAILHUN aHami3 1 €
qITKMM  JOKa3 TOro, 1o Ig  4ac
pO3BaHTaXEHHS TBEpAWM  Mmarepian He
PYXa€ThCSl BIAHOCHO CTIHKH, JKOPCTKICTh
CUIIy4Oro TBEPAOro MaTepially MpU OImopi
nepopMarisiM CTIHKH a0o0 30UIbILIEHH] OMOpy

BUTUHY KOHCTPYKIIi{ HE HOBUHHA
BpaxOBYBaTHCS.
4.2.2.4 Knac nacniokie 1

(1) o OyHKepiB KJacy HacliIKiB 1 Moxe
3aCTOCOBYBaTHCS MeMOpaHHa Teopis Ui
BU3HAYCHHS OCHOBHOTO HANpYyXEHHI 3
Koe(illieHTaMl 1 CHpPOILEHUMM BHpa3aMH,
1[0 ONWCYIOTh JIOKAJIbHI 3TMHAIOYM CHIIH 1
aCUMETPUYHI Jii.

4.2.3 TI'eomempuuni eaou

(1) ['eomeTpuyHi Bagu 0OOTOHKHU MMOBUH-
Hi 33JIOBOJIGHATH OOMEXKEHHSM, BUSHAYCHIM

B EN 1993-1-6.

(2) Y OyHKepax 3 KJacoM HaciiakiB 2 i 3
reOMEeTpPUYH1 BaJW TMOBHHHI BUMIPIOBAaTHUCS
MiCHS  CIOOpY/KEHHs, 100 3abe3meuuTtn
JOCATHEHHS! BU3HAUYEHOT'O PiBHS JIOMYCKIB Ha
BUTOTOBJICHHS.

3) ['eomeTpuyHi Bagu OOOJOHKH HE

MTOBUHHI BIJIKPHUTO BKJTFOYATHUCS y
BU3HAYECHHS BHYTPIIIHIX CHJ 1 MOMEHTIB, 32
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NOTE: The shear transmission between parts of the
wall and rings has special importance in construction
using bolts or other discrete connectors (e.g. between
the wall and hopper, between different strakes of the
barrel).

(11)  Where a ring girder is used to
redistribute silo wall forces into discrete
supports, and where bolts or discrete
connectors are used to join the structural
elements, the shear transmission between the
parts of the ring due to shell bending and ring
girder bending phenomena should be
determined.

(12)  Except where a rational analysis is
used and there is clear evidence that the solid
against the wall is not in motion during
discharge, the stiffness of the bulk solid in
resisting wall deformations or in increasing
the buckling resistance of the structure should
not be considered.

4.2.2.4 Consequence Class 1

(1)  For silos in Consequence Class 1,
membrane theory may be used to determine
the primary stresses, with factors and
simplified expressions to describe local
bending effects and unsymmetrical actions.

4.2.3 Geometric imperfections

(D) Geometric imperfections in the shell
should satisty the limitations defined in EN
1993-1-6.

(2)  For silos in Consequence Classes 2 and
3, the geometric imperfections should be
measured following construction to ensure that
the assumed fabrication tolerance quality has
been achieved.

3) Geometric imperfections in the shell
need not be explicitly included in determining
the internal forces and moments, except where
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abo GMNIA 3aCTOCOBYETHCSA y
BiIOBiAHOCTI A0 cTanaapty EN 1993-1-6.
4.3 AHai3 KOpoO4YATOI KOHCTPYKil
NPSIMOKYTHOT0 OyHKepa

4.3.1 Mooenrwseannsa KoHcmpyKyii Kopooa

(1)  Mogens KOHCTPYKITii KopoOa
MOBMHHA BIANOBIZaTH BUMOTaM CTaHIApTa
EN 1993-1-7. 1Ii BuMOrd MOBUHHI

3a/I0BOJIbHATU HACTYITHHUM I10JIOKCHHAM.

(2) Monenb KOHCTPYKIII{ Kopoba
MOBUHHA  BKJIIOYATH  yCi  CJIEMCHTH
YKOPCTKOCTI, BEJIMKi OTBOPH 1 00J1a THAHHS.

3) [IpoekT MOBHHEH TrapaHTyBaTH, IO
OyayTh 3aJ0BOJICHI BH3HAYCHI TpaHUYHI

YMOBH.

(4) 3'eqHAHHS CErMCHTIB Kopoba
IIOBUHHI 3aJ0BOJILHSATH MOJIEIHHAM
MPUITYIIEHHSM I10 MIITHOCTI 1 5)KOPCTKOCTI.

(5) KoxHy mnaHens kopoba MoOXKHA
pPO3MISIIATH K OKPEMMM JIMCTOBUM CETMEHT
3a HasIBHOCT1 HACTYITHUX YMOB:

a) BKIIIOUEHI  CHWJIM 1  MOMEHTH,
MIPUBHECEH] JI0 KOXKHOI MaHEeJIl CYyMLKHUMH
eJIEMEHTaMU;

0) BKJIIOUEHA JKOPCTKICTb HAa  3TUH
CYMIXKHUX TaHeseH.

(6) ko 130TpomHa TMaHenb JIMCTOBOL
CTIHKH YKpiTIeHa B110COOJIEHUMHA
TOPU30HTAILHUMHU  pedpaMu  >KOPCTKOCTI,
HaIpyKeHHs B peOpax >KOPCTKOCTI 1 B CTIHII
KopoOa MOXHa pO3paxyBaTH, PO3MIISIAI0YU
pedpa JKOPCTKOCTI K PO3MOAICHI IO CTIHIIL,
100 OTpUMATH OPTOTPOIHUIL JTUCT 332 YMOBH,
[0 1HTEpBaJ MIDX pedpaMu >KOPCTKOCTI He

NEPEeBUILYE R L .

Ipumirka: 3HadeHHs 7, Moxke OyTu 3aJaHe B

HaIIiOHaJ'H)HOMy JA0JAaTKYy. PGKOMCHILy€TLCH 3HA4YCHHS

n,=40.

(7) SIKII0 3aCTOCOBYIOTBHCSI PO3IMOJIICHI
pebpa >KOPCTKOCTI, Hampy>KeHHs B pedpi
NOBUHHE BH3HAUYaTHUCS 3  BpPaxXyBaHHIM
HQJIGKHOTO JIOMYCKY Ha EKCIEHTPUCUTET

defined in EN 1993-1-6.

43 ANALYSIS OF THE BOX STRUC-
TURE OF A RECTANGULAR SILO

4.3.1 Modelling of the structural box

(1)  The modelling of the structural box
should follow the requirements of EN 1993-1-
7, but they may be deemed to be satisfied by
the following provisions.

2) The modelling of the structural box
should include all stiffeners, large openings,
and attachments.

3) The design should ensure that the
assumed boundary conditions are satisfied.

(4)  The joints between segments of the
box should satisfy the modelling assumptions
for strength and stiffness.

(5)  Each panel of the box may be treated
as an individual plate segment provided that
both:

a) the forces and moments introduced into
each panel by its neighbours are included;

b) the flexural stiffness of adjacent panels
is included.

(6)  Where an isotropic plate wall panel is
discretely stiffened with horizontal stiffeners,
the stresses in the stiffeners and the box wall
may be calculated by treating the stiffeners as
smeared on the wall to produce an orthotropic
plate, provided that the spacing of the
stiffeners is no wider than n .

NOTE: The National Annex may choose the value of
n, . The value n, =40 is reccommended.

(7 Where smeared stiffeners are used, the
stress in the stiffener should be determined
making proper allowance for the eccentricity
of the stiffener from the wall plate, and for the
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Ha HANpYXXEHHS CTIHKH B OPTOTOHAJIBHOMY
HampsiMi BITHOCHO OCi peOpa KOPCTKOCTI.

(8) EdbektuBHa  mmpuHa  gucra 3
KO)KHOTO OOKy pebpa JKOPCTKOCTI He
MOBHHHA TIEPEBUIIYBATH 3HAYCHHS 71, !, JI&

ew”

{ TIPEICTAaBIISIE JIOKAJIbHY TOBUIMHY JIMCTA.

Hpumirka: 3HaueHHs n,, Moxe OyTH 3ajaHe B

HamionansHOoMy monatky. PekoMeHyeThCsl 3HAUCHHS
n, =16.

4.3.2 TI'eomempuuni eaou

(1) ['eomerpuuHi Bamum KopoOa TMOBUHHI
3a7I0BOJIBHATH OOMEXEHHSIM, BH3HAYCHUM B
craamapti EN 1993-1-7.

(2) ['eomerpuuHi Bagu Kopoba  He
MTOBUHHI BIJIKPUTO BKJIFOUATHUCS y
BU3HAYCHHS BHYTPIIIHIX CHJI i MOMEHTIB

4.3.3 Memoou ananizy

(1) BuyTpimiHi  cuam B JIMCTOBHX
CerMEHTax CTIHKM KOpoba MOXyTb OyTH
BH3HAYCHI 3 BUKOPUCTAHHSIM:

a) CTaTUYHOI pIBHOBaru MeMOpaHHUX
CHJI 1 Teopii OaJIOK IpU BUTHHI;

0) aHaJlizy Ha OCHOBI Teopil JiHIHHOTO
BUTHHY 1 PO3TATY JIUCTA;

C) a”ayizy Ha OCHOBI Teopii
HEJTIHIHOr0 BUTHHY 1 pO3TATY JIHCTA.

(2) Mo OyHkepiB 3 KjiacoM HachiakiB 1
MO2ke 3acTocoByBaTHcs MeTon (a) 3 (1).

(3) Sxmo IIPOEKTHA yMOBa
HAaBaHTAXCHHS  CHUMETPUYHA  BiJHOCHO
KOXXHOTO JIUCTOBOTO CETMEHTy, a OyHKep
BIIHOCUTBHCS JI0 KJIacy HACIHIJIKIB 2, MOXHa
3actocyBatu MeToq (a) 3 (1).

(4) Skmo IIPOCKTHA yMOBa
HAaBaHTA)XCHHS HECUMETpWYHaA, a OyHKep
BIIHOCUTBCS JO KJIacy HACHIAKIB 2, CIif
3actocyBatu Metos (6) abo merox (c) 3 (1).
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axis of the stiffener.

(8) The effective width of plate on each
side of a stiffener should be taken as not
greater than n, t, where ¢ is the local plate

thickness.

NOTE: The National Annex may choose the value of
n,,. The value n,, =16 is recommended.

4.3.2 Geometric imperfections

(1)  Geometric imperfections in the box
should satisfy the limitations defined in EN
1993-1-7.

(2)  Geometric imperfections in the box
need not be explicitly included in determining
the internal forces and moments.

4.3.3 Methods of analysis

(1)  The internal forces in the plate
segments of the box wall may be determined
using either:

a) static equilibrium for membrane forces
and beam theory for bending;

b) an analysis based on linear plate
bending and stretching theory;

c) an analysis based on nonlinear plate
bending and stretching theory.

(2)  For silos in Consequence Class 1,
method (a) in (1) may be used.

(3)  Where the design loading condition is
symmetric relative to each plate segment and
the silo is in Consequence Class 2, method (a)
in (1) may be used.

(4)  Where the design loading condition is
not symmetric and the silo is in Consequence
Class 2, either method (b) or method (¢) in (1)
should be used.
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(muB. 2.3) BHYTpIIIHI CHUJIX 1 MOMEHTH
MOBUHHI  BU3HAYATHUCA 33  JIOMOMOTOIO
Merony (6) abo meroxy (c) 3 (1) (3rimno 3
Bu3HaueHHsM EN 1993-1-7).

4.4 ExBiBajieHTHI OpPTOTPONHI BJIACTH-
BOCTi 00IIMBKH 3 r0()pOBAHOIO JIMCTA

(1)  SHxmo YaCTUHOIO KOHCTPYKIIii
OyHKepa € o0muBKa 3 ro)poBaHOTO JIHCTA,
MOXKHa TpPOBECTH i aHami3, pPO3IIATAI0YN
OOIINBKY B SIKOCTI €KBi1BaJIEHTHOL
OJTHOP1THOT OPTOTPOITHOT CTIHKH.

(2) [lpu anami3i HanpyXeHHb 1 BUTHHIB
MOXKHAa  JIOCHI/DKYBaTH  BKa3aHl  HIDK4YE
BJIACTUBOCTI KOHCTPYKIIi 3a YMOBH, IO
npodine roppa Mae apKTaHTeHIUAIbHY a00
CHHYCOialbHy  KOH(irypamito.  Skmio
3aCTOCOBYIOThCS  iHII  mpodimi  rodpa,
BIJIMTOBIHI BIIACTUBOCTI CJIiJl pO3paxOBYBaTH
Ha OCHOBI IEPBUHHUX MPUHIIMIIIB.

2.3), the internal forces and moments should
be determined using either method (b) or
method (c) in (1) (as defined in EN 1993-1-7).

4.4 Equivalent orthotropic properties of
corrugated sheeting

(1)  Where corrugated sheeting is used as
part of the silo structure, the analysis may be
carried out treating the sheeting as an
equivalent uniform orthotropic wall.

(2)  The following properties may be used
in a stress analysis and in a buckling analysis
of the structure, provided that the corrugation
profile has either an arc-and-tangent or a
sinusoidal shape. Where other corrugation
profiles are used, the corresponding properties
should be calculated from first principles.

ed)eKTHBHA CepeIHHHA MOBEPXH
effective middle surface

Pucynok 4.2 [Ipodinbs rodpa i reomeTpuyHi napameTpu
Figure 4.2 Corrugation profile and geometric parameters

(3) BmactuBocti rodpoBaHOi JIHMCTOBOI
OOIIMBKM TIOBUHHI BU3HAYaTHCS y paMKax
CHCTeMH KOOpJAMHAT X, V, B SKId BiCh Y
po3TamoBaHa MapaieIbHO CKIIaAKaMm Todpa
(mpssMMM JTiHIAM Ha TOBEpXHi), a BICh X
po3TamoBaHa TEPHEHAUKYISIPHO CKIIAJKaM
rodpa (rpedensm i 3anmaauHam). HezanexxHo
B1Jl aKTyalIbHOI KOH(]iryparii, ropp noBuHeH
BU3HAYAaTUCS  HW)KYCHABEJICHHMHU  Iapa-
MeTpaMH (IUB. PUCYHOK 4.2):

ae:

d 1€ B1ICTaHb BiJ rpeOeHs 10 rpeOeHs;
/ 1€ TOBKMHA XBUIII TOpa;

R, e JIOKAIbHHUH pajiyc rpedbeHs abo
3amaInHH.

(3) The properties of the corrugated
sheeting should be defined in terms of an x, y
coordinate system in which the y axis runs
parallel to the corrugations (straight lines on
the surface) whilst x runs normal to the
corrugations (troughs and peaks). The
corrugation should be defined in terms of the
following parameters, irrespective of the
actual corrugation profile, see figure 4.2:

where:

d is the crest to crest dimension;

/ is the wavelength of the corrugation;
R, is the local radius at the crest or trough.
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(4)  Yci BIacTHBOCTI MOXKYTh HABOAUTHUCS
K Taki, IO MalThb OJHY KEpOBaHYy
KOOp/AMHATY; BOHM HE BHKJIMKAIOTH e(ekTn
[Tyaccona y pi3HUX HampsiMax.

(%) ExBiBaneHTHI MeMOpaHHI BJIaCTH-
BOCTI (KOPCTKICTb TpH pPO3TA31) MOXKHA
BUPA3HUTH TaK:

(4)  All properties may be treated as one-
dimensional, giving no Poisson effects
between different directions.

®)] The equivalent membrane properties
(stretching stiffnesses) may be taken as:

2r°
C.=Et =E— (4.2)
’ 3d
2 72
md
C,=Et, =FEt| 1+— (4.3)
4]
Gt
C = Gtx = (4.4)
xy Y 7Z_Zd2
I+ 5
4]
Ie: where:
t €KBIBaJEHTHA TOBIIMHA  PO3MOJi- t is the equivalent thickness for smeared
JeHUX  MEMOpaHHUX  CHJ,  TEPICH/IH- membrane forces normal to the corrugations;
KYJSIpHUX Todpam;
t €KBIBaJICHTHA  TOBIIMHA  PO3IOJi- f, is the equivalent thickness for smeared

y
JICHHUX MGM6p AHHUX CWJI, TMapaJICIbHUX

rodpy;

t €KBIBaJICHTHA

- TOBIIMHA  PO3MOJi-

JIEHUX MEMOpPaHHUX MOMEPEYHUX CHUIL.

(6) ExBiBaneHTHI 3ruHa0ui BIACTHUBOCTI
(KOpCTKICTP ~ HA  3TMH)  BHU3HAYAIOTHCA
3TUHAIOYOI0 YKOPCTKICTIO Y MOMEHTax, IO
BUKJIMKAIOTh 3TUH B LIbOMY Hampsimi. BoHu
MOXKYTbh OyTH BUpaX€HI TaK:

membrane forces parallel to the corrugations;

t is the equivalent thickness for smeared

membrane shear forces.

(6) The equivalent bending properties
(flexural stiffnesses) are defined in terms of
the flexural rigidity for moments causing
bending in that direction, and may be taken as:

3
D, = EI HA _OOUHUYIO _UWUPUHU __Et _ 1 (4.5)
per _unit _width 12(1—v2) 1+7r2d2
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Ha _OOUHUYIO _ UWUPUHU

D, =EI, —— =0,13Etd’ (4.6)

per _unit _width

3 2 32
D. =Gl HA _OOUHUYIO _ WUPUHU _ Gt 1.7 cz .7
Y Y per unit width 12 41

ae: where:

I, €KBIBaJEHTHUH  MOMEHT  iHepuil I, is the equivalent second moment of

IUIONII TIepepi3y Ha OJWHUINKO IIUPUHU IS
PO3MOAICHOTO BUTHHY TEPICHANKYISPHO

rodpy;

I , €KBIBAJICHTHUI

IUIONII TIepepi3y Ha OJUHUIN0 IIUPUHU IS
PO3IOAICHOT0 BUTHHY TapalieIbHO TOdpYy;

MOMEHT  1HepIil
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area per unit width for smeared bending
normal to the corrugations;

I is the equivalent second moment of

area per unit width for smeared bending
parallel to the corrugations;
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" .
IIoUl mepepidy Ha OJUHUI0 IUUPUHU IS
CKpY4YyBaHHS.

Hpumirka 1: YMOBHE O3HAYCHHS MOMCHTIB BUTHHY
CTOCYETHCS HAPSIMY, B IKOMY (POPMYETHCSI KPHBHU3HA
JucTa, TOOTO MO CYTIi BOHO MPOTHIIEXKHE [0
[O3HAUCHHS, NpHUHHATOTO a1 Oanok. 3ruH ma-
pajulenibHO  rodpaM MOB'A3aHUK 13 3TMHAOYOI0
KOPCTKICTIO To(poBaHOrO0 MPODIMI0 1 SBISETHCS
TOJIOBHOIO TIPHUYHMHOIO JUTS 3aCTOCYBaHHS rO(pOBaHUX
KOHCTPYKIIIH.

[pumirka 2: AnbTepHaTHBHI BUPa3H €KBiBaJCHTHHX
OPTOTPOIHHUX BJIACTUBOCTEH TO(PPOBAHOI JIHCTOBOI
OOIIMBKY TPUBE/CHI B IMOCHIAHHAX, IO MICTATHCS B
Honatky D.

(7) B nuninapuynnx OyHkepax, ne rodp
CHpPSMOBaHUHN MO KONy, HApsIMU X 1 y Yy
BUIIIE HAaBEJCHUX BHUpa3aXx MalwTh OyTH
IPUKHATI SIK MepHJialbHE ¢ 1 KUbleBe €
HampsiIMH, BIANOBIJHO; UB. pUCYHOK 1.2(a).
SIxmio rodp cpsMOBaHUH y MEpUAiaTbHOMY
HanpsMi, HAIPSIMA X 1 ) B BUIIE HaBEICHUX
BHpa3ax TIOBHHHI BHKOPHUCTOBYBATHCS SIK
KUIbLIEBUNA € 1 MepuJialbHUI ¢ Hampsmuy,
BIMOBIAHO.

(8)  BmacruBocTi 3CYBY MTOBUHHI
po3TIsAAaTHCS SK HE3aleKHI BiJ] OpieHTaIll
ro¢pa. 3HaueHHst G Moxe OyTH PUHHSATO SIK
E/ {2(1+v)} = 80 800 MI1a.

9) B mpsmokyTtHux OyHkepax, ae rogp
PO3TaIIOBaHUI TOPU30HTAIBHO, HAMPSAMHU X
1y B IpUBEJIEHUX BUIIIE BUPA3axX MAIOTh OyTH
OPUMAHATI SK JIOKaJbHUM OCBHOBHM x 1
TOPU3OHTAIBHUI ) HaAmpsM, BiJIOBITHO;
muB. pucyHok 1.3(a). SIkmo rodpu maroTh
BEPTUKAIbHUM a00 MepuIialbHUIM HampsM,
HanpsIMU X 1 y B TIPUBEICHUX BHUIIE BHUpa3ax
MalTh OyTH chOpMyIbOBaHI Ha OCHOBI
peanbHOi KOHCTPYKIII 1 pO3MIsIaTUMYThCS
AK TOPU3OHTAIBHUH )y 1 OCBOBHHM X
HaMpPsIMH, BiJIOBIIHO.

Ay It

area per unit width for twisting.

NOTE 1: The convention for bending moments in
plates relates to the direction in which the plate
becomes curved, so is contrary to the convention used
for beams. Bending parallel to the corrugation engages
the bending stiffness of the corrugated profile and is the
chief reason for using corrugated construction.

NOTE 2: Alternative expressions for the equivalent
orthotropic properties of corrugated sheeting are
available in the references given in Annex D.

(7) In circular silos, where the
corrugations run circumferentially, the
directions x and y in the above expressions
should be taken as the meridional ¢ and
circumferential € directions respectively, see
figure 1.2 (a). When the corrugations run
meridionally, the directions x and y in the
above expressions should be taken as the
circumferential 6 and meridional ¢
directions respectively.

(8) The shearing properties should be
taken as independent of the corrugation
orientation. The value of G may be taken as
E/ {2(1+v)} = 80 800 MPa.

9 In rectangular silos, where the
corrugations run horizontally, the directions x
and y in the above expressions should be taken
as the local axial x and horizontal y
directions respectively, see figure 1.3 (a).
When the corrugations run vertically or
meridionally, the directions x and y in the
above expressions should be interchanged on
the real structure and taken as the horizontal
y and axial x directions respectively.
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5 NPOEKTYBAHHS CTIHOK
HWITHIPY

5.1 OcHoBa
5.1.1 3acanvnui nonoscennsn

(1) [uninapuyni cTajeBi CTIHKH
OyHKepa MaroTh OyTH CIIBBiJHECEHI TaK,
mo0 BHUKOHYBAJIUCS OCHOBHI  MPOEKTHI
BUMOTH JI0 KpalHIX TpaHUMYHHUX CTaHiB,
BKa3aHi y po3imi 2.

(2) Ominka  Oe3nekd  MWIHIAPHIHOT
OOOJIOHKM TIOBMHHA BUKOHYBaTHCS Ha
mijcTaBi mojoxeHsb crangapra EN 1993-1-6.

5.1.2 [Ilpoexkm cminku éynkepa

(1) [lepeBipka UOHMIIHAPUYHOI  CTIHKH
OyHKepa TOBHMHHA 3[IHCHIOBATHUCA IO
IpaHIYHUX CTaHax, nepeadayeHux
craggaproM EN 1993-1-6, 3a HacTynHuMH
napamMeTpamHu:

— 3arajbHa CTIMKICTb 1 CTAaTUYHA piBHOBAra.

LS1: cTan Mexi miIacTU4HOCTI

— oOomip pO3pUBY, YTBOPEHHIO TPIUIUH 1
MEXaHi3My  IUIACTUYHOTO  pYyHHYBaHHS
(HaaAMIpHIN TMJIACTUYHOCTI) TiJ BIUIUBOM
BHYTPIIIHBOTO TUCKY 1 IHIIUX Iiif;

— OIlIp CTHKIB (3'€1HAHB).

LS2: cTaH
IJIACTHYHOCTI
— OMmip JIOKaJbHOI MIAJATIMBOCTI MpHU
BUTHHI;

— JIOKaJIbH1 €PEeKTH.

PO3BUTKY UKJTIYHOT
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5 DESIGN OF CYLINDRICAL
WALLS

5.1 Basis
5.1.1 General

(1)  Cylindrical steel silo walls should be
so proportioned that the basic design
requirements for the ultimate limit states given
in section 2 are satisfied.

(2) The safety assessment of the
cylindrical shell should be conducted using the
provisions of EN 1993-1-6.

5.1.2 Silo wall design

(1)  The cylindrical wall of the silo should
be checked for the following phenomena
under the limit states defined in EN 1993-1-6:
— global stability and static equilibrium.

LS1: plastic limit state

— resistance to bursting or rupture or plastic
mechanism collapse (excessive yielding)
under internal pressures or other actions;

— resistance of joints (connections).

LS2: cyclic plastification

— resistance to local yielding in bending;

— local effects.


arymarenko
Прямоугольник


— omp BTpaTi TOJOBXKHBOI CTIHKOCTI TIpPH
OCBOBOMY CTHCKY;

— omip BTpaTi TOJOBXKHBOI CTIHKOCTI TIpH
30BHIIIHBOMY TUCKY (BiTpY abo
PO3PIIHKEHOCTI);

— omip BTpaTi MOAOBXKHBOI CTIMKOCTI TpHU
3CYBI1 B pe3yJIbTaTi ACHMETPUYHUX JIiH;

— omip BTpaTi MOAOBXKHBOI CTIMKOCTI TpHU
3CYBI B 30HI1 IIBKOJIOH;

— Omp JIOKAIbHOMY pYHHYBaHHIO Haj
OTIOPHUMH CTifiKaMH;

— OIip JOKAJIBHUM TOIIKOIKEHHSM HABKOJIO
OTBOPIB;

— Oomip JIOKaJFHOMY NPOTHHY B Pe3yJbTarTi
ACHMETPUYHHX JIil;

LS4: crad BToMu
— OITip BTOMHOMY PYHHYBaHHIO.

(2) Crinka 000JIOHKH IIOBUHHA
BimmoBizatu mojioxkeHHaM EN 1993-1-6, 3a
BHKJIIOYEHHSIM BHIAIKIB, KOJH  BIAIO-
BIHICTP ~ BUMOTaM  I[bOI'O  CTaHIAPTY
3abe3nevyeThes 3riaHo 5.3 — 5.6.

3) Y OyHkepax, 3 KJIacOM HaciiAkiB 1
JUISL CTaHy IUKJTIYHOI TUIACTUYHOCTI 1 BTOMHU
TPAaHUYHUX CTaHIB MOYE ITHOPYBATHUCH.

5.2 BigminnocTi mik dopmamu nmitiHa-
PHUYHHX 000JI0HOK

(1) B criHii 000JIOHKH, BUTOTOBIEHOI 3
IUIOCKMX KaTaHWX CTAJICBUX JIUCTIB, IO
HA3MBAIOTHCS 130TPOMHUMH (IUB. PHUCYHOK
5.1), napameTpu omopy MMOBUHHI
BHU3HAUaTHUCH 3riAHO 5.3.2.

(2) B criHmi 000MOHKHU, BUTOTOBIEHOI 3
roppoBaHUX CTaJIEBUX JIUCTIB, Yy SKHUX
3aMaJiMHu, TaK 3BaHi TOPU3OHTAJbHI Todpu
(muB. pucyHok 5.1), po3TamioBaHi y3I0BXK
Kona OyHKepa, MapaMeTpu ONopy MOBHMHHI
BU3Hauatucs 3rigHo 5.3.4. YV cTiHKax
O0OJIOHKH, 1€ 3amaJuHu, TaKk 3BaHl
BEPTUKAIbHI TO(PH, pPO3TAIIOBaHI Y3OBX
JiHIT MepuaiaHa, apaMeTpu ONopy MOBUHHI
BHU3HAYaATHUCS 3TIAHO 5.3.5.

— resistance to buckling under axial
compression;

— resistance to buckling under external
pressure (wind or vacuum);

— resistance to buckling under shear from
unsymmetrical actions;

— resistance to buckling under shear near
engaged columns;

— resistance to local failure above supports;

— resistance to local crippling near openings;

— resistance to local buckling under
unsymmetrical actions;

LS4: fatigue
— resistance to fatigue failure.

(2)  The shell wall should satisfy the
provisions of EN 1993-1-6, except where 5.3
to 5.6 provide conditions that are deemed to
satisfy the provisions of that standard.

3) For silos in Consequence Class 1, the
cyclic plasticity and fatigue limit states may be
ignored.

5.2  Distinctions between cylindrical shell
forms

(1) For a shell wall constructed from flat
rolled steel sheet, termed 'isotropic' (see figure
5.1), the resistances should be determined as
defined in 5.3.2.

(2) For a shell wall constructed from
corrugated steel sheets where the troughs run
around the silo circumference, termed
'horizontally corrugated' (see figure 5.1), the
resistances should be determined as defined in
5.3.4. For a shell wall with the troughs running
up the meridian, termed 'vertically corrugated',
the resistances should be determined as
defined in 5.3.5.
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YKOPCTKOCTi, TMPHUKPIIUICH]I 13 30BHIIIHHOTO
O0OKy, TaKk 3BaHe, 30BHINIHE TOCHUJICHHS
HE3QJICXKHO BIJ I1HTEpPBAIiB MK pedpamu
KOPCTKOCTi, TapamMeTpu OIOpU MOBHHHI
BU3HAYaTUCS 3rigHO 5.3.3.

(4) B criHIi 000JIOHKH, CYMIXKHI JIUCTH
K01 3'€IHYIOTBCS BHAXJIECT, YTBOPIOKOUH,
TaK 3BaHi, CEKIIii, 1110 MePEeKPUBAIOTHCS (IHB.

pucynok 5.1) B wmicmsgx  3'€IHaHHSA,
rmapamMeTpy OIOpYy IIOBHHHI BH3HAYATHUCS
3rigHo 5.3.2.
'V_
L 4]

to the outside, termed 'externally stiffened'
irrespective of the spacing of the stiffeners, the
resistances should be determined as defined in
5.3.3.

4) For a shell wall with lap joints formed
by connecting adjacent plates  with
overlapping sections, termed 'lap-jointed' (see
figure 5.1), the resistances should be
determined as defined in 5.3.2.

BeprukanpHa npoexkiris
Elevation

[

IInan
Plan

[

[30TpomHi CTIHKH, CIIOJY4€H] BHAXJIECT, i3 30BHIIIHIMU pedpaMu KOPCTKOCTI
1 TOPU30HTAILHO OPiEHTOBaHUMHU ropaMu
Isotropic, externally stiffened, lap-jointed and horizontally corrugated walls
Pucynok 5.1 Lmtoctpanii koHGIrypamii TuIiHAPUIHOI 000JIOHKH
Figure 5.1 Resistance of silo cylindrical walls

53 Omip NWTHAPAYHHUX CTIHOK
OyHKepa

5.3.1 3azanvni nonoscenns

(1) [MuninapuuHa 000JOHKA TOBHMHHA

3agoBoabHATH BUMOTH EN 1993-1-6. Bonu
MOXYTh OYyTH BHUKOHaHI 3a JONOMOIOIO
OLIIHKK  TPOEKTHOTO OMOpYy 3TigHO 3
HIDKYEHABEJICHUMU KPUTEPISIMH.
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5.3  Resistance of silo cylindrical walls

5.3.1 General

(1) The cylindrical shell should satisfy the
provisions of EN 1993-1-6. These may be met
using the following assessments of the design
resistance.
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oonmosux 3'econannax
5.3.2.1 3acanvni nonoxcenns

(1) [Tonepeunnii nepepi3 CTIHKH
O0OJIOHKM TIOBMHEH MAaTH IUIONIY, IO
3a0e3mnedye BIAMOBIIHUI OMip po3pUBY abo
IUTACTUYHOMY PYHHYBaHHIO.

(2) 3'eqHaHHsT MalOTh OYyTH CIIBpO3Mip-
HUMH OIOPY Ha PO3PHB B IUIOLII mepepi3zy
HETTO MPH IPAHUYHINA MIITHOCTI HA PO3TAT.

3) Komm me pgopedyHo mpu  OIHII
MIITHOCTI Ha PO3TAT IMOBHHEH BKIIFOYATHCS
EKCIEHTPHUCUTET TOSCHUX 3'€THAHb CTIHKHU.

(4) Crinka 000JIOHKH MMOBUHHA
3a0e3neuyyBaTd BIANOBIAHWIA OMIp BTpaTi
CTIMKOCTI.

5.3.2.2 Oyinka pe3ynomyouozco po3paxyH-
K0OB020 HANPYICEHHS

(1) Sxmo 1e HeoOXigHO, pe3yabTyroua
PO3paxXyHKOBOTO HAIPYXEHHS ITiJ] BIUTHBOM
BHYTPIIIHBOTO THUCKY, CHUJ BiA TepTd Ha
CTIHKM 1 BCIX ICTOTHMX pPO3paXyHKOBHUX
HaBaHTaXXEHb IMOBHMHHI BHM3HAyaTHCA B YCIX
TOYKaX OOOJIOHKM MpH PI3HUX 3HAYEHHSX
BHYTPIIIHBOTO THUCKY 1 TEpTS 34EIUICHHS 13
CTIHKOIO.

Opumitka 1: Koxern Habip pe3ymbTYOUHX
PO3paxyHKOBOTO HAalNpY)XEHHS IIPU 3aBaHTaKCHHI y
OyHkep Ha 30epiraHHsS TBEPIOTO MaTepialy MOBHHEH
TPYHTYBAaTHCS Ha €JUHOMY HaOOpi BIIAaCTHBOCTEH
TBEpIOTO MaTepiairy, o 30epiraeTscs.

Mpumirka 2: SIKmo pe3yabTyrOdi po3paxyHKOBOTO
Hanpy)XeHHsS OI[HIOIOTbCS 3 METOI0 BepHudikamii
JIOCTaTHOCTI OINOpY CTaHy T'PaHWYHOI IUIACTHYHOCTI,
SK TIpaBWJIO, BIACTHBOCTI TBEPJOrO Marepiaiy, II0
30epiraeTeCsi, IMOBHHHI BHOMpaTucsi 3  METOIO
MaKCHMaJIbHOTO Mi/BUILEHHS BHYTPIIIHBOTO THCKY 1
3HATTS JIOKAJbHUX HaBaHTaxkeHb 3rigao EN 1991-4.

Mpumirka 3: SIkmo pe3yabTyrOdi poO3paxyHKOBOTO
Hamlpy>KEeHHS OIIHIOIOTBCS 3 METOI Bepudikarii
JIOCTATHOCTI OMOPY CTaHy TPaHUYHOTO MPOTHUHY ITiJI
HAaBaHTAKCHHIM TBEPAOTO Marepiairy, 110
30epiraeTscsi, SK MPaBWIO, BIACTHBOCTI TBEPIOTO
Marepiaiy, o 30epiraeTbcsi, MOBUHHI BUOMpaTUCS 3
METOI0  MaKCHMajbHOTO  IiJBHLIEHHS  OCHOBOTO
CTHCKY 1 3HATTS JIOKaJbHUX HaBaHTAXEHb 3T1JTHO
cranpaprty EN 1991-4. Ane, sxkuio BHyTpilIHiN THCK

5.3.2.1 General

(D) The shell wall cross-section should be
proportioned to resist failure by rupture or
plastic collapse.

(2)  The joints should be proportioned to
resist rupture on the net section using the
ultimate tensile strength.

(3)  The eccentricity of lap joints should be
included in the strength assessment for
rupture, when relevant.

(4)  The shell wall should be proportioned
to resist stability failure.

5.3.2.2 Evaluation of design stress resultants

(1) Under internal pressure, frictional
traction and all relevant design loads, the
design stress resultants should be determined
at every point in the shell using the variation
in internal pressure and wall frictional traction,
as appropriate.

NOTE 1: Each set of design stress resultants for stored
solid loading of a silo should be based on a single set of
stored solid properties.

NOTE 2: Where the design stress resultants are being
evaluated to verify adequate resistance to the plastic
limit state, in general the stored solid properties should
be chosen to maximise the internal pressure and the
condition of discharge with patch loads in EN 1991-4
should be chosen.

NOTE 3: Where the design stress resultants are being
evaluated to verify adequate resistance to the buckling
limit state under stored solid loads, in general the stored
material properties should be chosen to maximise the
axial compression and the condition of discharge with
patch loads in EN 1991-4 should be chosen. However,
where the internal pressure is beneficial in increasing
the buckling resistance, only the filling pressures (for a
consistent set of material properties) should be adopted
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MPOTHHY, MalTh OyTH TPUHAHATI TIIBKA THCK
HATIOBHCHHSA (mmst HECYIepewINBOI Oe3migi
BJIACTUBOCTEH  Marepiady) pa3oM 3 OCBOBHMH

PO3BaHTAXXYBAJbHUMH CHJIAMH, OCKUIBKHM KOPHCHHUH
THCK MOXE€ MICHAMH BIACTH JO 3HA4YE€Hb THCKY
HalOBHEHHS, X0Ya OChOBUH CTHUCK 1 BUBOAMTHCS 13
CTaHy pO3BaHTaXKEHHS.

(2) Komu nns owmiHKM pO3paxyHKOBOTO
HaIpy>KeHHs B CTIHII 000JIOHKH
3aCTOCOBYETHCSI MEMOpaHHA TEOpisl, OMip
000JIOHKM Mae OyTH JOCTaTHIM, 1100
BUTPUMATH HAHBUIIWHI TUCK B yCIX TOUKaX.

3) OCKiTBKM  BCTAHOBJICHO, IO THCK
BHCOKOT MIpH JIOKaJli3amii BUKIMKAE MEHIII1
Pe3yabTYIOUl PO3PaxXyHKOBOTO MEMOPaHHOTO
TUCKY, HIX Ti III0 BU3HAYEHI 3a JIOTIOMOTOIO
MeMOpaHHOT Teopii, ISl TOCATHEHHS OLIbII
€KOHOMIYHOTO TPOEKTHOTO pIIeHHS TIpU

BU3HAUCHI PO3PAaXyHKOBOTO HANpyXXECHHS,
BUKOPUCTOBYETbCS  Oe3nocepenHe  abo
KOMIT'FOTEpHE MIPOCKTYBAaHHS i3

3acTOCOBYHHSIM MosioxkeHHss EN 1993-1-6.

4) Konu 3acrocoByeThcsi aHai3 mMemO-
paHHOI Teopii, OTpUMaHe JBOBUMIpHE IOJe

pE3yIbTYIOUMX HANPYXKEHb 7, 5y, Mypy 1
N,y o MOXKHA OIIHIOBATH 3a JIONIOMOTOKO
€KBIBa-JICHTHOT'O

Hanpy>KeHHS:

PO3PaxyHKOBOTO

beneficial pressures may fall to the filling values locally
even though the axial compression derives from the
discharge condition.

2) Where membrane theory is used to
evaluate design stresses in the shell wall, the
resistance of the shell should be adequate to
withstand the highest pressure at every point.

3) Because highly localised pressures are
found to induce smaller design membrane
stress resultants than would be found using
membrane  theory, the provisions of
EN 1993-1-6 for stress design, direct design or
computer design may be used to achieve a
more economical design solution.

(4)  Where a membrane theory analysis is
used, the resulting two dimensional stress field
of stress resultants n,_ ., , n,, and n, ;, may

be evaluated using the equivalent design
stress:

1
_ 2 2 2
Ocrd = ;\/ Ny ga T M g — My gl pa T 3nx9,Ed

(5) Konu 3acrocoByeThcs aHami3 Teopil
npyxHux nedopmaniii npu BuruHi (LA),
OTpUMaHe JIBOBUMIpHE TOJI€ Pe3ylIbTYIOUHX
OCHOBHMX HANPYXEHb 7y, My pys Mg g

mx,Ed s me,Ed D me,Ed MOXKE 6yTI/I

TpanchopmMoBaHO Yy (IKTHBHI KOMIOHEHTH
HaIpy>KEeHHS:

1 B €KBIBAJICHTHI PO3pPaxyHKOB1 HAMpPYXEHHS
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" My o.£q

T4

(5.1)

(5) Where an elastic bending theory
analysis (LA) 1s used, the resulting two
dimensional stress field of primary stress
resultants Ny gas Mogas "Nso,ea> Mypas Mo Eas
m., ;,may be transformed into the fictitious

stress components:

(5.2)

(5.3)

and the von Mises equivalent design stress:
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_ [ 2 2
Oepa = \/Gx,Ed +6y 24 = O 50,50 T 3T

Mpumirka: [IpuBeneni Bume Bupasu (KpUTepid
TeKy4ocTi [mommHa) B WijsX NpOEKTYBaHHS JaroTh
CHPOLIEH] eKBIBaJICHTHI HANPY>KSHHSI.

5.3.2.3 [ panuunuu cman niacmudHocmi

(1) Po3spaxyHkoBuii omip B JIHMCTaX,
BUPOXCHUU PE3yIbTYIOUUMU MEMOPaHHOTO

HATpY>KEHHs, TIOBHHEH OI[IHIOBATHCSA SIK
€KBiBaJICHTHUI orip HaIpy>KeHHIO
KOHCTPYKIIi Ha 3BapHUX 1 OOJITOBUX
3'€JHAHHAX fora IIPEJCTABICHOMY

HACTYITHOIO (hOPMYIIOIO:

fe,Rd ny/7/M0

(2) PozpaxynkoBuit omip 3'€JIHaHb
BHaxXJIECT B 3BapHiii KOHCTPYKIIi1
f. o IOBUHEH OI[IHIOBATHCH 3a IOIOMOTOIO

KpUTEPito (GiKTUBHOI MIITHOCTI:

fe,Rd =

1€ j — KOe(iIlieHT MIIHOCTI 3'€THaHHS.

3) MIiLHICTE 3'eTHAHHA 3BapHUX
neTaneil 13 3aloOBHEHMMM Oe3nepepBHUMH
KYTOBUMH IIBaMM Mae OyTH NpuiHATa 3a
BEIIMYUHY [ = J;.

Ilpumirka: 3nayeHHs j, Moxe OyTH 3anaHe B
HamionaneHoMy J07aTKy. PexoMeHI0BaHi 3HaAYCHHS
j, Ana 3'enHaHbp pi3HOi KoHGirypauii npuBeneHi
mmwkde. [looauHOKe 3BapHe 3'€IHAHHS BHAXIECT HE
TOBUHHE 3aCTOCOBYBAaTHUCs, sKkmo Oimpme 20 %
3HAYEHHS G,y Y BUPa3i 5.4 BHBOAMTHCS 3 MOMECHTIB
BUTHHY.

j'fy/7Mo

(5.4)

NOTE: The above expressions (Ilyushin yield
criterion) give a simplified conservative equivalent
stress for design purposes.

5.3.2.3 Plastic limit state

(D) The design resistance in plates in terms
of membrane stress resultants should be
assessed as the equivalent stress resistance for
both welded and bolted construction

f. ra given by:

(5.5)

2) The design resistance at lap joints in
welded construction f, ,, should be assessed

by the fictitious strength criterion:

(5.6)

where j is the joint efficiency factor.

(3)  The joint efficiency of lap joint welded
details with full continuous fillet welds should
be taken as j = ;.

NOTE: The National Annex may choose the value of
j;. The recommended values of j, are given in below

for different joint configurations. The single welded lap
joint should not be used if more than 20% of the value
of o.z; in expression 5.4 derives from bending
moments.

MinHicTh 3'€IHAHHS j; 3BAPHUX IIBIB BHAXJIECT
Joint efficiency j; of welded lap joints

Tun 3'enHanHs Ecki3 3HauYEHHS J;
Joint type Sketch Value of j;

JIBocTOpOHHI# 3Bap- A
HUH IIIOB BHAXJIECT ‘ 71 =10
Double welded lap
OnHOCTOpPOHHIH 3Bap- .
HHUM III0B BHAXJIECT [ i, =0,35
Single welded lap
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(4) Y OGOoJITOBI KOHCTPYKIIi po3paxyH-
KOBHI oOmip 3'¢AHaHHS B IUIOMI Tepepi3y
HETTO NMOBHHEH OI[IHIOBATHCS 32 JIOTTIOMOTOI0
PE3YNBTYIOUHX MEMOPaHHOTO HaIpyXECHHS
TaKUM YHHOM:

- MepuiaTbHU omip

(for meridional resistance)

- KUTBIIEBHIA OT1ip

(for circumferential resistance)

- omip 3CyBY

(for shear resistance)

(%) [IpoexkTyBanHsa OOJATOBUX 3'€HAHB
MOBUHHE BUKOHYBATHCS y BiJIMOBIAHOCTI 10
EN 1993-1-8 abo EN 1993-1-3. 3rigno
EN 1993-1-1 npu HeoOXiIHOCTI TOBHHEH
BPaxOBYBAaTHCS BIUIMB KPIMWJIBHUX OTBOPIB
IpH  BIINOBITHMX BUMOTax JIO PO3TATY,
CTHUCKY a00 3CyBY.

(6) Omip JOKaThbHAM HaBAHTAXCHHSIM B
pe3ynbTaTi KpirieHHs 00JlaJHaHHS TTOBUHEH
PO3MOAUTSTHUCS 3T1IHO 3 JACTAIBHUM OMHUCOM
BS5.4.6.

4) In bolted construction the design
resistance at net section failure at the joint
should be assessed in terms of membrane
stress resultants as follows:

Ny Ra = Ju 'V ara (5.7)
Ng ra = StV (5.8)
Ngra = 0,57 f, 11y, (5.9)

(5) The design of bolted connections
should be carried out in accordance with EN
1993-1-8 or EN 1993-1-3. The effect of
fastener holes should be taken into account
according to EN 1993-1-1 wusing the
appropriate requirements for tension or
compression or shear as appropriate.

(6) The resistance to local loads from
attachments should be dealt with as detailed in
5.4.6.

(7 B  ycix  Toukax  KOHCTpYKIii (7) At every point in the structure the
pO3paxyHKOBE HaIpyKeHHs TTOBUHHE design stresses should satisfy the condition:
3aJI0BOJILHSATH HACTYMHIN YMOBI:

Oeka < Jerd (5.10)
(8) B  ycix  Toukax  KOHCTPYKIii (8) At every joint in the structure the

PE3YNIBTYIOUl PO3PAXYHKOBOTO HAIPYKECHHS
IMOBUHHI 3aJ0BOJILHATHU BIMOBIAHAM
yMOBaM, cepeJl IKUX € HAaCTYIIHI :

design stress resultants should satisfy the
relevant conditions amongst:

nx,Ed = nx,Rd (51 1)

Ny Ea

Ny Rd (5.12)

Ny Ed < Nyo Ra (5.13)

5.3.2.4 [1o630060cHit 32U ni0  6NAUBOM
0Cb0B020 CMUCKY

(1) [Ippu oChOBOMY CTHCKY pO3paxyH-

KOBUH  Omip  MOB3J0BXHbOMY
NOBUHEH BH3HAYaTHCS B YCIX TOYKax
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5.3.2.4 Buckling under axial compression

(D) Under axial compression, the design
resistance  against buckling should be
determined at every pointin the shell using the
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HOPMAaTHBHUX JIONYCKIB Ha BUTOTOBJICHHS
OyniBeTbHUX KOHCTPYKIIH, CUIIH
CYIyTHBOTO TapaHTOBAaHOTO BHYTPILTHHOTO
TUCKY p, 1 PIBHOMIPHO PO3MOJILIEHOrO

CTHCKYIOYOTO HANpPYXEHHS B KUIBIIEBOMY
HanpsMi. Po3paxyHKH MOBUHHI TPOBOIUTHCS
JUISL YCIX TOYOK CTiHKH 00oJoHKH. I[lpum
pO3paxyHKax  MOB3JOBXKHBOIO  BUTHUHY
CTUCKYIOUI ~ MeMOpaHHI CHJIM  TIOBHUHHI
PO3TIISAIATHCS SIK TIO3UTHBHI, 00 YHUKHYTH
IIUPOKO HOLTHPEHOTO BUKOPUCTAHHS
BiJI"EMHHX YHCEII.

(2)  BcranoBieHi piBHI SKOCTI JOMYCKY
Ha BUTOTOBIICHHS OY/Ai1BEJIbHUX KOHCTPYKIIIH
OLIHIOIOTHCA BiAMOBIIHO 10 Tadiumid 5.1.

E:onstruction, the intensity of the zc:,;uararvltee:d
co-existent internal pressure, p and the

circumferential uniformity of the compressive
stress. The design should consider every point
on the shell wall. In buckling calculations,
compressive membrane forces should be
treated as positive to avoid the widespread use
of negative numbers.

(2)  The prescribed fabrication tolerance
quality of construction should be assessed as
set out in table 5.1.

Ta6muua 5.1 -  Kiacu sKocTi JOIMyCKY Ha BUTOTOBJICHHS
Table 5.1 -  Fabrication tolerance quality classes
SkicTh gomycKky Ha BHroToBICHHs | [lapamerp OO6MexeHHS 0 Kllacy HaJiiHOCTI
OymiBebHIX KOHCTPYKILiii AKOCTI, Q Reliability class restrictions
Fabrication tolerance quality of | Quality
construction parameter, Q
CranpmapTHa 16 OO60B'13K0BUIL, SKIIO MPOEKT OyHKepa po3pobieHHit
Normal 3TiZIHO 3 IPaBUIaMHM IS KJIACy HACHiAKiB 1
Compulsory when the silo is designed to Consequence
Class 1 rules
Bucoka 25
High
Bigminaa 40 JomyckaeTbcst TIBKH y BHIIQAKAX, SKIIO IPOEKT
Excellent OyHKepa po3pOoOIIEHHIA 3TiHO 3 MTPaBHIAMH IS KIIACy
HACIIIKIB 3
Only permitted when the silo is designed to
Consequence Class 3 rules

Ipumirka: Bumorn mo momyckiB Ha BHUTOTOBJICHHS
BiTHOCHO 10 KJIaCy HACTIIKIB SKOCTi JIONMYCKIB Ha
BHUTOTOBJICHHSI OYyJIBEJILHUX KOHCTPYKIIA BHKIIQICHI
B ctargaprax EN 1993-1-6 i EN 1090.

3) Tunosuit
(miama3ony)

HEJIOJIIK  TOIIHUPEHOCTI
nedexry w,, Mae Oyru
MIPUNHATHHN SIK:

(4) KoedimienT 3MeHIIeHHS TPYKHOT
nedopmariii 32 BIICYTHOCTI HaJAMIPHOTO
TUCKY ¢/, TIOBUHEH BH3HAYaTHCA SIK:

NOTE: The tolerance requirements for the Fabrication
Tolerance Consequence Quality Classes are set out in
EN 1993-1-6 and EN 1090.

3) The representative
amplitude w,, should be taken as:

imperfection

L (5.14)

4) The unpressurised elastic imperfection
reduction factor ¢, should be found as:

58


arymarenko
Прямоугольник


o, =

Jie TapaMeTp HEOTHOPITHOCTI HAIIPYKEHHS Y

— e OIMHHWLOA y pa3i  pIBHOMIPHO
PO3IIOJUIEHOTO  CTHCKY B  KiJIBbIIEBOMY
HampsMi, mpexacraBieHa B (8) s

HEOJJHOPITHOTO CTHCKY.

(%) Skmo 'y OyHKepi CTBOPIOETHCA
HAJMIpHUHA BHYTPIMIHIA THCK, KOEQIiIieHT
3MEHIICHHSI NpPYXHBOI nedopmarii o wmae
OyTH TpPUHHATHI 3a HalMeHIIy 3 JBOX

HAaCTyIIHUX BCJIMYUH!: ape 1 app , 110

BU3HAYAIOTHCS BIJIMOBIIHO IO JIOKAJIBHOTO
3HAQUEHHS BHYTPIIHBOTO TUCKY p. Y
OyHKepax,  CIOPOEKTOBAHWUX  3TiIHO 3
MIpaBWJIAMH IS KJIACy HACTIKIB 1, 3HAYCHHS
KoedilieHTa TpyXHOi nedopMmanii o He
MIOBMHHE NIEPEBUIIYBATU & = Q.

(6) KoeoilieHT 3MEHIIEHHS TMPYKHOT
nedopmarii mMpu HAIMIPHOMY THCKY &,

MOBUHEH TPYHTYBAaTUCS Ha HalMEHIIOMY
3HAa4YeHHI JIOKAJIbHOTO BHYTPIIIHBOTO THCKY
(3HAUEHHS, HASBHICTH SKOIO MOXe OyTH
rapaHTOBAaHO) B MiCIll pO3TalllyBaHHsS TOYKH,
IO MUISIrae OILiHLI, 1 MpH BpaxyBaHHI
OCBOBOI'O CTHCKY:

/ W 1,44
1+1,91w(;’"j

(0.13)

where the stress non-uniformity parameter v is
unity in the case of circumferentially uniform
compression, but is given in paragraph (8) for
non-uniform compression.

®)] Where the silo is internally pressurised,
the elastic imperfection reduction factor «
should be taken as the smaller of the two

and « determined

pe >
according to the local value of internal
pressure p. For silos designed to

following values: «

Consequence Class 1 rules, the elastic
imperfection factor a should not be taken as
greater than o = o, .

(6)  The elastic pressurised imperfection
reduction factor @ ,, should be based on the

smallest local internal pressure (a value that
can be guaranteed to be present) at the location
of the point being assessed, and coexistent
with the axial compression:

D
(ng_(lo'i‘(l 0.0) — 03 (5.16)
Pt
\ %
pu: with:
p, =20 (5.17)
th,Rcr
ae: where:
D MiHIMaJIbHE HaJliHE pPO3PaXyHKOBE D is the minimum reliable design value
3HAYEHHS JIOKAJIbHOI'O BHYTPIIIHHOIO THUCKY of local internal pressure (see EN 1991-4);
(muB. crangapt EN 1991-4);
O Ry KPUTHYHE HANPYKEHHS MOB3JOBK- O, rer 18 the elastic critical buckling stress

HBOTO BUTHHY HIKYA MEXI MPYXKHOCTI (AMB. (see expression 5.28).

BHpa3 5.28).
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pepopmauii mpu HaIMIPHOMY THCKY «,
MOBHHEH TPYHTYBaTHCS Ha HalOUIbIIOMY
JIOKaJIbHOMY BHYTPIIIHBOMY THCKY B MicCIi
po3TanryBaHHsl TOYKH, IO IMJIATAE OIIHII, 1
IIpY BpaxyBaHHI OCbOBOTO CTUCKY:

3

pu:

ne:
P, — lI€ HAaWOLIbIIE PO3PAXYHKOBE 3HAYECHHS

JIOKAJIBHOTO BHYTPIIIHBOTO THCKY (IIUB.
crangapt EN 1991-4).

(8)  SIkmo ocboBe HaNpyXEeHHS CTUCKY B
KUIBLIEBOMY HampsiMi HEPIBHOMIPHO poO3-
nojiieHe, epekT Mae OyTH MpeACTaBICHUM
IapaMeTpoM HEOAHOPIAHOCTI HaIPYKEHHS
W , IKHJ BU3HAYA€THCS HA OCHOBI JIIHIMHOTO

PO3MOAITY TPYKHOTO HANpy>KEHHsI, BUXO-
Is9d 3 JII0Y0r0  PO3MOJULY  OChOBOIO
HampyXeHHs CTUCKY. Po3monin ochoBOro
MEMOpPaHHOTO HampyXeHHS CTUCKY Ha
oOpaHomMy piBHI B KUIBIIEBOMY HaIpsiMi
MOBUHEH TpaHC(HOPMYBATHUCS, SK MOKA3aHO
Ha puUCyHKY 5.2. Po3paxyHKOBE 3HA4YEHHS
0CHOBOI'0 MEMOPAHHOTO HAIPYKEHHS CTUCKY
Oyxrs B TOUKAX HAaWBUIIOTO HANPYXCHHS Ha
1i# 0Ci KOOPAMHAT MO3HAYAETLCA K O, 1 -

Po3paxynkoBe 3HAYEHHS 0CBLOBOI'0
MEMOpPaHHOTO HAINpYXXEHHS Ha CTUCKY B
JOpyTidi TOYIll Ha TIA JK€ OCl KOOpAHWHAT,
BiJlJaJIeHOT BiJl MEpIIOi TOYKKM HA BIJICTaHb
JIOBKHUHHU KOJIa

y:rA9:4\/r_t

MOBUHHO OYTH NPUHHATO AK O, 1,

9) Komnu xoedimieHT HanpyXeHHS

reduction factor o o should be based on the

largest local internal pressure at the location of
the point being assessed, and coexistent with
the axial compression:

— \2
D
o = 1—[XiJ {1

x,Rer

6

-2
1 sS4+ 1,210,
- d 5.18
1,12+s3/2} s(s+1) G-19)
with:
L (5.19)

t

(5.21)

where:
P, is the largest design value of the local

internal pressure (see EN 1991-4).

(8)  Where the axial compression stress is
non-uniform around the circumference, the
effect should be represented by the stress non-
uniformity parameter y, which should be
determined from the linear elastic stress
distribution of acting axial compressive stress
distribution. The axial compressive membrane
stress distribution around the circumference at
the chosen level should be transformed as
shown in figure 5.2. The design value of axial
compressive membrane stress o, z; at the most
highly stressed point at this axial coordinate is
denoted as o, 4, .

The design value of axial compressive
membrane stress at a second point, at the same
axial coordinate, but separated from the first
point by the circumferential distance

(5.22)
should be taken as o, 4, .

9 Where the stress ratio
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s = LMJ (5.23)
Cr0,E4

0,3<s5s<1,0
BKa3aHe BHUIIEC MICIC PO3TAIlIyBaHHS APYroi
TOYKH € 3aJ0BUILHMM. SKIINO 3HAa4YeHHS S
BHUXOJIUTh 32 MEXI IOTO Jiama3oHy, CIia
BUOpaTH albTEpPHATUBHE 3HAYCHHS 7, 3

3HAXOAUTHCS B Jlamna3oHi

TAM, OO0 3HAYEHHS § BH3HAYWIOCH
npuom3Ho sk s=0,5. Ilorim morpiOHO

lies in the range 0,3<s<1,0 the above
location for the second point is satisfactory.
Where the value of s lies outside this range, an
alternative value of r,, should be chosen so

that the wvalue of s 1is found to be
approximately s=0,5. The following
calculation should then proceed with a

MPOJIOBXKUTH  HACTYIHI  PO3paxyHKH 3 matched pair of values of s and A9.
MIOTO/HKEHOIO Maporo 3HAYEHb s 1 AD.
Ox,Ed ‘
Oxo,Ed
Ox1,Ed
6,-A0 8, 6,+A0 0

Pucynoxk 5.2

Figure 5.2

(10)

a rapaMmeTp HEOJHOPITHOCTI HANpyKEHHS

IIOBHHCH BU3HAYATUCA SK:

pu:

TYT V) HOPEACTABIIA€ 3HAYEHHS IapameTrpa
HAallpy’)KCHHS B

HEOJTHOPITHOCTI
3araJlbHOTO BUTHHY.

IIpumitka: 3HaueHHs vy, Moxe OyTH 3ajaHe B
HauionansHomy nonatky. PekoMeHayeThCst 3HaUCHHS

5 = 0,40.
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EXBiBaJ€HT TapMOHIKH j PO3MOJLTY
HaNpy>KCHHS MOBHHEH O0YHCITIOBATHCS SIK:

[IpencraBneHHs JOKAIBHOTO PO3MOILTY PE3YIbTYIOUOT
MeMOPaHHOTO HaNPY)KEHHS B KUIbLIEBOMY HAIPsIMI
Representation of local distribution of axial membrane
stress resultant around the circumference

(10) The equivalent harmonic j of the
stress distribution should be obtained as:

o
j=0, 25\/Z arccos| —=£L (5.24)
! G0,E4

and the stress non-uniformity parameter
should be determined as:

g1 (5.25)

1+0b,j
with:

b =0,5]" (5.26)
r
1-b

b2:( 1)—1 (5.27)
Wy

where vy, 1is the value of stress non-
uniformity parameter under global bending
conditions.

yMOBax

NOTE: The National Annex may choose the value of
V. The value y;, = 0,40 is recommended.
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(11) ExBiBajeHT TapMOHIKH ], MpU SKIA
NeQEeKTHICTh HE 3HIKYETHCS HUXKYE OIOPY,
OJIHOPITHOMY KPUTHYHOMY TIPOTUHY TIpH
CTHCKY, MOXe OyTH NPUIHATHI 32 BEIUYHHY
j, =1/b,. 3Binku 3HaX0OUMO, O [ > j , a

3HAQUEHHS j CIIiJl OTpUMATH 38 | = j_ .

(12) Komu BHKOPHCTOBYETHCS TOPU30H-
TalbHE 3'€JIHAHHS BHAXJIECT, M0 BUKIUKAE
eKCLEHTPUCUTET  OCbOBOI  CHJIM  MPHU
MPOXOJKCHHI Yepe3 3'€IHaHHs, 3HAUYeHHS 0,
npuBeneHe Buile B (4) — (7), moBuHHE OyTH
3MEHILEHO JI0 ¢, , SKIIO EKCLEHTPUCHUTET

CepeIMHHOI TTOBEPXHI JUCTIB BIJIHOCHO OJUH
OJTHOMY TIepeBHINYE ki, a 3MiHA TOBIIMHU
JIMCTa B MICII 3'€JHAHHS CKJIaJae He OLIbIe
ky, 1€ t — TOBIIMHA TOHIIOIO JIMCTA B
3'emHaHHI. SIKIO EKCIEHTPUCHUTET CKJIaJae
MeHIlIe i€l BeauuuHu ado 3MiHA TOBIIWMHU
aAcTa  OuUIpIa,  HEMae  HeoOXITHOCTI
3MEHIIIYBaTH 3HAYCHHS (L.

Mpumirka 1: 3HaveHss ao;, k; 1 k, MOXyTh OyTH
3anani B HamionansHOMy momatky. PexomeHIyroThes
3gauends o; = 0,70, k&, = 0,5 1 k&, = 0,25, ne
0L TIPEACTABIIEHE SIK Oy, O, 200 0y, BIATIOBITHO.

Mpumirka 2: MinHicTh Ha TOB3IOBXHIH 3THH
3HIDKYETbCS TUIBKM HIDKYE 3HAUCHHS, SKE B
NPOTHJIC)KHOMY BHIAJIKy 3aCTOCOBYBalocs O, SKOH
HIDKHS CKJIQJIOBA HE MaJla JOCTAaTHHOI TOBIIMHH, 00
cTpuMatd (OpPMyBaHHs CIAOKIIIOTO TNPOTHHY, KOJU
nedekT yTBOproeThes Oe3mocepeJHb0 Hall 3'€ JTHAHHIM
BHAaXJIECT.

(13) Kputuune HampyXeHHS TpU TOB3-
JIOBXKHBOMY BUTHHI  130TPOMHOI  CTIHKH
PO3paxoBYeThCS 3a (HOPMYIIOI0:

S
3(1-7) 7 r

(¢} =

x,Rer

(14) XapakTepucTHUHE HANpYXEHHS INPH
MIOB3/IOB)KHBOMY BHTHHI BH3HAUAETHCSA 32
JIOTIOMOTOI0 ~ BIATIOBITHOIO ~ 3HAYEHHS 0,
BKazaHoro B (4), (5), (6), (7) 1 (8), Takum
YUHOM:

(11)  The equivalent harmonic ;j at which

imperfections cause no reduction below the
uniform  compression critical  buckling
resistance may be taken as j_ =1/b,. Where

it is found that j> j_, the value of j should

be takenas j=j .

(12)  Where a horizontal lap joint is used,
causing eccentricity of the axial force in
passing through the joint, the value of a
given in paragraphs (4) to (7) above should
be reduced to «, if the eccentricity of the

middle surface of the plates to one another
exceeds kj, and the change in plate thickness
at the joint is not more than k,, where ¢ is the
thickness of the thinner plate at the joint.
Where the eccentricity is smaller than this
value, or the change in plate thickness is
greater, no reduction need be made in the
value of a.

NOTE 1: The National Annex may choose the values
of a;, k; and k. The values oy = 0,7a, k5, = 0,5 and k, =
0,25 are recommended, where o is given by a,, a,, or
0, as appropriate.

NOTE 2: The buckling strength is only reduced
below the value that would otherwise apply if the
lower course is not thick enough to restrain the
formation of a weaker buckle when an imperfection
occurs immediately above the lap joint.

(13) The critical buckling stress of the
isotropic wall should be calculated as:

L_0,605EL (5.28)

(14) The characteristic buckling stress
should be found, using the appropriate value
of a from paragraphs (4), (5), (6), (7) and (8)
above as:

Som = 2], (5.29)

IIpumiTka: CreniaibHi YMOBHI ITO3HAYEHHS, B SIKHX
BUKOPHCTOBYIOTBCS Ggy 1 Opg IUIS1 XaPAKTEPUCTUUHOTO
1 PO3PaxyHKOBOTO OIOPIB TOB3J0BKHLOMY BHUTHHY,
BiZIMOBiAafOTh Mpumucam ctanaapty EN 1993-1-6 ms
000JIOHKOBUX KOHCTPYKITIH 1 BIAPI3HAIOTBCA BiX

NOTE: The special convention using g, and oz, for
characteristic and design buckling resistances follows
that of prEN1993-1-6 for shell structures and differs
from that detailed in EN1993-1-1.
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EN 1993-1-1.

(15) KoedimieHT 3MEHIIEHHS TMOB3I0BXK-
HbOTO BHUTHHY ), NMOBHHCH BH3HAYATHCS 5K

¢GyHKLiS ~ BIJHOCHOI  MipW  3MEHIIEHHS
TOBIIMHU OOOJIOHKU A, BUXOASIYH 3:
=1 KOJI
- T \"
}\zx - 9\40
X =1-B| =——= KOJIN
}\.p - )\«0
a
X = = KOJIN
Ax

pu:

1€ 0 BUOMPAEThCS SK BEIMYHMHA Oy, Ope, Oy
a0o 0y, BIAIIOBIIHO.

Ipumirka: 3HaveHHs i 1 MOXYTh OyTH 3amaHi B
HanioHansHOMY JO/IATKY. PexomennyroThes
3HaveHHs = 0,60 in=1,0.

(16) Po3paxyHkoBe MeMOpaHHE Harpy-
KEHHS  Tpu  TOB3JOBXXHBOMY  BUTHHI
BU3HAYAETHCS 32 (POPMYIIOIO:

JI€ BEJINYMHA Yy NIpescTaBieHa B 2.9.2.

(179 B ycix  Toukax  KOHCTpYKIii
PE3YIBTYIOYl PO3PAXYHKOBOTO HAIPYKCHHS
MOBUHHI 33/I0BOJILHATH YMOBI:

(15) The buckling reduction factor o,
should be determined as a function of the
relative slenderness of the shell A from:

when L < (5.30)

when Ao <k, <A, (5.31)

when A, <A, (5.32)
with:

(5.33)

(5.34)

(5.35)

where a is chosen as the value of a,, 0., 0,
or ay, as appropriate.

NOTE: The National Annex may choose the values of
B and n. The values B = 0,60 and n = 1,0 are
recommended.

(16) The design buckling membrane stress
should be determined as:

Ox.Rd = Ox,Rk /M1 (5.36)

where vy 1s given in 2.9.2.

(17) At every point in the structure the
design stress resultants should satisfy the
condition:

Ny Ed < OxRd (5.37)

(18)  Skmo B cTiHII € 3'€AHAHHS BHAXJIECT,
110 33J0BOJIbHSIE YMOBaM, BKazaHuM B (12),
BUMIp MaKCHUMaJIbHOTO JIOMTyCTUMOTO
nedexTy He 000B'SI3KOBO TMOBUHEH POOUTHCS
MOTIEPEK CaMoro 3'€/IHaHHS BHAXJIECT.
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(18)  Where the wall contains a lap joint
satisfying the conditions defined in (12), the
measurement of the maximum permissible
measurable imperfection need not be taken
across the lap joint itself.
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MOB3/IOBYKHBOTO ~ BUTHUHY il  BIUIMBOM
OCBOBOT'O CTUCKY HaJ[ JIOKAJTHHOIO OIOPOI0, B
30HI KpOHIITEeHHA (TOOTO ISl MATPUMKH
HOPTAJIBLHOTO 3aBaHTAKYBAJIHLHOTO IPUCTPOIO
KOHBeepa) 1 TOOIM3Yy OTBOPY IOBHHHO
BUKOHYBATHCS BiIOBITHO 10 5.6.

5.3.2.5 [lo63006xcniu  32un  nio  6NAUBOM
306HIUHBO20 MUCKY, YACMKOBOI GHYMpIili-
HbOI po3pioddiceHocmi i gimpy

(D) Ominka TOB3JOBXKHBOTO  BUTHHY
MMOBUHHA POOUTHUCS BIAMOBIAHO 10 BUMOT
crangapry EN 1993-1-6, sika moxe Oytu
BHUKOHAHA 32 JIONIOMOTOI0 HACTYIMHHUX OI[IHOK
PO3PaxyHKOBOT'O OTIOPY.

(2) Hwuxnasa KPOMKa  IMJIIHIPUYHOI
000JIOHKM Mae OyTH HaAINHO 3aKpimiieHa
aHKepamM, 11100 IPOTUCTOATU  BEPTU-
KaJTbHOMY 3MIIICHHIO; AUB. 5.4.7.

3) [Tin BrumBOM BiTpy ab0 4YacTKOBOT
pPO3pIIKEHOCTI CTiHKa OyHKepa IOBHMHHA
PO3JIUIATHCS HA CETMEHTH, IO 3HAXOIAThCA
MDK KUIBLISIMH JKOPCTKOCTI a00 JUISIHKaMH,
Jie 3MIHIOIOThCSI TOBIIMHA JIUCTA YU IPAHUYHI
YMOBH.

4) O1iHKa  TIOB3JIOBXKHBOTO  BHUTHUHY
MOBUHHA POOUTHCS B KO)KHOMY CEIMEHTi a0o
Ipyll CEerMeHTIB, J€ MOXKE YTBOPUTHUCS
MMOTEHIIHA BUITYKJTICTD, BKJIIOYAIOYH
HaWTOHIII CErMEHTHU 1 MOCTYHNOBO MO Mipi
301IBIIEHHS  TOBIIMHM  [OOJAIOYM  1HIII
cermeHTH. HallHMK4mil po3paxyHKOBUH TUCK
MpU TOB3J0BKHROMY BHUTHHI BH3HAYA€ThCH,
BUXOJISTIM 3 IINX AIbTEPHATUBHHUX OIIHOK.

(5) Kputnunuii  30BHIMIHIA THUCK Ha
130TPOMHY CTIHKY TIpH  TOB3JIOBKHHOMY
BUTYHI IOBUHEH BU3HAYATHUCS SK:

buckling under axial compression above a
local support, near a bracket (e.g. to support a
conveyor gantry), and near an opening
should be undertaken as stipulated in 5.6.

5.3.2.5 Buckling under external pressure,
internal partial vacuum and wind

(1) The buckling assessment should be
carried out using EN 1993-1-6, but these may
be met using the following assessments of
the design resistance.

(2) The lower edge of the cylindrical
shell should be effectively anchored to resist
vertical displacements, see 5.4.7.

3) Under wind or partial vacuum, the
silo wall should be broken into segments
lying between stiffening rings or changes of
plate thickness or boundary conditions.

(4) A buckling assessment should be
carried out on each segment or potential
group of segments where a buckle could
form, including the thinnest segment and
adding others progressively. The lowest
design buckling pressure should be found
from these alternative assessments.

(%) The critical buckling external
pressure for an isotropic wall should be
found as:

2,5
oo = 0,92C,CE (5) [Lj (5.38)
’ I )\ r

ne: where:
t TOBIIMHA HAWTOHIIOL YaCTHHU t is the thickness of the thinnest part of
CTIHKH; the wall;
[ BHUCOTAa MIX KUIBISIMA JKOPCTKOCTI [ is the height between stiffening rings
a0o rpaHUIsIMU, or boundaries;
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M1]1 BILTABOM 30BHIIIIHHOT'O THCKY

Cy Koe(iIlieHT  pO3MOjiTy  BITPOBOTO
THUCKY.

(6) [Tapamerp C), TOBUHEH OIIHIOBATUCS

Ha MNJACTaBl CTaHy BEPXHBOI KPOMKH
BIANIOBIAHO TabMIi 5.2.
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coefficient;

C, is the wind pressure distribution
coefficient.

(6) The parameter Cj should be evaluated
based on the condition at the upper edge
according to table 5.2.
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Tadauus 5.2 —3HaueHHs MapaMeTpa NOB3J0BXKHbOr0 BUTHHY Cj, M1/ 30BHILIHIM

THCKOM

Table 5.2 — Values of external pressure buckling parameter C,

Jlax KOHCTPYKTHUBHO Kinb1e Bepxupoi BepxHs kpoMka He

CrtaH BepXHbOL LJTKOM ITOB'SI3aHUM 13 | KPOMKH 33JI0BOJIBHSE | 3a0BOJIBHSE 5.3.2.5
KpOMKU cTiHOIO (Oe3mepepBHO) 53.252)-(14) (12)-14)

Upper edge Roof integrally Upper edge ring Upper edge not
condition structurally connected satisfying satisfying
to wall (continuous) 5.3.2.5(12)—(14) 5.3.2.5(12) - (14)
Ch 1,0 1,0 0,6
(7)  Sxmo OyHkep poO3TalIOBaHUN B (7)  Where the silo is in a close-spaced silo

UIUIbHIA  Tpymi  OyHKepiB,  KOeQilieHT
PO3MOJIITy BITPOBOTO THCKY (IOB'S3aHHMA 3
THCKOM Ha HAaBITPSIHY CTOPOHY OyHKepa)
cmin npwuitasta 3a C,, = 1,0.

(8) Sxuro OyHKep pO3TalIOBaHHUM OKPEMO
1 ma  BIUIMBOM  TUIBKK  BITPOBOTO
HaBaHTa)KEHH, KOe(illieHT  PO3MOALTY
BITPOBOI'O THCKY (TIOB'A3aHUI 3 THUCKOM Ha
HaBITPsAHY CTOPOHY OyHKepa) CIiJ MPUHHATH
3a HallOUIbIIlY BETMUYMHY 3:

group, the wind pressure distribution
coefficient (relating to the pressure at the
windward generator of the silo) should be
taken as C,,= 1,0.

(8) Where the silo is isolated and subject
only to wind loading, the wind pressure
distribution coefficient (relating to the
pressure at the windward generator of the silo)
should be taken as the greater of:

C, = 22 (5.39)
1+0,1, /Cb L \F
[N
CW: 170 (5.40)
9) Sxuro OyHKep pO3TalIOBaHHUM OKPEMO 9) Where the silo is isolated and a

1 CXWJIBHUM 10 KOMOIHOBaHOi [ii BITPOBOTO
HaBaHTAXEHHA 1 BHYTPIIIHBOI  PO3pij-
’KEHOCTI, 3HAYEHHS Cy, ITOBUHHE
BU3HAUaTHCA AK JiHiMHAa KomoOinamig 1,0 i1
PO3PaxXyHKOBOTO 3HAYCHHS, MPUBEIACHOTO B
(8) BIMOBIIHO 1o MPOMOPLIHHOTO
CHIBBIHOIIECHHS] 30BHINIHBOTO THCKY, IO
BHUHHUKAE 3 KOKHOTO JIXKeperna.

(10) MaxkcumanbHHA pO3paxyHKOBHIA
30BHIMIHIA  TUCK  (HABITpSHE  JHKEPEIOo
eHeprii) mig  BIJIMBOM  BiTpy  i/abo
4acTKOBOI'O PO3pIIKEHHS MTOBHHEH
OLIIHIOBATHUCS SIK:

PnRd— anpn,Rcru/ Ymi

1ie 0, - KoeiIieHT 3MEHIIEeHHS Ne()eKTHOCTI
BHaCJ'IiI[OK IIJIAaCTUYHOI'O ITOB30BXKHBOT'O

combination of wind loading and internal
vacuum exist, the value of C, should be
determined as a linear combination of 1,0 and
the calculated value given in (8), according to
the proportions of the external pressure that
arise from each source.

(10)  The design maximum external pressure
(windward generator) under wind and/or
partial vacuum should be assessed as:

(5.41)
Where o, is the elastic buckling
imperfection reduction factor and vy, i
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IIpumitrka: 3HaueHHS o, MOoxe OyTH 3agaHe B
HanionansHoMy nonatky. PekoMeHayeTbcs 3HaYSHHS
o,=0,5.

(11) TIlepesipka omopy TIOBMHHA 3a0-
BOJIBHSITH HACTYIHIH YMOBI:

NOTE: The National Annex may choose the value of
o,,. The value a,, = 0,5 is recommended.

(11)  The resistance check should satisfy the
condition:

PnEd = PnRd (5.42)

1€: P Ed pO3paxyHKOBE 3HAYCHHS
MaKCUMaJIbHOTO 30BHIIIHBOTO THUCKY BITPY
/a0 4aCTKOBOTO PO3PiHKEHHSI.

(12) VY BepxHiil kpoMIii HWIIHApA, SKAN
10 yciM po3paxyHKaM €(QEeKTUBHO 3B'S3aHUM
KUTbIIeM, SKE€ TIOBUHHO  3aJI0BOJIBHSITH
BHMOTaM JI0 MIIHOCTI 1 JKOPCTKOCTI. SIKIo0
MIPOBECTH JOCITIKEHHS OUIbII peTeNbHO 32
JOTIOMOTOI0 YHCENILHOTO aHaNizy,
PO3paxXyHKOBE 3HAYCHHS KUIBIICBOI CHIIH 1
KiJIBIIEBOTO 3TMHAI0OYOT0 MOMEHTY BiJJTHOCHO
BEPTUKAJIBHOI OCI B KUIBLI CIiJ NPUHAHATH
SK:

where: p,zs i1s the design value of the
maximum external pressure under wind and/or
partial vacuum.

(12)  For the upper edge of a cylinder to be
treated as effectively restrained by a ring, the
ring should satisfy both a strength and a
stiffness requirement. Unless a more thorough
assessment is made using numerical analysis,
the design value of the circumferential (hoop)
force and circumferential bending moment
about a vertical axis in the ring should be
taken as:

Ne,Ed = 0,5 I"Lp,,'Ed (543)
Mo ga = Mp Edo + Mo Eaw (5.44)
N _ 2 Phsi
3 (with): My gy, =0,0033p, 7 L| ———— (5.45)
anl - pn,Edu
M _ O 17 2 pn,Edu
ozaw = 017D, pg b L| ———— (5.46)
anl - pn,Edu
6E1,
Pus1 = )7 (5.47)
Ie: where:

PnEdy PO3PAXyHKOBE 3HAYEHHS OJHOPIJI-
HOT'O0 KOMITOHEHTa 30BHILIHBOIO TUCKY BITPY
1/ab0 4acTKOBOI PO3PIHKEHOCTI;

PnEdw PO3PaxyHKOBE 3HAuUeHHS THCKY B
KPUTUYHIH TOUIl BITPOBOTO MOTOKY;

Pnsi  CTAIOHHMHM THCK IS PO3pPaxXyHKY
KUIBLIEBOTO 3rMHAI0YOI0 MOMEHTY;

Mp Edo PO3PAXYHKOBE 3HAYECHHS 3TMHAIOYOI0
MOMEHTY aCOIIIOEThCS 3 BIIXHJICHHSIM BiJ
OKpYTJIOCTI,;

Mp Eaw PO3PAXYHKOBE 3HAUYECHHS 3THHAIOYOI0

67

Punidn 18 the design value of the uniform
component of the external pressure under
wind and/or partial vacuum;

Pniaw 18 the design value of the stagnation
point pressure under wind;

pnsi1s the reference pressure for ring
bending moment evaluations;

My pio 1s the design value of the bending
moment associated with out-of-roundness;

Mo Eaw
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I MOMEHT 1HEpIil TUIONI KUIbLS IPH
BUTHHI B KIJIbIIEBOMY Hampsimi;

L 3arajibHa BHCOTa CTIHKH O0OJIOHKH;
t TOBILIMHA HAWUTOHILIOIO MOSCY.

(13)  SIKmo KOHCTPYKIisl KUIBIS BEPXHBOI
KPOMKH IWJTIHApPAa BHUTOTOBJICHA METOIOM
X0JIOAHOT (OPMOBKHM, 3HAUYeHHSI My g, Mae
Oyru 30utbmieHe Ha 15% BIIHOCHO TOTO
3HAUYEHHS, SIKE IPECTaBlIeHE BUpa3oM 5.45.

(14) 3runaroua xopctkicte EI,  KimbIs
BEPXHHOI KPOMKH LMJIIH/APA BiTHOCHO HOTO
BEPTUKAIBHOI OCi (TIPU BUTHHI B KiJILIIEBOMY
HampsiMi) Mae OyTH BHIA 32 HAWOLIBILY
BEJIIMYUHY 3:

L is the second moment of area of the
ring for circumferential bending;

L is the total height of the shell wall;
t 1s the thickness of the thinnest strake.

(13)  Where the ring at the upper edge of a
cylinder is made as a cold formed
construction, the value of Mg g4 should be
increased by 15% above that given by
expression 5.45.

(14)  The flexural rigidity EI of a ring at the
upper edge of the cylinder about its vertical
axis (circumferential bending) should exceed
the larger of:

EL yyin=kiE Lt (5.48)
EI_ .. =0,08C Ert’/(r/1) (5.49)
Ie: where

Cy KOoeQILIEHT PO3NOAULY THCKY BITpY,
npencrasieHuii B (7)1 (8).

Ipumirka: 3HaueHHs k; Moxe OyTH 3amgaHe B
HauionaneHoMy ntojatky. PekoMeHayeTbCs 3HaYSHHS
k1=0,1

5.3.2.6 Membpannuii 3cys

(1) SKI0 OCHOBHAa YacTHMHA CTIHKU
OyHKepa CXWJIbHA bi (4] 3CYBHOT'O
HaBaHTAXEHHA (SIK TPH EKCHEHTPUIHOMY
HAarllOBHEHHI, CEeMCMIYHOMY HaBaHTaXEHHI1
TOII0), MeMOpaHHHI omip BTpaTi CTIHKOCTI
IIPU 3CYBi MOBHHEH OyTH NPUHHATHIA 3a TaKy
K BEJIMYMHY, K IPU KPYYEHHI 0OO0JIOHKH Ha
KO)KHOMY  TOpPH30HTJIbHOMY  piBHI. Y
MIPOEKT1 MOXKYTh OYyTH B3SIT1 1O yBaru OCbOBI
KOJIMBAHHS TPH 3CYBI.

(2) KpuTnuHe HamnpyXeHHA 3CyBy IIpH
BTpaTi CTIMKOCTI 130TPOIMHOI CTIHKH MIOBUHHO
pPO3paxOBYBATHUCH SIK:

Cy is the wind pressure distribution
coefficient given in (7) or (8).

NOTE: The National Annex may choose the value of
k. The value k;= 0,1 is recommended.

5.3.2.6 Membrane shear

(1)  Where a major part of the silo wall is
subjected to shear loading (as with eccentric
filling, earthquake loading etc.), the membrane
shear buckling resistance should be taken as
that for a shell in torsion at each horizontal
level. The axial variation in shear may be
taken into account in design.

(2)  The critical shear buckling stress of the
isotropic wall should be calculated as:

0,5 1,25
T = 0,75E(£j (ﬁj (5.50)
’ [ r
ne: where:
t TOBIIMHA CTIHKA B HaWTOHIIIOMY t is the thickness of the thinnest part of
MICIIi; the wall;
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MCEXKaMHU.

3) Kinb1ie )xopcTKOCTI, sike MOTpiOHE K
MeXa 30HM BTPaTH CTIHKOCTI TpU 3CYBI,
MMOBUHHE MaTH 3TUHHY KOPCTKicTh EL. 0 oci
BUTMHY Y3/I0BX KOJIa; II BeJIMYMHA Mae OyTH
HE MEHIIIE, HIXK:

or boundaries.

3) A stiffening ring which is required as
the boundary for a shear buckling zone should
have a flexural rigidity EI, about the axis for
bending around the circumference not less
than:

EL,, =kECrl (5.51)

Jie IPUHHATI TaKi K 3HAYCHHA [ 1 ¢ 9K Ti, 110
3aCTOCOBYBAJIHUCS B (2) B HAUKPUTHYHIIIOMY
CTaHI BTPATH CTIHKOCTI.

Hpumirka: 3HadeHHs k; Moxe OyTH 3amaHe B
HanionaneHoMy nonatky. PekoMeHIyeTbCs 3HAYCHHS
ks=0,10.

(4)  Sxmo 3cyB T Mae JiHIMHI Bapialii mo
BHUCOTI1 KOHCTPYKIIii, OIip KPUTHYHOMY 3CYBY
IpU BTpaTi CTIKKOCTI B HAWBWINIA TOYII
3CYBY MOXe OyTH 30UIBIIEHO J0:

where the values of / and ¢ are taken as the
same as those used in the most critical
buckling mode in paragraph (2).

NOTE: The National Annex may choose the value of
k,. The value k,= 0,10 is recommended.

(4)  Where the shear 1 varies linearly with
height in the structure, the critical shear
buckling resistance at the point of highest
shear may be increased to:

- 0,5 / 1,25
Txe,Rcr = 1’ 4E£l_] (;j (552)
0

Aac lo BHU3HAYAETHCA, BUXOAAYHU 3:

l,=

Ac

dee,Ed
— e YCEpeOHEHE 3HA4YEHHS
x

HIBUAKOCTI 3MIHH OCbOBOTO 3CYBY IO BHCOTI
y 30Hi 3CyBY;/

Tx0.Ed,max e MMKOBE 3HAYEHHS
Hampy>KeHHs 3CyBy. SIkmo goBxkuHa [,
MIEPEBUIIIYE BUCOTY KOHCTPYKIIil, I1e TIPaBUIIO
HE CJIiI 3acTOCOBYBaTH, aie OO0OJOHKa
MOBMHHA  PO3MIIIATHCS K  Taka, [0
niisirae  OJHOpiAHOMY — MeMOpaHHOMY
3CYBY, IPEJICTABICHOMY B (2).

(5)  Skwmo nokambHI HAIpPYKEHHS 3CYBY
BUKJIMKAHI  JIOKaJbHUMH  OMOpaMH 1
OCbOBUMHU  pedpaMu  KOPCTKOCTi,  OHIp
KPUTUYHOMY 3CYBY IpH BTpaTi CTIHKOCTI,
BUPOKEHUH B MOKa3sHUKaX JIOKAJIbHOIO
3HAYeHHS  MEepepo3MoJily  3CYyBY  MIX
OCHOBUM pPeOPOM KOPCTKOCTI 1 00O0JIOHKOIO,
MOKe OyTHM BH3HAUEHO B TOYIIl HAWBHIIOTO
3CyBY 3a JIONIOMOT0I0 BUPa3Yy:
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(

with /, determined from:

x0,Ed ,max (5.53)

dtxe,Ed ]

where

d
[%j is the axial rate of change of
X

shear with height averaged over the zone and

Ty0.Ed,max is the peak value of shear stress.
Where the length /, exceeds the height of the
structure, this rule should not be used, but the
shell should be treated as subject to uniform
membrane shear set out in (2).

%) Where local shear stresses are induced
by local supports and load-bearing axial
stiffeners, the critical shear buckling
resistance, assessed in terms of the local value
of the shear transfer between the axial stiffener
and the shell may be evaluated at the point of
highest shear as:
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Tx9,Rcr = 1’ 4EL

y KOMY /, BU3HAYAETHCS SK:

[y =

Aac

A ka

—_— e  yCCepCOHCHC  3HAYCHHI
dy

IIBUJIKOCTI 3MIHH 3CYBY B KUIBIIEBOMY
HampsMKy IO Mipi BigmaseHHs Bix pebpa
YKOPCTKOCTI B 30H1 3CYBY;
MiKOBE

Tx0,Ed,max ace 3HAYCHHIA

Hanpy>KeHHs 3CyBY.

(6) Po3paxyHkoBe  HampyXeHHS IpHU
MTOB3/IOBKHHOMY BHUTHHI MTOBUHHE
BU3HAYATHCS SK HaWMEHIIA 13 HACTYIHUX
BEJIUYHH:

z J L;J (5.54)

in which /, is found as:

x0,Ed ,max (555)

drxe,Ed j

where

dt ) . :
(_;"%E”’J is the circumferential rate of
'y

change of shear with distance from the
stiffener averaged over the zone, and

T2, Ed max is the peak value of shear stress.

(6)  The design buckling stress should be
determined as the lesser of:

Tx0,Rd™ O Tad Rer/ Y1 (5.56)
i and Two,ra= 0,57 fylyan (5.57)

ne: where:
Ol Koe(illi€HT 3MEHIIEHHS! (OPMO3MIHU O is the elastic buckling imperfection

IIpU NPYXKH1N BTpATi CTIHKOCTI;
Yo YaCTKOBUI Koe(DillieHT, MpUBEAECHUI
B2.9.2.

[pumirka: 3HadeHHS o, MOxe OyTH 3agaHe B
HanionansHoMy nonatky. PekoMeHayeThcs 3HaUSHHS
a.= 0,80.

(7) B ycix  TOukax  KOHCTPYKIi
Pe3yIbTYIOUI PO3PAXYHKOBOTO HAINPYKECHHS
MOBHMHHI 33JI0BOJILHATH HACTYIHIH yMOBI:

reduction factor;
Ymi is the partial factor given in 2.9.2.

NOTE: The National Annex may choose the value of
o;. The value a, = 0,80 is recommended.

(7) At every point in the structure the
design stress resultants should satisfy the
condition:

10,64 < Txo.Rd . 58)

5.3.2.7 Bzaemoodisa  midic  mepudioHanrbHUM
CMUCKOM, CIMUCKOM 6 KILIbYe8OM) HaANpsAMIi i
MeMOPAHHUM 3CYBOM

(1) Sxmo cTaH HANpYXEHHS B CTIiHIN
OyHKepa MICTHTb CYTTEBY JOJIIO CKJIaJ0BHX,
OKpiM MeMOpaHHOTO HAaINPYXEHHS CTUCKY

abo HaIpPYXEHHS 3CYyBY, MOBHMHHI
BUKOHYBAaTHCS  TOJOXKEHHS  CTaHAAPTY
EN 1993-1-6.

5.3.2.7 nteractions between meridional
compression, circumferential compression and
embrane shear

(D) here the stress state in the silo wall
contains significant components of more than
one compressive membrane stress or shear
stress, the provisions of EN 1993-1-6 should
be followed.
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ITHOpYBaTH, SKIIO YCi, OKpIM OJHI€],
CKJIaJIOBOI  PO3PaxyHKOBOTO  HANpPY>KEHHS
MalTh  BenuuuHy MeHme 20%  mo
BIJIIIOBi A€ PO3pPaxyHKOBOMY ornopy
MOB3/I0OBXXHBOT'O BUTHHY.

5.3.2. Bmoma, LS4

(1) VY OyHkepax i Kjiacy HacmiJaKiB 3
MMOBUHHI BUKOHYBATHCS MOJIOKCHHS
crannapty EN 1993-1-6.

(2) VY OyHkepax Ui KJIacy HACHiAKIB 2,
AKIIO PO3PaxXyHKOBUI TEpMiH eKCIUTyaTarii
KOHCTPYKII{ MIPEBUIILYE Ny LIUKJIIB
HAallOBHCHHS 1 PO3BAaHTAKEHHS, IOBUHHA
MIPOBOJIUTHCS TIEPEBipKa Ha BTOMY.

Ipumirka: 3nadenns N, moxe OyTH 3amaHe B
HauionaneHoMy nojatky. PekoMeHayeTbcs 3HaYSHHS
N;=10 000.

5.3.2.9 Luxniuna nracmuunicmos, LS2

(1) ¥V OyHkepax ans kiacy HachiakiB 3
MTOBUHHI BUKOHYBAaTHCS MIOJIOKEHHS
crangapty EN 1993-1-6. IlepeBipka Ha
BIJIMOBY B YMOBAaxX ITUKJIIYHOI IJIACTUYHOCTI
MTOBMHHA IPOBOJUTHUCS B TOUKAX MOPYILIEHHS
HETIePEPBHOCTI, mooyn3y JIOKaJTbHUX
KUTBIIEBUX pedep )KOPCTKOCTI 1 OCHAIICHHS.

(2) VY OyHkepax IHIIMX KJIACciB HacIiAKIiB
1151 TIepeBipKa MOKEe HE TIPOBOTUTHCH.

5.3.3 IBomponni cminku 3 eepmuKxanb-
HUMU pedpamu HcopcmKocmi

5.3.3.1 3acanvri nonoxcennus

(1) Sk110 130TpOIHA CTIHKA YKpiMJIeHa 3a

JI0TTIOMOT 010 BEPTUKAJIBHUX pebep
KOPCTKOCT1  (ITOB3JOBXKHIX 0Oalok), MpH
OLIIHIT HaIpYKEHHS CTHCKY y

BEPTUKAJIHLHOMY HAmpsiMi TOBUHEH BPaxo-
ByBaTucs €(EeKT CyMICHOCTI YKOpPOYEHOi
CTIHKHM BHACJIIIOK BHYTPIIITHROTO THCKY SIK B
CTiHII, TaK 1 B pedpax ®KOPCTKOCTI.

(2)  Pesynbryroui PO3paxyHKOBOI'O
HaIpy>KCeHHsI, 3HAYEHHSI OMOPY 1 KOHTPOJIbHI
IaHl TOBHHHI BU3HAYaTHCA 3rigHo 5.3.2, aie
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be ignored if all but one of the design stress
components are less than 20% of the
corresponding buckling design resistance.

5.3.2. Fatigue, LS4

(D) or silos in Consequence Class 3, the
provisions of EN 1993-1-6 should be
followed.

(2)  or silos in Consequence Class 2, a
fatigue check should be carried out if the
design life of the structure involves more than
Nrycles of filling and discharge.

NOTE: The National Annex may choose the value of
Ny The value N;= 10 000 is recommended.

5.3.2.9 Cyclic plasticity, LS2

(1)  or silos in Consequence Class 3, the
provisions of EN 1993-1-6 should be
followed. A check forfailure under cyclic
plasticity should be made at discontinuities,
near local ring stiffeners and near attachments.

(2) Silos in other Consequence Classes,
this check may be omitted.

5.3.3 Isotropic walls with vertical stiffeners

5.3.3.1 General

(1)  Where an isotropic wall is stiffened by
vertical (stringer) stiffeners, the effect of
compatibility of the shortening of the wall due
to internal pressure should be taken into
account in assessing the vertical compressive
stress in both the wall and the stiffeners.

(2)  The design stress resultants, resistances
and checks should be carried out as in 5.3.2,
but including the additional provisions set out
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MOJIOXKEHb.
5.3.3.2 [ panuunuu cman niacmudHocmi

(1) Onip po3puBY BEPTUKAIBHOTO IIIBA
MOBUHEH BHU3HAYaTHCA SK B 130TPOIMHIN
o0osoHi (auB. 5.3.2).

(2) SIKIIO KOHCTPYKTHBHUH CIOTYyYHUN
€JIEMEHT BKIIOYAae pedpo KOPCTKOCTI, SK
YaCTHHY 3aC00IB IEPEHECEHHs HANPY)XEeHb B
KUTBIIEBOMY HamnpsMi, €(QeKT HampyKeHHs
pebpa >KOPCTKOCTI MOBHHEH BPaxXxOBYBATHUCH
IIPH OIIiHIII CHJIM HANpY>KEHHS B pedpi 1 ioro
CIIPUHHATIUBOCTI 0 PO3PHBY IIifl BILTMBOM
HaNpPYy>KEHHsI B KUTBIIEBOMY HAIPSIMI.

5.3.3.3 [1o6300601cHi  32uH  ni0  6NIUBOM
0Cb0BO2O CMUCKY

(1) Crinka Mae OyTH po3paxoBaHa Ha
TaKW{ Ke KpUTepii MOB3JI0BKHBOTO BUTUHY
MiJ JI€I0 OChOBOIO CTHUCKY K CTiHKa 0e3
pebep KOPCTKOCTI, Xi0a M0 1HTepBal MiX

pebpamu xopcTKocTi Oyne MeHme 2+/7t , je
{ - 11e JIOKaJTbHa TOBIIMHA CTIHKH.

(2)  Sxmo BEPTUKAJIbHI pebpa
KOPCTKOCT1  PO3TAILlIOBaHI 3 IHTEPBAJIOM

MEHBIITNUM 2\/; , OIp TIOB3JIOBXHBOMY
BUTHHY YCi€i CTIHKM NOBHUHEH OIIHIOBaTHUCS
a00 BUXOAAYM 3  TPUNYHOICHHSA, IO
BUKOPUCTOBY€EThCSl TpuBeneHui Bumie (1),
abo 3a JIOMOMOTOI0 3arajbHOr0 aHami3y
mpoueayp, mnepeadadyeHUX B CTaHAAPTI
EN 1993-1-6.

3) MinHicTh caMux pebdep >KOPCTKOCTI
Ha MOB30BXHIH 3rMH MPU OCBOBOMY CTHCKY
MOBWHHA OIIHIOBATHCh 3  ypaxyBaHHSIM
nojoxkeHb  cragaaptie.  EN  993-1-1 i
EN 993-1-3 (cranmeBi enemMeHTH XOJOIHOL
npokatku) abo crangapra EN  993-1-5,
BIJIITOBIHO.

(4) Takok  TTOBHHEH
€KCLEHTPUCUTET pebpa
BIJTHOCHO CTIHKH OOOJIOHKH.

BPaxOBYBaTHCS
YKOPCTKOCTI

5.3.3.2 Plastic limit state

(D) The resistance against rupture on a
vertical seam should be determined as for an
isotropic shell (5.3.2).

2) Where a structural connection detail
includes the stiffener as part of the means of
transmitting circumferential tensions, the
effect of this tension on the stiffener should be
taken into account in evaluating the force in
the stiffener and its susceptibility to rupture
under circumferential tension.

5.3.3.3 Buckling under axial compression

(D) The wall should be designed for the
same axial compression buckling criteria as
the unstiffened wall unless the stiffeners are at
closer spacings than 2t , Where ¢ is the local
thickness of the wall.

(2) Where vertical stiffeners are placed at

closer spacings than 2t , the buckling
resistance of the complete wall should be
assessed either by assuming that paragraph (1)
above applies, or by using the global analysis
procedures of EN 1993-1-6.

(3) The axial compression buckling
strength of the stiffeners themselves should be
evaluated using the provisions of EN 1993-1-1
or EN 1993-1-3 (cold formed steel members)
or EN 1993-1-5 as appropriate.

4) The eccentricity of the stiffener to the
shell wall should be taken into account.
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308HIUHBLOCO MUCKY,
Po3piodcenHs abo eimpy

4acmkKoeoco

(1) Crinka Mae OyTH po3paxoBaHa Ha
TaKWW Ke KpUTEpid MOB3JI0BKHBOTO BUTUHY
IiJ] 1i€}0 30BHIITHBOTO TUCKY, SIK CTiHKa 0e3
pebep KOPCTKOCTI, xi0a 110 3HAMOOJIATHCS
peTeNbHIlI PO3pPaXyHKH.

(2) Sxmo  3HAHOONATBCS — peTeNbHIIT
pO3paxyHKH, BEpTUKaJIbHI pedpa )KOPCTKOCT1
MOXYTbh OyTH PO3TISAHYTI K PO3MOALTICHI TO
OpPTOTPOIIHIM CTiHIII, a OI[IHKA HaMpPYXCHHS
MOB3JIOBKHBOTO BUTHHY MOXE BHKOHY-
BaTHCS Ha MiACTaBi moyiokeHb 5.3.4.5 mpu
Cy=Co=Eti1 Cy=0,38 Et.

5.3.3.5 Membpannuii 3cys

(1) SIKIIO0  OCHOBHA YaCTHHA CTIHKH
OyHKepa MiJIAa€ThCsl HABAaHTAXXEHHIO 3CYBY
(K TpU  AKCHEHTPHUYHOMY HAIMOBHEHHI,
ceficMiuHOMY HABaHTAXEHHI TOIIIO),
MeMOpaHHUN oOIip BTpPaTli CTIMKOCTI IpH
3CyBl NMOBUHEH OYyTH NMPUHHATHI 3a Taky X
BEJIMYMHY, SK NpU KpydyeHHI OOOJIOHKH, 1
MOBMHEH BHM3HAuYaTHCA TaK camo, K JUis
130TponHOi CTIHKM 0e3 pedep KOPCTKOCTI
(muB. 5.3.2.6). Ane po3paxyHKOBHUH OIip
MOXe OyTH 30UTBIIEHUH, SKIIO B3STH [0
yBaru BIUIMB pebep AKOPCTKOCTI.
ExBiBasieHTHAa J0BXHMHAa [ OOOJIOHKH IpHU
3cyBl MOxe OyTH NpuilHATa 3a HaliMeHIry
BUCOTY MIXK KUIBIISIMM JKOPCTKOCTI, YU
TpaHUYHUMH MeXaMmH, abo 3a MOJBIHHY
BIJICTaHb 10 TOPU3OHTANI MIX BEPTUKAIb-
HUMH pedpaMM OPCTKOCTI 3a YMOBH, IO
KOXKHE peOdpo JKOPCTKOCTI Ma€ 3THHHY
KOPCTKICTh EI, pu BUTHHI y
BEPTUKAIIBHOMY Harpsmi (BiAHOCHO
KIJIBILIEBOT OC1) OUTBITY HiXK:

EI

ne 3HadyeHHs [ 1 ¢t OepyTbes SIK Taki XK, IO
3aCTOCOBYIOTHCSI B HAWKPUTHYHIIIOMY CTaHi
MOB3/IOBXXHHOT'O BUTHHY.

Mpumirka: 3HaueHHs k, Moxe OyTH 3amaHe B

HamionaneHOMy n01aTKy. PekoMeHayeThCst 3HAaUCHHS
k,=0,10.
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y,min

partial vacuum or wind

(1)  The wall should be designed for the
same external pressure buckling criteria as the
unstiffened wall unless a more rigorous
calculation is necessary.

(2)  Where a more rigorous calculation is
needed, the vertical stiffeners may be smeared
to give an orthotropic wall, and the buckling
stress assessment carried out using the
provisions of 5.3.4.5, with C,= Cy= Et and
Cyo= 0,38 Et.[]

5.3.3.5 Membrane shear

(1)  Where a major part of the silo wall is
subjected to shear loading (as with eccentric
filling, earthquake loading etc.), the membrane
shear buckling resistance should be found as
for an isotropic unstiffened wall (see 5.3.2.6),
but the calculated resistance may be increased
if account is taken of the effect of the
stiffeners. The equivalent length / of shell in
shear may be taken as the lesser of the height
between stiffening rings or boundaries and
twice the horizontal separation of the vertical
stiffeners, provided that each stiffener has a
flexural rigidity £/, for bending in the vertical
direction (about a circumferential axis) greater
than:

=k ECrl (5.59)

where the values of / and tare ¢ aken as the
same as those used in the most critical
buckling mode.

NOTE: The National Annex may choose the value of
k,. The value k; = 0,10 is recommended.
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YKOPCTKOCTI PI3KO OOpPUBAETHCS Y HAIpPsMi
BEPXHbOI YACTHMHH OOOJOHKH, CHIy B
00OJIOHII CJiJl PO3TJIANATH SIK PIBHOMIPHO
Mepepo3MnoIiJIeHy B OOOJOHINI 1O JOBXKUHI,

110 HE MEePEBHUIILYE kt\/z .

Hpumirka: 3HaucHHA k&, MOxe OyTH 3amaHe B
HarmionaneHoMy onaTky. PekoMeHy€eThCsl 3HAYCHHS
k,=4,0.

(3)  Sxmo pebpa KOPCTKOCTI
00pHBaIOThCS, K BKa3aHO B MYHKTI (2), abo
BUKOPHUCTOBYIOTbCS ~ JUISL  Tepenadi  Jio-
KaJlbHUX CHJI B OOOJIOHKY, OLIIHOYHHH OIip
nepenavi 3CyBy MiK peOpoOM KOPCTKOCTI i
OOOJIOHKOIO HE TIIOBHHEH IEPEBUIIYBATH
3Ha4YeHHs, TnpuBeAeHe B 5.3.2.6 s
3MIHHOT'O JTIHIHHOTO 3CYBY.

5.3.4 T'opusonTtajbHi roppoBaHi CTiIHKH
5.3.4.1 3acanvni nonoxcennus

(1)  VYci po3paxyHKH MOBHHHI BHUKOHY-

BaTUCA 3 TOBIIMHOK, IO BHUKIOYAE
MOKPUTTS 1 JOMYCKH.
(2) MiniManpbHa  TOBIIMHA  CTaJeBOi

OCHOBM TO(PpPOBAaHOI JIUCTOBOI OOIIMBKU
CTIHKM TIIOBMHHA BIAMNOBIZATH BHUMOTLaM
crannapty EN 1993-1-3. V koHCTpyKILisSX Ha
O0NTOBUX 3'€JHAHHAX pPO3Mip Oonra Mae
Oyt He MeH1Ie MS.

3) Skmo UWIHApPUYHA CTIHKA BHIO-
TOBJIEHa 3 ro()pOBaHOrO JHCTa 3 TOPU3OH-
TalbHUMH TropaMu 1 BEPTUKAIBHUMHU
peOpaMu  KOPCTKOCTI MPUKPIIUIEHUMH 10
CTIHKH, TrodpoBaHa  CTiHKA  MOBHHHA
po3risimaTcs  AK  Taka, L0  Hece
BEepPTUKAJIbHE HABAHTAXEHHS, YHM CTiHKa
BBAXATUMETHCSI OPTOTPOIHOIO OOOJIOHKOIO;
nuB. 5.3.4.3.3.

(4) OcoOnuBy yBary ciiji MNOpUAUTUTH
ToMy, 100 pebpa IKOPCTKOCTI Oymu
Oe3repepBHO CTIMKI IO BIJHOIICHHIO JO
BUTUHY B MepHTiaTbHII [LIOIIMHIL
nepeneHIuKYISIPHI i CTIHIII, OCKIJTbKH
3TUHHA HEMEPepBHICTh pedpa KOPCTKOCTI
HQ/I3BUYAHO BaXJMBa Ui CTBOPEHHS
OTIOPY MOB3I0BXXHHOMY BUTHHY ITiJ1 BIULTHBOM

terminated part way up the shell, the force in
the stiffener should be taken to be uniformly
redistributed into the shell over a length not

exceeding £, Jrt

NOTE: The National Annex may choose the value of
k.. The value k, = 4,0 is recommended.

(3)  Where the stiffeners are terminated as
in (2), or used to introduce local forces into
the shell, the assessed resistance for shear
transmission between the stiffener and the
shell should not exceed the value given in
5.3.2.6 for linearly varying shear.

5.3.4 Horizontally corrugated walls
5.3.4.1 General

(1)  All calculations should be carried out
with thicknesses exclusive of coatings and
tolerances.

(2) The minimum steel core thickness for
the corrugated sheeting of the wall should
meet the requirements of EN 1993-1-3. In
bolted construction, the bolt size should not be
less than MS.

3) Where the cylindrical wall is fabricated
from corrugated sheeting with the corrugations
running horizontally and vertical stiffeners are
attached to the wall, the corrugated wall
should be assumed to carry no vertical forces
unless the wall is treated as an orthotropic
shell, see 5.3.4.3.3.

(4)  Particular attention should be paid to
ensure that the stiffeners are flexurally
continuous with respect to bending in the
meridional plane normal to the wall, because
the flexural continuity of the stiffener is
essential in developing resistance to buckling
under wind or external pressure as well as
when the stored solids flow.
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i CUIIyYHUX TBEPAMX MaTepiamiB, II0
30epiraroThes.

(5)  SHxmo CTIHKa yKpiIlJIeHa
BEePTUKAIBHUMU  pedpamMu  KOPCTKOCTI,
KpIIUIGHHS MDK JHCTaMH  OOIIMBKU 1
pebpamu YKOPCTKOCTI Mae Ooytu
CIIBBUMIPHUM, 1100 rapaHTyBaTu
Nepepo3No/il  HAaBaHTAKEHHS Ha  3CYyB

(ppukuiiinoro  3ycuiuigs) B TBEPAMX
Marepiaigax, 10 30epiraroTbCs, 3 KOXXHOTO
CETMEHTY CTiHHOI OOIMBKK Ha pedpa
XKOPCTKOCTi. TOBIIMHA JUCTOBOI OOLIMBKH
Mae Oyt migiOpaHa Tak, MO0 BUKIIOYUTH

JOKaJIbHUN pO3puUB KPIMJICHHS 3
ypaxyBaHHIM 3HUKCHOI HECydol 3aTHOCTI
KpIMWIBHUX  €JIEMEHTIB Yy  TrodpoBaHiii
JINCTOBIN OOIINBIII.

(6)  Pesymbryroui PO3PaxXyHKOBOTO

HampyXeHHs, OMOPH 1 KOHTPOJIbHI JaHi
IIOBMHHI BH3HA4YaTHCA 3rigHo 5.3.2, amxe 3
ypaxyBaHHSM  JIOJIaTKOBUX  TIOJIOKEHb,
BHKJIQ/ICHUX BHIIE B MyHKTax (1) - (5).

Hpumitka 1: geranpHima  iHQopMamis  mpo
MPOEKTYBaHHI TOPPOBAaHUX OOOJOHOK OYHKEpIiB € B
JIOBiIKOBUX JJAHHX, IPUBENICHUX B J0AATKy D.

Hpumirka 2: 3arameHi 3aX0AW IO TiJBHIICHHIO
JKOPCTKOCTI CTIHKH [MOKa3aHi Ha PUCYHKY 5.3.

75

(5)  Where the wall is stiffened with
vertical stiffeners, the fasteners between the
sheeting and stiffeners should be proportioned
to ensure that the distributed shear loading
from stored solids (frictional traction) on each
part of the wall sheeting is transferred into the
stiffeners. The sheeting thickness should be
chosen to ensure that local rupture at these
fasteners is prevented, taking proper account
of the reduced bearing strength of fasteners in
corrugated sheeting.

(6)  The design stress resultants, resistances
and checks should be carried out as in 5.3.2,
but including the additional provisions set out
in (1) to (5) above.

NOTE 1: More detailed information on the design of
corrugated silos is available in the references given in
Annex D.

NOTE 2: Common arrangements for stiffening the wall
are shown in figure 5.3.
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Pucynok 5.3 3aranpHa cxema po3TallyBaHHS BEPTUKAJIbHHUX pedep
KOPCTKOCT1 Ha 000JIOHKAX 3 TOPU30HTAIBHUMHU ropamMu
Figure 5.3 Common arrangements for vertical stiffeners on horizontally

corrugated shells
5.3.4.2 I panuunuti cman naiacmuunocmi

(1) Kpimunbai GOt MDKITaHEITBHUX
3'€THAHb TIOBUHHI 3aJI0BOJILHSATH BUMOTH
EN 1993-1-8.

(2) Jerany 3'eqHaHHS MIDK TaHEISIMU
IIOBUHHA BIJIMIOBiIaTH I0JIO’KEHHSAM
EN 1993-1-3 s 3“emHaHb, 110 3HAXOIITHCS
B CTaHaX pO3TATY a00 CTHUCKY.

3) InTepBan MIXK KpIMUIbHUMHI
eJIEeMEHTAaMH TI0 TIEpUMETPY KOjla He
IIOBUHEH MEepEBUIILYBaTH 3° KoJIa.

Mpumirka: Jlerans TUMOBOTO OOJITOBOTO 3'€HAHHS
TaHei MoKa3aHa Ha PUCYHKY 5.4.

5.3.4.2 Plastic limit state

(1)  Bolts for fastenings between panels
should satisfy the requirements of EN 1993-1-
8.

(2)  The joint detail between panels should
comply with the provisions of EN 1993-1-3
for connections in tension or compression.

(3)  The spacing between fasteners around
the circumference should not exceed 3° of the
circumference.

NOTE: A typical bolt arrangement detail for a panel is
shown in figure 5.4.
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Tunose 0OonToOBE

Pucynoxk 54 Gyemepa

Figure 5.4 silo

(4)  SIkmio B CTiHKa Ma€ HaCKpi3HI OTBOPHU
JUISL JIIOKIB, JIBEpEH, IIHEKIB TpaHCIopTepa i
IHIIMX TPHUCTPOIB, B IUX MICISIX MOBUHCH
3aCTOCOBYBATHUCS rOQPOBAHUN JHCT OLIBIIOT

TOBIIMHH, o6 rapaHTyBaTH, 110
KoedirieHTH KOHIICHTpaIlii MICIIEBOTO
HaNpYyKEHHS, 110 aCOLIIOIOThCS 3
HEBIAMOBIIHICTIO KOPCT-KOCTI, HE

NPU3BEIYTH JI0 JIOKAJIBLHOTO PO3PUBY.

5.3.4.3 Toe300601cHiTl 32UH nio
BNIUBOM OCLOBO2O CIUCKY
5.3.4.3.1 3acanvni nonoxcenns

(1) Po3paxyHkoBuil omip npu OCLOBOMY
CTHCKY ITOBMHEH BH3HAUaTHCA B YCIX TOUKaX
O0OJIOHKM 3a JONOMOIOK BCTAHOBJIEHHX
JIOMYCKIB ~ Ha  SKICTb ~ BUTOTOBJIEHHS
OyIiBeTbHUX KOHCTPYKIIH, CUIIN
CYIyTHBOTO T'apaHTOBAHOI'O BHYTPILIIHHOTO
TUCKY p 1 OJHOPIJHOCTI CTHUCKYIOUOTO
Hanpy>KeHHs B KiIblieBoMY Harpsimi. [TpoekT
MOBMHEH BPAaXOBYBAaTH KOXHY TOYKY Ha
CTiHIII OOOJIOHKH.

(2)  Skmo CTIHKY 3 TOPH30HTAIBHUM
ropom 3MILHUTH BEPTUKAIbHUMHU pedpamu
KOPCTKOCTI, PO3PaxyHOK ITOB3JIOBKHBOTO
BUTHHY CTIHKH TIOBHHEH BHKOHYBATHCS
3riJHO 3 OJHUM 3 JBOX aJbTEPHATUBHHUX
METO/IB:

a) PO3paxyHOK IOB3JOBXHBOTO BHUTHUHY
€KBIBAJICHTHOI ~ OPTOTPONMHOI  OOOJIOHKH
(3rigHOo  5.3.4.3.3), AKIIO BiJICTaHb MIX
pedpaMH  KOPCTKOCTI 1O  TOPU3OHTAI1
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3'enHaHHs To(pOBaHOI MaHemi

Typical bolt arrangement for a panel of a corrugated

(4)  Where penetrations are made in the
wall for hatches, doors, augers or other items,
a thicker corrugated sheet should be used
locally to ensure that the local stress raisers
associated with mismatches of stiffness do not
lead to local rupture.

5.3.4.3 Buckling under axial compression

5.3.4.3.1 General

(1) Under axial compression, the design
resistance should be determined at every point
in the shell using the prescribed fabrication
tolerance quality of construction, the intensity
of the guaranteed co-existent internal pressure
p and the circumferential uniformity of the
compressive  stress. The design should
consider every point on the shell wall.

(2) If the horizontally corrugated wall is
stiffened with vertical stiffeners, the buckling
design of the wall should be carried out using
one of two alternative methods:

a) buckling of the equivalent orthotropic
shell (following 5.3.4.3.3) if the horizontal
distance between stiffeners satisfies 5.3.4.3.3

(2);
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0) pPO3paxyHOK MOB3/IOBXHBOTO BUTHHY
OKpeMux  pebep  JKOpcTKocTi  (mepen-
OauaeTbcs, MO0 roppoBaHa CTIHKA HE Hece
OChOBE HaBaHTKEHHsI, aje 3a0e3reuye orip
pebpam KOPCTKOCTi) 1 JOTPUMAHHS BUMOT
5.3.43.4, gxkmo BiAcTaHb MK peOpamu
YKOPCTKOCTI 10 TOPU30HTAJI HE 3a/I0BOJbHSIE
Bumoram 5.3.4.3.3(2).

5.3.4.3.2
Kocmi

Cminka 0e3 pebep owcopcm-

(1)  Sxmo rodpoBaHa 00OJIOHKA HE Mae

b) buckling of the individual stiffeners
(corrugated wall assumed to carry no axial
force, but providing restraint to the stiffeners)
and following 5.3.4.3.4 if the horizontal
distance between stiffeners does not satisfy
5.3.4.3.3(2).

5.3.4.3.2 Unstiffened wall

(1)  If the corrugated shell has no vertical

BEPTUKAIIbHUX pebep YKOPCTKOCTI, stiffeners, the characteristic value of local
XapaKTEepUCTHYHE 3HAUCHHS  JIOKAJILHOTO plastic  buckling resistance should be
OTOpPY IMJIACTUYHOMY IOB3/I0BXXHHOMY BHUTH- determined as the greater of:
HYy NOBHHHE BHU3HAUATHCA K HAHOLIbIIE 3:
rf,
Mgy == (5.60)
’ 2d
t
nw =R, ;fy (5.61)
ne: where:
t TOBIIIMHA JIUCTA; t 1s the sheet thickness;
d BiJICTaHb Mix rpebeHem i d is the crest to trough amplitude;
3aIanHoI0;
Ry JIOKaJbHa KpHUBHU3HA Tro¢pa (auB. R, is the local curvature of the corrugation
pucyHok 4.2); (see figure 4.2);
r paaiyc HuIiHIpa. r is the cylinder radius.

JlokanbHUH OMip IUIACTUYHOMY IOB3/I0BX-
HbOMY BUTHHY My gy IIOBUHEH CIIPUAMATHCS
K He3aJIeKHUH B1Jl BEJIMYMHU BHYTPILIHHOTO
THUCKY Dp.

Ipumirka:  JlokanpHWi  omip  IJIACTHYHOMY
MOB3/I0BXKHBOMY BHUTMHY — L€ OMNIp pyHHYBaHHIO

ro¢pa abo "ckouyBaHHIO" rodpa.

(2)  PospaxyHKoBe 3HaU€HHS JOKaJIbHOTO

Thelocal plastic buckling resistance 7, g«
should be taken as independent of the value of
internal pressure p,,.

NOTE:The local plastic buckling resistance is the
resistance to corrugation collapse or “roll-down”.

(2) The design value of the local plastic

ONMopy  IJIACTUYHOMY  IOB3JIOBKHBOMY buckling resistance should be determined as:
BUTHHY [TOBUHHE BU3HAYATHUCS SK:

Hx pd = O nx,Rk/ Ymo (562)
ne: where:
Oy KOoe(ILI€HT 3MEHILIEHHS J1e()eKTHOCTI Ol is the elastic buckling imperfection

MPH IJIACTUYHOMY TIOB3JI0B)KHHOMY BUTHHI;
YMm0 YaCTKOBUM KOE(QIIIEHT, MPUBEICHUN
B 2.9.2.

Ipumirka: 3HadeHHs o0, MOXke OyTH 3amaHe B
HamionaisHOMY n01aTKy. PekoMeHay€eThCsl 3HAaUSHHS
o, = 0,80.

reduction factor;
Ymo  1s the partial factor given in 2.9.2.

NOTE: The National Annex may choose the value of
o,. The value o, = 0,80 is recommended.
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(3) B ycix TOYKax  KOHCTPYKIii
PE3YNIBTYIOUI PO3PAaXyHKOBOTO HAINpPYKEHHS
MOBHMHHI 33JI0BOJILHATH HACTYIIHY YMOBY:

Ny Ed < NxRd

5.3.4.3.3 Cminkxa 3 pebpamu dHcopcm-
KOCmi 8 AKOCMi OpmomponHoi 00010HKU

(1) SKIIO CTIHKA PO3IIISIIAETHCS B SKOCTI
OpTOTpONHOi  000JOHKK (MeTon (a) B
5.3.4.3.1), 3Ha4YeHHS >KOPCTKOCTI JHMCTOBOL
OOMIMBKM y PI3HUX HampsMax I[TOBUHHO
3amozuuyBatucs 3 4.4.  Pe3ynbpTyroui
3HAYEHHS PO3IMOAUICHOI )KOPCTKOCTI MOBUHHI
CIIpUIMATHUCS K PIBHOMIPHO PO3IOIIJIEHI.
ExBiBaneHTHa cepeiMHHA MTOBEPXHS
O00OJIOHKM TOBUHHA TMPOJATaTH  Y3JOBXK
HEHTPaIbHOI OCi, BiJ SIKOI BHMIPIOETHCS
aMmIutiTyaa (AuB. pUCYHOK 4.2).

(2) Biacrane MK peOpamu >KOPCTKOCTI
M0 TOPU3OHTAN d; TOBUHHA CKJIQJaTH HE
Ounbiie  dymqy, TPEACTABICHE HACTYITHUM
BHUPa30OM:

s,max

ne:

D, 3TUHHA JKOPCTKICTH HA OJMHUIIO
IIMPUHU ~ HAWTOHIIUX JIMCTIB  OOIIMBKY,
napaneiabHUX rodpam;

C, KOPCTKICTh PpO3TATY Ha OIMHMIIIO
MIUPUHA  HAWTOHIIMX JIUCTIB  OOIIMBKH,
napajenbHuxX roppy;

r paniyc muIiHapa.

Ipumirka: 3HavyeHHs k; Moxe OyTH 3a7aHe B
HanionansHOMY n0aaTKy. PekoMeHayeThCsl 3HAaUSHHS
kdx:7;4~

(3)  PesynbpTyroua KpUTUYHOTO Hampy-
JKCHHSI TIPU TTOB3/IOB)KHBOMY BUTHHI 7y g. HA
OJIMHUITI0  JIOBXKWHU KOJIa  OPTOTPOITHOT
ob6ononku (Merox (a) B 5.3.4.3.1) moBuHHA
OIIHIOBAaTHCS Ha KOXXHOMY BIJIOBITHOMY
piBHI  OyHKepa  HUIAXOM  MiHiMi3amii
HIKYCHABEICHOTO BHpa3y BIJTHOCHO
IPAaHUYHOTO  TEPUPEPUUHOTO  XBHJICBOTO
YuClia j 1 BHCOTH 30HH IIOB3JIOBKHBOTO
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3) At every point in the structure the
design stress resultants should satisfy the
condition:

(5.63)

5.3.43.3 Stiffened wall treated as an
orthotropic shell

(1) If the wall is treated as an orthotropic
shell (method (a) in 5.3.4.3.1), the stiffnesses
of the sheeting in different directions should
be taken from 4.4. The resulting smeared
stiffnesses should be taken to be uniformly
distributed. The equivalent shell middle
surface should be taken as the central axis
from which the amplitude is measured (see
Fig. 4.2).

(2) The horizontal distance between
stiffeners d; should not be more than d; .
given by:

2D 0,25
r
> (5.64)

y

where:

D, is the flexural rigidity per unit width of
the thinnest sheeting parallel to the
corrugations;

C, is the stretching stiffness per unit width
of the thinnest sheeting parallel to the
corrugations;

r is the cylinder radius.

NOTE: The National Annex may choose the value of
k4. The value k; = 7,4 is recommended.

3) The critical buckling stress resultant
ny rer PET UNit circumference of the orthotropic
shell (method (a) in 5.3.4.3.1) should be
evaluated at each appropriate level in the silo
by minimising the following expression with
respect to the critical circumferential wave
number j and the buckling height /;:
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Ny rer = —.21 4+ é} (5.65)
J A3
pu (with): A1 =] [0 Cay+ 207 (Cys+Ces) + Css] + Cort 277 Cos (5.66)
A= 20" (C12+C33) (Copti°Cas) (Ciat’ 0’ Cra) — (0°C11+C33) (Coptj*Cas) —
(5.67)
- 032(C22+602C33) (Clz"‘jz(DZC14)2
A3= (0*C1+ C33) (Copt Cost 0)2C33) - 0)2(C12+ Cs3) (5.68)

pa3om 3 (with):
Cii=Cy+ EAJ/ d,
C,=v, /C(IJC9
C14: eSEAS/ (l”ds)
Cu= [Dy+ El/d,+EAse/d) | ¥
Cs=v D{pDe /
_mr

o ==
Jl,

ze:

l; IMOJIOBHHA JIOBXXHWHU XBUII

MOTCHIIHHOTO TOB3JIOBXHBOT'O BUTHHY ¥

BEPTUKAIBHOMY Harnpsimi;

A IJIoMa  TOMEPEYHOro  Mepepizy
MOB3/IOBKHBOTO pedpa KOPCTKOCTI;
I MOMEHT  1HEepIi  TOB3IOBXHBOTO

pebpa KOPCTKOCTI BITHOCHO OC1 KoJia (3TUH B
BEPTUKAIbHOMY HaIlpsimi);

d BiJICTAHb MIDK IMOB3I0BXHIMH
pebpamu KOPCTKOCTI;

I cTalla KpYYeHHS TOB3JOBKHBOTO
pebpa JKOPCTKOCTI;

€ 30BHIIIHINA €KCHEHTPUCUTET BiTHOCHO
CepeTMHHOL MMOBEPXHIi 000JI0HKH 3

MOB3/I0BXKHIM PeOPOM >KOPCTKOCTI;
A, TUIOIIA MOTIEPEYHOTO
KIUJIBIIEBOTO pedpa KOPCTKOCTI;

I MOMEHT 1HEpIlii KIJbIIEBOTO pedpa
KOPCTKOCTI BIJIHOCHO BEPTHUKaIbHOI OCi
(3rMH y KUIbLIEBOMY HAIpsMi);

d, BIJICTAaHb MDX KUIbLIEBUMH peOpamMu
KOPCTKOCTI;

1y cTaja KpYy4YeHHs KiJbIIEBOTO pedpa
YKOPCTKOCTI;

e, 30BHIIIHIN €KCIIEHTPUCUTET BiTHOCHO
CEepeNMHHOI  TOBEpXHIi 000JI0OHKH 3
KUJIBIIEBUM PEOPOM KOPCTKOCTI;

Cy JKOPCTKICTh Ha PO3TAT OOIIMBKU B
ocboBOMY Hampsimi (nuB. 4.4 (5) 1 (7));

Co JKOPCTKICTh Ha PO3TAT OOIIMBKU B

nepepizy

Cy=Cop+ EA,/ d,

Cz3= Cyo

Cos=eEA,/ (rd,)

Css= [Do+ EL/dAEA.eld,) | 7

Ces = [Duot 0,5(GlJdy+ Gl,/d,)] | 7

where:
l; is the half wavelength of the potential
buckle in the vertical direction;

A is the cross-sectional area of a stringer
stiffener;
I 1s the second moment of area of a

stringer stiffener about the circumferential axis
(vertical bending);

dy is the separation between stringer
stiffeners;

I is the uniform torsion constant of a
stringer stiffener;

e is the outward eccentricity from the
shell middle surface of a stringer stiffener;

A, is the cross-sectional area of a ring
stiffener;
1. is the second moment of area of a ring

stiffener about the vertical axis
(circumferential bending);

d, is the separation between ring
stiffeners;

I is the uniform torsion constant of a
ring stiffener;

e, is the outward eccentricity from the
shell middle surface of a ring stiffener;

Gy is the sheeting stretching stiffness in
the axial direction (see 4.4 (5) and (7));
Co is the sheeting stretching stiffness in
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Cwo KOPCTKICTh Ha PO3TAT OOIIMBKHU MPHU
MeMOpaHHOMY 3cyBi (nuB. 4.4 (5) 1 (7));

D, 3TUHHA JKOPCTKICTh OOINMBKU B
ocboBOMY Harpsimi (muB. 4.4 (6) 1 (7));
Dy KOPCTKICTh BUTHHY OOIIMBKA B

KuTbIieBoMY HarpsiMi (muB. 4.4 (6) 1 (7));
D,y  KOPCTKICTb BHWTHHY Ha Kpy4YeHHs
o0muBKY mpu CKpydyBaHHI (auB. 4.4 (6) i

(7))
r - paniyc OyHKepa.

Ipumirka 1: [IpuBeneni Buie BiacTHBOCTI pedep
wopetkocTi (4, I, I, 1 T. 1.) CTOCYIOTBCSI TIIBKH
JeTajgeii  pebpa  KOPCTKOCTI: 10 e(EKTUBHOIO
nepepisy HETTO, BKIIOYAOYH CJIEMEHTH CTiHKA
O00OJIOHKHM, HE TIOBHMHHI 3aCTOCOBYBATHCS HISKI
JOITYCKH 1 IPHITYCKH.

Hpumirka 2: 3a HWKHIO MEXY IOB3I0BXHBOTO
BUTMHY MOXe OyTH TpHHHATa TOuYKa, B SIKii
3MIHIOETBCSI TOBIIMHA OOIIMBKM a00 MONEpeyHUH
mepepiz pedpa >KOPCTKOCTi: OMip MOB3I0BXHBOMY
BUTHMHY TIPHU Takid 3MiHI HEOOXiZHO KOHTpPOJIOBATH
HE3aJIeIKHO.

(5)  PospaxyHkoBuii oOmip  TOB3IOBX-
HbOMY BUTHHY 7, g OPTOTPOITHOI OOOJOHKH

(7);

Cwo is the sheeting stretching stiffness in
membrane shear (see 4.4 (5) and (7));

D, is the sheeting flexural rigidity in the
axial direction (see 4.4 (6) and (7));

Dy is the sheeting flexural rigidity in the
circumferential direction (see 4.4 (6) and (7));
Dy  is the sheeting twisting flexural rigidity
in twisting (see 4.4 (6) and (7));

r is the radius of the silo.

NOTE 1: The above properties for the stiffeners (4, 1, I,
etc.) relate to the stiffener section alone: no allowance
can be made for an “effective” section including parts
of the shell wall.

NOTE 2: The lower boundary of the buckle can be
taken at the point at which either the sheeting thickness
changes or the stiffener cross-section changes: the
buckling resistance at each such change needs to be
checked independently.

(5) The design buckling resistance n, g for
the orthotropic shell (method (a) in 5.3.4.3.1)

(meronr (@) B 5.3.4.3.1) TnOBHHEH should be determined as the lesser of:
BU3HAYATHCS SIK HAUMEHIIIE 3:
Ny Rd = Ox . Rer | Y1 (5.69)
Ta (and) Ny ra=Asfy! Yin (5.70)
ne: where:
Oy KOe(ILIEHT 3MEHUIEHHS IUIACTHYHOT Ol is the elastic buckling imperfection

nedopMariii mpu MoB3I0BKHHOMY BUTHHI;
Ymi YaCTKOBUM KOE(QIIIEHT, MPUBEIACHUMN

B 2.9.2.

Ipumirka: 3HaveHHs o, Moxke OyTH 3amgaHe B
HanionansHOMY n0aaTKy. PekoMeHayeThCsl 3HAaUSHHS
o, = 0,80.

(6) B  ycix  Toukax  KOHCTPYKIIii
pe3yIbTYIOUl PO3PAXYHKOBOTO HAIPYXKEHHS
MOBUHHI 33I0BOJIBHSITH HACTYIHIA YMOBI:

reduction factor;
van 1s the partial factor given in 2.9.2.

NOTE: The National Annex may choose the value of
o,. The value o, = 0,80 is recommended.

(6) At every point in the structure the
design stress resultants should satisfy the
condition:

Ny Ed < Ny Rd (5.71)

5.3.4.3.4 Tocunena cminka 6 saxocmi
Hecy4oi 0cb08020 CIMUCKY MIIbKU 8 pedpax
acopcmrocmi
(1) SAxo,

IMOBIpHO, rodgpoBana
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5.3.4.34 Stiffened  wall treated as
carrying axial compression only in the
stiffeners

(1) If the corrugated sheeting is assumed
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(meton (0) B 5.3.4.3.1), nependavaeTscs, M0
000JIOHKa MOXK€ BUTpUMATH yci aedopmariii
Ipyd  TIOB3IOBXXKHBOMY  BUTHHI  peOpa
JKOPCTKOCTI B TUTONIMHI CTiHKH. [Ipu oMy
OMip BUTHHY MOBHHEH pPO3pPaxoOBYBAaTHCS 3
JIOTIOMOTOI0 OJTHOTO 3 JIBOX aJbTEPHATUBHUX
METO/I1B, IPUBEICHUX HHUKYE:

a) ITHOpYBaHHA WIATPUMYBAJIBHOI il
000JIOHKH pu BHU3HAYCHHI1 ornopy
nedopmarii B HanpsMi TepHEHIUKYISIPHOMY
BITHOCHO CTIHKH;

0) BBEJICHHS TIONPAaBKH Ha >KOPCTKICTh
00OJIOHKM TpH BH3HAYEHHI Omopy aedop-
Marii B HANPSAMKY TEPHEHANKYIIPHOMY
CTIHIII.

2) IIpu 3actocyBanHi wmeroxy (a),
sragadoro B (1), omip okpemoro pebpa
JKOPCTKOCTI MOke OyTH MPHHHSITO 3a OIIip
KOHIICHTPUYHOMY CTHCKY peOpa KOPCTKOCTI.
Po3paxyHKoBHiI  omip  TOB3JI0BXHBOMY
BUTUHY Npprs BUBOJHUTHCS 3 HACTYITHOTO
BUpA3Y:

Nb,Rd -

ae:
Aer  KOpUCHAa — TIOHIA
nepepizy pedpa KOpCTKOCTI.

MOMNEPEUYHOTO

3HWKYIOUMH KOE(IIIEHT j MICTUTBCA B

craugapri EN  1993-1-1 gna  BTpatu
CTIMKOCTI ~ uepe3 BUTIH B  HampsaMi
NEePNEeHIUKYIIPHOMY  CTIHII  (BIZHOCHO

KUTBIIEBOT OCi) 3a JOMOMOTOK  KPUBOI
nedopMariii  MOB3/IOBXHBOTO  BUTHHY €
0e3BITHOCHO 0 TPUHHATOTO Tepepizy

(xoedimienty nedexkrnocti o = 0,49).
Kopucna JIOBXKMUHA CTIHKH, sAKa
BUKOPUCTOBYETHCS TUTst BU3HAYCHHS

3HIKYIOYOTO Koedilienta 7y, Mae OyTu
OpUiHATa 3a BIACTaHb MIDK CYCIIHIMU
KUTBIIEBUMHU peOpaMH KOPCTKOCTI.

3) SIKI10 B3SITH JI0 YBaru Nnpy»kHii cTaH,
AKUi  3a0e3medye  CTiHKA, MPOTHAIIOYH
MIOB3/I0B’KHbOMY BHUTHHY pedpa >KOpCTKOCTI,
MaroTh OyTH BUKOHAHI JIBl HACTYITHI YMOBH:

a) IOB)XKHMHA Ti€l YaCTUHM CTIHKH, SKa
3a0e3mnevye Mpy>KHIi CTaH, Ma€ TOPIBHIOBATH
BiJICTaHI1 MiX CyCITHIMH pedpamu

XAeff f}

5.3.4.3.1), the sheeting may be assumed to
restrain all buckling displacements of the
stiffener in the plane of the wall, and the
resistance to buckling should be calculated
using one of the two following alternative
methods:

a) ignoring the supporting action of the
sheeting in resisting buckling displacements
normal to the wall;

b) allowing for the stiffness of the
sheeting in resisting buckling displacements
normal to the wall.

2) Using method (a) in (1), the resistance
of an individual stiffener may be taken as the
resistance to concentric compression on the
stiffener. The design buckling resistance Np gy
should be obtained from:

(5.72)

M1

where:
Ay 1s the effective cross-sectional area of
the stiffener.

The reduction factor y should be obtained
from EN 1993-1-1 for flexural bucking normal
to the wall (about the circumferential axis)
using buckling curve ¢ irrespective of the
section adopted (imperfection factor o= 0,49).
The effective length of column used in
determining the reduction factor y should be
taken as the distance between adjacent ring
stiffeners.

(3)  If the elastic restraint provided by the
wall against buckling of the stiffener is taken
into account, both of the following conditions
should be met:

a) The section of wall deemed to provide
restraint should be the length of wall as far as
the adjacent stiffeners (see figure 5.5), with
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BIJIBHO ONEPTUMH KPasMH;

0) BipOriTHA  WIUIBHICTh  CHITYYOTO
Marepiany, mo 30epiraerbcsi, HE IOBHHHA
BPaXOBYBATHCS.

4) Sxmo He  TPOBOAWTH  TOYHIMII
PO3paxyHKH, KPUTHYHUH OIp MOB3I0BXK-
HbOMY BUTHHY Njps TOBHHEH OOYHMCIIIO-
BaTHCS, BUXOISYM 3 TPUIYIICHHS, IO YCi
piBHI TONEPEYHOro TIepepizy BUTPUMYIOTH
PIBHOMIpHE 3YCHJUIA CTHCKY, BH3HAYAETHCS
SIK HAMEHIIIE 3 JIBOX BHPA3iB :

Nb,Rd
Nb,Rd -
ne:
EI, 3TUHHA JKOPCTKICTh pebpa

KOPCTKOCTI HpPH BHUTHHI 1032 IUIOIIUHOIO
crinkn (Hum?);

K 3TUHHA HKOPCTKICTh JMCTOBOI
obmuBkyn (H/MM Ha MM BHCOTH CTiHKH) B
IpOJbOTI MDK BEpPTHUKAIBHUMH pedpamu
KOPCTKOCTI; IUB. PUCYHOK 5.5;
Aer  KOpUCHAa — TIOHIA
nepepizy pedpa KOpCTKOCTI.

MOMNEPEUYHOTO

(5) 3ruHHa JKOPCTKICTh JIHCTa CTIHKH,
obononkn K  TIOBUHHA  BH3HAYATHUCH,
BUXOJISTYM 3 TPUITYIIEHHS, IO Kpai JIUCTIB B
IPOJIbOTAX MK CYCITHIMU BEPTHKAIbHUMH
pebpamMu KOPCTKOCTI 3HAXOIATHCS Y BUIBHO
omeproMy cTaHi 3 000X OOKIB; JuB.
pucyHOK 5.5. 3HaueHHs1 K MOHA BU3HAYUTH
3a IOMOMOTOI0 BUPA3Yy:

K = S
ae:
D, 3TUHHA KOPCTKICTh JMCTOBOI
OOMIMBKM TPU BUTHHI B  KUIBLIEBOMY
HampsImi;
d BIJICTAHb MIX BEPTUKAIBHUMHU

pedpaMu JKOPCTKOCTI.

SAxmo rodpu MarTh AYromomioHy abo
CHHYCOIlallbHy KOH(]Irypaiiito, 3Ha4eHHs D,
MOXHa BUKOpUCTOBYBaTH 3 4.4 (6). Sxmio
3aCTOCOBYIOTBCS TO(pU 1HIIOTO Mepepisy,
3THHHA  JKOPCTKICTh TPHM  BUTHHI B
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ENS

b) No account should be taken of the
possible stiffness of the stored bulk solid.

(4)  Unless more precise calculations are
made, the critical buckling resistance Njgg
should be calculated assuming uniform
compression on the cross-section at any level,
as the lesser of the two expressions:

EI K
24 - (5.73)
Y
Ayl (5.74)
M1
where:

EI,  is the flexural rigidity of the stiffener
for bending out of the plane of the wall
(Nmm?);

K is the flexural stiffness of the sheeting
(N/mm per mm of wall height) spanning
between vertical stiffeners, as indicated in
figure 5.5;

Ay 1s the effective cross-sectional area of
the stiffener.

(5) The flexural stiffness of the wall plate
K should be determined assuming that the
sheeting spans between adjacent vertical
stiffeners on either side with simply supported
boundary conditions, see figure 5.5. The value
of K may be estimated as:

(5.75)

where:
D, is the flexural rigidity of the sheeting
for circumferential bending;

d 1s the
stiffeners.

separation of the vertical

If the corrugation is an arc-and-tangent or
sinusoidal profile, the value of D, may be
taken from 4.4 (6). If other corrugation
sections are adopted, the flexural rigidity for
circumferential bending should be determined
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Ha M1JCTaBl IEPBUHHUX MPUHITUIIIB.

Mpumirka: 3HadyeHHs k; Moxe OyTH 3ajaHe B
HarionansHOMY J07aTKy. PeKOMEHIY€eThCSI 3HAUCHHS
k,=6.

(6) B ycix Toukax pebpa IKOPCTKOCTI
pO3paxyHKOBI  3HA4YeHHS CHJ  TOBUHHI
3aJI0BOJIBHSATH HACTYITHIN yMOBI:

NOTE: The National Annex may choose the value of k;
.The value k, = 6 is recommended.

(6) At every point in the stiffener, the
design forces should satisfy the condition:

Nb,ga < Np,ra (5.76)

PucyHnox 5.5 Y
CTIHKH,

Ominka CTIHKOCTI TPU CTPUMYBAaHHI TIOB3JIOBKHBOTO BUTHHY

MTOCUJICHOT pedpaMu KOPCTKOCTI
Figure 5.5 Evaluation of restraint stiffness against stiffener column buckling

5.3.4.4 Jlokanvne, Oegopmayivine i 32uHHe
PYUHY8aHHA — pebep — HCOpcmKocmi — npu
KDVYEHHI

(1) Omnip pebep KOPCTKOCTI JIOKaIbHOMY,
negopmaniiHOMy 1 3THHHOMY pYHHYBaHHIO
Opd  Kpy4YeHHI TOBHHEH  BHU3HAYATHUCS
BiANoBiAHO 10 cTtaHaapty EN 1993-1-3
(xomomHe  mITaMIyBaHHA  OyaiBEIbHHUX
KOHCTPYKLH).

5.3.4.5 [log30060icHiti  3cun  nio  enausom
306HIUHBO20 MUCKY, YACMKOBOI po3pioice-
Hocmi abo 8impy

(1) ExBiBasieHTHI MeMOpaHHI 1 3THHHI
BJIACTUBOCTI  OOOJIOHKM  BHU3HAYAIOTHCS
3rigHo 4.4.

(2) BracTuBOCTI KUTBIIEBUX 1 MOB3OBXK-
HiX pebep piIIMHM TIpPU BUTHHI 1 PO3TA3i, a
TaKOXX 30BHIIIHIA E€KCUEHTPUCUTET MpHU
3MIIEHH] X LEHTPY BIiAHOCHO CepeInHHOI
MOBEpPXHI  CTIHKM  OOOJIOHKM  TIOBHMHHI
BU3HAYATUCS OJHOYACHO 3 BIJICTAaHHIO MIX
pedpaMu JKOPCTKOCTI d.

5.3.4.4 Local, distortional and flexural
torsional failure of stiffeners

(1) The resistance of the stiffeners to local,
distortional and flexural torsional buckling
should be determined using EN 1993-1-3
(cold formed construction).

5.3.4.5 Buckling under external pressure,

partial vacuum or wind

(1) The equivalent membrane and flexural

properties of the sheeting should be found
using 4.4.

(2) The bending and stretching properties
of the ring and stringer stiffeners, and the
outward eccentricity of the centroid of each
from the middle surface of the shell wall
should be determined, together with the
separation between the stiffeners d
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ds B TOPU3OHTAJIbHIM TUIOIIMHI HE MMOBUHHA
NEPEBUILYBATH BEIUYUHY dsmax NPEICTAB-
JICHY HACTYITHUM BHPa30M:

§,max

ne:

D, 3TUHHA JKOPCTKICTh HAa OJMHUIIO
MIUPUHA B HANUTOHIIOMY MiCIli OOOJIOHKH
napajieIbHOMy Todppam;

C, KOPCTKICTh MPH PO3TSA31 HA OJAUHUIIIO
IIUPUHA B HAWTOHIIOMY MICIi OOOJIOHKH
napajieibHoMy rodpam;

r paziyc HuIiHIpa.

Mpumirka: 3HaueHHs ky Moxe OyTH 3amaHe B
HarrionansHOMY J07aTKy. PeKOMEHIy€eThCS 3HAUCHHS
kd9:7,4.

4) Kputnune HampyXeHHsS MOB3JOBXK-
HBOTO BUTHHY  TpH  PIBHOMIpHOMY
30BHIIIHBOMY  THCKY  Pupreu ~ TTOBHHHE
BU3HAYATHUCSI [UISIXOM MiHiMizari1
HACTYITHOTO BHUPAa3y BIJIHOCHO TPAaHUYHOTO
nepu(epruyHoOro XBUJIEBOro YUCa, j:

3 (with):

— 0} (Cpt®°Cs3) (Cratj o’ Cry)

stiffeners ds should not be more than djmax
given by:

2D 0,25
—k, (" y} (5.77)
Cy
where:
D, is the flexural rigidity per unit width of
the thinnest sheeting parallel to the
corrugations;
C, is the stretching stiffness per unit width
of the thinnest sheeting parallel to the
corrugations;
r is the cylinder radius.

NOTE: The National Annex may choose the value of
k. The value ky = 7,4 is recommended.

4) The critical buckling stress for uniform
external pressure p, g, should be evaluated by
minimising the following expression with
respect to the critical circumferential wave
number, ;:

1 A
=—| 4+ 5.78
pn,Rcru T’jz [ 1 A3 j ( )
Ay = [0* Cagt 200°(Cys+Ces) + Css] + Cort+ 257 Cas (5.79)
A7= 20" (CiatCs3) (Coptj*Cas) (Ciatj’ 00’ Cra) = (07C1i+C33) (Canti*Cas)’ =
(5.80)
A= (0°Cy1+ C33) (Cor+ Cost ©°C33) — 0*(Ciot+ C3)’ (5.81)

3 (with):
Cii= Cy+ EAy/ d
C,= vm
Ci4= e;EA;/ (rdy)
Cu= [Dy+ El/d+EAse/d,] | 1°
C,s =vyD,D, /7
_zr
il
nel, r, Ay I, Iis, ds, ey, 4, 1, 1, d,1 e, MatoTh
3HA4YCHHS, BU3HaueHi B 5.3.4.3.3(3).

()

(5) Sxmo pebpa  xopcTkocTi  abo
JIMCcTOBa O0OJIOHKA 3MIHIOIOTHCSA II0 BHCOTI
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Cy= Cy+ EA,/ d,

C33= Cyo

Cas= e,EA,/ (rd,)

Css= [Dg+ ELL/d,+EA,e,/d,] | 1*

Css = [Doot+ 0,5(GLy/ds+ GI,/d,)] | ¥

Where li; 7, AS: ]SJ ]tSJ CZS) €, AI"} [}"J ]tr: d}" and (%
have the meanings defined in 5.3.4.3.3(3).

(5)Where the stiffeners or sheeting change
with height up the wall, several potential
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TISTHKY, BIpOTi/IHA  JIOBXXKMHA  30HHU
MOB3JIOBXKHBOTO BUTHHY [; Mae OyTtu
JOCTI/DKeHa B JCKIIBKOX Toukax. Ilpwm
IOMY HEOOX1HO 3aBXI BPaXOBYBATH, IO
BEPXHIM Kpall BUTMHY 3HAXOJHUTHCA Ha
BEPIIMHI 30HM 3 HAWTOHIIOK JIMCTOBOKO
OOIIINBKOIO.

Ipumirka: SIkmo 30Ha 3 OLIBLI TOBCTOI OOLIMBKOIO
3HaXOJUTHCS BHIIE 32 30HY 3 HAWTOHILIOIO JINCTOBOIO
OOIIMBKOIO, BEPXHIN Kpail BipOTiTHOTO BUTHHY MOXE
BUSIBUTHCS a00 Ha BEpIIMHI HAHTOHIIOI 30HM, 00 Ha
BEpUIMHI CTIHKH.

(6) Sxmo He  TPOBOAUTH  TOYHIIII
PO3paxyHKH, TOBIIMHY B NPUBEICHUX BHUIIC
po3paxyHKax Tpeba MpUMATH SK TOBIIMHY
HAWTOHIIOT YACTUHH JIUCTOBOI OOIIMBKH.

(7) Sxkmo OyHkep He Mae gaxy i
CXWJIBHHUN JI0 BIPOTiAHOTO IOB30BKHBOTO
BUTHHY MiJI JII€0 BITPY, B IPUBEICHUX BUIIIE
pO3paxyHKax TUCKY Ma€ OyTH 3aCTOCOBaHUU
noHmkyrunii koedimiext 0,6.

(8)  PospaxyHkoBe HampyXeHHS IIOB3-
JIOBXKHBOTO BHUTHHY JJISi CTIHKH TIOBUHHE
BU3HAYaTUCS B TMOPAAKY, BKa3aHOMY B
5325, opu C, = C, =1010, =05, a
KpUTUYHE 3HAYEHHs TUCKY npu
MOB3/IOB)KHbOMY BHUTUHI Py pery MOXE OyTH
3aMo3u4eHe 3 IPUBEICHOTO BUIIIE

NYHKTY (4).
5.3.4.6 Memopannuti 3cys

(1) Onip 00OJOHKH  TOB3/I0BXKHHOMY
BUTHHY TNIPH MEMOpaHHOMY 3CYBi NMOBHMHEH
BHU3HAYaTHCA HA  MiACTaBl  IIOJIOKEHD
cranaapty EN 1993-1-6.

5.3.5 Cminku 3 eéepmuxanvnum 2oppom i
KiJlbyesumu peopamu Hcopcmiocmi

5.3.5.1 3acanvhi nonosicenns

(1) Axmo HWTIHAPUYHA CTIHKa
BUTOTOBJICHa 3 TO(pPOBAHOTO JIUCTa 3
roppoM, poO3TalIOBaHUM IO BEPTHKAJI,
MaroTh OyTH BUKOHAHI /1Bl HACTYIIHI YMOBH:

a) rodpoBana CTiHKa TMOBUHHA
PO3MIIAIATHCA K HE HECyda TOPU30HTAIBHUX

determine which is the most critical, assuming
always that the upperend of a buckle is at the
top of the zone of thinnest sheeting.

NOTE: If a zone of thicker sheeting is used above the
zone that includes the thinnest sheeting, the upper end
of the potential buckle could occur either at the top of
the thinnest zone, or at the top of the wall.

(6)  Unless more precise calculations are
made, the thickness assumed in the above
calculation should be taken as the thickness of
the thinnest sheeting throughout.

(7) Where the silo has no roof and is
potentially subject to wind buckling, the above
calculated pressure should be reduced by the
factor 0,6.

(8) The design buckling stress for the wall
should be determined using the procedure
given in 5.3.2.5, with C, = C,, = 1,0 and taking
a, = 0,5, but adopting the critical buckling
pressure p, re, from (4) above.

5.3.4.6 Membrane shear

(1) The buckling resistance of the shell
under membrane shear should be determined
using the provisions of EN 1993-1-6.

5.3.5 Vertically corrugated walls with ring
stiffeners

5.3.5.1 General

(1) If the cylindrical wall is fabricated
using  corrugated  sheeting  with  the
corrugations running vertically, both of the
following conditions should be met:

a) The corrugated wall should be
assumed to carry no horizontal forces.
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0) rodgpoBana JIUCTOBA oOmmumBKa
NMOBUHHA  BBAXATHCS  NPOJBOTOM  MIiX
MPUKPITIICHUMHU KUTBISIMU, TOOTO BiJICTAHHIO
MiX [IEHTPaMH KiJIelb; TPU IIbOMY JIUCTOBA
OOIIMBKA PO3IMIIAIAETHCS K HEPO3PHBHA
000J10HKA.

(2) 3'eqHaHHsS MK CEKI[ISIMHU OOIIMBKHU
MaloTh OYTH pO3paxoBaHi Tak, 00 BOHH
rapaHTyBaJidi  JOCSATHCHHS  BH3HAYCHHOI
3TUHHOI CTIMKOCTI.

3) [Ipu po3paxyHKy CHJIH OChOBOTO
CTHCKY CTIHKH, IO BHHHUKA€ TiJI BILUTMBOM
CHJI T€PTS CHITY4OTO TBEPJIOTo Marepiaimy o0
CTIHKY, Mae OyTH BpaxoOBaHE IOBHE KOJIO
OyHKepa, 1O Aomyckae (HACOHHUM KOHTYP
rodpa.

4) SAxmo roppoBaHa OONIMBKA TOCATAE
OCHOBHOI TpaHWYHOI YMOBH, Mae€ OyTH
BpPaxOBAaHUHM JIOKAJIbHUNH 3TUH OOIIMBKH Y
Mipy HaONWKEHHS MEXi; TpH LbOMY
BU3HAYAETHCS MeXa, 0OMEXeHa 110 pajiycy.

(5)  PesynbTyroui po3paxyHKOBHX Hapa-
METpIB HANpY>KEHHS, ONOpPY 1 KOHTPOJIBHUX
napameTpiB MOBHMHHI BU3HAYaTHUCS
BIAMOBIIHO A0 5.3.2, ane 3 ypaxyBaHHSIM
JIOJJAaTKOBUX TIOJIOXKEHb, IepeadayeHux B
53.5.2-53.55.

5.3.5.2 I panuynuii cman nracmuunocmi

(1) [Ipn mepeBipli T'PaHUYHOTO CTaHY
IUTACTUYHOCTI, ro)poBaHa CTiHKAa MOBHHHA
OyTH BU3HAUCHA SK TakKa, IO HE Hece Oyb-
SKMX HABAHTa)KEHb B KUIBLIEBOMY HAIPSMI.

(2)  InrepBanm MiX KiJbLIEBUMHU peOpamMu
KOPCTKOCTI ~ TIOBUHEH  BHU3HAYaTHCS 32
JIOTIOMOT'0I0  PO3paxyHKy Ha MOINEepeyHHi
3ruH ro(poBaHOro MpoduIto, BUXOASIUU 3
NPUITYIICHHS, [0 CTIHKA B  MICIIX
KPITJICHHS KUJIeTIb OesrnepepBHa 1
BKJIIOUAIOYN HACIHIJKH PI3HOTO PajiadbHOTO
3MIMICHHS KUICIh >KOPCTKOCTI, IO MAaroTh
pi3Hi posmipu. Ilpu mepeBipui omnopy
MOB3JIOBXKHbOMY  BUTHMHY IIiJl BIJIUBOM
OCbOBOTO  CTHUCKY  HAmNpPYXEHHS, IO
BUHUKAIOTh B pE3yJbTaTli TaKOro BUTHHY,
NOBMHHI TMiJICYMOBYBATUCS 3 TUMH, 5Kl
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b) The corrugated sheeting should be
assumed to span between attached rings, using
the centre to centre separation between rings,
and adopting the assumption of sheeting
continuity.

(2) The joints between sheeting sections
should be designed to ensure that assumed
flexural continuity is achieved.

3) The evaluation of the axial
compression force in the wall arising from
wall frictional tractions from the bulk solid
should take account of the full circumference
of the silo, allowing for the profile shape of
the corrugation.

4) If the corrugated sheeting extends to a
base boundary condition, the local flexure of
the sheeting near the boundary should be
considered, assuming a radially restrained
boundary.

(5) The design stress resultants, resistances
and checks should be carried out as in 5.3.2,
but including the additional provisions set out
in 5.3.5.2t05.3.5.5.

5.3.5.2 Plastic limit state

(1) In checking the plastic limit state, the
corrugated wall should be assumed to carry no
circumferential forces.

(2)  The spacing of ring stiffeners should
be determined using a beam bending analysis
of the corrugated profile, assuming that the
wall is continuous over the rings and including
the consequences of different radial
displacements of ring stiffeners that have
different sizes. The stresses arising from this
bending should be added to those arising from
axial compression when checking the buckling
resistance under axial compression.
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Ipumirka: BeprukanbHuil 3ruH OOMIMBKH MOXKHA
po3paxyBaTd, pO3TINA0YN HOTo SK Oe3nepepBHHUN
MIPOJTIT, IO MPOXOAMTH Yepe3 THYUYKi OMOPH B MiCIIAX
KpituleHHs Kijenb. Toxi >KOPCTKICTh KOXKHOI OTIOpH
BU3HAYAETHCA BHUXOAAYM 3 JKOPCTKOCTI KUIEIb IIO
BiTHOIICHHIO 10 palialbHUX HABAHTAKCHb.

3) Kinbresi pebpa KOPCTKOCTI,
3allpOEKTOBaHI 3  METOK  YTPUMAaHHS
TOPH30HTAILHOTO HABAaHTAXXCHHS, TOBHHHI
MaTH  TOPOMOpIlii, M0  3aJ0BOJILHSIOTH
craggapram EN 1993-1-1 1 EN 1993-1-3,
BiJIIIOB1THO.

5.3.5.3 [10630060icHiti  32uH npu 0CbOBOMY
CMUCKy

(1) Kputnune HaPYKEHHS pu
MOB3/IOBXKHbOMY BUTHHI CTIHKH TTOBHUHHE
BU3HAYATUCS 3 YpaxyBaHHSAM I10JIOKEHb
crangapry  EN 1993-1-3 (xonoaue
HITAMITYBaHHSI OYAIBENIbHUX KOHCTPYKIIiN).
[Toniepeunwnii nepepiz roppoBaHOi OOMIUBKH
IOBUHEH pPO3MIIAJaTHCs SK Hepepi3 CTifku
MDK KUIBLEBUMH peOpaMH  KOPCTKOCTI.
KopucHy noBxuHy cnig nOpudHATH 34
BEJIMYMHY HE MEHIIY HIDX BIJICTaHb MIX
LEHTPaMHU TSDKIHHS TIONEPEYHOro Iepepizy
CYMIDKHUX KUJI€llb.

5.3.5.4 [1063006o/cHill 32uH NIO 6NAUEOM
308HIUHLO20 MUCKY, YACMKOB0I po3piddice-
HOCMI U gimpy

(1) Po3paxyHkoBuii omip T BILUTHBOM
30BHIIIHBOTO THUCKY TIOBHHEH pO3paxo-
BYyBaTHUCS TaKUM CaMHM YHHOM, SIK Y
OyHKepax 3 TOPU30HTAIBHUM TOQpoM (AMB.
53.45), ame 3 ypaxyBaHHAM 3MiIHH
opieHTarlii rodpa, sk BiamiueHo B 4.4 (7).

5.3.5.5 Membpannuii 3cys

(1)  PospaxyHkoBuii omip mpu mMeMOpaH-
HOMY 3CYBi ITOBHHEH BHU3HAYATHCS TaK CaMo,
K y OyHKepax 3 FOPH30HTAIBHUM ro(pom;
ouB. 5.3.4.6.

54 Oco0uBi YMOBH
NMTHIPUYHMX CTIHOK

NiATPUMKH

NOTE: The vertical bending of the sheeting can be
analysed by treating it as a continuous beam passing
over flexible supports at the ring locations. The stiffness
of each support is then determined from the ring
stiffness to radial loading.

3) The ring stiffeners designed to carry
the horizontal load should be proportioned in
accordance with EN 1993-1-1 and EN 1993-1-
3 as appropriate.

5.3.5.3 Buckling under axial compression

(1) The critical buckling stress for the wall
should be determined using the provisions of
EN 1993-1-3 (cold formed construction), and
treating the corrugated sheeting cross-section
as a column acting between stiffening rings.
The effective length should be taken as not
less than the separation of the centroids of
adjacent rings.

5.3.5.4 Buckling under external pressure,
partial vacuum or wind

(1) The design resistance under external
pressure should be assessed in the same
manner as for horizontally corrugated silos
(see 5.3.4.5), but taking account of the
changed orientation of the corrugations as
noted in 4.4 (7).

5.3.5.5 Membrane shear
(1) The design resistance under membrane

shear should be assessed as for horizontally
corrugated silos, see 5.3.4.6.

5.4 Special support conditions for cylindrical
walls
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abo pocmeepkom
(D) SIk1ro OCHOBAa MWTHAPUIHOT
000JIOHKM Ma€ CyIUIbHY OIOpYy, MOJKHA
BpaxoByBaTH  TUIBKM  Ti, CHJHM, IO
BIUTMBAIOTh HA CTIHKY OOOJIOHKH, 1 MOMEHTH,
Il SKUX BHUKJIMKAaHA BICECUMETPUYHUMH 1
JIOKAJII30BAaHUMH  HABAaHTAKCHHSAMH,  SK
nepenbaueno crangaprom EN 1991-4.

(2) SIKIO  3aCTOCOBYETBHCA  IMOCHJICHA
pedpaMu KOHCTPYKIliSI CTIHKH, BEPTHUKAIIbHI
pedpa KOPCTKOCTI MOBHMHHI MAaTh B OCHOBI
CYLIIBHY OIMOpPY 1 MalOTh OyTHU CHONYyYeH 3
KIJIBIIEBOIO OCHOBOIO.

5.4.2 Oédononxa, wio cnupaemupca na 1WOKy
(1)  Sxmo ob6onoHka chnupaeTbcs Ha

100Ky  (mIuB. pHCYHOK 5.6), MOXHa
HPUITYCTUTH, IO OOOJOHKA MiATPUMYETHCS

pIBHOMIpHO 32  yMOBHM, IO  OOKa
3aJI0BOJIBHSE OJTHOMY 3 JIBOX,
HIDKYEHABEICHUX YMOB:

a) BJIacHE I00Ka IUJIKOM 1 PIBHOMIPHO
HiATPUMYETHCS GYHIAMEHTOM;

0) TOBIIMHA IOOKM HE MEHIIE HDK Ha

20%  Oimplie TOBIIMHM  OOOJIOHKH, a
MpOIIeypU TTPOCKTYBAHHS KIJIBIIEBOI OAJKH,
NPUBEJICHI B PO3/LTi 8, BUKOPUCTOBYIOTHCS 3
METOI0  PO3PaxyHKYy po3MIpiB I00KM 1
CYMIXXHHMX 3 HEIO MOJHUIIb.

(2) [Ipoext FOOKH Mae Oyt
pO3paxoBaHWii Ha YTPUMAaHHS OCHOBOTO
CTHCKY CTiHKM OyHKepa 0e3 OiaronpueMHOT
Iii BHYTPIIIHBOTO TUCKY.

5.4.3 Cminka yuninopuunoi 06010nKu 3
nigkononamu

(1) Sxmo o000J0OHKA cCOUpaeTbes Ha
BiIocOOJNIEH1 CTIWKM, SKI 3aKpiluieHl Ha
CTIHLI UWIHApa (AUB. PUCYHOK 5.6 0), mis
PO3PI3HEHUX CHJI, BHUTIKAIOUMX BIiJ IIUX
ONOPHUX CTiflOK, Mae OyTH BKJIOYEHA B
PO3paxyHOK BHYTPIIIHIX CHJI, SIK1 BILTUBAIOTh
Ha 000JIOHKY OYHKEpiB JJIsl KJIaciB HACIiAKIB
213.

(2) JloBkrHa  3a4eIUICHHS  OMOPHOI
CTIMKH IMOBUHHA BU3HAYATHUCS BIAMOBIAHO 10
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resting on a grillage

(1)  Where the base of the cylindrical shell
is fully supported, the forces and moments in
the shell wall may be deemed to be only those
induced under axisymmetric actions and patch
loads as set out in EN 1991-4.

(2)  Where stiffened wall construction is
used, the vertical stiffeners should be fully
supported by the base and connected to the
base ring.

5.4.2 Shell supported by a skirt

(1) If the shell is supported on a skirt (see
figure 5.6), the shell may be assumed to be
uniformly supported provided that the skirt
satisfies one of the two following conditions:

a) The skirt is itself fully uniformly
supported by the foundation;

b) The thickness of the skirt is not less
than 20% greater than the shell, and the ring
girder design procedures given in section 8 are
used to proportion the skirt and its adjoining
flanges.

(2) The skirt should be designed to carry
the axial compression in the silo wall without
the beneficial effect of internal pressure.

5.4.3 Cylindrical shell wall with engaged
columns

(1) If the shell is supported on discrete
columns that are engaged into the wall of the
cylinder (see figure 5.6b), the effects of the
discrete forces from these supports should be
included in determining the internal forces in
the shell for silos of Consequence Classes 2
and 3.

(2) The length of the engagement of the
column should be determined according to
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3) JloxuHa pedpa KOPCTKOCTI Mae
OyTu BuOpaHa 3 ypaxyBaHHSM TPAHUYHOTO
CTaHy TMOB3J0BXHBOIO BHTHHY IIPH 3CYBI

3'emHAHHA KOHYCA 3 NHTHAPOM

3) The length of the rib should be chosen
taking account of the limit state of buckling in
shear adjacent to the rib, see 5.3.2.6.

LTenTp 3'enHAHAA

Cone/cylinder

oint centre

junction

€JIEMEHTIB, CYMDKHHUX 3 peOpoM; IuB.
5.3.2.6.
3'enHaHHT KOHYCA
3 [MILHIPOM
Cone/cylinder
. junction
Skirt \
continuous
\ around
\fir{:umfercnce
CynineHa robKa mo '\‘

DepHMETPY KOMa

a) 000JIOHKa, 110

CIIUPAETHCA Ha IO6Ky, 3 HiBKOJ’IOHOIO;

a) shell supported on b) cylindrical shell
skirt with engaged column

Pucynox
Figure
5.4.4 IHuninopuuna 000710HKa Ha
eidocobnenux onopax

(1)  Sxkmo ob6onoHka chnupaeTbcs Ha
BiTOCOOJIEHI CTiiKM abo OmopH, BIUIUB
PO3pI3HEHUX CHJI, IO BIAXOAATH BIJ IHX
OToOp TOBHMHEH OyTH BPaxOBaHUHN MpHU
pO3paxyHKy BHYTPILIHIX cuil, 10
BIUIMBAIOTh Ha OOOJOHKY, 32 BHHSTKOM
BUITAJIKiB, KOJIM MOJIOKEHHS MyHKTIB (2) 1 (3)
JO3BOJIAIOTh HEXTYBATH HUMH.

(2)  Sxmo PO3paxyHOK 000JIOHKH
BUKOHYETBCS 332  JIOIOMOTOK)  TiJIbKH
MeMOpaHHOi ~ Teopii ~ OOOJNOHOK  TpHU

BICECUMETPUYHOMY HABaHTaXX€HHI, MalOTh

Oyt  3a70BOJIEHI  ycl  4oTUpU 3
HIDKYCHABEJICHUX KPUTEPIiB:

a) BIJTHOIICHHS PajiyCy A0 TOBIIMUHU 7/t
Mae OyTH He OUTbIIE (7/1)max-

0) eKCIICHTPUCUTET  ONOpPH  HIDKYE
CTIHKH O0OJIOHKH Ma€ OyTH HE OLTbIHN k7.
c) HWIIHAPUYHA CTIHKAa Mae OyTH

’KOPCTKO TpHB'sA3aHa 10 XOIepa, TOBIIMHA
CTIHKH SIKOTO Yy TOMYIIl MIEPEXOy CKIIaTae He
MeHIte kot.

0) muTiHApIUYHA 000IOHKA

FOGKa

FOGKa

) CTiliKa HIK4Ya 100K a0
OWTiHpA

C) cTilika, oB's13aHa i3
I00KOI0 HECHMETPHYHO
BiJTHOCHO IICHTDY;

¢) column d) column beneath
eccentrically engaged skirt or cylinder
to skirt

5.6 Pi3ni cxemu onopu Juist OyHKepa 3 XOIepoM
5.6 Different arrangements for support of silo with hopper

5.4.4 Discretely supported cylindrical shell

(1) If the shell is supported on discrete
columns or supports, the effects of the discrete
forces from these supports should be included
in determining the internal forces in the shell,
except where the provisions of (2) and (3)
permit them to be ignored.

(2) If the shell is analysed using only the
membrane theory of shells for axisymmetric
loading, the following four criteria should all
be satisfied:

a) The radius-to-thickness ratio 7/¢ should
not be more than (7/f)max.

b) The eccentricity of the support beneath
the shell wall should not be more than 4;z.

c) The cylindrical wall should be rigidly
connected to a hopper that has a wall thickness
not less than k5t at the transition.
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1) IMpUHA KOXKHOI OMopu Mae OyTh He
MeHIIE k7t

Mpumirka: 3Ha9eHHSA (7/f)max, k1, k2 1 k3 MOXYTH OyTH
3amani B HamionaneHOMY momatky. PekomMeHIyroThCs
3HaUCHHS (7/f)max= 400, k1= 2,0, k= 1,0, k3= 1,0.

3) Axio pPO3paxyHOK 000JIOHKH
BUKOHYETBCS 32  JIONOMOTOK  TUIBKH
MeMOpaHHOI ~ Teopii  OOOJIOHOK  TIpH
BICECHMETPUYHOMY HABaHTA)XXEHH1, Ma€ OyTH
3aJI0BOJICHUH OIWH 3 TPbOX  HIDKYE-
HaBeJICHUX KPUTEPIiB:

a) MMOBUHHA MiITPUMYBATUCS OKPYTIICTh
BEPXHbOI'O TPAHUYHOIO Kparo OOOJIOHKH 3a
JIOTIOMOTOK0  KOHCTPYKTHBHOTO  PIillICHHS
BIIHOCHO 3'€IHAHHS 3 TaXOM;

0) MMOBUHHA MiITPUMYBATHUCS OKPYTIICTh
BEPXHBOTO T'PAHUYHOTO Kparo OOOJIOHKH 3a
JIOTIOMOT'OF0 KIHIICBOTO KUIBIISI JKOPCTKOCTI
Ha BEPIIUHI, 10 MA€ 3TUHHY XKOPCTKIiCTh El,
Opyd BUTHHI B IUIOMIMHI OKPYXHOCTI 3
KOPCTKICTIO OubIe El, min, TPEICTABICHOIO
BHPA30M :

e BeNWYrMHa ¢ Mae OyTH MpuiHATa 3a
TOBIIUHY HAUTOHIIOT IUITHKU CTIHKH.

Mpumirka: 3HaueHHS k. Moxe OYyTH 3agaHe B
HanioHanpHOMY J0#aTKy. PekoMeHay€eThCsl 3HAUCHHS
k= 0,10.

c) Bucora o6omonku L mae Oytu He
MeHIIE  Lgmin, SKa OOYHCIIOETHCS 32
bopmynoro:

L.v,min:kLr (
nen  KUIBKICTh OIIOPHUX CTIHOK,
pO3TalllOBaHUX MO  MEepuMeTpy  KoJja
00OJIOHKH.

Ipumirka: 3HaueHHs k; Moxke OyTH 3amaHO B

HanionansHOMY n01aTKy. PekoMeHayeThCsl 3HAaUSHHS
ky=4,0.

4) SKI1110 3aCTOCOBY€ETHCS JIiHIIHA TEOPis
BUTHHY 000JIOHKH abo TOYHIIINH
aQHATITUYHUN METOM, 3 MeTOr Bepudikarii
TPaHUYHOTO CTaHy MOB3JOBKHHOTO BUTHHY
OpA  OChOBOMY CTHCKY TIOBUHEH OyTH
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d) The width of each support should be
not less than k3\/r_t :

NOTE: The National Annex may choose the values of
(7/)max» k1, kr and k;. The values (#/f)ma= 400, k= 2,0,
k=1,0, k3= 1,0 are recommended.

3) If the shell is analysed using only the
membrane theory of shells for axisymmetric
loading, one of thethree following criteria
should be met:

a) The wupper edge shell boundary
condition should be kept circular by structural
connection to a roof.

b) The upper edge shell boundary should
be kept circular by using a top edge ring
stiffener with a flexural rigidity EI for
bending in the plane of the circle greater than
EL min given by:

EL pin = kErt’ (5.82)

where ¢ should be taken as the thickness of
the thinnest part of the wall.

NOTE:The National Annex may choose the value of £;.
The value k, = 0,10 is recommended.

c) The shell height L should not be less
than L min, which may be calculated as:

(5.83)

where n i1s the number
around the shell circumference.

of supports

NOTE:The National Annex may choose the value of
k;. The value k; = 4,0 is recommended.

4) If linear shell bending theory or a more
precise analysis is used, the effects of locally
high stresses above the supports should be
included in the wverification for the axial
compression buckling limit state, as detailed in
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H:’:al}I)KeHHH HaJl
po3rIsIHYTUH B 5.3.2.4.

oropamMu; JACTAJIBHO

®)) Omnopu st 00OJIOHKK TTOBUHHI MaTH
IIPOIIOPIIii, IO 33 I0BOJILHAIOTH MTOJIOKCHHSIM
5.4.5 a0 5.4.6, BiAmoBiHO.

5.4.5 bynkep, w0 cnupacmovca Ha
6i00c001eni cmiilku, po3mMauwiosani nio
xonepom

(1) Bynkep cimig po3risgaté SK Takuu,
0 Ma€ oOmNopy IiJ XOIEepOM, SKIIO
BEPTUKAJIbHA JiHIA HAJ HEHTPOM TSDKIHHS
OIIOPHOTO €JIEMEHTY MEPEBHIYE BEIHYHHY !
ycepenuHi 1 BHUIIE CEpPeIHBOI IMOBEpPXHI
MUATIHIPUIHOT 000JIOHKH.

(2) Bynkep, 1mo cnupaerbcs Ha CTIHKH,
po3TamioBaHi M~ XOHNEpOM, TOBHHEH
3aJI0BOJIBHSTH TIOJI0KCHHSIM, BUBHAYCHHUM B
po3ainmi 6, SKi CTOCYIOTHCS TPOCKTYBAaHHS
XOTIEPIB.

(3)  PospaxyHok OyHKepa, 10
CIIUPAEThCS Ha CTIWKH, PO3TAIIOBaHI i
XOMepoM, TOBMHEH BHKOHYBaThuCs 13
3aCTOCYBAHHSM JIIHIMHOI Teopii BUTHHY
000JI0HKH 200 OLIbIII TOYHOTO AHATITUYHOTO
MeTony. JlokanbHi epeKTH BUTMHY OMOPHUX
CTIMOK 1 MepuIiaJbHOIO CTHCKY, SKi
BUHUKAIOTh Y BEpXHIM YacTHHI Xomepa,
MOBMHHI OpaTHcs 10 YBaru npu po3paxyHKax
3 MeTor0 BepHudiKallii K T'PaHUYHOTO CTaHy
IUIACTUYHOCTI, TaK 1 CTaHy TpPaHUYHOTO
BurmHy. Taka  Bepugikaiisi NOBHHHA
BUKOHYBATHCS y BIAMOBIIHOCTI JO BHMOT
crangapty EN 1993-1-6.

5.4.6 /lemani nokanvnux onop i peopa
HCOpCmMKOCcmi 011 NnepeHeceHHs HAGaAH-
MAax@cenHnsa Ha YUIIHOPUYHI CIIHKU
5.4.6.1 Jlokanvni  onopu  nio  cmiHKOW0O
yuninopa

(1)  JloxanbHUi OMOPHUN KPOHIUTEWH IiJ
CTIHKOIO IMITIH/Ipa TOBUHEH MaTH BIAMOBIIHI
nponopuii, CHIBBUMIpHI  PO3paxyHKOBii
CHJI, sIKa TIepelaeTbcsi 0e3 JIOKami30BaHOi
0e3noBopoTHOT  nedopMmariii  omopu  abo

(5) The support for the shell should be
proportioned to satisfy the provisions of 5.4.5
or 5.4.6 as appropriate.

5.4.5 Discretely  supported silo  with
columns beneath the hopper

(1) A silo should be deemed to be
supported beneath its hopper if the vertical
line above the centroid of the supporting
member is more than ¢ inside the middle
surface of the cylindrical shell above it.

(2) A silo supported beneath its hopper
should satisfy the provisions of section 6 on
hopper design.

(3) A silo supported by columns beneath
its hopper should be analysed using linear
shell bending theory or a more precise
analysis. The local bending effects of the
supports and the meridional compression that
develops in the upper part of the hopper
should be included in the verification for both
the plastic limit state and the buckling limit
state, and these verifications should be carried
out using EN 1993-1-6.

5.4.6 Local support details and ribs for load
introduction in cylindrical walls

5.4.6.1 Local supports beneath the wall of a
cylinder

(1) A local support bracket beneath the
wall of a cylinder should be proportioned to
transmit the design force without localised

irreversible deformation to the support or the
shell wall.
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(2) Onopu MOBWHHI MaTH MPOIOPIIii, AKi
3a0e3medaTh Ha Kparo LWIIHIAPA BiAMOBiIHE
YTPUMaHHA KPYYEHHS Yy BEPTHKAIHHOMY,
KUJIBIIEBOMY 1 MEpUIiaJIbHOMY Hampsmax.

Mpumirka: Jleski 3 MOXIJINBHX IeTaleld OMOPHHIX
CTIOK TIOKa3aHi Ha PHCYHKY 5.7.

\_\V_’__/ _._"-.___

(2) The support should be proportioned to
provide appropriate vertical, circumferential
and meridional rotational restraint to the edge
of the cylinder.

NOTE: Some possible support details are shown in
figure 5.7.

Haxnanerssa

~ pebpa / \

JKOPCTKOCTI

stiffener = |
on the

JlokanpHa oropa nepexijHoro Kbl 3
MiBKOJIOHOIO
Local support at transition ring with
engaged column

stiffener -
1 for the >

Pebpa

i

KOPCTKOCTI AT
MOCHIEHHA

Moski1Ba cxeMa IMOCUIICHHS LIMTIHAPUYHOT CTIHKH IPY BUCOKUX

HaBaHTAXKEHHAX Ha JIOKAJILHI Ooropu

Possible stiffening arrangement for cylindrical wall with

high local support loads

Pucynok 5.7 Tunosi aerai onopHUX CTIHOK

Figure

3) JloBkrHa  3a4€IUIEHHS  OMOPHOI
CTIMKM Mae OyTH BuUOpaHa 3 ypaxyBaHHSAM
TPaHUYHOTO CTAaHY IOB3J0BXHBOTO BHUTHUHY
OOOJIOHKM TpH  3CyBI, CYMDKHOMY 3
MOB'SI3aHOI0 CTIHKOIO; AuB. 5.3.2.6.

(4)  Sxmo BimocoOneHi Oomopu 3acToco-
BYIOTbCSL 0€3 KinbleBoi Oanku, pedpo
YKOPCTKOCT1 HaJ| KOKHOIO OIOPHOIO CTIMKOIO

Mae OyTH:

a) a00 TOB's13aHO 3 00OJIOHKOIO JI0 3BiCY
Jaxy;

0) a0o0 TIOB'S3aHO HA BiJICTaHI HE MEHIIE

Lpin, sIK€ BU3HAYAETHCS 3 BUPA3Y:

L . =04r (

OIIOPHUX CTIHOK,
nepuMeTpy  Koia

nen  KUIBKICTH
pO3TalIOBaHUX  TIO
000JIOHKH.

5.4.6.2 Jlokanvni  pebpa Onsi  88edeHHs
HABAHMANCEHHS HA YUTTHOPUYHT CIMIHKU

(1) Pebpa xopctkocTi mia  mepenmadi

JIOKQJIbHOTO HABAaHTA)KCHHS CTIHII LUJIIHApA
MOBMHHI MaTH MPOMNOPIIii, CIIBBUMIpHI
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5.7 Typical details of supports

3) The length of engagement should be
chosen taking account of the limit state of
buckling of the shell in shear adjacent to the
engaged column, see 5.3.2.6.

(4)  Where discrete supports are used
without a ring girder, the stiffener above each
support should be either:

a) engaged into the shell as far as the
eaves;

b) engaged by a distance not less than
L in, determined from:

1

) (5.84)

where #n is the number of supports around the
shell circumference.

5.4.6.2 Local ribs for load introduction into
cylindrical walls

(1) A rib for local load introduction into
the wall of a cylinder should be proportioned
to transmit thedesign force without localised
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JIOKaJTi30BaHOi 0E3MOBOPOTHOI jaedopmalrii
ormopu a00 CTIHKH 00O0JIOHKH.

(2) JoBxuHa 3aueryieHHs pebpa
JKOpPCTKOCTI  Mae  Oyru  BuOpaHa 3
ypaxyBaHHSIM TPaHUYHOTO CTaHy

IIOB3/I0B)KHBOTO BUTMHY OOOJIOHKM IIpU
3CyBi, CyMDKHOMY 3 TMOB'SI3aHOIO CTIHKOIO;
ouB. 5.3.2.6.

3) [Ipu mpoekTyBaHHi pedep )KOPCTKOCTI
CJIiT BpaxyBaTH HEOOXIJAHICTh yTPUMaHHS
KpyueHHs pebpa, 00 3amo0irTv JoKaIbHUM
pamiaibHUM AeopMallisiM CTIHKH IFTIHIPA.
I[Ipu  HeoOXimHOCTI  Is  3amoOiraHHs
paniadbHUM nedopmarism MTOBHHHI
3aCTOCOBYBATHCS KIUIBIIS )KOPCTKOCTI.

Mpumirka: MoxiuBi getami s NEPEHECCHHS
HABaHTaXCHHA Ha OOOJOHKY 3a  JOIOMOTOIO
JIOKAIBHUX pebep >KOPCTKOCTI MOKa3aHi Ha PUCYHKY
5.8.

| —

JloxanpHe pedpo Oe3 Kiems, 3aKpiluicHe Ha CTIiHII
WITIHApA
Local rib without rings attached to
cylindrical wall

shell wall.

(2) The engagement length of the rib
should be chosen taking account of the limit
state of buckling of the shell in shear adjacent
to the rib, see 5.3.2.6.

3) The design of the rib should take
account of the need for rotational restraint of
the rib to prevent local radial deformations of
the cylinder wall. Where necessary, stiffening
rings should be used to prevent radial
deformations.

NOTE: Possible details for load introduction into the
shell using local ribs are shown in figure 5.8.

PeGpo
Rib

BepxHe KinbIe

Upper ring

HinkHe Kinblie

]

Shell wal
CTinKa 000IOHKH

JlokanpHe pedpo 3 KITBIIMH KOPCTKOCTI IJIST OMTOPH
paniadbHEM aedopMariisiM
Local rib with stiffening rings to resist
radial displacements

Pucynok 5.8 Twunosi nerani ocHaIllEHHS AJIs IEPEHECEHHS HaBaHTa)KEHHS
Figure 5.8 Typical details of loading rib attachments

5.4.7 Aunxepne Kpinienus ocHO8U
oynkepa

(1) IIpu  mpoekTyBaHHI AHKEPHOT'O
KPITUICHHS MTOBUHHA BpPaxXOBYBaTHCS
HEOJHOPITHICTh (PaKTUYHUX Al HA CTIHKY
000JIOHKHM B KiTblIeBOMY HampsiMi. OcobnuBa
yBara TIOBHMHHAa MPUIUISTHCS BUCOKUM
BUMOTaM JI0 JIOKQJIbHUX aHKEPHHUX KPIIJICHb,
HEOOXITHUX JIJIs OTIOPY il BITPY.

5.4.7 Anchorage at the base of a silo

(1) The design of the anchorage should
take account of the circumferential non-
uniformity of the actual actions on the shell
wall. Particular attention should be paid to the
local high anchorage requirements needed to
resist wind action.
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HEIOOIHIOIOTECS, SKI0 OyHKEp PO3TISAAEThCS K
KOHCOJIbHA OanKa MpH 3arajJbHOMY BUTHHI.

(2) InTepBan MIXK AHKEPHUMH
KpIIUIEHHSIMM HE€ IIOBHHEH IEpPEeBUIYBATH
3HAYeHHA, 110 BUBOJHUTHCS 3 BpPaXyBaHHIM
pPO3paxXyHKOBUX  MOXJIMBOCTEH  KUIbLA
OCHOBH, IIpUBEJIEHUX B 8.5.3.

(3) Skmo He BHUKOHYBaTH YTOYHEHI
pPO3paxyHKHM, BHKOPHCTOBYIOUM YMCIOBUH
aHaii3, TPOEKT AaHKEPHOTO  KPIIUICHHS
MOBUHEH MaTH aJCKBaTHUH omip, 1100
BUTPUMATH JIOKAJIbHY BEJIWYMHY TMiA €MHOI
CHJIU Ny g HA OJIMHULIIO KOJIa:

the silo is treated as a cantilever beam under global
bending.

(2) The separation between anchorages
should not exceed the value derived from
consideration of the base ring design, given in
8.5.3.

3) Unless a more thorough assessment is
made using numerical analysis, the anchorage
design should have a resistance adequate to
sustain the local value of the uplifting force
ny g4 Per unit circumference:

n . = L C+fmzc P P (5.85)
x,Ed pn,Edw 2]" 1 ~ m 4 a2+a3 .
’ 2
a, :1+10,4(—j (5.86)
mL
. 2
a, =1 +7,8(—) (5.87)
mL
r } 1
a.=3—|—|| — 5.88
’ (Lj 7714(m2—1)2 ( )
Ie: where:

PnEdw PO3PAaXyHKOBE 3HAUYCHHS TOUKU THCKY
rajlbMyBaHHS 1111 BIUIMBOM BITpY;

L 3arajibHa BHCOTA CTIHKH
LWTIHIPUYHOT 000JIOHKY;
t cepenHs TOBILMHA CTIHKH
LWTIHIPUYHOT 000JIOHKHY;
L MOMEHT iHepuii mepepizy KuIbId Ha

BEpPXHIA KpOMIIl MWIIHApPAa BIJHOCHO HOTO
BEPTUKAJIBHOI OCl (BUTMHY B KUIBLIEBOMY
HaMpsIMi);

C,  xoe(dilieHTH TapMOHIHHOTO pPO3MO-
JILTy BITPOBOTO HAaBAHTAXKEHHS TI0 KOJTY

M BULIIH KOOQIIEHT TapMOHIKM HpU
PO3MOILTI BITPOBOTO HABAHTAKECHHSI.

Ipumirka: 3HaueHHA Koe(dimieHTIB TapMOHIHHOTO
po3moniay BiTpoBoro HaBaHTaxeHHs C,, fKi
MOB'S3aHI 3 OCOONMBHMH YMOBAMH, MOXYTh OYyTH
3amani B HamionaneHOMy aonatky. Jlami mpuBeaeHi
MPOCTi peKoMeHAallii 11 OyHKepiB KJIaciB HACIHIIKIB
1i2:M=4,C, =+0,25, C,=+1,0, C;=+0,451 Cy =
—0.15. [JIns OyHkepiB Kkjmacy  HacmiakiB 3
PCKOMEHAYIOThCS ~ Olmbll  TOYHI  Koe(illieHTH
posnoainy, siki npencrasneHi B Jomarky C, a came:
M = 4 nns Binocobnenux OyHkepiB i M = 10 s
OyHKepiB, PO3TAIIOBAHUX TPYIIAMHU.
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Pniaw 18 the design value of the stagnation
point pressure under wind;

L isthe total height of the cylindrical
shell wall;

t is the mean thickness of the cylindrical
shell wall;
L 1s the second moment of area of the

ring at the upper edge of the cylinder about its
vertical axis (circumferential bending);

Cn are the harmonic coefficients of the
wind pressure distribution around the
circumference

M is the highest harmonic in the wind
pressure distribution.

NOTE: The values for the harmonic coefficients of
wind pressure C,, relevant to specific conditions maybe
chosen by the National Annex. The following gives a
simple recommendation for Class 1 and 2 silos: M= 4,
C, =+0,25, C, =+1,0, C3 =+0,45 and C, = —0.15. For
Class 3 silos, the more precise distributions with M= 4
for isolated silos and M= 10 for grouped silos given in
Annex C are recommended.
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5.5 Heramizanis
IUJIIHAPUYHUX CTIHKAX

OTBOpiB B

5.5.1 3acanwvni nonosrcennsa

(1) OTtBopu B CTiHII OyHKEpa MarTh
OyTu HOCHUJIEHI BEPTUKAIbHUMHU 1
TOPU3OHTAILBHUMH peOpamMu KOPCTKOCTI, SK1
3aKpIIUTIOIOTECA  TIOPSJ 3 OTBOPOM. SIKIIO
MDK OTBOPOM 1 peOpoM  KOPCTKOCTI
MPOKIIAJACHUNA OYIb-SIKUH MaTepiai i3 CTIHKH
O0OOJIOHKH, TIpH PO3paxyHKax HOro CIij
ITHOpYBATH.

5.5.2 Ilpamoxymni omeopu

(1) Po3mip mocuieHHS 1O mEepUMETpy
HOPSMOKYTHOTO OTBOPY Y BEpPTHKAIBHOMY
HampsimMi  (IuMB. pUCYHOK 5.9) mae Oyt
TakuM, 1100 IJIoLa MONEPEeYHOro mepepizy
pebep KOpPCTKOCTI Oyira He MEHIIA 3a TUIONTY
MIOTIEPEYHOr0 Tepepi3y BHUPI3aHOT YaCTUHU
CTIHKH, aJle He MEPEeBUIIyBaia I1¢ 3HAUYCHHS
OLIBII HIXK B /1B pa3H.

(2) Po3Mip mocuneHHs MO TOPHU3OHTANI
Mae OyTH TakuM, MO0 IUIONIA MOMEPEYHOTO
nepepizy pedep KOpCTKOCTI Oyna He MeHIIe
IUIONIl TIONEPEYHOro Imepepidy BUPI3aHOL
YaCTHHH CTIHKH.

(3) 3runna HKOPCTKICTh pedep
KOPCTKOCTI, pPO3TAIIOBaHMUX i MPSIMHUM
KyToM 70  HampsMy  pe3yJlbTyH4ol

MeMOPaHHOTO HANpY)KEHHS, NMOBUHHA OYyTH
BUOpaHa Tak, MO0 BIJTHOCHE 3MIMICHHS O
CTIHKM OOOJIOHKM Yy HampsMi pe3yibTyruoi
HaIpYKeHHs Ha LIEHTpaJIbHIN JIiHIT OTBOPY 1
HaNpy>KEHHs y 3B'I3KYy 3 HAsBHICTIO OTBOPY
Oymo He OuTbIle 3a BEIUYUHY Omax, KA
BU3HAYA€THCSI BUPA3OM:

5.5  Detailing for openings in cylindrical
walls

5.5.1 General

(1) Openings in the wall of the silo should
be reinforced by vertical and horizontal
stiffeners adjacent to the opening. If any
material of the shell wall lies between the
opening and the stiffener, it should be ignored
in the calculation.

5.5.2 Rectangular openings

(1) The vertical reinforcement around a
rectangular opening (see figure 5.9) should be
dimensioned so that the cross-sectional area of
the stiffeners is not less than the cross-
sectional area of the wall that has been lost,
but not more than twice this value.

(2) The horizontal reinforcement should be
dimensioned so that the cross-sectional area of
the stiffeners is not less than the cross-
sectional area of the wall that has been lost.

3) The flexural stiffness of the stiffeners
orthogonal to the direction of the membrane
stress resultant should be chosen so that the
relative displacement o of the shell wall in the
direction of the stress resultant on the
centreline of the opening and resulting from
the presence of the opening is not greater than
Omax, determined as:

O ax = kdl\ﬁ-d (5.89)
r

ned  mMpuHAa OTBOPY, IO BUMIPIOETHCS
NEePHEHAUKYJIIPHO HAIpPsMYy pe3yabTyr4ol
HaIpyKCHHS.

Mpumirka: 3nauenns k; Moxe OyTH 3amaHe B
HarmionaneHoMy nmonatky. PekoMeHIyeThCsl 3HAUCHHS

where d is the width of the opening
normal to the direction of the stress resultant.

NOTE: The National Annex may choose the value of
k4. The value k; = 0,02 is recommended.
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(4) JIoB)KMHA TOCHWJICHHS BEPTUKAJIb-
HAMH  peOpaMH  JKOPCTKOCTI  ITOBHHHA
BUCTYIATH 33 BEPXHIO 1 HIDKHIO MEX1 OTBOPY

HE MEHIIIEe HiK HA BETUUUHY 27T .

(5) OO6ooHKa Mae OyTH 3alpOCKTOBaHA
TaKk, 100  TPOTUCTOSATH  JIOKAITBHOMY
MIOB3/IOB)KHbOMY BUTHMHY CTIHKM B 30HI
3aKiHYeHHs pedep kopcTkocti. [lpu mpomy
MOBHHHI 3aCTOCOBYBATHUCS IOJIOKEHHS 5.4.5
15.4.6 CTOCOBHO JIOKQJIbHUX HABAHTAXKCHb.

NPSIMOKYTHHUH OTBIip
rectangular opening

KPYTJIHi OTBIp
circular opening

(4) The vertical reinforcing stiffeners

should extend not less than 2+/7¢ above and
below the opening.

(5) The shell should be designed to resist
local buckling of the wall adjacent to the
termination of the stiffeners using the
provisions of 5.4.5 and 5.4.6 for local loads.

- ITocumoroua
KOHCTPYKIIis
(3BapHe abo GosToBe
KPITUICHHS Ha CTIiHII
OyHKepa)
reinforcing structure
(welded or bolted on
silo wall)

Pucynok 5.9 TumnoBi cxeMu NOCHUJICHHSI OTBOPIB B CTIHKaX OyHKepa

Figure 5.9 walls

5.6 I'panumyHi ekcruiyaTaniiiHi cTaHu
5.6.1 Ocnoga

(1) I'pannyni  ekcrulyaTariiiHi  cTaHU
CTaJIeBUX  IIWIIHAPUYHUX  OyHKepiB 3
JINCTOBOIO OOIIMBKOIO CTIHOK CITILT
CIIpUIIMATH SIK:

— gedopmariii  ab0  BIAXWUIEHHA,  SKI
HECTIPUATINBO BIUIMBAIOTh Ha e(EeKTUBHE
BUKOPUCTAHHS KOHCTPYKIIii;

— nedopmMartii, BimxwieHHs, BiOpamii abo
KOJIMBAaHHS, $KI UIKOJATh SAK HECY4YHM,
€JIEMEHTaM KOHCTPYKIIii, TaK 1 HE HECYUHM.

(2) Hedopmariii, BiaxwieHHs 1 BiOparii
MarTh OyTH OOMeXeH1, 00 3aJ0BOJIbHUTH
BKa3aHUM BUILE KPUTEPISIM.
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Typical stiffening arrangements for openings in silo

5.6 Serviceability limit states
5.6.1 Basis

(1) The serviceability limit states for steel
silo cylindrical plated walls should be taken
as:

— deformations or deflections that adversely
affect the effective use of the structure;

— deformations, deflections, vibration or
oscillation that causes damage to both
structural and non-structural elements.

(2)  Deformations, deflections and
vibrations should be limited to meet the above
criteria.
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3) KoHkpeTHi rpaHWYHI 3HAYCHHS, IO
BIJIITIOBIAAIOTH BU3HAYEHIH o0OacTi
3aCTOCYBaHHS, IOBUHHI OYTH TIOTOKEHI MK
MPOSKTHOI OPraHi3aIli€lo, 3aMOBHHKOM i
HarJSIIOBUM OPTaHOM 3 ypaxyBaHHSIM cepu

3aCTOCYBaHHS 1 NPUPOAM  TBEPAHX
MaTepiaiiB, 0 30epiraroThes.

5.6.2 Bioxunennsa

(1) ['pannyHe  3HAYEHHS  3arajbHOTO
BIIXWJICHHS TI0O TOPU30OHTAI Mae OyTH

MIpUMHATE 3a:

Winax = ko H

ne H Bucota KOHCTPYKIIi, $Ka BHMi-

pIO€EThCS Bl PyHAAMEHTY JI0 J1axy.

Ipumirka: 3HauenHs k;, Moxe OyTH 3ajaHe B
HarrionansHOMY J07aTKy. PeKOMEHIy€eThCS 3HAUCHHS
kd2=0,02.

(2) I'pannuHe 3HAYCHHS  JIOKAJBLHOTO
BIIXWJICHHS 32 pagiycoM  (BIAXWJICHHS
NOMEPEeYHOro mepepidy Big Kojla) MiJ

BIJIMBOM BITPY IMOBUHHO OyTH NMpUHHATE 3a
HalMEHIIIE 3:

Wy max = kazr

Wy max = kaa t

net JIOKaJIbHa  TOBIIMHA  HAWTOHIIOI

YACTUHH B CTIHII O0OJIOHKH.

Mpumirka: 3HaueHHs ky; 1 kg MOXYTH OyTH 3a7aHi B
HanionansHomy JIOAATKY. PexomeHytoThCs
sHaueHHs k3 = 0,05 1 kg = 20.

3) Specific limiting values, appropriate to
the intended use, should be agreed between
the designer, the client and the relevant
authority, taking account of the intended use
and the nature of the solids to be stored.

5.6.2 Deflections

(1) The limiting value for
horizontal deflection should be taken as:

global

(5.90)

where H is the height of the structure
measured from the foundation to the roof.

NOTE: The National Annex may choose the value of
k. The value kp, = 0,02 is recommended.

2) The limiting value for local radial
deflection (departure of cross-section from
circular) under wind should be taken as the
lesser of:

(5.91)
(5.92)

where ¢ is the local thickness of the
thinnest part of the shell wall.

NOTE: The National Annex may choose the values of
ks3 and ky. The values k; = 0,05 and kyy = 20 are
recommended.
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6 IIPOEKTYBAHHA KOHIYHUX
BYHKEPIB-XOIIEPIB

6.1 OcHoBa
6.1.1 3acanwvni nonoscennsn

(1) KoniyHi Xomepu MOBHHHI MaTH TaKi
MpomopIiii, 100 BHUKOHYBAJIUCA OCHOBHI
BUMOTH JI0 PO3PaXyHKY KpaWHIX TpPaHUYHUX
CTaHIB, IO MICTATHCS Y pO31LII 2.

(2) Ominka 6e3neKkn KOHIYHOI 00OJIOHKH
MOBMHHA TPOBOJUTUCS  BIAMOBIAHO  J0
nosioxeHb crangapty EN 1993-1-6.

6.1.2 [Ilpoexkmyeannsa cminok xonepa

(1) KoHniuHi cCTiHKM Xomepa TIOBHHHI
nepeBipsTUCS Ha:

— OIIip PO3PUBY IIiJl BILTABOM BHYTPILITHHOTO
TUCKY 1 TepTs 00 CTIHKWU;

— OIip JOKaJbHIA TEKy4OCTl MpPH BUTHHI B
nepexiJiHii 30Hi;

— Omip BTOMHOMY pyHHYBaHHIO;

— omip 1IBiB (3'€IHaHB);

— omip BTpaTl CTIHKOCTI MPH MHONEPEUHUX
HaBaHTAXXEHHSAX, BUKIUKAHUX 3aBaHTAXY-
BIBHUMHU TPUCTPOSMH 1 OCHAIIICHHSM;

— JIOKaJbHI mOii.

(2) Crinka 000JIOHKH MOBUHHA
32JIOBOJIHATH  TIOJIOKEHHSIM  CTaHIapTy
EN 1993-1-6, 3a BHUKIIOYEHHSIM THX
BUIMAJKIB, kKoimu 6.3 — 6.5 3a0e3medyroTh

YMOBH, $IKi 3aJ0BOJIBHSIOTH TOJOXKEHHIM
[bOTO CTaHJAPTY.

(3)  IlpaBuna, mo mictarbes B 6.3 — 6.5,
MOXYTh 3aCTOCOBYBATUCS IO XOIEpiB 3
HEMOBHUMHM KyTaMmH y Aiana3oni 0°< < 70°.

(4) B xomepax knacy HacmigkiB 1 3a
IPaHUYHUMHM CTaHAMHU IUKIIYHOI IJIacTHY-
HOCTi 1 BTOMH MO)XHa HEXTYBaTH 3a YMOBH,
1m0 OyIyTh BUKOHAHI JB1 HACTYITHI YMOBH:

a) Po3paxyHOK po3puBYy B mepexinHii
30HI  BUKOHAaHUH 3  BUKOPHUCTAHHSIM
BJIOCKOHAJICHOTO YaCTKOBOTO KoedilieHTa

Ymo = Ymog-
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6 DESIGN OF CONICAL
HOPPERS
6.1 Basis

6.1.1 General

(1) Conical hoppers should be so
proportioned  that the basic  design
requirements for ultimate limit states given in
section 2 are satisfied.

(2) The safety assessment of the conical
shell should be conducted using the provisions
of EN 1993-1-6.

6.1.2 Hopper wall design

(1) The conical wall of the hopper should
be checked for:

— resistance to rupture under internal pressure
and wall friction;

— resistance to local yielding in bending at the
transition;

— resistance to fatigue failure;

— resistance of joints (connections);

— resistance to buckling under transverse loads
from feeders and attachments;

— local effects.

(2) The shell wall should satisfy the
provisions of EN 1993-1-6, except where 6.3
to 6.5 provide conditions that are deemed to
satisfy the provisions of that standard.

3) The rules given in 6.3 to 6.5 may be
used for hoppers with hopper half angles in
the range 0°< < 70°.

(4)  For hoppers in Consequence Class 1,
the cyclic plasticity and fatigue limit states
may be ignored, provided that both the
following two conditions are met:

a) The design for the rupture at the
transition junction should be carried out using
an enhanced partial factor of Y0 = Yang-
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3aCTOCOBYIOThCS  JIOKQJIbHI
pebpa xopcTKOCTI 200 OTOpH.

MepuIianbH1

IlpumiTka: 3HA4YeHHA 7Yp,. MOXKE OyTH 3aJaHe B
HarmionansHoMy monatky. PekoMeHTyeThCsl 3HAUCHHS
Ymog-= 1,4

6.2 Bigminnocri MioK
000/10HOK OyHKepa

(popmamu

(1) Crinka Xxorepa, BHUTOTOBJCHa 3
IUIOCKOTO ~ CTQJIEBOTO  KaTaHOTO  JIUCTA,
HA3UBAETHCS 130TPOITHOIO.

(2) Crinka xorepa 3 pebpamu
KOPCTKOCTI, NPUKPITIICHUMH 30BHI,
HA3UBAETHCS 30BHINIHIM ITOCHIJICHHSIM.

3) Xomep 3 OUIBII  HDK  OJHUM
pPO3BaHTAXYBaTLHUM OTBOPOM HA3HUBAETHCS
OaraToKaHAJILHUM.

4) Xomep, KU € 4YacTUHOI OyHKepa 3
B1JIOCOOJIEHUMHU OMOPHUMHM CTiMKaMu abo
KPOHILTEHHAMH,  TIOBMHEH  Ha3WBATHCH
OKPEMO OTIEPTUM, MOTPH TE, 110 B1IOCOOIIEHI
OTIOpH HE PO3TaIIOBaHI 0e3MOoCepeqHBO Mij
XOIIEPOM.

6.3  Omip xoHiyHUX OyHKepiB-xonepiB
6.3.1 3acanvni nonosxcennsn

(1) Koniunnii Xomep IMOBUHEH
3aJJOBOJIBHATH  TOJIO)KEHHSIM ~ CTaHAAPTY
EN 1993-1-6. VYV sKkocTi anbTepHaTHBHU
3aJ0BUIbHI ~ pe3yabTaTd  MOXYTb  OyTH
OTpUMaHi LUIIXOM OLIHKH DPO3PaXyHKOBOTO
OTIOpPY BiAMOBIAHO /10 6.3.

(2) OcobnuBy yBary HEOOXiTHO
3BEPHYTH Ha MO>KJTUBI KpUTHUYHI
HaBaHTAXXEHHS B PI3HUX YaCTHHAX XOIepa B
yMOBax OapWyHOTO TIOJNS TiJ BIUTHBOM
HaIOBHEHHSI 200 PO3BAaHTAKEHHS.

(3)  PesynbTyroui HampyXeHHs XoIepa,
II0 BHHHUKAIOTh B KOPIYCi, K MpPaBHIIO,
MOXKHa  BHU3HAYUTH 32  JIONIOMOTOIO
MeMOpaHHO1 Teopii 000JIOHOK.

IIpumitka: J[logatkoBa iHpopmanis, moB'sI3aHa 3

sﬁpports are attached to the hopper wall near
the transition junction.

NOTE: The National Annex may choose the value of
Yumog- The value vy, = 1,4 is recommended.

6.2  Distinctions between hopper shell
forms

(1) A hopper wall constructed from flat
rolled steel sheet should be termed 'isotropic'.

(2) A hopper wall with stiffeners attached
to the outside should be termed 'externally
stiffened’

3) A hopper with more than one discharge
orifice should be termed 'multiple outlet'

4) A hopper which forms part of a silo
supported on discrete column or bracket
supports should be termed ‘discretely
supported', even though the discrete supports
are not directly beneath the hopper.

6.3  Resistance of conical hoppers
6.3.1 General

(1) The conical hopper should satisfy the
provisions of EN 1993-1-6. Alternatively,
these may be deemed to be satisfied using the
assessments of the design resistance given in
6.3.

(2) Special attention should be paid to the
possibility that different parts of the hopper
can be critically loaded under the pressure
patterns of either filling or discharge actions.

3) The stress resultants arising in the body
of the hopper may generally be found using
the membrane theory of shells.

NOTE: Additional information relating to the pressure
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PE3yNBTYIOUNMH HANpYXKEHHSIMH B KOPIIyCi XoIepa
3TigHO  MeMOpaHHOI  Teopii, TmpencTaBieHa B
Honatky B.

stress resultants in the hopper body is given in Annex
B.

MOYaTKOBa
TOUKa
BEPIIHHH

KOHyca | apex

origin
an

Pucynok 6.1 CermeHT 000JIOHKH XOmepa

Figure

6.3.2 I3omponni xonepu 0e3 pebdep
Hcopcmkocmi Ha 36apHux avo 60amosux
3'conannax

6.3.2.1 3acanvhi nonosicenns

(1) Koniunuit xormep ITIOBUHEH
po3rIAIaTHCs K KOHCTPYKIiSA OOOJIOHKH, B
AKI BpaxOBYEThCS  B3aEMO3B'SI30K  MIXK
MEpUAIaTIbHOI0 1 TMepupEepuvHOI0 €0 MpU
HaBaHTa)KEHHI Ha KPIIUICHHS.

6.3.2.2 Mexanism NIACMUYHOCMI abo
PO3puUBU KOHCMPYKYIill Xonepa

(1)  PospaxyHku 3 MeTor0 3amoOiraHHs
pO3pHBY IOBHHHI BpaxoBYBaTH, IO XOIIEp
MOXeE TiamaBaTHcsa [ii pi3HUX OapHYHHX
MOJiB, 1 3MiHAaM IMX TIOJIB B CTIiHII.
OCKUTbKM TOYaTKOBA TOYKA pPYHHYBaHHS
BEPIIMHU KOHYCa NMPU PO3PUBI MOXE JIETKO
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6.1 Hopper shell segment

6.3.2 Isotropic unstiffened welded or bolted
hoppers

6.3.2.1 General

(1) A conical hopper should be treated as a
shell structure, recognising the coupling of
meridional and circumferential actions in
supporting loads.

6.3.2.2 Plastic mechanism or rupture in the
hopper body

(1) The design against rupture should
recognise that the hopper can be subject to
different patterns and changing patterns of
pressures on the wall. Because failure by
rupture can easily propagate and is generally
not ductile, every point in the hopper should
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KO)KHAa TOYKa Xomepa Mae OyTH 30aTHOIO
IPOTUCTOATH HAUTSHKYUM  PO3PAXyHKOBUM
YMOBaM.

(2) 3BapHi abo OonTOBI  3'eqHAHHSA,
CHpPSMOBAaHI BHH3 Y30BX MEpHUAIaIbHOI
JiHIl KOHIYHOTO XOTmepa, MOBUHHI MaTH B
KOXKHIA TO4YII MpOHopiii, SKi BUTPUMAIOTh
Mo3arpaHu4Hi MEMOpaHHI CWJIM, 10 BHHH-
KalOTh B pe3yJibTaTi PO3MOIULY THCKY, SK
IIpU HATNlOBHEHI, TaK 1 IPH pO3BaHTaXKEHI.

3) 3BapHi a60 OONTOBI 3'€THAHHS, CIIPS-
MOBaHI B3JIOBX KOJIa XOIepa, IOBUHHI MaTH
IPOTIOPIIii, 3/aTHI BUTPUMATH MaKCHMAIIbHY
3arajibHy Bary TBEpAMX MaTepialiB, sKa
MOXe OyTH TpHKIaJeHa HWXKYE TaKoTo

3'€eTHAHHS.
IIpumirka: 119 BennunHa 3a3BUYall BU3HAYA€ETHCS 3a
JIOTIOMOT'OI0 PO3MOALITY THCKY IPH HAllOBHEHHI; JTUB.
EN 1991-4.

6.3.2.3 Po3pusu 6 nepexioniii 301i

(1)  KpyroBuit moB MK XomepoM i
NEepexiTHUM 3'€IHAHHSM (IUB. PUCYHOK 6.2)
Mae OyTH  po3paxoBaHHUH  Tak, 1100
BUTPUMATH MaKCUMaJIbHEe 3arajipHe
MepujiajibHe HABaHTAXEHHA, sKe MOBHHEH
BUTPUMATH XOTIep, m00 3a0e3MeYnTr Omopy
3 JIOyCKOM Ha MOXJIMBY 1 HEMHUHYYY
HEOJHOPIHICTh HABAHTAKEHb.

Kpurnune Kpurnune

3'eTHAHHA 3'e ITHAHHA

Critical Critical
joint joints

a) y 3BapHill KOHCTPYKIIIT;
a) in welded construction

Pucynok
Figure

condition.

(2) Welded or bolted joints running down
the meridian within the conical hopper should
be proportioned at each point to sustain the
worst membrane forces arising from either the
filling or the discharge pressure distribution.

(3)  Welded or bolted joints running around
the hopper circumference should be
proportioned to sustain the maximum total
weight of solids that can be applied below that
point.

NOTE: This is generally defined by the filling pressure
distribution: see EN 1991-4.

6.3.2.3 Rupture at the transition junction

(1) The circumferential joint between the
hopper and the transition junction, see Figure
6.2, should be designed to carry the maximum
total meridional load that the hopper can be
required to support, allowing for possible
unavoidable non-uniformities.

Kputnune 3'e1HaHHA

Critical joint

0) y KOHCTPYKIIii Ha GonTax
b) in bolted construction

6.2 IlepexinHe 3'€1HaHHS XOIeEpa: BipOTiIHICTh PO3PUBY
6.2 Hopper transition joint: potential for rupture
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(2) ko po3rIsAaTH TUTBKH
HABaHTAXECHHS, BUKIUKAHI CHJIOI0 TSDKIHHA 1
CaMOIUTMHHICTIO, TBEPAUX MarepiajiiB, IO
30epiraroThCsi, MEpPHUAIOHAIBHY CHUJIy Ha
OJIMHMINIO KOJA 7MyjEds, 10 BUHUKAE B
pe3yibTari CUMETPUYHOTO THUCKY,
Bu3HadeHoro B craHjapti EN 1991-4, ske
Mae OyTH TIEpeHeceHe 4depe3 MepexigHe
3'eJHAHHA, CIif pO3paxoByBaTH 3a
JIOTIOMOTOI0 ~ 3aranbHOi  piBHOBaru. Tomi
PO3paxyHKOBE 3HAYECHHS JIOKAJBHOT
MEpHiaTbHOI CHIIM Ha OJUHULIIO KOJIA My}, £d,
IO JOMYCKa€ MOKJIUBY HEpPIBHOMIPHICTb
HABaHTa)XCHHS, Oy/Ie OTPHUMAHO 3 BUPa3y:

(2) Where the only loading under
consideration is gravity and flow loading from
the stored solid, the meridional force per unit
circumference  nmyppgs caused by  the
symmetrical pressures defined in EN 1991-4
that must be transmitted through the transition
joint should be evaluated using global
equilibrium. The design value of the local
meridional force per unit circumference 7y zq,
allowing for the possible non-uniformity of
the loading, should then be obtained as

NohEd = asym MohEd,s (6 1)
ne: where:
Hoh Eds PO3paxyHKOBE 3HAYCHHS Hooh Eds is the design value of the
MepuaianpbHOi ~ MeMOpaHHOT  CHJIM  Ha meridional membrane force per unit

ONIMHUIII0O KOJIA 'y BEpIIUMHI  XOTepa,
OTpUMaHE Ha MIJACTaBl MPUIYIICHHS, IO

HABAHTAXKEHHS Ha  Xomep  a0COJIFOTHO
CUMETPHUYHI;
Gasym KoeirieHT 30UJILIIEHHS

ACUMCTPHUYHOI'O HAIIPYKCHHA.

Mpumirka: Bupasu mns nyj, gy MictaTbes B Jlonatky
B. 3unaueHHa g, MOXe OyTM 3ajaHe B
HarrionansHOMY 707aTKy. PeKOMEHIY€EThCS 3HAUCHHS
gasym': 192

(3) Y OyHkepax Kiacy HacHiAKiB 2
pPO3paxyHOK BHUTMHY B OOJIaCTI MPYXKHOI
nedopmarlii TOBMHEH BHUKOHYBATHCS Ha
NPUKIIAAl XOolepa, Ha SIKMH BIUIMBAOTH 1HIII
HABAaHTAKCHHSI, BUTIKAIOYl BiJl BiJOKPEM-
JICHUX OTIOp, 3aBaHTAXKYBAJIbHUX NPHUCTPOIB,
NPUKPIIIEHUX ~ €JIEMEHTIB, HEOJHOPITHUX
TUCKIB Ha xomep Tomo. Takuil aHami3
MOBHHEH BU3HAYUTH MaKCHUMaJIbHE JIOKATbHE
3HaYeHHS MEpHJIIANbHOI CHJIM Ha OJMHHULIO
KoJa, sike Mae OyTH IepelaHe depe3 XOomep
nepexiTHOMY 3'€JHAHHIO.

(4)  PospaxyHkoBuii omip Xxomepa B
nepexiiHOMYy 3'€IHaHHI Myppg Mae OyTH
NPUNHATUH 3a:

circumference at the top of the hopper
obtained assuming the hopper loads are
entirely symmetrical,

Gasym is the unsymmetrical stress
augmentation factor.

NOTE: Expressions for n,; z;, may be found in Annex
B. The National Annex may choose the value of ggsm.
The value g, = 1,2 is recommended.

(3)  For silos in Consequence Class 2, an
elastic bending analysis should be made of the
hopper where other loads from discrete
supports, feeders, attached members, non-
uniform hopper pressures etc. are involved.
This analysis should determine the maximum
local value of the meridional force per unit
circumference to be transmitted through the
hopper to transition junction joint.

4) The design resistance of the hopper at
the transition joint n,; zs should be taken as:

Nonrd = ke tfu !l Yan (6.2)

Ie f, TPpaHUI MIITHOCTI Ha PO3PHB.

IIpumitka: 3HaueHHs k. Moxe OyTH 3agaHe B
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where £, is the tensile strength.

NOTE: The National Annex may choose the value of
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k.= 0,90.
6.3.2.4 Mexanizm naacmuyHocmi npu 3MiHi
MoBWUHU ADO0 8 nepexioHoMmy 3'€OHaHHI

(1) Omip xomepa TpW  BpaxyBaHHI
IUTACTUYHOCTI TOBUHEH OIIIHIOBATHCS B
MOKa3HUKaX JIOKaJIbHOTO 3HAYCHHS

PE3yIbTYIOY0I MEPUAIAIBHOTO MEMOPAHHOTO
HaIpy>KEeHHS 7, Ha BEpXHIA MEXi1 KOHyca abo
B TOYIL[ 3MIHU TOBIIUHH JIUCTA.

6.3.2.4 Plastic  mechanism at  thickness

changes or at the transition

(1) The plastic mechanism resistance of
the hopper should be evaluated in terms of the
local value of meridional membrane stress
resultant n, at the upper edge of the cone or at
a change of plate thickness.

(2) PozpaxynkoBuit orrip My Rd 2) The design resistance n, zs should be
BHU3HAYAETHCS 32 BUPA3OM: determined from:

rtf. 0,91u+0,27

My ra = = ( i i1s j/yMo (6.3)
r24 \/ sinp [N MO

cosf
ne: where:
t JIOKaJbHa TOBILMHA CTIHKH; t 1s the local wall thickness;
r paalyc y BUIIIM TOYIl MeXaHI3My r is the radius at the top of the plastic

iacTHaHoCTi (y BepHIMHI Xomepa abo y
BEPXHil TOUIIl 3MiHU TOBIIMHH JINCTA);

B HETIOBHUH KYT XOIepa; JHUB. PUCYHOK
6.1;

w KOe(ILIEHT TePTS CTIHKU XOmepa.

3 B ycix KPUTUYHHUX  TOYKax
KOHCTPYKIIi pO3paxyHKOBE HaNpyKEHHS

MOBHMHHE 33/I0BOJILHATH HACTYIHIA YMOBI:

Ny Ed < Ny, Rd

mechanism (hopper top or change of plate
thickness);
B is the hopper half angle, see figure 6.1;

v is the wall friction coefficient for the
hopper.

3) At each critical point in the structure,
the design stresses should satisfy the
condition:

(6.4)

Pucynok 6.3 Ilnactuune pyiiHyBaHHS KOHIYHOIO XOIepa
Figure 6.3 Plastic collapse of conical hopper

6.3.2.5 JlokanvHuti 32un 8 30HI nepexiono2o
3'eonanmns

6.3.2.5 Local flexure at the transition
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(1) 1106 YHUKHYTH UKIIIYHOT
IUIACTUYHOCTI 1 BTOMHOTO pYHHYBaHHS
IPOCKT XOIepa MOBHHEH MaTH CTIHKICTh 10
KPUTHUYHOTO JIOKAIBHOTO BUTHHY B HOTrO
BEPIIHHI, SKE MOKE BUHUKHYTH B PE3yJIbTaTi
mii YMHHUKIB, IO BINIMBAIOTh K Ha
CYMICHICTb 30BHIIIIHIX BIUIMBIB, TaK 1 Ha CTaH
piBHOBArm.

(2) B mpoekrax  OyHKepiB  Kjacy
Haciiakies 1 [i€0 BUMOIOIO MOYHa
HEXTYBaTH.

(3)  3a BimcyTHOCTI aHami3y KOHCTPYKIIii
METOI0M CKIHYEHHUX €JIEeMEHTIB, 3HAa4EeHHs
JOKAJbHOTO HANpY)KEHHS TpPU BHTHHI Y
BEpILIMHI XOIlepa IOBHHHE OIIHIOBATUCA 3
ypaxyBaHHSM HACTYIIHOI IIPOLEYPH.

(4)  EdextuBHa panmianbHa cuna Fppg 1
MOMEHT M, ;4 1O BIUIMBAIOTH HA MEpexiTHe
KiJIbIle, ITOBMHHI BHM3HAYATHCS, BUXOASYHU 3
TaKUX BUPA3iB:

(D) To avoid cyclic plasticity and fatigue
failures, the hopper should be designed to
resist the severe local flexure at the top of the
hopper that arises from both compatibility and
equilibrium effects.

(2)  This requirement may be ignored for
silos of Consequence Class 1.

(3) In the absence of a finite element
analysis of the structure, the value of the local
bending stress at the top of the hopper should
be assessed using the following procedure.

4) The effective radial force F,p; and
moment M, g; acting on the transition ring
should be determined from:

Fe,Ed:nUh,Ed sinB—Fh—Fc (65)

Mepa=Fexe— Fpxy (6.6)

npu with: F.=2x.puc (6.7)
Fr=2x, (0,85 0,15 pcotP) puu (6.8)

x, =0,39,/rt. (6.9)

x, =039, [ (6.10)
cosp

ne (1uB. pucyHOK 8.4) :

th JIOKaJIbHA TOBILMHA CTIHKHU XOIIepa;

t, JIOKaJbHA TOBIIMHA CTIHKM IWIIHApA
B 30H1 IEPEXIAHOTO 3'€THAHHS,

r paniyc mepexigHoro 3'egHaHHSA (y
BEpXHiil yacTuHI Xonepa);

B MOJIOBUHUH KYT y BEpIIMHI XOIepa;

v KOoe(ilLi€HT TepTS CTIHKU XONepa;

MonEd PO3PAXYHKOBE 3HAYCHHS PE3YNIBTY-
10401 MEpUIIaTbHOTO MeMOPaHHOTO
HANPYKCHHSI Y BEPITUHI XOTepa;

DPnh JOKaJIbHA BEJIMYMHA HOPMAIBHOTO
THCKy Ha Xomep Oe3mocepenHbo  Tif
NEPEXiTHUM 3'€THAHHSM;

Pre JIOKQJIbHA BEJIMYMHA HOPMAIBHOTO
TUCKY Ha MWIHAp Oe3mocepenHbo Hal
MIePEX1THAM 3'€ THAaHHSIM.

(5) JlokanbHe

3TUHHE  HAaNpy>KEeHHS
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where (see figure 8.4):

th is the hopper local wall thickness;

t, is the local wall thickness of the
cylinder at the transition junction;

r isthe radius of the transition junction
(top of the hopper);

B is the hopper apex half angle;

v is the wall friction coefficient for the
hopper;

nmyneqa 18 the design value of the meridional
membrane stress resultant at the top of the
hopper;

D is the local value of normal pressure on
the hopper just below the transition;

Pre is the local value of normal pressure on
the cylinder just above the transition.

&) The local bending stress opy; s at the
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BHU3HAYA€THCA HACTYITHUM YNMHOM!

SponEa = (gj{(% - 2a1n)Me,Ed - p(a3 - azn)Fe,Ed }_ (tézj}?e,deh (6.11)
h
npu with: A=2aia3 — ar’° (6.12)
p=0,78r (6.13)
N=./t, cosP (6.14)
t3/2
a=0"+0" + A=+ 2 (6.15)
Jeosp  p
a, =t -t +t; (6.16)
a, =t +£7 +£"/cosp (6.17)
ne: where:
t JIOKQJIbHA TOBIIWHA CTIHKHU XOTIEpa; t is the hopper local wall thickness;
t, JIOKaJbHA TOBIIMHA CTIHKH IWIIHApA t, is the local wall thickness of the
B 30HI MIEPEXITHOTO 3'€JHAHHS; cylinder at the transition junction;
t JIOKAJIbHA TOBIMHA CTIHKA IOOKH t is the local wall thickness of the skirt

HIDKYA MIEPEXiTHOTO 3'€THAHHS;

A, TUIOIIA TIONEPEYHOro nepepisy Kilblsd
B 30HI mepeximHoro 3'emHaHHA  (0e3
ypaxyBaHHs (PaKTHYHOTO BIUIUBY CYMIKHHX
CETMEHTIB 000JIOHKH);

r paniyc mepexigHoro 3'enxHaHHS (Y
BEPXHIN YaCTHHI XOmepa).

6.3.2.6 Xonepu ax  uacmuna
onepmoeo Ha 8i00cobieHi onopu

byHkepa,

(1) Sxkmo OyHKep  CHUpaeTbCs  Ha
BiJI0cOOJIeHI omopu abo TMOosiCH, BIAHOCHA
JKOPCTKICTh TEPeXigHOi KUIbIeBO1 Oankw,
CTIHKM ULWJIIHApa 1 Xolepa IOBHMHHI
BpPaxOBYBaTHCSA MPU OLIHII HEOJHOPIIHOCTI
MepuliaJbHUX MeMOpaHHUX Halpy>KeHb B
xorepi.

(2) 'V Oyskepax kiacy HacmiJkiB 1 miero
BUMOTOI0 MOKHA HEXTYBATH.

3) [Tpoext xorepa TTOBUHEH
3a0e3medyBaTy Omip HAHBHUILIOTO JIOKAJIBHOTO
MEpUJIIaIbHOTO HAMpyKEeHHS Yy BEpXHIH
YacTUHI Xomepa (CyMDKHOIO 3 OIOpOIO)
BIJIMOBIAHO 10 6.3.2.316.3.2.4.

6.3.2.7 I106300601cHill 32uH 6 Xonepax
(1) 'V Oynkepax kmacy HaciuigkiB 1 mum

KpUTEPIEM MOKHA HEXTYBATH.
(2) Xomep TMOBUHEH OI[IHIOBATHCS Ha

below the transition junction;

Ae,  1s the cross-sectional area of the ring at
the transition junction (without any effective
contributions from the adjacent shell
segments);

r is the radius of the transition junction
(top of the hopper).

6.3.2.6 Hoppers that are part of a silo resting
on discrete supports

(1)  If the silo is supported on discrete
supports or columns, the relative stiffness of
the transition ringgirder, cylinder wall and
hopper should be taken into account when
assessing the non-uniformity of the meridional
membrane stresses in the hopper.

(2)  This requirement may be ignored for
silos of Consequence Class 1.

3) The hopper should be designed to
sustain the highest local value of meridional
tension at the hopper top (adjacent to a
support) according to 6.3.2.3 and 6.3.2.4.

6.3.2.7 Buckling in hoppers
(1)  This criterion may be ignored for silos
of Consequence Class 1.

(2)  The hopper should be assessed for its

106


arymarenko
Прямоугольник


BUTMHI BHACIIJIOK TOPU3OHTAIBHUX JIiH,
BUTIKAIOYMX BIJ 3aBaHTAXyBAIbHUX
MIPUCTPOIB 1 MPUKPIIUICHUX KOHCTPYKIIH, 4n
TakKMX, [0 BUHHUKAIOTh B  PE3yJbTaTi
ACUMCTPUYHHMX JIIH Yy  BEPTHKAIBHOMY
Harnpsmi.

3) Po3paxyHkoBUil OImip MOB3I0BKHBO-
MY BUTHHY My, rqs Y BEPXHIN YaCTHHI Xomepa
MOBUHHCH BH3HAYATUCH HA ITiJICTaBi BUPa3y:

Mypra = 0960‘th[ p

ze:

Olysr KoedirieHT YYTJIMBOCTI bi (o)
IJIACTUYHOT nedopmarii npu
MIOB3/I0B)XKHbOMY BUTHHI;

th JIOKQJIbHA TOBIIMHA CTIHKHU XOTIEpa;

r paaiyc mepeximHoro 3'enHaHHs (Y

BEPXHIN YaCTHHI XOIepa).
Y1 HaBeneHe B 2.9.2, ame nyps HE
HOBUHHO NEPEBUILLYBATH 7y g = th fy / Yasi.

Ipumirka: 3HaueHHS o,, MOXe OyTH 3agaHe B
HarmionansHoMy nonatky. PexomeHnoBaHe 3HAYEHHS
oy = 0,10.

4) MepunianpHe 3ycuiuid y BEpxHIA
YaCcTHHI XOIepa IOBHHHE 3aJI0BOJBHATH
YMOBI:

Noh,Ed < Noh,Rd

6.4  Posrsn cnemianbHUX KOHCTPYKIIH
OyHKepiB

6.4.1 Onopui koncmpykuii

(1) EdexkTuBHicTh B1OCOOIEHUX OIOD,
pO3TalIoOBaHUX IiJ OyHKepoM, HEoOXiJTHO
omiHoBaty 3rifHo 5.4. Cami migTpuMyrodi
KOHCTPYKLIi ~ TMOBMHHI  IPOEKTYBATHUCS
BigmosBigHo mo EN 1993-1-1, a Mexa MIiXK
OyHKEpOM 1 MIATPUMYIOYOI0 KOHCTPYKLIEIO
MOBWHHA BU3HAYATHCS 3rigHo 1.1(4).

6.4.2 Xonep na onopnux cmiikax

(1) Axmo kopmyc camMoro  xormepa
HIATPUMYETHCS  BiJOCOOJICHUMH  OIOPaMHU
abo cTiikamu, SKi HE JOCSTAl0Th BEPXHBOI

KPOMKHM  XOIlepa, KOHCTPYKIisl — Xomepa
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of horizontal actions from feeders or attached
structures, or as a result of unsymmetrical
vertical actions.

3) The design buckling resistance 7,z at
the top of the hopper should be determined
from:

2
jCOSB/YMl

lh

where:

Oy is the elastic buckling imperfection
sensitivity factor;

(6.18)

ty is the hopper local wall thickness;

r isthe radius of the transition junction
(top of the hopper).

and

Ymi is given in 2.9.2, but n, gs should not
be taken as greater than n, gg = ;. f; / Yan1-

NOTE: The National Annex may choose the value of
oy, The value oy, = 0,10 is recommended.

(4)  The meridional force at the top of the
hopper should satisfy the condition:

(6.19)

6.4 Considerations for special hopper
structures

6.4.1 Supporting structures

(1)  The effect of discrete supports beneath
the silo should be treated as set out in 5.4. The
supporting structures themselves should be
designed to EN 1993-1-1, with the boundary
between the silo and supporting structure as
defined in 1.1(4).

6.4.2 Column supported hopper

(D) If the hopper body itself is supported
on discrete supports or columns that do not
reach the hopper top edge, the hopper
structure should be analysed using the bending
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BUTHHY oéonéHoi(; ,I[i/IB. EN 1993-1-6.

(2) Heo0xinHo BUKOPHUCTOBYBATH
aJeKBaTHI  3axoAd, 100  PO3MOIUIUTH
PEaKTHBHI CHIIU OTIOp Ha XOIep.

3) 3'enHaHHS B XOmEpi MarTh OyTH
po3paxoBaHi HAa  HaWBWINE  JIOKAJbHE
3HAYCHHS PE3YIbTYIOUUX HANPYXKEeHb, SKi
OynyTh TiepeaHi uepes 1 3'€ JTHaHHSI.

(4) Ilpo omiaky xomepa Ha OIIp
pYHHYBaHHIO MPH MOB3J0BXXHROMY BUTHHI B
30HaX, J€  TEHEPYETbCSl  CTUCKYIOYE
MeMOpaHHe HanpyskeHHs, AuB. EN 1993-1-6.

6.4.3 Acumempuunuii xonep

(1) Skimo Bick Xomepa MmpoJisirae HE IO
BEPTUKAJI, a TTOXHUJIO MiJ KYTOM  BiTHOCHO
BepTHKam  (pucyHok 6.4), migBUIIEHI
MepuIiabHI HaNpyXeHHS Ha CTOPOHI 3
KPYTHM YXHJIOM, SIKi aCOIIOIOTHCS 3 TAKOI
TEOMETPIEIO, HEOOXI1IHO OLIIHHUTHU 1
BUKOPHUCTATH 3aXO0/U 3 METOI0 3a0e3MeueHHs
aJICKBaTHOTO  JIOKAJBHOTO MEPHiaIbHOTO
oropy.

6.4.4 Ilocuneni konycu

(1)  IloB3momxkHi Oanmku pebep KoOpcT-
KOCTI MaroTh OyTH HaJiiHO 3aKpiIUIeHI
aHKepaMH y BEpXHii YaCTUHH XoIepa.

(2) Skmo KoHyC Xxomepa IOCHIICHHU
MepUiaIbHUMH pedpaMu  KOPCTKOCTi, B
pPO3paxyHKH HEOOXiTHO BKIIOYUTH €(eKT
CYMICHOCTI MIDX JIMCTOBOIO  OOOJIOHKOIO
CTIHKM 1 TOB3JOBXKHIMU Oankamu. Edext
HaIpyKeHHsI B CTIHI XoIepa B KUIbLIEBOMY
HanpsMi Mae OyTH BKJIIOUEHHH B OLIIHKY CHII,
0 BHUHUKAIOTh Y TIOB3JOBXKHIX Oaikax
pebep KOPCTKOCTI 1 JIMCTOBiM 00O0JIOHII
CTiHKM Xxomepa. [lpm 1bOMy TIOBHHEH
BpaxoByBaTHCh edekT I[lyaccoHa.

3) 3'eqHaHHS JIHCTIB XOmepa MOBUHHI
MaTH JOCTATHI MPOIOPIIii, 00 MPOTUCTOATH
MiBUIIICHOMY HANpPYKCHHIO, 110 BUHHUKAE B
pe3ynbTaTi B3a€EMHOTO BIUIMBY €JIEMEHTIB
KOHCTPYKIIIi.

2) Adequate provision should be made to
distribute the support forces into the hopper.

3) The joints in the hopper should be
designed for the highest local value of stress
resultants to be transmitted through them.

(4)  The hopper should be assessed for
resistance to buckling failure in zones where
compressive membrane stresses develop, see
EN 1993-1-6.

6.4.3 Unsymmetrical hopper

(D) If the axis of the hopper is not vertical,
but inclined at an angle ® to the vertical (Fig.
6.4), the increased meridional stresses on the
steep side associated with this geometry
should be evaluated, and appropriate provision
made to provide an adequate local meridional
resistance.

6.4.4 Stiffened cones

(1)  The stringer stiffeners should be
adequately anchored at the top of the hopper.

(2)  If the hopper cone is stiffened with
meridional  stiffeners, the effects of
compatibility between the wall plate and
stringers should be included. The effect of the
circumferential tension in the hopper wall
should be included in the assessment of the
forces in the stringer stiffeners and the hopper
wall plate, as affected by the Poisson effect.

(3) The hopper plate joints should be
proportioned to resist the increased tension
arising from compatibility.
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4) 3'eqHaHHs MDK [I0B310BXHBOIO
0aJIKOI0 1 JIMCTOBOIO 0OOJIOHKOIO XOIIEepa Mae
OyTH CITIBPO3MipHE CHJIaM, IO B3a€EMOJIIOTH
MIXK HUMH.

4) The connection between the stringer
and hopper plate should be proportioned for
the interaction forces between them.

Pucynoxk 6.4 .
LWITIHAPOM

Figure
6.4.5 Cecmenmosani konycu xonepa

(1) Ko KOHyC Xomepa CKIIAJA€eTbCs 3
JIEKITBKOX CETMEHTIB 3 PI3HUMH YXWUJIaMH,
BIJINMOB1/IHI JIii CUITyYuX TBEPAUX MaTepialliB
Ha KOXKEH CETMEHT MaroTh OyTH pO3paxoBaHi
1 BKJIFOYEH1 B TPOEKT KOHCTPYKIIIi.

(2) Takox  HEOOXiTHO  po3paxyBaTH
JIOKAJIbHI ~ HalpyXeHHS B  KUIbLIEBOMY
HanpsAMi 1 CTUCKYIOUl CHJIM TpU 3MiHI KyTa
HaXWJIy XOIlepa, a TaKOX aJeKBaTHUHU OMmip,
110 3abe3nevye iX yrpuMaHHs.

(3) IIpoexkTHi  poO3paxyHKH  TOBHUHHI
BKITIOYATH JIOKAIbHE PYHHYBaHHS BHACIIIOK
3MiH KyTa HaXWiIy Xorepa.

6.5  Excruyaraniiina
IrPAHUYHHUX CTaHIB

NPUIATHICTH

6.5.1 Ocrnosa

(1) SAxmo BUHUKHE MOTpeda B KPUTEPISAX
OLIHKM  eKCIUTyaTaliiHOI  MPUAATHOCTI
XOTepiB, KOHKPETHI TpaHWYHI 3HAYCHHS
MiUIATAIOTh Y3TOKEHHIO MK IPOEKTHOIO
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AcuMeTpuyHUR  Xomep

3 MIBKOJIOHAMH, IIOB'SI3aHUMH 3

6.4 Unsymmetrical hopper with engaged columns in cylinder

6.4.5 Multi-segment cones

(1) If a hopper cone is composed of
several segments with different slopes, the
appropriate bulk solids actions on each
segment should be evaluated and included in
the structural design.

(2) The local circumferential tensions or
compressions at changes in hopper slope
should be evaluated, and adequate resistance
provided to support them.

3) The potential for severe local wear at
such changes in hopper slope should be
included in the design.

6.5  Serviceability limit states

6.5.1 Basis

(D) If serviceability criteria are deemed
necessary, specific limiting values for hoppers
should be agreed between the designer and the
client.
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6.5.2 Biopauia 6.5.2 Vibration

(1) B npoekTi maroTh OyTu mepenbadeHi (D) Provision should be made to ensure
HEOOXI/IHI 3aX0J, M0 TapaHTyITh, IO B that the hopper is not subject to excessive
yac eKCIUTyararii xonep He Oy/e CXHJIbHHI vibration during operation.

110 1ii HaJAMIpHUX BiOparriii.
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7 ITPOEKTYBAHHAA

KOHCTPYKIIA  KOJIOBOI'O
KOHIYHOI'O JAXY

7.1 OcHoBa

(1) Ilpm mnpoekTyBaHHI  KOHCTPYKIIii

Jlaxy B pO3paxyHKax HEOOXITHO pO3IIIsiaTv
CIIONTyYeHS  TOCTIMHUX 1  TUMYAaCOBUX
HABaHTaXXCHb, Ta BpaxyBaTH BHIIaJIKOBI
HABaHTAXXCHHS BiJ] CUJHM BITPY, CHIrOBOTO
MOKPHUBY 1 /111 YaCTKOBOI PO3P1IKEHOCTI.

(2) Kpim  Toro, mpoekr TIOBHUHEH
nependadyaTd  MOXKJIMBICTh ~ BHHUKHCHHS
i HOMHUX CWJI Ha JaXy BiJl BHIIQJKOBOTO
NEPENOBHIOBaHHA ab0o  HerependadyeHoro
PO3pIIKEHHS  TBEpAUX  MaTepiamiB, MI0
30epiraroThes.

7.2 BigminuocTi MIiK
KOHCTPYKIII 1axy

(popmamu

7.2.1 Tepminonoczia

(1) Koniynuii 00ONMOHKOBMIA Nax, SIKUM
YTBOPIOIOTH KaTaHl JIUCTU ©O€3 OIMOPHUX
Oanox abo KiJIelb Ha3UBAETHCS
000JIOHKOBUM TMOKPUTTSM ab0 Oe30MOpHUM
JaXOM.

(2) Koniynmii nax, B skoMy OOOJOHKA
HIATPUMY€ETbCA 3a JIONOMOror Oanok abo
pPOCTBEpKa, HA3MBAETCA KPOKBSHUM JaXOM
ab0 aXxOM IO MIATPUMYETHCS.

73 Omnip KpyriMx KOHIYHMX JaxiB
OyHKepa

731 Jlaxu y euznadi o060onouku aoo
0e3onopui oaxu

(1) Jaxu y Buriasali 00O0JIOHKOBOTO
MOKPUTTS MOBUHHI MPOEKTYBATHCS
BimoBimiHO g0 BuMmor EN  1993-1-6.
HacTtynHi TONMOXKEHHS MOXYTh BBaXKaTHUCS
TaKUMHU, 110 33JOBOJBHIIOTH UM BHMOTaM
0 KOHIYHUX JaxiB, 1 MalTh JiaMeTp He
OunbIIe 5SM 1 KyT HaxXWiy Jaxy BIJHOCHO
ropu30HTaJ L He Oubie 40°.
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7 DESIGN OF CIRCULAR
CONICAL ROOF STRUCTURES

71 Basis

(1)  The design of roof structures should
take into consideration permanent, transient,
imposed, wind, snow, accidental and partial
vacuum loads.

2) The design should also take account of
the possibility of upward forces on the roof
due to accidental overfilling or unexpected
fluidisation of stored solids.

7.2 Distinctions between roof structural
forms

7.2.1 Terminology

(1) A conical shell roof formed from rolled
plates and without supporting beams or rings
should be termed a ,shell roof or an
,unsupported roof™.

(2) A conical roof in which sheeting is
supported on beams or a grillage should be
termed a ,framed roof ™ or a ,supported roof™.

7.3 Resistance of circular conical silo
roofs

7.3.1 Shell or unsupported roofs

(1) Shell roofs should be designed
according to the requirements of EN 1993-1-6,
but the following provisions may be deemed
to satisfy them for conical roofs with a
diameter not greater than 5m and a roof

inclination to the horizontal v not greater than
40°.
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pO3paxyHKy IOBEpXHi 3 Kputepiem Miseca,
BUKJIMKAaHI KOMOIHOBAHOI  3THHHOIO 1
MEMOpaHHOIO JisIMH, MarTh OYTH BCIOJIH
00MEIKEHI 3HAYCHHSIM:

Jera=Jy /! Ymo

ae:

Ymo BHU3HAYa€THCA 3 2.9.2.

(3) Kpurnynuii 30BHIIIHIA THCK TIpU
NOB3JIOBXXHBOMY  BHUTHHI  Ppper A
130TPONHOTO0  KOHIYHOTO J1aXy IOBHHEH

o0uuCIIIOBaTHCA 3a AOIMIOMOI'0I0 BUpA3Yy:

pn,Rcr = 2765E(

ne:

r 30BHIIIHIN pajiyc naxy;

t HaliMeHIIa TOBIIMHA aucTa
000JIOHKH;

v HaXWII KOHYca BiZTHOCHO

FOpI/ISOHTaHBHOI IIJIOIMHHA.

(4) Po3paxyHKOBWIA 30BHIIIHIA THCK TIpH
MIOB3/I0B)KHBOMY BUTHHI MOBUHEH
BHU3HAYATHCS 32 (HOPMYIIOIO:

PnRd = Op PnRer / Y

B AKIN Y BU3HAYaeThed 3 2.9.2.
Ipumirka: 3HaueHHA o, MOXe OyTH 3aJaHe B

HarmionanesHOMY nomaTky. PexoMeHmoBaHe 3HAa4YeHHS
a, = 0,20.

(5)  Po3spaxyHkoBHMI NIKOBHI 30BHIIIHIN
THUCK Ha JaX, I[0 BUHUKAE B PE3yJIbTATI i,
BU3HA4YE€HUX B 7.1, TIOBHHEH 3aJI0BOJBHATH
HACTYIHINA YMOBI:

PnEd < Pn.Rd

7.3.2 Kpoxkeéani avo niompumyeani oaxu

(1) KpoxBsiHi a00 miaATpUMYBaHi axH, e
JUCTOBA TIOKPIBJISI JIaXy CIHUPAEThCA Ha
Oanku abo POCTBEPK, MOBHMHHI
MIPOEKTYBATUCS BIAMOBITHO 10 TOJOKEHb
EN 1993-4-2 (pe3epByapn).

7.3.3 Cnonyuennsa 3eicy oaxy (3'eonanus
Mixyc oaxom i 0060/10HK010)

(1) [IpoekTr  cnosyyeHHs  nmaxy 3
000JIOHKOIO 1 KIJIBIIEBOTO MOCUJICHHSI B 30HI
Oro 3“€JIHAHHS MOBUHHO OyTH BUKOHAHE
BIAMOBIAHO 10 IodoxkeHb EN 1993-4-2
(PesepByapn).

équivalent stresses due to combined bending
and membrane action should everywhere be
limited to the value:

(7.1)
where:
Ymo  1s obtained from 2.9.2.
(3)  The critical buckling external pressure

Purer fOr an isotropic conical roof should be

calculated as:

tcosv )P
j . (tanu )]’6 (7.2)
r
where:
r is the outer radius of the roof;
t is the smallest shell plate thickness;
v is the slope of the cone to the
horizontal.
4) The design buckling external pressure

should be determined as:

(7.3)
in which vy, is obtained from 2.9.2.

NOTE: The National Annex may choose the value of
a,. The value o, = 0,20 is recommended.

%) The design peak external pressure on
the roof arising from the actions defined in 7.1
should satisfy the condition:

(7.4)

7.3.2 Framed or supported roofs

(1)  Framed or supported roofs, where the
roof sheeting is supported on beams or a
grillage should be designed according to the
provisions of EN 1993-4-2 (Tanks).

7.3.3 Eaves junction (roof to shell junction)
(1)  The roof to shell junction, and the ring
stiffener at this junction should be designed

according to the provisions of EN 1993-4-2
(Tanks).
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8 ITPOEKTYBAHHSA IIEPE-
XITHUX CHHOJYYEHb I IIJA-
TPUMYBAJIbHUX KIJIBIIEBUX
BAJIOK

8.1 OcHoBa
8.1.1 3acanwvni nonoscennsn

(1) CraneBe mepeximHe Kimble abo
KUIbIleBa Oajika IIOBMHHA MaTH Taki
npornopiii, mo6 Oynmu 3aT0BOJICHI OCHOBHI
IPOCKTHI BUMOTH JI0 KPAWHBOTO TPAHUYHOTO
CTaHy, BUKJIQJICHI y po3aimi 2.

(2) Ominka Oe3nmeKku Kimblsi TIOBHHHA
BUKOHYBATHUCS Ha iCcTaBl BHMOT
EN 1993-1-6, 3a BHHSITKOM THX BHIIAIKIB,
KOJM JIOTPMMaHHS IIMX BUMOr 3a0e3-
MEYYETHCS TAHUM CTaHIAPTOM.

(3) Y OyHkepax Kjacy Hachigkip 1
[UKIIYHOI0 TUTACTUYHICTIO 1 TpPaHUYHUMH
CTaHaAMH BTOMH MOYXHA HEXTYBaTH 32 YMOBH
JOTPUMaHHS HIDKYCHABEICHUX YMOB.

8.1.2 Ilpoexkmyesanns Kinoys

(1) Kinbie abo kinmplieBa Oanka mijisrae
nepeBipll Ha:

— omip MexXi IJIaCTUYHOCTI NMPH CTUCKY B
KUIBLIEBOMY HaIpsiMi;

— OMip MOB3/I0B)XHbOMY BUTHHY IPHU CTUCKY
B KUJIbLIEBOMY HaIlpsiMi;

— omp  JIOKaJbHOI  TEKY4OCTI  IpH
HaANpPYKEHHSX PO3TATY a00 CTUCKY;

— Oomip JOKaJlbHOMY pYHHYBaHHIO BHILE
or1op;

— OIlip KPYUEHHIO;

— omip WIBIB (3'€AHAHD).

(2) Kinbuesa Oanka ITOBHHHA
3aJI0BOJIBHATH I0J0KeHHIM EN 1993-1-6, 3a
BHKJTIOUCHHSM THX BHIIAJKIB, KOJIH 3al0-
BOJICHHSI TIOJIO)KEHHSIM IIbOTO  CTAHJAPTY
3a0e3mevy€eThCs  YMOBaMH, BKa3aHUMH
B 8.2 —8.5.

(3) VYV Oynkepax kmacy HachiakiB 1
[MUKJIIYHOIO TIIACTUYHICTIO 1 TPaHWUYHUMH
CTaHaMH BTOMH MOJYKHA HEXTYBATH.
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8 DESIGN OF TRANSITION
JUNCTIONS AND SUPPORTING
RING GIRDERS

8.1 Basis
8.1.1 General

(1) A steel transition ring or ring girder
should be so proportioned that the basic
design requirements for the ultimate limit state
given in section 2 are satisfied.

(2)  The safety assessment of the ring
should be carried out using the provisions of
EN 1993-1-6, except where the provisions of
this Standard are deemed to satisfy them.

(3)  For silos in Consequence Class 1, the
cyclic plasticity and fatigue limit states may
be ignored, provided that the following
conditions are met.

8.1.2 Ring design

(1)  The ring or ring girder should be
checked for:

— resistance to plastic limit under
circumferential compression;

— resistance to buckling under circumferential
compression;

— resistance to local yielding under tension or
compression stresses;

— resistance to local failure above supports;

— resistance to torsion;

— resistance of joints (connections).

(2)  The ring girder should satisfy the
provisions of EN 1993-1-6, except where 8.2
to 8.5 provide conditions that are deemed to
satisfy the provisions of that standard.

3) For silos in Consequence Class 1, the
cyclic plasticity and fatigue limit states may
be ignored.
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(1) Kinbue, mnpusHadeHe TiINBKK IS
3a0e3neYeHHS oropy pagianbHUM
CKJIQJIOBUM CHJI, BUTIKAIOUUX BIiJ[ XOIepa,
MOBHHHE HA3MBATHUCS MEPEXiTHUM KUTBIICM.

(2) Kinbre, MIpU3HAYCHE JUTS
3a0e3medeHHs epepo3noIily BEpTHKAILHUX
CHUII MIXK pi3HUMU KOMITOHCHTAMH

(HampuKIaa, MK CTIHKOIWO IIJIIHApA 1

B1J10COOJIEHUMH oropamu), MTOBHUHHE
Ha3UBATHCA KUIBIIEBOIO OAJIKOIO.
(3) Touka HEPETUHY CepeIuHHOL

MOBEPXHI JIMCTOBOI OOIIMBKM Xomepa 1
CepeIMHHOI MOBEPXHI CTIHKU LWTIHIPHYHOI
000JIOHKH B 30HI1 MEPEXiTHOTO 3'€ THAHHS, 110
HA3WBAETHCS IEHTPOM CITOJIYYCHHS, [IOBUHHA
BUKOPUCTOBYBATHUCS TUIsL NepEBIpKU
IpaHUYHUX CTaHIiB B 0a30Bii TOYII.

4) Bynkep, skuii HE Mae KUIBIS, IO
1IeHTHU(IKYyeTbCA, B 30HI mepexoay (AuB.
pucyHok 8.1), mMae epexkTUBHE KuIblie, L0
CKIIQJIA€ThC 3  CYMDKHHX  CErMEHTIB
OOOJIOHKH,  SIKE TIOBHHHE  Ha3WBATHUCS
MPUPOIHUM KIITBIEM.

(5) Kinpuacta mnnactuHa, moMilieHa B
30Hy TEpPEeXiJHOTO CIOJXY4YEHHS, ITOBHHHA
HA3MBATUCA KUTbIEM 3 KUTbUACTHX IUIACTHH,
JIUB. pUCYHOK 8.1.

(6) lapsiuekatanuit craneBuili mpodib,
KU BUKOPUCTOBYETHCS B SKOCTI1
KUTBIIEBOTO MTOCHJICHHS TIEPEXiTHOTO CITOITY-
YEeHHS, TIOBHHEH HAa3UBATHCS KiTbIICBUM
KaTaHUM IpoQiiaeMm.

(7) Karanuii craneBuili npodinb y310BxK
nepuMerpa KoJa OyHKepa, 110
BUKOPHUCTOBYETbCA ISl MIATPUMKU OOOJIOH-
KA  HW)KYE  TEpexXiJHOr0  CIOJy4eHHS
MOBUHEH HAa3MBATUCS KaTaHOIO KUIbIIEBOIO
OajKoro.

(8) [Ipodink, BUTOTOBICHMIA 13 CTATIEBUX
MJIACTHH 3 MWJIIHIAPUIHUMH 200 KUThYaCTUMH
KOHTYpaMH, TOBHHEH Ha3MBaTuCs 301pHOIO
KUTBIIEBOIO OQJIKOIO; JMB. pUCYHOK 8.1.

(1) A ring whose purpose is only to
provide resistance to radial components of
forces from the hopper should be termed a
»transition ring™.

2) A ring whose purpose is to provide
redistribution of vertical forces between
different components (e.g. the cylinder wall
and discrete supports), should be termed a
,lng girder®.

(3)  The point of intersection between the
middle surface of the hopper plate and the
middle surface of the cylindrical shell wall at
the transition junction, termed the ,joint
centre®, should be used as the reference point
in limit state verifications.

(4) A silo with no identified ring at the
transition (see figure 8.1) has an effective ring
formed from adjacent shell segments and
should be termed a ,natural ring".

(5) An annular plate placed at the
transition junction should be termed an
wannular plate ring™, see figure 8.1.

(6) A hot rolled steel section, used as a
ring stiffener at the transition should be
termed a ,yolled section ring™.

(7 A rolled steel section rolled around the
silo circumference and used to support the
shell beneath the transition should be termed a
,»olled ring girder.

(8) A section built up from steel plates
with cylindrical and annular plate forms
should be termed a ,fabricated ring girder®, see
figure 8.1.
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(1) IIpu po3paxyHkax Bpy4HY, 3'€IHAHHS
Mae OoyTH MIPE/ICTABIICHE TUTBKH
[WIIHAPUYHAMHE 1 KOHIYHUMH CETMEHTaMHU
000JIOHKH 1 KIJTbYaCTUMU TUIACTUHAMM.

(2) Axio OyHKep M ITPUMYETHCS
PIBHOMIpPHO, HANpyXeHHS B KUIBLIEBOMY
HanpsMi B KUThYaCTUX IJIaCTUHAX
NepexigHoro  3'€qHAHHS  MOXE  Tepen-

OavaTucs sIK pIBHOMIPHE B KOXHIN TIJIACTHHI.

3) Sxkmo  OyHKep  CIHMpaEeThcsl  Ha
BiJTOCOOJICH]I OmopH a0 TMOSICH, HAIPYKCHHS
B KUIBIICBOMY HampsMi B  IJIaCTHHAX
nepexiTHoro  3'€HaHHSA  MAlTh  OyTH
NPUHHATI  SK  3MIHHI  BCGJIIMYMHHU B
pamiadbHOMY HampsiMi B KOXHIM TUTacTHHI
BHACIIIZIOK JIeOPMYIOUYNX HABAHTAKEHb.

SuneHyeaHHa
KOHYCA 3
LIMHIPOM
Cone/cylinder

junction

Heutp
FUNEHYEAHHA

Joint centre

[pupoane kinbie 3 Kinb1ie 3 kimpyacTux
MOB'SI3aHUMHM CTIHKaMH
cTiKamMu

Natural ring with engaged

column engaged column

(1) In hand -calculations, the junction
should be represented by cylindrical and
conical shell segments and annular plates
only.

2) Where the silo is uniformly supported,
the circumferential stresses in the annular
plates of the junction may be assumed to be
uniform in each plate.

3) Where the silo is supported on discrete
supports or columns, the circumferential
stresses in the junction plates should be taken
to vary radially in each plate as a consequence
of warping stresses.

Cone/cylinder Joint centre
junction
_\ Hentp

SUNeHYEAHHA

IUTACTHH 3 MOB'SI3aHUMH

Annular plate ring with

SHICHYEaHHA
KOHYCA 3 i

LMIHHAPOM

TpukyTHUI KOPOO 13
CTIKOI0, TIOB'SI3aHOIO 13
100K010
Triangular box with
column engaged to skirt

TpukyTHHIT KOpOO 3
KOHLEHTPUYHOIO CTIHKOIO
HIDKYE F00KH
Triangular box with
concentric column beneath
skirt

Pucynok 8.1 [Ipubnusni popmu KinbLs
Figure 8.1 Example ring forms

8.1.5 Oébmesrtcennn na pozmiwenns Kinoys

(1) 3mimeHHs  Oyab-Koi  KiIbyacToi
IIacTUHU  abo  KUIbI MO  BepTHKa
BITHOCHO ILEHTPY MEPEXiTHOTO CIIOTYYCHHS
HE MOBUHHE NEPEBUIIYBATH 0,2\/r_t , et -
1Ie TOBIIMHA JIMCTa IWIIHApA, Xi06a mo 1Ist
MePeBipKH edekty EKCLEHTPUCUTETY
BUKOHYETHCS PO3PaXyHOK BUTHHY OOOJIOHKH
Bigmosiguo 1o EN 1993-1-6.
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8.1.5 Limitations on ring placement

(1)  The vertical eccentricity of any annular
plate or ring from the transition joint centre
should not be greater than 0,2+/rt , where t is
the thickness of the cylinder plate, unless a
shell bending calculation according to EN
1993-1-6 is carried out to check the effect of
the eccentricity.
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Mpumirka: Ile npaBwio mnoB'si3aHe 3 THM, IO
PO3MIIIICHHST KiNlellb Ha OUIbINIA BiACTaHI BiJX
MEPEXiTHOTO CIIONYYCHHS BUSBUIIOCS HECPCKTHBHUM;
JIUB. PUCYHOK 8.2.

(2) Crnpomieni mpaBuia, mpuBeaeHi B 8.2,
3aCTOCOBYIOTBCS TUIBKM B THUX BHITAJIKaX,
KOJI BUKOHYETHCS 115l BUMOTA.

8.2 AHaJII3 CIIOJTyYeHHS
8.2.1 3acanwvni nonosrcennsn

(1) [lepexigne cmonmy4yeHHs OyHKepa
KJIacy HachigkiB 1 MOXXHa po3paxyBaTw,
BUKOPUCTOBYIOUM  TPOCTI  BHpasu i
HABAaHTAXCHHS 3 CYMDKHUX CETMCHTIB
000JIOHKH, SIKi BHBOJSATHCS 32 JOMOMOTOIO
MeMOpaHHOI Teopii.

(2) SKmo  po3paxyHKH — TEpexiHOTO
crojlyuyeHHsT BuUKoHyBaTH Ha EOM, BoHHU
MOBUHHI 3a/I0BOJILHSTH BUMOTaM
EN 1993-1-6.

3) Axmo pospaxynku Ha EOM He
3aCTOCOBYIOTBCS 1 OyHKEep HiATPUMYETHCS
PIBHOMIpHO, MOXe OyTH 3poOJyieHu# aHami3
30HU TEPEXIAHOTO CIIOJYyYeHHs BiJIOBITHO
1o 8.2.2.

4) SAxmo pospaxynku Ha EOM He
3aCTOCOBYIOTBCS 1 OyHKep HiATPUMYETHCS
B1JIOCOOJIEGHUMHU  OTOpaMU  YH  TOSCAMH,
aHaJli3 MEepexiAHOTO CHOJYYEHHS IOBHUHEH
MPOBOJIUTHUCS BIAMOBIAHO 10 8.2.3.

NOTE: This rule arises from the ineffectiveness of
rings placed further than this from the junction, see
figure 8.2.

2) The simplified rules in 8.2 apply only
where this requirement is met.

8.2 Analysis of the junction
8.2.1 General

(1) For silos in Consequence Class 1, the
transition junction may be analysed using
simple expressions and loadings from adjacent
shell segments derived from membrane
theory.

2) Where a computer calculation of the
transition junction is performed, it should
satisfy the requirements of EN 1993-1-6.

3) Where a computer calculation is not
used and the silo is uniformly supported, the
analysis of the junction may be undertaken
using 8.2.2.

4) Where a computer calculation is not
used and the silo is supported on discrete
supports or columns, the analysis of the
junction should be undertaken using 8.2.3.
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4 — K

KoeQillieHT
HATIPY/KEHHA ¥
KUTBLIEBOMY HAIPAMi

circumferential 3 |-
stress ratio
o;ru‘i‘

2
Onde=0) =

| I

HaTpy/KeHHA B XOIepi 1/t = 500
stress in hopper -
ppe The=2
b/T =10
HaNpy/KeHHA B 106111 =1
stress in skirt J = 45°

A = 2.44\[nt

HaMPYKCHHA B KUTBIEBil KiTbYacTiil IIacTHHI
stress in annular plate ring

0 0.2 0.4

0.6 0.8 1.0 1.2

0e3po3MipHHIT eKCIIEHTPHCHTET e/A
dimensionless eccentricity e/4

Pucynok 8.2 Po3BUTOK MeMOpaHHUX HaNpy>KeHb B KUIBII 1 CyMIKHIN
000JI0HIII, SIKIIO KUTBIIE 3MIIIIEHE BITHOCHO IIEHTPY
Figure 8.2 Membrane stresses developed in a ring and adjacent shell when

the ring is eccentric

8.2.2 Ilepexioni cnonyuenns 3 00HOpIO-
HO0 RIOMPUMKOIO

(1) EdextuBHnii mnepepi3 mepexiHOTO
CTHOJYYEHHs TOBUMHEH OILIHIOBATUCS TaKUM
YHHOM: CETMEHTHU 000JIOHKH, K1
CTHOJYYalOThCs B LIEHTPI 3'€IHAHHS, MaIOTh
OyTu MoJiNeH1 Ha BepxHi (rpyna A) 1 HIDKHI
(rpyna B); nuB. pucynok 8.3(a). I3 camoro
MOYAaTKy yciMa CerMeHTaMH KITb4acToi
IUIACTUHM HA PIBHI LEHTPY CIOJIY4YEHHS
MOKHa HeXTyBaTH. SIKIIO [0 KUIb4acToi
IUIACTUHU IPUKPITUTH BEPTUKAIbHY
OiAnopy B 1HIIN pajiaibHIi KOOpIUHATI
BITHOCHO IIGHTPY CIIOJIy4€HHS, ii, Hapsay 3
IHIIMMHM CETMEHTaMH, MO)XHA PO3TJIsSaTH B
SKOCTI1 CETMEHTY 00OJIOHKH; JIUB.
pUCyHOK 8.3.
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8.2.2 Uniformly transition

Jjunctions

supported

(1)  The effective section of the transition
junction should be evaluated as follows: the
shell segments meeting at the joint centre
should be separated into those above (Group
A) and those below (Group B), see figure 8.3
(a). All annular plate segments at the level of
the joint centre should be initially ignored.
Where a vertical leg is attached to the annular
plate at a different radial coordinate from the
joint centre, it should be treated as a shell
segment in the same manner as the others, see
figure 8.3.
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KinpyacTa riacTHHA

fegA = |
- ® Annular plate

I
=~
!

+
=‘t

TeqB =

B
h
I
Iz monuuA He edeKTHEHA
IPH CTHCKYBAHH] IO KOy
This tlange not entective for
circumferential compression
a) TeoMeTpis 0) e(peKTHBHICTH KiTBIIEBOI OAIKH TIPH CTUCKY Y
KUTBIICBOMY Hampsmi
a) Geometry b) Effective ring beam for circumferential compression
EdexTuBHmii mepepi3 mwmiHApa, Xomepa 1 MepexiTHOro
Pucynoxk 8.3 .(b pep pa, P p
KUIBLIA
Figure 8.3 Effective section of the cylinder / hopper / ring transition
(2)  ExBiBajeHTHa TOBIIMHA CETMEHTIB (2)  The equivalent thickness ;4 and f.p
fega 1 legp B KOXKHIA TpyIl BHM3HAYa€ThCH, of each group should be determined from:

BUXOAYU 3 HACTYITHUX BI/IpaSiBI

by = \/? (8.1)
by = \/? (8.2)

(3) CriBBIAHOUIEHHS O-TOHILIHUX CETMEH- (3)  The ratio a of the thinner to the thicker
TiB JIO TOBILUX CEIMEHTIB BIJNOBITHOI rpynu equivalent plate group should be determined
JUCTIB TOBUHHE BU3HAYATHUCS, BUXOIIYM 3 from:
BUpA3y:
o= (teq )thinner (8.3)
teq thic ker
npHu with: (teq)thinner = min(tqu, tqu) (84)
(teq)thicker = max(tqu, tqu) (85)
(4) B omuiit 3 nBOX rpyn 3 TOHIIMMH (4)  For the thinner of these two groups, the
aucTaMu  e(peKTHBHA JIOBXKHHA KOXKHOTO effective length of each shell segment should
CErMEHTY OOOJIOHKHM IOBHMHHA BU3HAa4YaTHUCA be determined from:

BUXO/ISIYU 3 BUPA3y:

rt

[, =0,778 (8.6)
cosp
nefl Kyr MDK IEHTPaJIbHOKI  JIIHIEIO where 3 is the angle between the shell
O0OJIOHKM 1 OCBOBOIO JiHi€I0 OyHKepa centreline and the silo axis (cone apex half
(HEeTMOBHUN KyT Yy BEpIIMHI KOHYyca) s angle) for that plate. The effective cross-
1poro Jjucra. KopucHa mioma nomnepeyHoro sectional area of each shell segment should be
nmepepizy KOXXKHOTO CEerMEHTY OOOJIOHKH determined from:

MMOBHMHHA BU3HAYATHUCA BUXOAAYU 3 BUPA3Yy:
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3 NBOX Irpym, B Ipymi 3 TOBIIMMH JTUCTaMU
KOpUCHA IUION[a TIONEPEYHOro Iepepizy
KOXKHOTO CErMEHTY OOOJOHKH IOBHMHHA
BU3HAYATHUCS BUXOSYH 3 BUPA3Y:

1, =03891+30> - 20

VY wiit rpyni KOpHuCHa IUIONIA MOMEPEYHOTo

For the thicker of these two groups,‘ the
effective length of each shell segment should
be determined from:

rt

cosf 8)

For this group, the effective cross-sectional

mepepizy KOXKHOTO CEerMEHTY  OOOJIOHKH area of each shell segment should be
MOBMHHA BU3HAYATHCS BUXOASIUH 3 BUPA3Y: determined from:

Ao =lat. (8.9)
(5) Kopucma  mom@a — MONEPEYHOTO (5)  The effective cross-sectional area A,
nepepisy A,  KUIbYAacTOI  IUIACTHHH, of the annular plate joining into the junction at
CIIOJTy4€HOT 3 BY3JIOM 3'€THAHHS Yepe3 IEeHTP the joint centre should be determined from:
CIOJTY4CHHS, MOBHHHA BU3HAYATHUCS
BUXOJISTYH 3 BHPA3y:

A, = —btp (8.10)

ep 4 ‘
1+0,8—
r

ne: where:
r pamiyc THAPUIHOT CTIHKHA r is the radius of the silo cylinder wall;
OyHKepa;
b pamgianpbHa ~ IIMPUHA  KUIBISL 3 b is the radial width of the annular plate
KiJIbYaCTUX IIJIACTHH, ring;
b TOBIIMHA  KUIbLA 3 KUIBYaCTHX I is the thickness of the annular plate
IUIACTHH. ring.
(6) 3aranbpHa KOpHUCHA TUIoma A, KUTBIS (6) The total effective area A, of the ring

MIPH MIABUIICHH] CHJIA CTUCKY B KUIBIICBOMY
HampsiMi MOBUHHA BU3HAYATHCS BUXOISYH 3
BUpa3y:

in developing circumferential compression
should be determined from:

yci _ceamenmu

all _segments

A4,=4,+
i=l
(7) SIKIo  CronmydeHHS — CKJIAJa€ThCs

TUTBKH 3 MWIIHIpa, OOKW 1 xomepa (JuB.
pucyHok 8.4), 3arajpHa KOpHUCHA IUIOIIA
Kutblist A, MOXe OyTH po3paxoBaHa 3a
JIOTIOMOT 010 aJITEPHATUBHOIO BUPaA3y:

A

(7) Where the junction consists only of a
cylinder, skirt and hopper (see figure 8.4), the
total effective area of the ring A, may be
alternatively found from:

(8.11)

3/2
A, = A, +0,778r{t"? +y| —A—+1" 8.12
e ep % . W m K ( )
pu with: v =0,5(1+3a’2a) (8.13)
o= te (8.14)
\E +t
ne: where:
r paziyc AT HIPUIHOT CTIHKH r is the radius of the silo cylinder wall;
OyHKepa;
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t, TOBIIMHA JIUCTA IOOKH;

t TOBIIMHA CTIHKU XOIEpa;

A, KOpUCHA IUIOIIA KiIbLSA 3 KUTbUACTHX
IIJIACTHH.

t, s the thickness of the skirt;

th is the thickness of the hopper;

A, 1s the effective area of the annular plate
ring.

N\

Pucynoxk 8.4
TUTACTUH

‘—[c

ITumisap

Pne ——
" Cylinder

Kinbie
FOGka

S

Xommep

[IpencraBiaeHHss MPOCTOro TMEPEXITHOTO 3'€AHAHHS 3 KUTbYACTUX

Figure 8.4 Notation for simple annular plate transition junction

(8) Ao B mepexiIHOMY CHOJy4YeHHI
BUKOPUCTOBYIOTbCA Mpodisi, sKi MalTh
OUTbII CKJIAJHY TEOMETpil0, MpH OILIHII
nepexiTHOro CIIOJTyYEHHS MTOBUHHI
BBAXATUCS KOPUCHUMH TUIBKH CETMEHTH
KUJIbYACTOi IJIACTUHH, IO 33JJ0BOJIbHAIOTH
ymosi 8.1.5(1).

9) Po3paxynkoBe 3HaueHHs €()EKTUBHOI
CHJIU CTUCKY B KUIbLIEBOMY HaIpsiMi Ny 4 SKa
PO3BHUBAETHCA B cnonyquHi, IIOBUHHEC
BU3HAUATHUCS BUXOSYH 3 BUPA3Y:

(8) Where sections of more complex
geometry are used at the transition junction,
only ring plate segments meeting the condition
of 8.1.5(1) should be deemed to be effective in
the evaluation of the junction.

9 The design value of the effective
circumferential compressive force  Npzqg
developed in the junction should be
determined from:

No.ga= Ponga ¥ SINB — puct Lee — pan (cOSP — W sinP) 7 Ly (8.15)

ne (nuB. pucyHoK 8.5):

r paziyc AT HIPUIHOT CTIHKHU
OyHKepa;
B MOJIOBHHHUI KyT xomepa (y BepxHid
YaCTHHI);

where (see figure 8.5):
r is the radius of the silo cylinder wall;

B is the half angle of the hopper (at the
top);
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CerMEHTY HaJ[ MEPEeXiIHUM CIHOJYYCHHSIM
(nuB. (4));

Lon e(heKTUBHA
xomepa (auB. (4));
NyhEd PO3PAXyHKOBE 3HAUCHHS MEPHIiaiib-
HOTO HampyXCHHs Ha OJWHHIIO Koja y
BEpXHIN YacTHHI XOmepa;

JOBXHHa CCIMCHTY

Pnc  YCEpEOHEHWUH THCK Ha e(EKTUBHY
JOBKHUHY IIJIHAPUIHOTO CErMEHTY;

Pnh  YCEpENHEHUH THCK Ha e(EKTUBHY
JOBKHHY CETMEHTY XOmepa

v Koe(iIieHT TEPTsI CTIHKU XOIepa.

r

r- 4 sing

Pucynok 8.5 .
BHACIIIOK

MeMOPaHHOTO HAPYKEHHS
Local pressures and membrane stress resultant loadings on the transition

Figure 8.5 .
ring

(10) MakcumanbHe po3paxyHKOBE HaIpy-
JKEHHSI TIPU CTUCKY Oy rq U1l CHOJTyYEHHS,

10 Ma€ pPIBHOMIpHY MiATPUMKY, NOBHHHE
BU3HAYATHUCS BUXOJISYH 3 BUPA3Y:

segment above the transition (see (4)); —

Lon is the effective length of the hopper
segment (see (4));

noneqa 18 the design value of the meridional
tension per unit circumference at the top of
thehopper;

Pre is the mean local pressure on the
effective length of the cylinder segment;

P is the mean pressure on the effective
length of the hopper segment;

u is the hopper wall friction coefficient.

Y

Noh BI3HAYAETHCA VT
nen determined here

‘ eh

JlokanbHMH THCK 1 Pe3y/NbTyIOUl HAaBAaHTAXKEHHS Ha MepexiJiHe Kiiblie

(10) The maximum design compressive
stress oup s for the uniformly supported
junction should be determined from:

Ne Ed
=—= 8.16
uf,Ed nAe, ( )
b
n=1+03—, (8.17)
r
ze: where:
Norgs ebdexkTHBHa cuja CTUCKYBaHHA B Noga 1s the effective  circumferential
KUTBIIEBOMY HampsiMi; 1uB. (9); compressive force, see (9);
Ao 3arajbHa KOPHUCHA TUIONIA KiJIBIL; A is the total effective area of the ring,
nuB. (7); see (7);
r paniyc WTIHPUIHOT CTIHKH r is the radius of the silo cylinder wall;
OyHKepa;
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8.2.3 Kinbuesa  oOanka
CROJIYYeHHA

nepexionozo

(1) [Ipu pospaxyHKy OyHKEpiB Kiacy
HACHiAKIB 3, TOBHHEH  IPOBOJUTHUCS
YUCEIbHUN aHalll3 KOHCTPYKIIi, SKUH 103-
BOJISIE MOJICJTIOBATH YCi €JIEeMEHTH 3 JIUCTA,
Ha KIITAIT CErMEeHTIB OOOJIOHKH, 1 He€
NPUITyCKAa€e Jil0 MpPU3MATUYHOI Oajlku Ha
Oynb-sIKUi KpuBOMiHINHUI enemeHnt. llei
aHaJli3 TOBMHEH BPaxOBYBaTH KIiHIIEBY
HIMPUHY B1JIOCOOJICHUX OIOP.

(2) CrocoBHO OyHKEpiB IHIIMX KJaciB
HACIIIKiB MaloTh OyTH pO3paxoBaHi 3TWHHI 1
KpyTHI MOMEHTH B 30HI KUIbIIEBOi Oajiku 3
ypaxyBaHHSIM CKCIICHTPUCHUTETY npu
3aBaHTAXCHHI 1 3 OMOPOIO HA IEHTP TSHKIHHSI
KUTBIIEBOT OAJTKH.

3) 3araqbHUM OCHOBMM THCK CTHUCKY-
BaHHS B KUIBI[EBOMY HampsMi, 10 BUHUK Y
Oasiil, MOBUHEH MpUHMATHUCS, K HE3MIHHUI
no mnepumerpy kosa. BiH BHM3HauyaeThcs 3
BUpa3y:

8.2.3 Transition junction ring girder

(D) For silos in Consequence Class 3, a
numerical analysis of the structure should be
carried out, that models all plate elements as
shell segments, and does not assume prismatic
beam action in any curved element. The
analysis should take account of the finite
width of the discrete supports.

2) For silos in other Consequence
Classes, the bending moments and torques
within the ring girder should be calculated,
accounting for the eccentricities of loading
and support from the ring girder centroid.

3) The total circumferential compressive
thrust developed in the girder should be
assumed invariant around the circumference
and determined from:

No.ga= nongd Ye SMP — Pucte Lo — pun (COSP — W sInP) 7 Ly (8.18)

ne (IuB. pUCyHOK 8.5:

e paniyc UMIIHAPUYHOI CTIHKM OyH-
Kepa;

B MOJIOBUHUH KyT xomepa (y BepxHii
YacTHHI1);

Lec KOpHCHA JOBKMHA LWIIHIPUIHOTO
€JIEMEHTY BHIIA 32 mepexif (nuB. 8.2.2 (4));
Len KOpHCHA JIOB)XKMHA CETMEHTY XoIepa

(muB. 8.2.2 (4));

NonEd PO3PAXYHKOBE 3HAYEHHS MEpHUIiab-
HOT'O HATATy Ha OJMHMIIO KOJIa y BEpIIUHI
Xormepa;

DPne JOKIbHUA THCK Ha e(eKTUBHIN
JIOBXKUHI CErMEHTY IIWIIHAPA;

Db TUCK Ha epeKTHBHIA  JIOBXKHHI
cerMeHTy OyHKepa;
v Koe(iIieHT TEPTSI CTIHKU XOIepa.

4) 3MiHa KUIBIEBOI  KoOpaAWHATH O
pPO3paxyHKOBOI'O 3TMHHOIO MOMEHTY M, kg

where (see figure 8.5):
re is the radius of the silo cylinder wall;

B is the half angle of the hopper (at the
top);

Loc is the effective length of the cylinder
segment above the transition (see 8.2.2 (4));

Lon is the effective length of the hopper
segment (see 8.2.2 (4));

noneqa 18 the design value of the meridional
tension per unit circumference at the top of
thehopper;

Pre is the mean local pressure on the
effective length of the cylinder segment;

P is the mean pressure on the effective
length of the hopper segment;

u is the hopper wall friction coefficient.

4) The variation with circumferential
coordinate 6 of the design bending moment
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(MO3UTUBHUM  3TMHAIOYMK  MOMEHT) 1
PO3PaxyHKOBOTO  KPYTHJIIBHOTO  MOMEHTY
Tors B KiNbLIEBIM Oanii MOBUHHA OyTH
NpURHATA 13:

(sagging positive) and the design torsional
moment 7Tyz; in the ring girder should be
taken as:

M, gq = Ny pa(re— €) [(rg — €5) 0, (s1n0 + cotB, cosO) — 7y + e,] + nypra e (g — e,) (8.19)
To.50 = Nycea (Fg — €) [(rg — €5) 0, (cotd, sind — cos0) + 7,(0, — 0)] (8.20)

npu with: 0, =—

ne (1uB. pucyHoK 8.6):

0 KiTblleBa KoopauHaTa (y pajaiaHax),
II0 BHUMIPSETBCA Yy  BUXUIHIA  TOYI
KOOPJMHAT OJIHIET ONIOPH;

0o nepudepuyHuii  KyT B pajiaHax,
HaITiBIIPOT'OHOI KUIBIIEBOT OAJKH;

j KUIBKICTh ~ PIBHOBIJIAJICHUX  BiJI-
0COOJICHUX OII0p;

I'g panmiyc IEHTpPY TSOKIHHS KiJbIIEBOT
0aku;

e, pamiaTbHUN eKCHEHTPUCUTET UATIH/-

pa BIIHOCHO MEHTPY TSOKIHHS KUTBIEBOI
Oanku (TO3UTUBHMMA, SKIIO LEHTP TSKIHHS
Mae OLIbIINN pasiyc);

es pajtialbHUN EKCLEHTPUCUTET OIOopHU
BITHOCHO LIEHTPY TSKIHHS KUIBLIEBOI Oaliku
(MO3UTHBHUM, SKIIO IEHTP TSDKIHHA Mae
OuIbIIMH paziyc);

ex BEPTUKAJIbHUN eKCIIEHTPUCUTET
LEHTPY 3'€AHAHHS BITHOCHO LEHTPY TSKIHHS
KUTbIIeBOT Oasikyl (TIO3UTUBHUM, SIKIIO LIEHTP

TSDKiHHSI 3HAXOOUTHCA HUXYC HeHpr
3'€IHaHHS ),
NyEd PO3PAXYHKOBE 3HAYCHHS  PE3yJb-

TYIOUOi CTHUCKYIOUOi MEMOpPaHHOIO Hampy-
KEHHS B OCHOBI ITUJIHPA;
NyhEd PO3PAXyHKOBE  3HAYEHHsS  pe3ylb-
TYIO4Oi PO3TATyI040i MeMOpPaHHOrO Hampy-
YKEHHS y BEpIIUHI XoIepa.

(5) IlikoBi 3HaueHHS PO3PaXyHKOBOTO
3THHHOTO MOMEHTY BiTHOCHO pajiajabHOI OCi,
AKl 3yCTpi4arOThCS HaA OMOPO M,sps 1 B

(8.21)

where (see figure 8.6):

0 is the circumferential coordinate (in
radians) measured from an origin at one
support;

0, is the circumferential angle in radians
subtended by the half span of the ring girder;

Jj is the number of equally spaced
discrete supports;

rg is the radius of the ring girder centroid;
er is the radial eccentricity of the cylinder

from the ring girder centroid (positive where
the centroid is at a larger radius);

e is the radial eccentricity of the support
from the ring girder centroid (positive where
the centroid is at a larger radius);

éx is the vertical eccentricity of the joint
centre from the ring girder centroid (positive
where the centroid lies below the joint centre).

nyeea 18 the design value of compressive
membrane stress resultant at the base of the
cylinder:

nynea 1S the design value of tensile membrane
stress resultant at the top of the hopper.

(5)  The peak values of the design bending
moment about the radial axis that occur over
the support M, z; and at midspan M, g4

cepenuHi MIPOTOHY M Ed IIOBWHHI should be determined from:
BU3HAUYATHUCH 3:
Mg pa=necpa(rg—e) [(rg — e5) 0, cotl, — 71y + €] + nypea ex (e — €)) (8.22)
My ga = Ny pa(rg— e) [(rg — €5) 08,8100, — 1y + €,] + nyppa ex (rg — €)) (8.23)
(6) SKImo  3aCTOCOBYETHCS  KiIbIEBa (6) Where an open section ring girder is

0anka 3 BIAKPUTHM Tiepepi3oM, HEOOXiHO
NpUIyCKaTH, [0 Omip  KPYTWIBHOMY
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nedopmartii, SKIO HE TMPOBOIUTH OLIBII
TOYHUU aHami3. Skmo aedopmariis mpoTusie
KPYTHJIBHOMY MOMEHTY, MiKOBI1
PO3paxyHKOBI 3HAYEHHS 3rUHHOTO MOMEHTY
BIJIHOCHO BEPTHKAJILHOI OC1 B KOXKHIH TOJIHIII
MalOTh IpUHMaTUcs y BUIIIAAL My g4 B onopi
1 My gq B CEpEIUHI IPOTOHY 1 MOXKYTh OyTH
00YMCIIeHI TAKUM YHHOM:

I"g(l’g —er)

M 5.Ed = Nxc Ea A

l"g(l”g —er)

M fmEd = MycEa A

ne h  BIACTaHb MO  BEpTUKATl  MIX

[MOJIALIMHU KUIBLEBOI OAJIKH.

[Tepexinue cIONMy4eHHA

the torques, the peak design values of flange
moment about a vertical axis in each flange
should be taken as given by My, at the
support and Mp, r; at midspan, obtained as
follows:

62
(r, —e, Y10, cotea)—"gT"} (8.24)
62
(r, — e, Y1-0, /sin0, ) rg6” (8.25)
where / is the wvertical separation

between the flanges of the ring girder.

-
€

KOHYyCa 3 MIUTIHAPOM Nxe J,

! Cylinder/cone '
transition junction
~—
-
Bicp
Axis
|
n
1
. 4”*/
— gh_
Iy

Pucynoxk 8.6 Gaky

Figure

(7)  llepucdepnuni MeMOpaHHI Hampy-
KEHHHS Op g, SIKI HAKONTUYYIOTbCA B KOXKHIN
MOJIMIII  KUIBIIEBOI Oayiku, MarTh OyTH
004YMCIIeHI Ha OCHOBI MapaMmeTpiB OCHOBOTO
HaBaHTaXEHHs Ny gy, PaAialIbHOIO OCHOBOIO
MOMEHTY M, ps 1 3THHHUX MOMEHTIB TpHU
nedopmanii My ks 3a JONOMOTO0 IPUKIATHOL
Teopil MPOEKTyBaHHS BUTMHY 1 Aedopmarii,
a TaKkoX MUISIXOM HPUHHATTA TOJIOBHUX
BEKTOpIB  HANpYyXEHHsS, 10 BU3HAYEHI

I

Ringbeam effective
section centroid, G
[enTp TOKIHHES
e(heKTHBHOTO TIepepizy
KUIbIIeBOI Oankn, G

EKCHGHTPI/ICI/ITeT BCPTUKAJIbBHUX HABAHTAXXCHBb Ha KiHBHeBy

8.6 Eccentricities of vertical loads at a ring girder

(7 The circumferential membrane stresses
0o.z4 that develop in each flange of the ring
girder should be determined from the thrust
No ga, radial axis moment M, g; and warping
flange moments M;g; using engineering
bending and warping theory and adopting the
stress resultants defined in (3) to (6).
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(8)  HaiiOinpme 3HaueHHS mnepudepuy-
HOTO MEMOpAaHHOTO HANpPYKCHHS O g
(TIparrorYoro SIK Ha PO3TAT, TaK 1 HA CTUCK),
K€ HAKOIMHMYYEThCA B MOJHMIAX KUIBIIEBOI
Oak y Oyab-IKOMY TIOJIOKCHHI  I10
HepuMeTpy KoJia, TIOBHHHE BH3HAYATHUCS SIK

Om6,Ed-

(9)  Haii0Oinpmuii THCK CTUCKYBAaHHS TPHU
nepudpepuIHOMY MeMOpPaHHOMY HaNpPYKEHH1
00.Ed> K€ PO3BUBAETHCS B MOJUIISIX KiJBIIEBOT
Oamku y OyAb-IKOMY TMIOJIOKEHHI IO
NepUMETPYy KOJIa, IOBUHEH BU3HAYATHUCS SIK

Och,Ed-
83 Omnip KoHCTPYKIiiH
8.3.1 3acanwvni nonosrcennsa

(1) [lepeximne  3'eqHaHHS  TIOBHUHHE
3a0BosibHATU BuMoraMm EN 1993-1-6. Bouu
MOXYTh OyTH BHKOHaHI 3a JOMOMOIOIO
OLIIHKM HACTYIHUX I[apaMeTpiB po3paxyH-
KOBOTO OTIOpY.

8.3.2 Onip zpanuunomy cmany npu
PO36UmMKy naacmuunoi oepopmauii

8.3.2.1 3acanwvni nonroorcenns

(1) Po3paxyHkoBe  3Ha4YeHHsA  OIOPY
NOBUHHE  BH3HAuUaTHCAd 3a  JIONIOMOIOIO
NOJIO’KEHb, mnependadeHux B EN 1993-1-6.
3aMiCTh NPOCTOTO 1 JOCHTH TOYHOTO
HaOJMDKEHHS IO IMX TIIOJIOKEHb MOXKHA
BUKOPHCTOBYBAaTH HACTYIIHI OLIIHOYHI
napaMeTpH OTopy.

8.3.2.2 Onip Hna ocno8i oyinku enacmuu-
HoCcmI

(1) Po3paxyHkoBe  3Ha4YeHHd  OmOpPY
MOBMHHE BHU3HAYATHCS B TOYIll HAWBHIIIOTO
HaIpy>KEeHHs 3'€THAHHS.

(2) Po3paxyHkoBe 3HaueHHs OIOpPY B
TPAaHUYHOMY CTaHl TJIACTUYHOCTI TIOBHHHE
BU3HAYATHUCH 32 IOTIOMOT0I0 BUPA3Yy:

(8)  The largest value of the circumferential
membrane stress Gprzs (Whether tensile or
compressive) that develops in either flange of
the ring girder at any position around the
circumference should be determined as G0 z4.

(9)  The largest compressive value of the
circumferential membrane stress Gpg; that
develops in either flange of the ring girder at
any position around the circumference should
be determined as 6. gg.

8.3 Structural resistances
8.3.1 General

(1)  The transition junction should satisty
the provisions of EN 1993-1-6, but these may
be met using the following assessments of the
design resistance.

8.3.2 Resistance to plastic limit state

8.3.2.1 General

(1)  The design value of the resistance
should be determined using the provisions of
EN  1993-1-6. Thefollowing resistance
assessments may be used instead as a simple
safe approximation to those provisions.

8.3.2.2 Resistance based on elastic evaluation

(1)  The design value of the resistance
should be determined at the most highly
stressed point in the junction.

(2)  The design value of the resistance of
the plastic limit state should be determined
using:

Jo.ra =1y ! Ymo (8.26)
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8.3.2.3 Onip ma ocuosi oyinku niacmuu- 8.3.2.3 Resistance based on plastic evaluation
Hocmi

(1)  Po3paxyHkoBe  3HAUEHHS  OMOPY (1)  The design value of the resistance
MOBUHHE BH3HAYATHUCSI 3 ypaxyBaHHSIM should be determined in terms of the
JOCSATHEHHST PO3PaXyHKOBOTO MEMOpPaHHOTO attainable tensile membrane stress resultant
Halpy>KCHHsSI TIPH PO3TATY Myprs B 30HI i ra 10 the hopper at the junction.

3'€eIHaHHS XOMepa.

(2)  PospaxyHkoBe 3HA4e€HHS ONOPY B (2)  The design value of the resistance at
TPaHUYHOMY CTaHl IUTACTUYHOCTI My Rd the plastic limit state n,,zs should be
MOBUHHE BU3HAYAaTHCS 32  JOMOMOIOKO determined using:
BUpA3Yy:
Moyjra = .1 {( A+ oo * L +l"hthj~ . Puckye + P, (cOSP —usinB)leh} (8.27)
sinp r ™
t2
npu with: =5 (8.28)
1+,
y=0,7+0,60”- 0,30’ (8.29)
- JId DUIIHApa
- ?or tlLlle cyliﬂé)der foe = 0’975\/ﬁ—c
- A KH
- ?cj)]r tlllcfskirt l"S - 0’975W\/z
= 1A CeFMeI—?Ty KOHIYHOT'O XOoIIepa rt
- for the conical hopper segment loh =0,975y Tk
cosp
ne (IUB. pUCYHOK 8.5) : where (see figure 8.5):
r pazdiyc HUATTHIPUIHOT CTIHKH r 1s the radius of the silo cylinder wall;
OyHKepa;
t, TOBIIIMHA CTIHKH IITIHJIPA; 1, is the thickness of the cylinder;
t TOBIIMHA JIUCTA I0OKU; t is the thickness of the skirt;
th TOBIIMHA 000JIOHKH XOIEepa; ty is the thickness of the hopper;
A4, wiom@a  MOMEpeYyHoro  mepepizy A4, is the cross-sectional area of the ring;
KUTBIIS;
B HEMOBHUM KyT xomepa (y BepxHii B is the half angle of the hopper (at the
YacTHHI1); top);
Loe edeKTHBHA  TUIACTUYHA  JIOBXKHHA Loe is the plastic effective length of the
CerMEHTy UWJIIHIApa Haa  TNEPeXiTHUM cylinder segment above the transition;
3'€ THAHHSM;
Lon eeKTUBHA  TUIACTUYHA  JOBXKHHA Lo is the plastic effective length of the
CETMEHTY XOIlepa; hopper segment;
s eeKTUBHA  TUIACTUYHA  JOBXKHHA los is the plastic effective length of the
CerMEHTY O0KM  HIDKYa  IMEpexiJHOro skirt segment below the transition;
3'€THAHHS,
HyhRrd MEpUTIANBHUIA MEMOpaHHUU oOmip Ha nynra 1S the meridional membrane resistance
OJIMHHMITIO KOJIa Y BEpXHIN YacTHHI XOIepa; per unit circumference at the top of the
hopper;
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e(eKTUBHY JIOB)KUHY CEIrMEHTY LIWITIHAPA;
Db YCepENHCHU THCK Ha €(QEKTUBHY
JIOBXKHHY CETMEHTY XOIIepa;

w KOEQIIIEHT TePTs CTIHKU XOTepa.

8.3.3 Onip empami cmiiikocmi 6 o00Hill
naoOWuUHI

(1) Po3paxyHkoBe  3Ha4YeHHd  ONOPY
MOBUHHE  BH3HAYaTHCS  BIANOBIAHO [0
nojoxenb EN 1993-1-6. 3amicts npocToro i
JOCUTh TOYHOTO HAONMKEHHS N0 LHX
TIOJIOKEHb MOKHA BHKOPUCTOBYBaTH
HACTYITHI OLIIHOYHI MTapaMeTpH OTopy.

(2) Po3zpaxyHkoBe  3Ha4YeHHS  OMOPY
MOBUHHE BU3HAYATHCS B TOYII 3'€THAHHS, JIC
3yCTpIidaeThes HalBHILE CTHCKYIOYE
MeMOpaHHE HANPYKEHHS B KUIBIICBOMY
HaIpsMi.

3) Po3zpaxynkoBe  3Ha4YeHHS  OMOPY
BTpaTi CTIHKOCTI B OAHIM MNJIOIIMHI G gy
NOBHHHE BHW3HAUaTHCA 33  JIOMOMOTOIO
BUpa3y:

ne:
El.  3ruHHa KOPCTKICTh €(EeKTHUBHOIO
[IONIEPEYHOTr0 Mepepi3y KUIbI BIJHOCHO
HOTO BEPTUKAIIBHOI OC1 (IUB. pUCYHOK 8.3);
A, edexTHMBHa  IUIOIIA  TONEPEYHOTrO
nepepizy Kijiablls, HaBeaeHa B 8.2.2;

Ig pazailyc UeHTpY TSKIHHS €(eKTUBHOIO
MOTIEPEYHOT0 Mepepizy KUIbLs.

(4) IlpuBenenmii BuIIe NapamMeTp OILHKH
ormopy 1 TMOB'A3aHa 3 HHUM NepeBipKa
CTIHKOCTI [0 BTpaTH CTIHKOCTI B OMHIH
wionyHi (auB. 8.4) MOXKYTh OYTH OMYIIEHI,
SKILO MTOJIOBUHA KyTa KOHYca B O1bIIe Piim.

Ipumirka: 3HadeHHs Py, MOXe OyTH HaBeICHE B
HamnionaneHOMYy nonatky. PexomenmoBaHe 3HAUYeHHS
Biim = 20°.

8.3.4 Onip empami cminkocmi npu
Oiunomy  eunyyyeammi i  JIOKAIbHOMY

6UKPUBIEHHI 00010HKU 6 30HI 3'€OHAHHA

8.3.4.1 3acanvni nonosicenns
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effective length of the cylinder segment;
pnn1s the mean pressure on the effective
length of the hopper segment;

u is the hopper wall friction coefficient.

8.3.3 Resistance to in-plane buckling

(1)  The design value of the resistance
should be determined using the provisions of
EN  1993-1-6. Thefollowing resistance
assessment may be used instead as a simple
safe approximation to those provisions.

2) The design value of the resistance
should be assessed using the point in the
junction where the highest compressive
circumferential membrane stress occurs.

3) The design value of the resistance
against in-plane buckling o,z should be
determined using:

- _4El, 1
o Aetrgz Y

z (8.30)

where:

EL.  1s the flexural rigidity of the ring
effective cross-section (see figure 8.3) about
its vertical axis;

Ae: 1s the effective cross-sectional area of
the ring, given by 8.2.2;

rg 1s the radius of the centroid of the ring
effective cross-section.

4) The above resistance assessment and
the associated verification against in-plane
bucking of 8.4 may be omitted when the cone
half angle B is greater than Bjip,.

NOTE: The National Annex may choose the value of
Biim- The value By, = 20°is recommended.

8.3.4 Resistance to out-of-plane buckling
and local shell buckling near the junction

8.3.4.1 General
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(1) Po3paxyHkoBe  3Ha4YeHHS  OIOPY
NMOBUHHE  BU3HAYATHCS  BIANOBIAHO [0
nosioxkeHb EN 1993-1-6. 3amicTs mpocToro i
JOCUTh TOYHOTO HAOMIKEHHS JIO IHX
TIOJIOXKCHb MOYKHA BUKOPHCTOBYBATH
HACTYITHI OI[IHOYHI MTapaMeTpH OTopy.

8.3.4.2 Jlokanvue 6ukpusienus 000I0HKU 8
30Hi 3'€OHaHHs

(1) € mepexinHi 3'€eqHAaHHS, JI€ BIJICYTHE
KUTbIIEBE TIOCHUJICHHS (MpocTe 3'€AHAHHS
BOPOHKM 3 IIWNHAPOM) 1 TEpexiHi
3'eJHaHHS, TTOCHIIEH] KinblieM. Po3paxyHkoBe
3HAYEHHS ONOpPY BHUKPHUBICHHIO OOOJOHKH
Oop,Rd B CTIHIII CYMDKHOI 13 3'€JHaHHAM

IIOBMHHE BH3HAYaTHUCSI 3a  JOIOMOIOIO
BUpa3y:
Sop.ra =
M1
ze with:
rs=r
r
’/jg =
cosf3
ze:
r paziyc HUATTHIPUIHOT CTIHKHU
OyHKepa;
B MI0JIOBMHA KyTa y BEpIIMHI XOIepa;
t TOBIIMHA JIUCTAa Yy BIANOBITHOMY
CerMeHTi 000JIOHKH;
Ag eeKTUBHA IUIOIIA  TOTMEPEYHOTO

nepepisy Kijblls, HaBeaeHa B 8.2.2;
Tg pajiiyc LEeHTPY TSKIHHS e(EeKTUBHOTO
MOTIEPEYHOT0 Mepepizy KUIbLs.

8.3.4.3 Ilepexione 3'eonanns 3 Kilbuacmoro
RAACMUHOIO

(1) B 3'enqnaHHSX, B SIKUX KUIbLIE B 30HI1
nepexoay BHUKOHAHE y BUIJIAL KiTbyacTol
TUTACTHHH, PO3PAXYHKOBE 3HAYCHHS OTOPY
BTpATi CTIMKOCTI mpu GIYHOMY BUIYydyBaHHI
Oop,Rd TIOBUHHE BH3HAUaTUCS 3a JOIOMOTOIO
BUpA3Y:

(D) The design value of the resistance
should be determined using the provisions of
EN 1993-1-6. Thefollowing resistance
assessments may be used instead as a simple
safe approximation to those provisions.

8.3.4.2 Local shell buckling near the junction

(D) For junctions in which there is either
no ring at the transition (simple cone to
cylinder junction), or the transition is ring
stiffened. the design value of the resistance
Gopra against shell buckling of the wall
adjacent to the junction should be determined
using:

_.4,1(cosﬁ)“.(5j’ [E;j (8:31)

r

et
JUTSL IWUTIHAPUYHOT CTIHKY;
for the cylindrical wall
JUTSI CTIHKA KOHIYHOTO XOIepa;
for the conical hopper wall

where:
r 1s the radius of the silo cylinder wall;

B is the hopper apex half angle;

t is the thickness of the relevant shell
segment;

A is the effective cross-sectional area of
the ring, given by 8.2.2;

Vg is the radius of the centroid of the ring
effective cross-section.

8.3.4.3 Annular plate transition junction

(1)  For junctions in which the ring at the
transition is in the form of an annular plate,
the design value of the resistance against out-
of-plane buckling 6, zs should be determined
using:

o _pp[l) 832)
op,Rd b 'YMI .
pH with: k= % (8.33)
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k, :O,385+O,452\/1 (8.34)
r

k =1,154+0,567 (8.35)
r
. 2
=0,43+0,1) — 8.36
, (2019) (8.36)

t
=0,5] <
M. (t

Ie:

r paniyc OMIIHAPUYHOI CTiHKH OyH-
Kepa;

t. TOBIIMHA JTUCTA HWJIIH/PA;

t TOBIIMHA JIUCTA I0OKU;

t TOBIIIMHA JIUCTA XOIepa;

t TOBIIMHA KUIbLIS Y BUTIAII KiTbYac-
TO1 IJIACTHHH;

b IIMpUHA KUTbLS Yy BUIIIAOl KiJblie-
MO10HOI IJIACTHHH;

k. KOoe(illi€eHT TMOB3JOBKHBOTO BUTHHY

[UIACTUHA B Kbl 13
BHYTPIIIHHOIO TPAHHIO;

ks KOe(IIi€EHT TOB3I0BKHBOTO BUTHHY
IUIACTUHU B KUIbLlI 3 BUIBHO OINEPTOIO
BHYTPIIIHBOIO TPAHHIO;

Ym1 ~ YacTKOBUH KoedilieHT; quB. 2.9.2.

3aTUCHCHOIO

8.3.4.4 [lepexione 3'eonanna 3 masposum
npoghinem

(1) HacrymHuif  MeTron  pO3paxyHKy
ONopy TOBUHEH 3aCTOCOBYBATHUCS, SKIIO
KUIbLIE TEPEXIAHOro 3'€JHAHHS CKIJIAJAEThCS
3 KIJbLENOAIOHOI IIACTUHM INUPUHOIO b, 3
CUMETPUYHUMH BEPTHKAIBHUMH  ITOCHIIIO-
I0YMMHU HOJHUIISIMU 3aBBHILIKU by
pO3TalllOBaHUMHM Ha 1 30BHILIHIN TpaHi,
yTBOpIOOuM  Kimbie 3  TaBpoBuMm  (T-
noaiOHMM)  TepepizoM, OCHOBa  SIKOTO
3HAXOJMUTHCA B LIEHTPI 3'€IHAHHS.

(2) Po3paxyHkoBe  3HaYeHHsA  OIOpY
BTpaTi CTIHKOCTI NpU TPAaHUYHOMY 3HAUEH1
HAIpPYyKEHs TOB310BKHBOIO BUTHHY Goprd Y
KUIBIIEBI Oaiili 3 TaBpPOBUM IepepizoM
IIOBUHHE BU3HAYaTHUCS Ha OCHOBI
MaKCHUMaJIbHOTO 3YCHJUIA CTUCKY B CTaHi
MEMOPaHHOTO HANpPYKEHHS B KUIbLIEBOMY
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t

5/2 5/2 5/2
J +[£J {ij (8.37)
tp l‘p

where:

r is the radius of the silo cylinder wall;

tc is the thickness of the cylinder;

t is the thickness of the skirt;

t is the thickness of the hopper.

t is the thickness of the annular plate
ring;

b is the width of the annular plate ring;

ke is the plate buckling coefficient for a
ring with clamped inner edge;

ks is the plate buckling coefficient for a
ring with simply supported inner edge;

Ymi is the partial factor, see 2.9.2.

8.3.4.4 T section transition junction

(1)  The following assessment should be
used where the transition junction ring
consists of an annular plate of width 5, with a
symmetrically placed vertical stiffening flange
of height b, at its outer edge, forming a T
section ring with the base of the T at the joint
centre.

(2)  The design value of the resistance
against out-of-plane buckling c,,rs of a T-
section ring beam should be determined on the
basis of the maximum compressive value of
the circumferential membrane stress on the
inner edge of the principal annular plate of the
ring. The design value of the resistance should
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KiblienonioHoi TutactuHU. Po3paxyHKoBe
3HQUEHHS ONOPY IMOBHHHE BH3HAYATUCS 3a
JIOTTIOMOTOI0 BHPA3y:

_M0,+1N.0, 1

s = (8.38)
N TNe Yan
2
n, =0,385 +( 756, J (8.39)
5/2 5/2 5/2
iy (t_} +H {f_h] (8.40)
tp tp tp
o, = EI’Z O,Zb—p+ Gl +2 /Gltbp (8.41)
Ary EI Elr
1,1 2
o] L)
’ 64£1+5 ftfj
b,
02:Ir+IZ+Axf (8.43)
A
1/3
b (t, J
p=—+|+ (8.44)
bP
ae: where:
r pazdiyc HUATTHIPUIHOT CTIHKH r 1s the radius of the silo cylinder wall;
OyHKepa;
t, TOBIIIMHA JIUCTA [WJIIH]IPA; 1, is the thickness of the cylinder;
t TOBIIMHA JIUCTA FOOKU, t is the thickness of the skirt;
th TOBILMHA JIUCTA XOIepa. t is the thickness of the hopper.
t TOBIIMHA  KUIbIS y  BUIVIAIL t is the thickness of the annular plate
KIJBLENOA10HOT IIJIaCTHHU; ring;
ty TOBIIIMHA 30BHINIHBOT BEPTUKAIBHOI t is the thickness of the outer vertical
MOJIUI[I TABPOBOTO Tepepi3y; flange of the T section;
b, HIMpYHA KUTbLS y BUTJISATL b, is the width of the annular plate ring;
KIJIbLENoa10HOT IIJIaCTHHU;
br BHUCOTA (IIMPHUHA MOJIHII) 30BHIIIHbOT by is the height (flange width) of the outer
BEPTUKAJIBHOI MOJIMLI TABPOBOT'O TEepepizy; vertical flange of the T section;
A wiom@a  MONEpPEeYyHOro  mepepizy A is the cross-sectional area of the T-
TaBPOBOI KUJIBIIEBOT OaNKu; section ring beam;
X BIICTAHbP MIDK IIEHTPOM TSDKIHHS X is the distance between the centroid of
TaBPOBOTO MEPEPi3y 1 30BHIMIHBOIO IPAHHIO; the T-section and its inner edge;
I OCbOBHUH MOMEHT IHEpIii TaBpOBOTO I, is the second moment of area of the T-
nepepisy BiJHOCHO Horo paaiaabHOi oci; section about its radial axis;
I OChOBHII MOMEHT 1HEpIlii TaBpOBOTO L is the second moment of area of the T-
nepepisy BiTHOCHO HOro BEpTHKAIBbHOI OCi; section about its vertical axis;
1 pIBHOMIpHA TOCTiMHAa KpydeHHS s I is the uniform torsion constant for the
TaBpOBOTO TEpeEPi3y; T-section;

Ymi 9acTKOBHI Koe(ilieHT, muB. 2.9.2.

Ymi is the partial factor, see 2.9.2.
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84  IlepeBipka rpaHUYHMX CTaHIB

8.4.1 Pignomipno niompumyeani
nepexioni 3'eonanns
(1) Axio pO3paxyHKH OyHKepa

BUKOHYBAJINCh 32 JOMNOMOTOI0 KOMII'FOTEp-
HOTO aHaji3y, MOBUHHI 3aCTOCOBYBATHCS
npouenaypu, mepeabadeni EN  1993-1-6.
S0 KOMM'IOTEpHUM aHali3 HE BKIIOYAE
JOCITIJIKEHHSI Ha TIPEJIMET BTPATH CTIHKOCTI,
JUIsL BU3HAUEHHS OIMOpPY BTpaTi CTIMKOCTI 3
METOIO MEPEBIPKU TPAHUYHUX CTaHIB 3TiTHO
EN 1993-1-6 moe 3acTOCOBYBaTHUCS PO3/ILT
8.3.

(2)  Sxkmo OyHKep CHHUpAEThCs Ha FOOKY,
AKa JTOXOAUTh 10 OJHOPIAHOTO (PyHAAMEHTY
(muB. 5.4.2), 1 BHKOHaHI pO3pPaxyHKH,
nepenbaueHi B 8.2, MOXHa BBaKaTH, IO
nepexiine 3'€JHaHHS CXWUJIbHE JI0 Jii TUTBKH
PIBHOMIPHOTO MEMOpPAHHOI'O HAINPY)KEHHS B
KUIBLIEBOMY HampsIMl Oug s K BU3HAUEHO B
8.2.2(10). Toxi HeoOXigHO  MPOBECTU
MepeBIPKY HACTYIMTHUX TPAHUYHHUX CTaHIB.

(3) JUis  OIIHKM TpaHUYHOTO CTaHy
IUIACTUYHOCTI 32 JOHNOMOTOI0  OLIHKHU
NPYXKHOCTI, TPAaHUYHUN CTaH IJIACTUYHOCTI

8.4 Limit state verifications

8.4.1 Uniformly
junctions

supported  transition

(D) Where the silo has been analysed using
a computer analysis, the procedures of EN
1993-1-6 should be used. Where the computer
analysis does not include a buckling analysis,
section 8.3 may be used to provide the
buckling resistances for the limit state
verification in EN 1993-1-6.

(2)  Where the silo is supported on a skirt
extending to a uniform foundation (see 5.4.2)
and the calculations of 8.2 have been carried
out, the transition junction may be deemed to
be subject only to a uniform circumferential
membrane stress G,z as determined in 8.2.2
(10). The following limit state verifications
should then be carried out.

3) Where the plastic limit state is assessed
using an elastic evaluation, the plastic limit
state for the junction should be verified using:

3'¢qHaHHg  [OBMHEH  BU3HAYaTHCId  3a
JIOTIOMOTOF0 BUPA3Yy:

Oub.Ed < fp.Rd (8.45)
ne: where:

Oub,Ed PO3PaXyHKOBE 3HAUCHHS
Hanpy>XKeHHs, BUu3HaueHe 3 8.2.2 (10);

Jp.Rd  PO3PaXyHKOBE 3HAY€HHs IIJIACTHY-
HOT'O OIOpY, BU3HaueHe 3 8.3.2.2.

4) SIKII0 A OLIHKY TPAaHUYHOTO CTaHy
TUTACTHYHOCTI BHKOPHCTOBYETHCS PO3PaAXY-
HOK  IUIACTMYHOCTI, TepeBipka  OLIHKU
TPAaHUYHOTO CTaHy IUIACTUYHOCTI 3'€JHAHHS
NOBUHHA BHMKOHYBAaTHUCS 3a JIOTIOMOTOIO
BUpA3Y:

o4 18 the design value of the stress taken
from 8.2.2 (10);

Jora 1 the design value of the plastic
resistance taken from 8.3.2.2.

(4)  Where the plastic limit state is assessed
using a plastic evaluation, the plastic limit
state for the junction should be verified using:

MonEd < Moh,Rd (8.46)

Ie:
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TyOUOi  MEpHUIIaTbHOTO  MEMOpaHHOTO
HaNpy>KEHHs Y BEPXHIl YaCTHHI XOIepa;
MyhRd PO3PaXyHKOBE 3HAUCHHS IIIACTHY-
HOT'0 OIIOpY, BU3HaueHe 3 8.3.2.3.

®)) I'pannyHMiA CTaH BTpATH CTIMKOCTI B
OIHIN  IUIOIMHI  3'€qHAHHS  IIOBUHEH
MIEPEBIPATUCS 32 JOTIOMOTOI0 BUPA3Y:

membrane stress resultant at the top of the
hopper;

nonra 18 the design value of the plastic
resistance taken from 8.3.2.3.

%) The in-plane buckling limit state for
the junction should be verified using:

Cud,Ed = Oip,Rd (8.47)

ze:

Cu0.Ed PO3PaXyHKOBE 3HAUEHHS HAINpy>KEH-
Hs1, BU3HaveHe 3 8.2.2 (10);

Oiprd PO3PAXyHKOBE  3HAUEHHS  OIOpPY
BTpaTi  CTIMKOCTI B  OAHIH
BU3HaUcHe 3 8.3.3.

IUTOLLMHI,

(6) [lepeBipky TIpaHUYHOTO CTaHy IpHU
BTpATi CTIMKOCTI B OAHIN TUIOIIMHI MOXHA HE
OPOBOAMTH, SKIIO OyIyTh  3aJ0BOJICHI
00u/IBl HACTYITHI YMOBH:

— MOJIOBMHA KyTa KOHYyca [ O1IbIIe HiXK Piim 1
HaJ[ KUTbLIEM PO3TalllOBaHUHN ITMWITIHAD;

— TpU BUCOTI IWIIHIApa L 10 MEHIIe Hik

Lmin :kL\/;’

YTPUMYETbCS BiJ BIAXWIIEHB BiJl OKPYIJIOCTI
KUIBIIEM, 110 Ma€ 3TUHHY KOPCTKICTh El;
BITHOCHO CBO€1 BEPTHKAIbHOI OCi (3TUH B
KUIBLIEBOMY HAlpsIMi) BUILE HIK:

BEpXHA Mexka UUJIiHApa

where:

ow.rda 1S the design value of the stress taken
from 8.2.2 (10);

Oipra 1s the design value of the in-plane
buckling resistance taken from 8.3.3.

(6) The limit state verification against in-
plane buckling may be omitted if both of the
following conditions are met:

— the cone half angle [ is greater than By, and
there is a cylinder above the ring;

— where the cylinder has a height L less than
L. = kL\/; , the upper boundary of the
cylinder is restrained against out-of-round
displacements by a ring with a flexural rigidity

EI, about its vertical axis (circumferential
bending) greater than:

EL . =kE(rt) J(t/7) (8.48)
Je: where:
t TOBIIMHA HAWTOHIIOTO TIOSICY B t is the thickness of the thinnest strake in
HUTIHJPI. the cylinder.

Mpumirka 1: 3HaueHHs Py, k7 1 kz MOXYTH OyTH
3amani B HamioHampHOMY Honatky. PekomeHmoBane
3Ha4YeHHS Py, = 10°, k;, = 10 1 kz = 0,04.

IMpumiTka 2: Bumora mono yrpuMaHHS OKpPYTJIOCTI
Ha BEpXHIH MeXi IMIHApPA CTOCYEThCS TUIBKH
HEBHUCOKUX MLWJIIHAPIB BHINE 3a TMEpexifHe KiJbIle,
OCKIIBKM BHIN IIWIHAPH 3a0e3MedyloTh JOCTaTHIN
OTTip I[bOMY THITY BTPATH CTIHKOCTI i cami 30epiraroTh
CBOIO KpyTity ¢popMy 0e3 T0IaTKOBOTO TiACUIICHHSI.

(7)  TI'panuuyHMii CcTaH BTpaTH CTIMKOCTI
3'eMHaHHS TpU  OIYHOMY  BHIyYyBaHHI
MOBUHEH TIEPEBIPATUCS 3a  JOIOMOTIOI0
BUpA3y:

NOTE 1: The National Annex may choose the values
of Biim, &, and kz. The values By, = 10°, &k, = 10 and kp =
0,04 are recommended.

NOTE 2: The requirement that the top of the cylinder
should be restrained to remain circular is only relevant
for short cylinders above the transition ring, since taller
cylinders provide sufficient restraint against this mode
of buckling without being themselves restrained to
remain circular.

(7)  The out-of-plane buckling limit state
for the junction should be verified using:

Oub,Ed < Gop,Rd (849)
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Cu0.Ed PO3PAXyHKOBE 3HAYCHHS HAIPYKCH-
Hs1, BU3HaueHe 3 8.2.2(10);

Gop,Rd BIAIOBIZIHE PO3PAXyHKOBE 3HAUEHHs
OTOpYy BTpaTi CTIUKOCTI 3"€AHAHHA MPHU
OiyHOMY BUITYyYyBaHHI, BU3Ha4YeHE 3 8.3.4.

8.4.2 Kinvuesa oanka

3'eonanns

nepexionoz2o

(1) ko po3paxyHku OyHKEpa BUKOHY-
BaJNCh 3a JIONIOMOTOI0 KOMIT'FOTEPHOTO
aHaizy, MOBUHHI 3aCTOCOBYBATHUCS
npouenypu, mnepeabadeni EN  1993-1-6.
SIKmo KOMI'IOTepHHMI aHalli3 HE BKIIIOYAE
JIOCJTIJDKEHHS Ha TPEJIMET BTPATH CTIHKOCTI,
JUIE BU3HAYEHHS ONOPY BTpaTi CTIHKOCTI 3
METOIO TIEPEBIPKH TPAaHUYHHUX CTaHIB 3TiAHO
EN 1993-1-6 Moe 3acTOCOBYBAaTHUCS PO3[ILT
8.3.

(2) Skmo  OyHKEep  CIHMpAaEThCcsl  Ha
BiIOCOOJICHI OMOpPH Tak, IO TEpeximaHe
3'€JTHAHHS BUKOHY€E (YHKIIIT KUIBIIEBOI Oaku
o B1JTHOILIEHHIO hi (o MeMOpaHHUX
HalpyXeHb B KUIbLIEBOMY HaIpsMi, sKi
3MIHIOIOTBCA B TONEPEUYHOMY Tiepepi3i 1 1o
epuMeTpy Koja, Taki 3MIHM MaloTb OyTH
BpaxoBaHl B MpOIIECi MEePEBIPKU T'PAaHUUHUX
CTaHIB. SIKIIO pO3paxyHKH BUKOHYBAJIUCh
BIMOBIMHO 110 8.2, HEOOXITHO TPOBECTH
NepeBipKy HACTYMMHUX ITPAHUYHUX CTaHIB.

3) [Ipu po3paxyHKy TpaHUYHOTO CTaHY
IUIACTUYHOCTI 3'¢THAHHS, IIOBHHHE
3aCTOCOBYBATUCSl  OI[IHIOBAaJIbHE 3HAYCHHS
HalpYyXXeHHSI Omors 3 8.2.3 (8). Bowno
M1JUIArae MepeBipili 3a J0IOMOT 00 BUPa3y:

o4 18 the design value of the stress taken
from 8.2.2(10);

Oopra 18 the appropriate design value of the
out-of-plane buckling resistance taken from
8.3.4.

8.4.2 Transition junction ring girder

(1)  Where the silo has been analysed using
a computer analysis, the procedures of EN
1993-1-6 should be used. Where the computer
analysis does not include a buckling analysis,
section 8.3 may be used to provide the
buckling resistances for the limit state
verification in EN 1993-1-6.

2) Where the silo is discretely supported,
so that the transition junction acts as a ring
girder with circumferential membrane stresses
which vary across the section and around the
circumference, this variation should be taken
into account in the limit state verifications.
Where the calculations of 8.2 have been
carried out, the following limit state
verifications should be undertaken.

(3)  The plastic limit state for the junction
should use the evaluated stress G0z; from
8.2.3 (8) and should be verified using:

Omb,Ed < Jfp,Rd (8.50)

ne:
Omo.Ed PO3PAXyYHKOBE 3HAYCHHS HAIPYKCH-
Hs, BU3HaueHe 3 8.2.3 (8);

JoRd  PO3PaXyHKOBE 3HAYEHHA IJIaCTHU4-

HOT'O OIOpY, BU3HaueHe 3 8.3.2.2.

4) IIpyn po3paxyHKy TI'pDaHUYHOIO CTaHyY
BTpaTH CTIMKOCTI 3'€MHaHHS B  OJHIA
TUTOIIMHI MOBUHHO 3aCTOCOBYBATHCSA
OLIIHIOBAJIbHE 3HAYEHHS HAIIPY)KEHHS G £d 3
8.2.3(9). Bono mimnsrae mepesipmi 3a
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where:

omo.eqa 18 the design value of the stress taken
from 8.2.3 (8);

Jora 18 the design value of the plastic
resistance taken from 8.3.2.2.

(4)  The in-plane buckling limit state for
the junction should use the evaluated stress
oc0.24 from 8.2.3 (9) and should be verified
using:
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C0.5d < Oipra

ne:
0,954 PO3PAXYHKOBE 3HAYECHHS HAIPYKEH-
Hs1, BU3HaveHe 3 8.2.3(9);

0,54 DO3PAXyHKOBE  3HAYCHHS

oropy

BTpaTi CTIMKOCTI B  OJHIA  IJIOINIWHI,

BHU3HaueHe 3 8.3.3.

(5) [lepeBipky T'paHUYHOTO CTaHY IIPU
BTpATi CTIMKOCTI B OAHIN TUIOIIMHI MOXHA HE
MPOBOAMTH, SKIIO OYIyTh 33J0BOJIEHI 000€ 3
HACTYITHUX JIBOX YMOB:

— TOJIOBMHA KyTa KOHyca /[ Ouiblle HiXK

Biim, 1 HAI KIIbLIEM PO3TALIOBAHUH LIUJIIHJID;
— TpW BHUCOTI LWIiHApa [ MEHIIIH HIDK
L. =k-rt,

YTPUMYETHCS BiJl BIAXWJIEHb BiJ] OKPYIJIOCTI
KUTBIIEM, IIO Ma€ 3TMHHY XOPCTKiCTh El.

BEpXHA Mexa UWJIiHApa

BITHOCHO CBO€i BEpTHKAJIBHOI Bici (3rMH B
KUTBIIEBOMY HAIPSIMi) BUILE HIK:

EIz,min
bi (H
t TOBIIMHA HAWTOHIIOTO TOSCY B
UTIH]IPI;
L BHCOTa CTIHKH  OOOJOHKHM  HaJ
KIJBLIEM.

MNpumirka 1 : 3navenns &, k, i k, MoxyTts OyTH
3agadi B HamiomamsHoMy nonaTky. PexomenmoBame
sHadenna B, =10" k, =10 i k, =0,04 .

IIpumiTka 2: Bumora npo yTpuMaHHs OKpPYTJIOCTI Ha
BEpXHIH MeXi MWIHApPa  CTOCYEThCS  TUIBKH
HEBHUCOKUX LWJIIHAPIB BHINE 3a TMEpexifHe KiJbIe,
OCKIIBKM BHIN IIWIHAPH 3a0€3MedyoTh IOCTaTHIN
OITip I[bOMY THITY BTPATH CTIHKOCTI i cami 306epiraroTh
CBOIO KpyTiTy popMy 0€3 10JIATKOBOTO TTOCHIICHHS.

(6) Ilpm rpaHMYHOMY CTaHi BTpaTH
CTIAKOCTI 3'€THAHHS — OIYHOMY BHUITYYIYyBaH-
Hi, TOBUHHO 3aCTOCOBYBAaTHCS OLIIHIOBAJbHE
3HAYEHHS HANPYXKEHHS Oy 3 8.2.3(9).

BoHo mimisrae mepesipii 3a JOMOMOTOIO
BUpa3y:
Oco.ra < Oupra

ne:
Oco.rg PO3PAXYHKOBE 3HAYECHHS HAIpPY’KEH-

(8.51)
where:

C.9.zq4 15 the design value of the stress taken
from 8.2.3 (9);

0,z 18 the design value of the in-plane

buckling resistance taken from 8.3.3.

®)] The limit state verification against in-
plane buckling may be omitted if both of the
following conditions are met:

— the cone half angle g is greater than S,
and there is a cylinder above the ring;

— where the cylinder has a height L less than
L. :kL\/ﬁ , the upper boundary of the

cylinder is restrained against out-of-round
displacements by a ring with a flexural rigidity
EI_ about its vertical axis (circumferential

bending) greater than:

=k E(rt) J(¢/7) (8.52)
where:
t is the thickness of the thinnest strake in

the cylinder;
L is the height of the shell wall above the
ring.

NOTE 1: The National Annex may choose the values
of B, k, and k, The values g, =10°, k, =10

and k, = 0,04 are recommended.

NOTE 2: The requirement that the top of the cylinder
should be restrained to remain circular is only relevant
for short cylinders above the ring, since taller cylinders
provide sufficient restraint against this mode of
buckling without being themselves restrained to remain
circular.

(6)  The out-of-plane buckling limit state
for the junction should use the evaluated stress
Ocopg from 8.2.3 (9) and should be verified

using:

(8.51)

where:
Oco.rq 18 the design value of the stress taken
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O,y rs DO3DAXYHKOBE  3HAYECHHA  ONOPY

BTpPaTi CTIMKOCTI Mpu OIYHOMY BHITy4YyBaHi,
BU3HaYeHe 3 8.3.4.

8.5 Po3rasim  cxem  po3raunry-BaHHSI
ONOPHUX €JIEMEHTIB CIOJIyYeHHS

8.5.1 3'eonannsa, niompumyeani 10oxor

(1) SIkmo OyHKep crupaeThcsi Ha I0OKY,
SKa JOXOJUTh O OJHOPIAHOTO (YHAAMEHTY
(muB. 5.4.2), MOXKHA BBa)KaTH, 110 TIEpEXiTHE
3'€elHAaHHS ~ Hece  HABaHTAXKEHHs,  sIKe
BUKJIMKaHE TUIBKM MEMOpaHUMH Harpy-
JKEHHSIMU B KIJIbIIEBOMY HAIPSMI.

2) KOOka mimnsrae mepeBipii  Ha
mpeIMeT OIopy BTpaTi CTIMKOCTI  TIpH
OCbOBOMY CTHCKY 3 YypaxyBaHHSM BIUIMBY
OTBOPIB B 1001Ii.

8.5.2 3'eonanna i kinvuesi oOanku, uLo
RIOMPUMYIOMbCA OROPHUMU CIITKAMU

(1) Sxkmo OyHKep  CHOUpaeTbCs  Ha
BiJ10cOOJIeH1 omopu a0o CTiMKu, a KulblieBa
Oanka TMepexigHOro 3'€JHaHHS 3acTOCO-
BYETBCS ISl PO3IIOLTY HABAaHTaKEHb 3 OMOP
Ha O0O0OJOHKY, TepexigHe 3'eqHaHHS 1
KUIbIIEBA Oajylka IIOBUHHI 3aJ0BOJILHATHU
yMOBaM, BKa3zaHuM B 8.2.3 ta 8.4.2.

(2) Sxmio kinpleBa Oalka TEPeXiTHOTO
3'eqHaHHS (OPMYETHCS LUISIXOM CKPIIUICHHS
0onTaMu BEpXHBOI 1 HHKHBOI IOJIOBHH,
KOXKHa 3 SIKUX KpINUTbCA JO PI3HUX
CerMEHTIB OOOJIOHKH, pO3Mip OONTIB Mae
OyTu miaiOpaHuii Tak, o0 BOHU BUTPUMATH
nepeaavyy BCHOTO PO3paxyHKOBOTO
HAaBaHTA)XEHHS, W0 Ji€ B KUIBLIEBOMY
HampsiMi Ta CIpHUiiMae BEpXHIH KidbLIEBUN
cerMeHT. [Ipu 1pboMy HEOOXiHO HAJEKHUM
YMHOM BpaxyBaTH [il0 3TMHHUUX CWJI Ha
KUIBIIE.

8.5.3 Onopmne kinvue 6 ocnosi dynkepa

(1) ByHkep, sikuii Ma€ TOCTIHI OMIOPH Ha
piBHI 3emJ1i, Mae OyTH OCHAIEHUI ONIOPHUM
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0,,a 18 the design value of the out-of-plane

buckling resistance taken from 8.3.4.

8.5 Considerations concerning support
arrangements for the junction

8.5.1 Skirt supported junctions

(1)  Where the silo is supported on a skirt
extending to a uniform foundation (see 5.4.2),
the transition junction may be deemed to carry
only circumferential membrane stresses.

2) The skirt should be checked for
resistance  to  buckling under  axial
compression, including the effects of openings
in the skirt.

8.5.2 Column supported junctions and ring
girders

(1)  Where the silo is supported on discrete
supports or columns, and a transition ring
girder is used to distribute column forces into
the shell, the junction and ring girder should
satisfy the conditions given in 8.2.3 and 8.4.2.

(2)  Where a transition ring girder is
formed by bolting together an upper and lower
half, each attached to a different shell
segment, the bolts should be proportioned to
resist transmission of the full design value of
the circumferential force to be carried in the
upper ring segment, taking proper account of
bending actions in the ring.

8.5.3 Basering

(D) A silo that is continuously supported
on the ground should be provided with a base
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MPUCTPOIO.

2) [HTEpBaA)I MO TEpUMETPY KOJIa MK
aHKepHUMH OositaMu ab0 1HIIMMH TOYKAMH
KPITUICHHS aHKepiB HE MOBHUHEH

TepeBHIYBaTH 4+/rt, e t- 1€ JOKalbHa
TOBILMHA JUCTA 000JOHKU.

(3) Omnopse kinblie B OCHOBI OyHKepa
IOBUHHE MAaTH 3TUHHY JKOPCTKICTh EI,

BITHOCHO BEpPTUKAIBHOI BiCl (1106
IOPOTHCTOSITH TOB3/IOB)KHBOMY BUTHHY B
KUIBIIEBOMY HaIpsimMi) OUIbIIY 32 MiHIMalbHE
3HaueHHs £l sKa  MPeACTaBJIEHA

z,min
HaCTyr[HI/IM BHPA30M !
EI

z,min

ne t Oeperbcs 3a TOBIIMHY CTIHKH TIOSCY,
CYMIXXHOTO 3 OITOPHUM KUTBIIEM OCHOBH.

IIpumitka: 3HaueHHs k Moxe OyTm 3amaHe B
HanionanpHOMY nomaTKy. PekomeHInoBaHe 3HaueHHS
k=0,10.

=k-Ert’

2) The circumferential spacing of
anchorage bolts or other attachment points

should not exceed 4\/; , where ¢ is the local
thickness of the shell plate.

(3)  The base ring should have a flexural
rigidity EI_ about a vertical axis (to resist

circumferential bending) greater than the
minimum value E/__. given by:

z,mi

(8.54)

where ¢ should be taken as the thickness of
the wall strake adjacent to the base ring.

NOTE: The National Annex may choose the value of
k . The value k£ =0,10 is recommended.
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9 ITPOEKTYBAHHA ITPAMO-
KYTHUMX BYHKEPIB 3 IIJIOC-
KNUMHU BIYHUMHU CTIHKAMUA

9.1 OcHoBa

(1)  IlpsamoxytHuii  OyHKep TOBHHEH
MPOCKTYBATHUCS 200 SIK KOPOO 3 MOCHICHHSM,
SKMA  BUTPUMYE  TEPEBAXHO  3TUHHE
Halnpy>KeHHs,, ab0 SK TOHKa MeMOpaHHa
KOHCTPYKLIsA, fKa BUTPUMYE MEPEBAKHO
MeMOpaHHI HaNpyXEHHS, 110 BUHHKAIOTh B
pe3yabTaTi CHIIbHUX Aedopmartiii.

(2)  Sxkmo kopo® pospaxoBaHuW Ha il
BUTHHY, 3'€THAHHS MOBUHHI MPOCKTYBATUCS
Tak, o0 MINHICT, 3'€QHAHHSA, IO
nependavanacs MiJ 4ac IpOBEACHHs aHaJi3y
HalpyXeHb, Oyla JOCATHYTa B TIpOIleci
eKCIUTyaTalii.

9.2 Kaacudgikamis
¢opm

KOHCTPYKUIiHMX

9.2.1 bynkepu 6e3 nocunenus

(1) Koncrpyxitis, BUI'OTOBJICHA 3
TUTOCKHUX CTaJIeBUX JMCTIB, 6e3
NPUKPIIUIEHUX 1O HUX pedep KOPCTKOCTI,
NMOBMHHA  Ha3uWBaTtucsi  Kopobom  0Oe3
MOCHJICHHSI.

(2) KoHcTpykiiig, mocuiieHa  TUIBKH
Y3/10BXK 3'€/lHAaHb MIXK JINCTaMH, SIK1 JISKATh B
pI3HUX  IUIONIMHAX, TAaKOX  ITOBHHHA
Ha3uBaTHCA KOPOOOM 0e3 MOCHIICHHS.

9.2.2 bByHnKepu 3 nocuneHHaAM

(1)  Koncrpyxkuis, BUT'OTOBJIEHA 3
IUIOCKUX JIMCTIB, J0 KUX MPUKpiIIeH1 pedpa
KOPCTKOCTI B MeKax IUIONI JIUCTA, TOBUHHA
Ha3WBaTUCA TIOCWJICHHMM KopoboMm. Pebpa
KOPCTKOCTI MOXYTh OyTH nepupepuuyHuMH,
BEPTUKAIBPHUMH 200  OPTOTOHAIBHUMHU
(opieHTOBaHMMHU B JBOX HampsMax Mij
MPSIMAM KyTOM).
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9 DESIGN OF RECTANGULAR
AND PLANAR-SIDED SILOS

9.1 Basis

(1) A rectangular silo should be designed
either as a stiffened box in which the structural
action is predominantly bending, or as a thin
membrane structure in which the action is
predominantly membrane stresses developing
after large deformations.

(2)  Where the box is designed for bending
action, the joints should be designed to ensure
that the connectivity assumed in the stress
analysis is achieved in the execution.

9.2 Classification of structural forms

9.2.1 Unstiffened silos

(1) A structure formed from flat steel
plates without attached stiffeners should be
termed an 'unstiffened box'".

2) A structure stiffened only along joints
between plates which are not coplanar should
also be termed an 'unstiffened box'.

9.2.2 Stiffened silos

(1) A structure formed from flat plates to
which stiffeners are attached within the plate
area should be termed a 'stiffened box'. The
stiffeners may be circumferential or vertical or
orthogonal (two directional).


arymarenko
Прямоугольник


RN

: vertical section

Beprukanpamii

I'opusoHTanpHa

Pucynok 9.1
3aTKKAMU

“=_detail 2

Hetans 2

IPOEKI[isl TMPSMOKYTHOro Kopoba  3i

Figure 9.1 Plan view of tied rectangular box silo

9.2.3 byHukepu i3 3amaxckamu

(1)  bynkepwu i3 3aTsDKKaMu MOXKYTb OyTH
KBaJIpaTHUMH 200 MPSIMOKYTHUMH

Ipumirka: Jleski TMIIOBI KOHCTPYKTHUBHI €JIEeMEHTH
JUIsl 3-X-TIAaHETTBHOTO KBAJAPATHOTO (OHOKaMEPHOTO)
OyHkepa HaBeJleHI Ha pucyHkax 9.1,9.219.3.

-
D /

(Metans 1)
(DETAIL 1)

—_—

9.2.3 Silos with ties

(1)  Silos with ties may be square or
rectangular.

NOTE: Some typical structural components for a 3-
panel square (single cell) silo are shown in figures 9.1,
9.2 and 9.3.

(Jetans 2)

(DETAIL 2)

PucyHnok 9.2 Tunosi nerani 3'€1HaHb Ha 3aTsDKKaX
Figure 9.2 Typical details of tie connections

9.3 Omnip BepTHKAIBHUX CTiHOK 0e3
INOCUJICHHSA

(1) Omnip BepTUKAJIBbHUX CTIHOK MOBUHEH
OLIIHIOBATHUCS y BIMOBIAHOCTI bio)
EN 1993-1-7. B skocTi ajbTepHaTHBH
MOYKHa BB@XaTH, M0 BHMOTaM IIbOTO
CTaHJApPTy 3aJOBOJILHSAIOTH IMOJIOXKEHHS, 10
HaBezleH1 B 9.4.

(2) Po3paxyHOk omopy BepTHKaJIBHHUX
CTIHOK MTOBUHEH BUKOHYBATHCS 3
ypaxyBaHHSIM MeMOpaHHOI ii 1 BHUTHUHY
JIUCTIB.

9.3 Resistance of unstiffened vertical walls

(1) The resistance of vertical walls should
be evaluated in accordance with EN 1993-1-7.
Alternatively, the provisions set out in 9.4
may be deemed to satisfy the provisions of
that Standard.

2) The resistance of vertical walls should
be evaluated considering both the membrane
and plate bending actions.
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MO>KHA PO3JIIJIUTH HA HACTYITHI KaTeropii:

— 3THWH JIUCTA B JIBOX BUMIpax IiJi BIUIUBOM
Marepiany, o 30epiracThbes;

— TMOosBa HampyXeHb B pe3ynbpTari nii

MeMOpaHu;
—  JIOKaIbHUW  3TUH  MiJ  BIUIMBOM
30epirarouoro Marepiany 1/abo
YCTaTKyBaHHS.

9.4  Omip criHOK OyHKepa 3 ro()poBaHUX
JIMCTIB 3 NOCUJICH-HAM

9.4.1 3azanvni nonoscennsn

(1) Omip  eneMeHTIB  BEPTUKAIBHUX
CTIHOK, III0 HE MarOTh HNOCHJIEHHS, TOBUHEH
BM3HAYATHCS BIJAMNOBIAHO O IIOJIOXKEHb,
BukianeHnx B 9.4. Po3paxyHok omnopy
NOBUHEH BHKOHYBATUCS 3 YpaxyBaHHSIM
MeMOpaHHO1 [Iii 1 BUTUHY JIMCTIB.

(2) [Ipoekt mnepenbayae 3acTOCyBaHHS
JUCTIB 3 TOPU3OHTAIBLHUM FOPpPOM 3 METOIO:
— Omopy 3arajbHiil Aii BUTHHY BHACIiJ0K
TUCKY 30epiraro4oro Marepiainy;

— ONOpYy HAINpPYXEHHSAM, IO 3'ABUIHCS B
pe3yabTaTi Aii MeMOpaHu;

— ONOpY JIOKATbHOMY BHUTHHY 30€piraroyoro
MaTepiaiy 1/abo yCTaTKyBaHHS.

3) EdexTuBHI BIacTMBOCTI BUTHHY 1
OMlip BUTHHY JIMCTIB, 10 MalOTh IMOCUJICHHS,
BUBOJATLCS  BIAMOBIAHO JO  IIOJIOKEHD
EN 1993-1-3 npo TpaneneinaapHe npeacTas-
JeHHs OOLMBKM 3 MPOMDKHUMHU pedpamu
KOPCTKOCTI.

(4)  IlpoexT pebep *KOPCTKOCTI BUKOHY-
€THCSI BIJTIOBIIHO /10 OPSAKY MPOEKTYBAHHS
€JIEMEHTIB  KOHCTPYKIIif, BHKIAJEHUM B
EN 1993-1-1 1 EN 1993-1-3, 3 ypaxyBaHHSM
CYMICHOCTI pebep KOPCTKOCTI 3 eleMeHTaMH
CTIHKHU, €(eKTy eKCHEHTPUCUTETY OOOIOHKH
BIJTHOCHO Biceil peGep KOPCTKOCTi, 3rHHHIN
IUTICHOCTI CTIHHMX €JIEMEHTIB 1 mepepi3iB
TOPU3OHTAIILHUX 1 BEPTHUKAIBHUX pedep
’KopcTkocTi. Hampy»eHHs, 10 BUHUKAIOTh B
pebpax  KOPCTKOCTi, SIKI  Opi€EHTOBaHi
MEePNEHANKYIISIPHO — TOB3JOBXKHIA  Bicl 1
NEPEeTHHAIOTh KOHCTPYKTUBHO HEPO3PUBHI
€JIEMEHTH CTIHKH, TOBHWHHI TNPUHAMATHUCS B
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may be divided into the following categories:
— bending as a 2D plate from the stored
material;

— stresses resulting from diaphragm action;

— local bending action from the stored
material and/or equipment.

9.4  Resistance of silo walls composed of
stiffened and corrugated plates

9.4.1 General

(1)  The resistance of unstiffened parts of
vertical walls should be evaluated in
accordance with the provisions set out in 9.4.
The resistance evaluation should consider both
membrane and plate bending actions.

2) Horizontally corrugated plates should
be designed for:

— general bending action from pressures due
to the stored material;

— stresses resulting from their diaphragm
action;

— local bending action from the stored
material and/or equipment.

3) Effective bending properties and
bending resistance of the stiffened plates
should be derived in accordance with the
provisions for trapezoidal sheeting with
intermediate stiffeners in EN 1993-1-3.

(4)  The design of the stiffeners should be
made in accordance with member design
given in EN1993-1-1 and EN1993-1-3, taking
into account the compatibility of the stiffeners
with the wall eclements, the effect of the
eccentricity of the sheeting in relation to the
stiffener-axes, and the flexural continuities of
wall elements and intersection horizontal and
vertical stiffeners. Stresses normal to the
longitudinal axis arising in stiffeners, which
intersect  structurally  continuous  wall-
elements, should be taken into account
additionally in the member design.
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OKpEMUX €JIEMEHTIB.

(5) [Tepenaua HaBaHTKCHHS BiJ
BEPTUKAJIBHUX  pedep  KOPCTKOCTI /0
IPaHUYHUX EJIEMEHTIB OCHOBU KOHCTPYKIIii
Mae OyTH poO3paxoBaHa BIJHOCHO KOXXHOTO
KOHKPETHOT'O €JIEMEHTY 1 3 YpaxyBaHHSIM
oropy camoro (hyHIaMeHTY.

(6)  3HaveHHs )KOPCTKOCTI Ha 3CYB 1 OIp
BHUBOJSTBHCS 3a pe3yjbTaTaMH BHUIIPOOYBaHb
a00 BIJNOBITHUX TEOPETUYHUX BUKJIAJICHb.

(7) SKmo HEMae TOYHINIOT METOIUKH,
OIlip Ha 3CyB NpPHU MOB3JI0BXHBOMY BUTHHI
MOKHA BH3HAYWTH BIONOBiZHO 1m0 5.3.4.6,
O3S IAF0YH paaiyc 000JIOHKH K
HECKIHYCHHY BEJIMYUHY.

(8) Skuo npoBoAMTH  BUIPOOYBaHHS,
BIJIMOBIZIHE 3HAYEHHS KOPCTKOCTI Ha 3CYB
MOXHA TIPUWHATA 3a CIYHE 3HAYCHHS,
JIOCATHYTE TpU 2/3 TUMYACOBOMY OIOPY
3pi3y; AUB. pUCYHOK 9.4.

Pucynok 9.3 .
TUTOIIMHI

Figure 9.3 silo

®)] The load transfer of vertical stiffeners
to base boundary elements should be designed
in accordance with the specific element and
the given foundation resistance.

(6) Shear stiffness and resistance should
be derived by testing or appropriate theoretical
expressions.

(7)  Unless a more precise method is
available, the shear buckling strength may be
assessed using 5.3.4.6 and treating the radius
of the shell as infinite.

(8)  Where testing is used, the relevant
shear stiffness may be taken as the secant
value achieved at 2/3 of the ultimate shear
strength, see figure 9.4.

(BeprukansHmil po3pis)

(vertical section)

Tunoswuii nepepiz roppoBaHOi CTIHKK NPSIMOKYTHOTO OyHKEpa y BEpTHUKAIbHIN

Typical section on a vertical plane through the corrugated wall of rectangular
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PucyHnoxk 9.4 Peakiisi rodppoBaHoOi CTIHKH Ha 3CYyB
Figure 9.4 Shear response of corrugated wall

9.4.2 Onip 3azanvnHomy  6ucuHy 6
pe3ynomami  npamoi Oii  30epizarouozo
Mmamepiany

(1) 3ruH 1O TOPU30HTANl HEOOXiAHO
po3rIAgaTH  SK pe3yNbTaT il THUCKY B
TOPU3OHTANBHINA TUTOMIMHI a0o0 [ii THUCKY B
TOPU3OHTANBHIN TUIOMIMHI Yy CIIONYy4YeHHI 3
TEPTSIM CTIHKH OyHKepa.

(2) Po3paxyHOK BUTHHY MiA JTI€I0 TUTbKU
TUCKY 10 TOPWU30HTANi, TIOBHHEH TPYHTY-
BaTUCS Ha e(EeKTHMBHHX BIACTHUBOCTSX,
npencrasieHux B EN 1993-1-3.

(3)  Po3paxyHOK BUTMHY, 110 BUHHMKAE 1]
BIUIUBOM  THUCKYy IO TOpPH3OHTall Y
CHOJYYEHHI 3 TEPTAM CTIHKM OyHKepa, MOXkKe
TPYHTYBAaTUCS Ha KOHILIEMLII, MpeacTaBIeHII
Ha pUCYHKY 9.5, 1€ mepepi3 CTIHKH MiX
TOYKOI0 A 1 Toukoro B posrnsmaerscs sk
[ONIEPEYHUI Tepepi3 BUTHMHY MiJl JIEI0
KOMOIHOBaHOTO THCKY p, . Hanpyxenus, mo

BUHHMKAaE B  LeH IIOBUHHE
MOEAHYBATHCS 3 THM, SIKC BHHHUKAE IIiJ
BIUTMBOM OCBHOBOT CHJIH, 110 CTBOPIOETHCS i
TUCKOM 30epiraro4oro marepiaiay Ha CycCiiHi

NEePIEeHIUKYIIAPHI CTIHKY (1uB. 9.4.3).

MOMEHT,

IMpumirka: Lle crnocid po3paxyHKy, IO BCTaHOBIIE-
HUA 1 3aragbHOBM3HaHMH. [IpoTe  HeoOxigHO
3a3HAYUTH, IO TPHU [BOMY ITHOPYETHCS MOCTiiiHE
HanpyXeHHsI MK CyMDKHUMH CTIHHHMH TTaHEJISIMH.
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9.4.2 General bending from direct action of
the stored material

(D) Bending should be considered where
horizontal bending can arise resulting from
horizontal pressure or from horizontal
pressure combined with wall friction.

2) For bending from horizontal pressure
alone, the calculation should be based on the
effective properties as given by EN 1993-1-3.

(3)  For bending arising from horizontal
pressure combined with wall friction, the
calculation may be based on the concept
outlined in figure 9.5, where the wall section
between Point A and Point B is considered as
a cross-section in bending under the action of

the combined pressure p,. The stresses

arising from the moment should be combined
with those from the axial force arising from
the stored material pressure on the adjacent
perpendicular walls (see 9.4.3).

NOTE: This calculation is conventional and well
established. However, it may be noted that the
continuity of strain between adjacent wall sections is
neglected.
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Pucynok 9.5 3ruH B pe3yJbTaTi NO€AHAHHS THCKY 110 TOPU3OHTAJII 3 TepTAM 00 cTiHKH OyHKepa

(BepTHKATBLHUIT PO3Pi3)

Figure 9.5 Bending resulting from combined horizontal pressure and friction (vertical section)

bhyed

HaBaHTAXXEHHsI BITPY
wind action

Pucynok 9.6 -
MaTtepiaiis abo

BITPOBOI'O HaBaHTAKEHHS

Figure9.6 (vertical section)

9.4.3 Hanpyxcenna ¢
6NIUBOM MeEMOPAHU

o06ononyi  nio

(1) Hamnpyxenns 3'SIBIISAETHCA B
pe3yibTaTi THUCKY 30epirarouoro marepiany
1/ab0  THCKY BITpY  MNEpIEHIUKYISIPHO
CYCIZIHIM CTIHKaM; IUB. pUCYHOK 9.6.

(2) 3rifHO 13 CHOPOUICHHM MPABUIOM
THCK Marepiaiy mo 30epiraeTbcs Moxke OyTH
OPUMHATHA 32 HOPMA@JIBHUH THCK (TIpU
IIbOMY TE€PTS CTIHKU ITHOPYETHCS ).

in these walls

Jis meMOpaHim

HA IIi CTIHKH
diaphragm action

nn

THCK 30epiraroyoro Marepiany
stored material pressures

MeMOpaHH1 Ccwiid, 110 BUHUKAIOTH B CTIHKax IIiJI THUCKOM TBEPIUX

Bending resulting from combined horizontal pressure and friction

9.4.3 Membrane stresses from diaphragm
action

(1)  The stresses result from pressure of
stored material and/or wind on the
perpendicular neighbouring walls, see figure
9.6.

(2)  As a simple rule, pressures from the

stored material may be taken as only normal
pressures (neglecting wall friction).
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BIUIMBOM BITPY MOXXHA BHU3HAYUTH TaKOX
PYYHUM pPO3PaxXyHKOM ab0 pO3paxyHKOM
METOAO0M CKIHUYEHUX €JIEMEHTIB.

9.4.4 Jlokanvna 32unna 0ia 30epicarouo-20
Mamepiany i/ado ycmamkyeanHs

(1)  HeoOxigHO BpaxoByBaTH BipOTij-
HICTh HETATHUBHOI JIii JIOKAJIBHOTO BUTHHY Ha
Oyab-1KOMY KOHCTPYKTHBHOMY €JIEMEHTI B
pe3ynbTaTi TUCKY 30€pirarouoro mMarepiany.

IIpumirka: YV BUNaAKY, NPeICTaBICHOMY Ha PUCYHKY
9.7, mepeBipka KOHCTPYKTHBHOro ejementy CD
MOKa3aJa, 10 BiH MOXK€ 3HaXOJHUTHCS B KPUTHYHOMY
CTaHi.

action may be determined using either hand
calculations or a finite element calculation.

9.4.4 Local bending action from the stored
material and/or equipment

(1)  The possibility of deleterious local
bending effects in any structural element due
to the local stored material pressure should be
taken into account.

NOTE: In the situation shown in figure 9.7, the
structural check on the plate element CD may be
critical.

Kombinosanmii THCK Ry MePTIEHNKYTTPHO roonmai CD

Combined pressure gynormal to the plane CD

< Pn \ Z
Pw fbl‘""
A"’ pC

PucyHnok 9.7 Moxui1Bi JIOKaNbHI Jii BUTHHY
Figure 9.7 Possible local bending actions

9.5 Bynkepu 3
3aTSKKAMM

BHYTPIillIHIMH

9.5.1 Cunu, aki eunukawomey y eHympiui-
HIX 3amAxMCKax 6i0 MmMUCKy meepoux
Mmamepianie

(1) HeoOxigHo BpaxoByBatu CuHIy, 3
KO0 MaTepiaj 1o 30epiraeTbcs BIUIMBAE Ha
3aTSAKKY.

(2) SIK0 He BWKOHYBAaTH OUTBII TOYHI
pPO3paxyHKH, CWJIa, 3 SKOK CHIIYYHd
Mmartepian o 30epira€Tbcsi ¢, BIUIUBAE Ha

OAMHHUIIIO JOBXHHH 3aTAXKKH, MOXCE GYTI/I
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9.5 Silos with internal ties

9.5.1 Forces in internal ties due to solids
pressure on them

(1)  The force exerted by the stored bulk
solid on the tie should be evaluated.

(2)  Unless more precise calculations are
made, the force exerted by the solid ¢, per

unit length of tiemay be approximated by:
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4,
npu with: C

ne:
D, BEPTUKAIBHUIA THCK 30epirarouoro

MaTepiany Ha piBHI 3aTSKKH;

b MaKCUMallbHa IIUPUHA 3aTSHKKH T10
TOPHU30HTAIL;

C, KpaTHICTh 30UIbIIEHHS HAaBaHTa)KEH-
HS;

C, aepoIUHAMIYHUIA KOoeQiIlieHT Tmore-
PEYHOTO TIepepi3y 3aTSKKH;

k, Koe(illi€HT CTaHy 3aBaHTAXCHHS,

S KOeQiIlieHT MicIsl  po3TalIyBaHHS

3aTSDKKH, SKAW 3QJICKUTh BiJl TTOJOXKCHHS
3aTSHKKU B Kamepi OyHKepa (IUB. PUCYHKH
9.819.9).

koepimiear C

(3) AepoauHamivuHU S
NPUHMAETHCS HACTYITHUM YHHOM:

— JUI Kpyraux piBHUX niepepiziB: C, =C,;

— 7S KpPYIJIMX HEpPIBHUX ab0 IMOMepeuHux
nepepiziB: C, =C .

Hpumirka: 3nauenns C,. 1 C, MOXyTb OyTH 3a/1aHi

B HamioHamsHOMY  OZATKYy.
3HaueHHsa C,, =1,0 i C, =12.

PexoMmennoBane

(4) KoeoiuieHT cTaHy 3aBaHTaXEHHS Kk,
NPUHMAETHCS HACTYITHUM YUHOM:

— TpU 3aBaHTAXEHHI CHUIYYHX TBEPIUX
Marepiamis: k;, =k,

— IpU PO3BAHTAXKEHHI CHUITYYHX TBEPIUX
marepianis: k, =k,,.

Ipumirka: 3navenns k;, i k;, MOXyTh OyTH 3a1aHi
B HamionanmsHoMy — nomatky.  PekomenpmoBane

sHauenns k,, =4,01 k;, =2,0.

:Ct.pv.b (91)

(9.2)

where:
D, is the vertical pressure within the

stored material at the tie level,

b is the maximum horizontal width of the
tie;

C, is the load magnification factor;

C, is the shape factor for the tie cross-
section;

k, is the loading state factor;

/] is the tie location factor, that depends

on the position of the tie within the silo cell
(see figures 9.8 and 9.9).

(3)  The shape factor C, should be taken as

follows:
— for circular smooth sections : C, =C,,

— for round rough or square sections :
CS‘ = CSC

NOTE: The National Annex may choose the values of
C. and C, The values C_ =10 and C =12 are

sc

recommended.

(4)  The loading state factor k, should be

taken as follows:
— for bulk solids filling : &k, =k,

— for bulk solids discharge : k, =k,,

NOTE: The National Annex may choose the value of
ky and k;,. The value k,,=4,0 and k,, =2,0 are

recommended.
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Pucynok 9.8 Po3spaxynok xoedinienra S Uit BHYTPINIHIX 3aTSKOK
Figure 9.8 Evaluation of factor g for internal ties

9.5.2 Mooenrosannsn 3amaixicokx

(1) 3aTsKKM  KIACU(IKYIOTbCS  3aJIeKHO
Bil OCHOBHOIO  CIOCOOY  yTpUMaHHS
HABAaHTA)XCHHA. 3aTsDKKa BITHOCUTHCA [0
Ka0eIpHOrO THITY, SKIIO BOHA MAa€ 3TUHHY
KOPCTKICTh ~ SIKOKO ~ MOXXHa  3HEXTYBATH.
3arspKKa BITHOCUTCS JI0 CTPHIKHEBOTO THITY,
SIKIIIO BOHA MA€ OCbOBY JKOPCTKICTh 1 3HAYHY
3TUHHY OPCTKICTh. PO3paxyHOK 3aTsHKKU
MOBUHEH BIANOBIIATH KOHCTPYKTUBHOMY
nepepizy 3aTsSKKU.

(2) Skmo  3aTsKKa  BITHOCHUTBCA 10
CTPUYKHEBOTO TUITY, HEOOX1JIHO BpaXOBYBaTH
MOMEHTH BHWIMHY TIOpsiI 3  OCbOBUM
PO3TSATOM.

(3) o6 BuzHauutu cuny N (a B
CTPM)KHEBUX 3aTSHKOK — MOMeHTH M) B
3aTsDKIIl  HEOOXITHO 3aCTOCYBaTH T€OMET-
pPUYHO HENiHIMHY cuctemy oOumcieHb. s
METOJIMKAa PO3paxyHKY IIOBHHHA BpaXOBY-
BaTH peajbHI I'PaHUYHI CTAHHU 1 )KOPCTKICTh
cTinku OyHkepa (pucyHok 9.10).

4) Po3paxyHKOBI 3Ha4eHHS OCHOBOTO
po3tary N i MOMeHTYy M mpuiiMaroThCs 5K
3HAYEHHS B TOYKax 3'€THAHHS 3aTSDKKHU 13
CTIHKOIO OyHKepa.

(5) [ToyaTkoBUId TPOTHH 3aTSKKU Mae
OyTH TIOTO/PKCHHH 3 TMPOEKTHOI OpTraHi-
3amiero  i/abo  BupoOHHMKOM.  KabGenbHi
3aTSDKKW (K1 MarOTh 3THHHY JKOPCTKICTB
SKOI MOXXHAa 3HEXTYBAaTH) TOBHHHI MaTH
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9.5.2 Modelling of ties

(D) Ties should be classified according to
the principle means by which they support the
loads. A tieshould be classed as a cable if it
has negligible bending stiffness. It should be
classed as a rod if it has both axial stiffness
and significant bending stiffness. The analysis
of the tie should be appropriate to the
structural response of the tie section.

(2)  Where the tie is a rod, account should
be taken of bending moments in addition to
the axial tension.

3) A geometrically non-linear calculation
procedure should be used to determine the
force N (and forrods, the moments M) in the
tie. This analysis should take account of the
real boundary conditions and the stiffness of
the silo wall (Figure 9.10).

(4)  The design values of axial tension N
and moment M should be taken as the values
in the tie at theconnection to the wall.

(5)  The initial sag of the tie should be
agreed between the designer and/or the
fabricator. For cables (negligible flexural
stiffness), the initial sag should not be greater
than k -L where L is the length of the tie.
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L S

e JOBXHWHA CTATHCHHA.

Ipumirka 1: 3HaueHHa k, Moxe OyTH 3ajaHe B

HaHiOHaJ’ILHOMy JA0JAaTKy. PeKOMeHHOBaHe 3HAYCHHA
k, =0,01.

Ipumirka 2: Panime B po3paxyHKax MOMEPEIHHO
3aCTOCOBYBAJIOCS 3HAYCHHS INPOTHHY, IIO JOPIBHIOE
0,02-L. MeHue 3HauYeHHs, PEKOMEHIOBaHE TYT,
noTpiOHE Ay TOTrO, MI00 BCTAHOBUTH 3aJCKHICTh MiXK
THUCKOM Ta IHAYKOBAaHMMH CHJIaMu, sika Onu3bka 10
JHIHHOT B iHTEpBaJi poOOYOTro Jiana3oHy.

(6) [Ipu PO3paxXyHKy JleTanen
OCHAIIIEHHS  JJI1  3aTsDKKM  HEOoOXiJHO
BpaxOBYBaTH SIK BEPTHKAIbHI, Tak i

TOPH30HTANIbHI CKJIAJIOBI PO3TSTY 3aTSHKKU B
TOYIII i1 KPITIJICHHS.

NOTE 1: The National Annex may choose the value of
k, . The value k, =0,01 is recommended.

NOTE 2: In past practice, the sag has often been set at
0,02- L. The smaller value that is recommended here is

needed to obtain a relationship between pressures and
induced forces that is close linear in the operating
range.

(6)  The attachment details for ties should
take account of both the vertical and the
horizontal components of the tie tension at the
point of attachment.

2 maHeni 3 manem 4 maneni 5 maneneu
2 panels 3 panels 4 panels 5 panels
Pucynok 9.9 KyToBi 3aTsDKKuM, 11 sKUX S =0,7
Figure 9.9 Corner ties for which £=0,7
N k k N

é/\/\/V\

/\/\/\/\%

Pucynok 9.10 PosropraHHs cHIIM B 3aTSDKII
Figure 9.10 Force development in a tie

9.5.3 Ilpuknaou po3paxyHKy Hasanma-
JHCEHD HA 3AMAINCKY

(1) IIpn po3paxyHKy HaBAaHTa)KEHb Ha
3aTSDKKY TIOBUHHI BPaXxOBYBaTHUCS:

— Jist MaTepiaiy, o 30epiraeTses;

— CWIM, IO TepelaloThCs 3aTSHKKOI0 B
pe3ynbTaTi Aedopmariii CTIHOK ITi/I BIUTHBOM
IHIITNX HAaBAaHTAKEHb.

9.5.3 Load cases for tie attachments

(1) The analysis of the tie should take
account of:

— actions from the stored material;

— forces transmitted to the ties due to
deformations of the walls from other load
cases.
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MEePEBIPKH  PO3pPaxyHKy CHJI KpIIJICHHS 1
MOMEHTIB B 3aTSDKIII:

a) TIPUKIIA]T HaBaHTa)KCHHS l:
3HaueHHS ¢, 1 N pO3paxoBYIOTHCS 3TiTHO

9.5.119.5.2.

0) MIPUKJIA]T HaBaHTAKECHHS 2:
30ibIIEHE 3HAYCHHS MOTIEPEYHOTO
HaBaHTaXeHHS 1,2¢,, i 3MEHIICHEe 3HAYCHHS

postary 3arsokku 0,7-N, ne ¢, 1 N
po3paxoBaHi 3riHO 9.5.119.5.2.

9.6 MiunicTs nipamigajJbsHuX OyHKepiB

(1) [lipamiganeHi  OyHKepu (PUCYHOK
9.12) moBHWHHI PO3rIAAATUCS SIK KOpPOOUaTi
KOHCTPYKIII{ BIJIIIOBIAHO bi (o) BHUMOT
EN 1993-1-7. MoHa BBaXkaTH, 10 ILIUM
BHMOTraM 3aJ0BOJIHSIOTH IOJIOXKEHHS 9.3 i
9.4 BIAHOCHO CTiHOK OyHKepa, a TaKOX
HACTYITHI METOIU HAOIMKEHUX 00UHCIICHb.

(2) MomeHTH BUTHHY 1 MEMOpaHHI CHIU
MOXKHa  BHU3HAYUTH 32  JIOMOMOTOIO
YUCENbHUX  METOJIB  BIAMOBIZHO  JO
EN 1993-1-6 i EN 1993-1-7. B sxocTi
JIbTEPHATHBH 3TUHHI MOMEHTH B
TpamneieBUIHUX JIUCTaX Xomlepa MOXKHA
po3paxyBaTh 3a JONOMOIOI HACTYIMHHUX
HaOIMKEHUX CIIBBIAHOIIEHD.

(3)  Ha nucri xonepa ABCD HakpecinMo
PIBHOCTOPOHHIA TpPUKYTHUK ABE, 1mo Mmae
wiomy A4, a pajaiyc piBHOBEIMKOIO IO IO
KOJIa BU3HAYMMO 32 JOIIOMOTOI0 BHPa3y:

forces and moments from a tie should be
checked as follows:
a) load case 1: the values of ¢, and N

evaluated in 9.5.1 and 9.5.2.

b) load case 2: an increased value of
transverse load 1,2¢g, and a reduced value of

tie tension 0,7-N, where ¢, and N have
been evaluated according to 9.5.1 and 9.5.2.

9.6 Strength of pyramidal hoppers

(D) Pyramidal hoppers (Figure 9.12)
should be treated as box structures, using the
provisions of EN 1993-1-7. These may be
deemed to be met by the provisions of 9.3 and
9.4 for walls, together with the following
approximate methods.

2) The bending moments and membrane
forces may be determined using numerical
methods, in accordance with EN 1993-1-6 and
EN 1993-1-7. The bending moments in the
trapezoidal plates of the hopper may
alternatively be evaluated using the following
approximate relationships.

(3)  An equilateral triangle ABE of area A
should be drawn on the hopper plate ABCD,
and the radius of the equivalent equal-area
circle should be determined using:

Teg = \/% =0,37a (93)

ae:
a JIOBJ)KMHA BEPXHBOT'O Kpar JIUCTa I10
TOPU30HTAJI; JUB. pUCYHOK 9.11.
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where:
a is the horizontal length of the upper
edge of the plate, see figure 9.11.
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a.sin(60°)

E

Pucynok 9.11 IIpocra Mojens BUTHHY TpareLieBUIHUX JUCTIB
Figure 9.11 Simple model for bending of trapezoidal plates

4) ONIOPHMM 3TMHAIOYMNA MOMEHT M
BHU3HAUYAETHCS 32 JIOIIOMOT'0I0 BUpa3y:

(4)  he reference bending moment M,
should be determined using:

3
M, = e P =0,026p,a° (9.4)
ne: where:
D, CepeHii THCK, 110 i D, is the mean normal pressure on the
NEePIEHINKYIIPHO Tpaneli€BUHOMY JIUCTY. trapezoidal plate.

(5) Axmo kpai TpamnerieBUIHOTO JIMNCTA
MOKHa pO3IJISiIaTH  SIK  BIIBHO  3MEPTI,
pO3paxyHKOBE 3HAUYEHHSI 3TMHHOTO MOMEHTY
MO>KHa MPUUHSTH 3a:

%) Where the trapezoidal plate has edges
that may be treated as simply supported, the
design value of bending moment may be taken
as:

Ms,Ed =M, 9.5)

(6) Axmo kpai TpamnerieBUIHOTO JIMUCTA
MOXHa  pO3DJISLIATH  AK  3aKpiIlieHi,
3TMHAIOYMIl MOMEHT B cepefnHi Jucta M gg 1
3TUHAIOYMH MOMEHT Ha KpoMui M, p; MOXHA
MIPUIHSATH 3a:

(6) Where the trapezoidal plate has edges
that may be treated as clamped, the bending
moment at the plate centre M;p; and the
bending moment at the edge M,z; may be
taken as:

Ms,Ed =0,80 'Mo (9.6)
Me’Ed =0,53-M, (9.7)
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Pucynok  9.12 AcumerpuuHuUil Xorep 3 MOXWIMMH pedpamMu KOPCTKOCTI
Figure 9.12 Unsymmetrical hopper with inclined ribs

9.7 BeprukaibHi pedpa KOpcT-KOCTI HA
KOPOOYATHX CTIHKAX

(1)  Ilpoext BEPTUKAIbHUX pedep
JKOPCTKOCTI Ha CTiHKaXx KopobOa TOBHUHEH
BpPaxOBYBaTH:

— IIOCTIiiHI il

— THCK CHUIYyYUX TBEpAUX MarepiaiiB
NEepIEHANKYIAPHUNA CTIHILI;

— JIII0 CUJIM TePTS Ha CTiHKY;

— 3MIHHY Ai10 1axy OyHKepa;

— OCBOBI CHJIM, 1110 BUHUKAIOTh B pE3yJbTaTi
MeMOpaHHO1 i Ha CTIHKH.

(2) Exkcuentpucurerom cui TepTA
BITHOCHO JIMCTa 1 T€OMETPUYHOi oci pebep
KOPCTKOCTI MO’KHa HEXTYBAaTH.

9.8 Exkcmuyarauiiina NPUIATHICTH
TPAHMYHHUX CTAHIB

9.8.1 Ocnosa

(1)  Excrnmyaramiiini XapaKTEPUCTUKU
TPAaHUYHHUX CTaHIB CTIHOK TPSIMOKYTHOTO
OyHKepa OBUHHI pO3PaxOBYBAaTUCS SIK:

— nedopmarii  abo  BiAXWUIIEHHA,  SKI
HETaTUBHO BIUIMBAIOTh Ha e€(EKTUBHICTH
3aCTOCYBaHHS KOHCTPYKIIIi;
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9.7 Vertical stiffeners on box walls

(1)  Vertical stiffeners on the walls of a box
should be designed for:

— the permanent actions;

— the normal pressures on the wall due to bulk
solids;

— the friction forces on the wall;

— the variable actions from the roof;
— the axial forces arising from contributions
from the diaphragm action in the walls.

(2)  The eccentricity of the friction forces
from the plate and stiffener centrelines may be
neglected.

9.8 Serviceability limit states

9.8.1 Basis

(D) The serviceability limit states for
rectangular silo walls should be taken as
follows:

— deformations or deflections that adversely
affect the effective use of the structure;
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KOJIMBaHHS, SIKI YIIKOJDKYIOTh SIK HECydi, TaK
1 HE HeCydl eJIeMEHTH KOHCTPYKIIi.

(2) Hedopmariii, BiaxwieHHs 1 BiOparii
MalTh OyTH OOMEXKEHI 3HAYCHHSMH, IO
BiJIMIOBIIAIOTh BKA3aHUM BHUIIE KPUTEPISIM.

(3) KonkperHi  rpaHu4Hi  3Ha4YeHHS,
3aCTOCYBaHHs, IO BIJMOBIIAIOTh TEBHIN
oOmacti, MOBMHHI OYTH TOTO/DKEHI MIX
MIPOCKTHOIO OpraHi3aIli€ro, 3aMOBHUKOM 1
BIJIMOBIIHUM  HATJISIIOBUM ~ OPraHOM 3
ypaxyBaHHSIM c(epu  3aCTOCYBaHHS 1
OpUPOIM  TBEPAMX  MarepiaiiB,  IIO
30epiraroThes.

9.8.2 Bioxunenns

(1) ['paHMYHOrO 3HA4YEHHS 3arajabHOTO
OIYHOrO TPOrMHY Mae OyTH TNpUHHATE
HaNMEHILE 3:

max

max

o
o
ze:
H BUCOTa KOHCTPYKLIi, $Ka BHUMIps-
€ThCS BiJ PyHAAMEHTY J10 1axy;
t TOBIIIMHA HAHTOHIIIOTO JIUCTA CTIHKH.

Ipumirka: 3HadenHs k; 1 k, MoxXyTb OyTH 3a/1aHi B

HarmionansHoMy nonatky. PexomeHmoBaHe 3HAUYEHHS
k, =0,02 1 k, =10.

(2)  MakcumanbHe BIAXWIEHHA O,, B
MeKax Iepepizy MaHeli BITHOCHO ii KpaiB
NOBUHHE OyTH 0OMEXEeHE 3HAUEHHSM:

1)

max
ne L po3Mip KOpPOTLIOi CTOPOHH
NPSMOKYTHOTO JIMCTA.

Ipumirka: 3nHaueHHs k; Moxke OyTu 3ajaHe B

HamnionaneHOMYy nonatky. PexomeHmoBaHe 3HAUYCHHS
k, =0,05.

oscillation that causes damage to both
structural and non-structural elements.

(2)  Hedopmarum, OTKJIOHEHUS u
BUOpAllMd  HY)XHO  OTPaHHYUTh, YTOOH
COOTBETCTBOBATh BHIIIEC KPUTEPHUSIM.

(3)  Specific limiting values, appropriate to
the intended use, should be agreed between
the designer, the client and the relevant
authority, taking account of the intended use
and the nature of the solids to be stored.

9.8.2 Deflections
(1)  The limiting value for global lateral
deflection should be taken as the lesser of:

=k-H (9.8)
=k, t (9.9)
where:
H is the height of the structure measured
from the foundation to the roof;
t is the thickness of the thinnest plate in
the wall.

NOTE: The National Annex may choose the values of
k, and k,. The values k&, = 0,02 and £k, =10

arerecommended.

(2)  The maximum deflection o,, within

any panel section relative to its edges should
be limited to:

<k;-L (9.10)
where L is the shorter dimension of the
rectangular plate.

NOTE: The National Annex may choose the value of
k, . The value &, =0,05 is recommended.
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JTOJATOK A (JIOBIJIKOBHUW)
CHPOIIEHI TIIPABWUJIA JJIA
OUJIHIPUYHUX BYHKEPIB
KJACY HACJIJIKIB 1

CrocoBHO  Kpyrnux  OyHKepiB  Kiacy
HacHiAKiB 1 3 MWIHAPUYHUMHU CTIHKAMH,
TaKWH#  CHOPOUICHWH  MiAXiA  J03BOJISIE
NPOCKTYBaTH OyYHKEPH Ha OCHOBI KpaifHHOTO
TPaHUYHOTO CTaHY 3 OOMEKEHOIO KUIBKICTIO
HABaHTaXXCHb.

Al  KOMBIHOBAHI i HA
BYHKEPH KJIACY HACJILIKIB 1

bynkepn kmacy HacmigkiB 1 MoXHa
po3rggaTM 3 ypaxyBaHHSAM — HMXKYe-
HABEJCHHUX CIIPOIIECHUX THITIB KOMOIHOBaHOT
i :

— HAIIOBHEHHS,

— PO3BAaHTaKEHHS;

— Jist BITPY Ha MOPOKHi OyHKep;

— HAaIOBHEHHS Yy NO€IHAHHI 3 BITPOBUM
HaBaHTAKCHHSIM.

JlommyckaeThCsi  CHOPOIICHWM — MAXiA 110
BITPOBOT'O HAaBAaHTAKEHHSI.

A2  OIIHKA E®EKTY JI1i

(1) Ilpu mnpoekTyBaHHI BiIMOBIIHO [0
MIOJIOKEHb, TMPUBEICHUX B JAHOMY JOJIATKY,
MeMOpaHHI Hampy>KeHHs Ciij 301IbIINTH Ha
KoedimieHT k,,, SKAHA BPaxoOBye BILIUB

JIOKAJIbHOT'O BUTHUHY.

Ipumirka: 3HauenHs k,, Moxe Oyru 3ajaHe B

HarmionansHoMy monatky. PekoMeHTyeThCsl 3HAUSHHS
ky =L1.

(2) [Ipn mpoekTyBaHHI BIANOBITHO 0
MIOJIOXKEHb, NMPUBEIEHUX B JAaHOMY JOJATKY,
CHJIM, IO BIUIMBAIOTh HAa XOIEp 1 KUIBIIE,
ciif 30UIbIIMTH Ha Koe(iUieHT k,, SKUi

BpPaxoBYe€ BILINB
KUIBIICBOTO BUTHHY.

ACUMCTPUYHOI'O 1

INpumirka: 3HayeHHs k, Moxe OyTH 3aJaHe B

HamionaseHOMY nmonaTky. PexomeHmoBaHe 3HA4YCHHS
k,=L2.
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ANNEX A: [INFORMATIVE]
SIMPLIFIED RULES FOR
CIRCULAR SILOS IN
CONSEQUENCE CLASS 1

For circular silos with cylindrical walls in
Consequence Class 1, this simplified treatment
permits a design based only on the ultimate
limit state and with a restricted number of load
cases being addressed.

Al ACTION COMBINATIONS FOR
CONSEQUENCE CLASS 1

The following simplified action combinations
may be considered for silos in Consequence
Class 1:

— Filling

— Discharge

— Wind when empty

— Filling, combined with wind

A simplified treatment of wind loading is
permitted.

A2  ACTION EFFECT ASSESSMENT

(1) When designing to the expressions
given in this annex, the membrane stresses
should be increased by the factor ky to
account for local bending effects.

NOTE: The National Annex may choose the value of
k,, . The value k,, =1,1 is recommended.

(2)  When designing to the expressions
given in this annex, the hopper and ring forces
should be increased by the factor £k, to
account for unsymmetrical and ring bending
effects.

NOTE: The National Annex may choose the value of
k, The value k, =1,2 is recommended.
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A3 OIIHKA KPAWHBOI'O TIPA-
HNUYHOI'O CTAHY

A.3.1 3arajbHi moJIoKeHHS

(1) OO6mexeHi MTOJIOYKEHHS ILOTO
JOJIaTKa JO3BOJISIOTH OLIIHUTH TIPOCKT, aje
4acTO BHSBISIOTHCS CTPUMAHIIIMMH, HIK
KIHIICB1 MMOJIOKEHHS IIbOTO CTAHIAPTY.

A.3.2 I3oTponHi HWIIHAPHUYHI CTIHKM HA
3BapHHUX 200 00JTOBHUX 3'€THAHHAX

A.3.2. 11 panuunui cman niacmudHocmi

(1) [lin BIIMBOM BHYTPINIHBOTO THCKY 1
ycix BiJITIOBITHIX PO3PaxyHKOBHX
HaBaHTAKCHb PO3PAaXyHKOBUI OIip IMOBHHEH
BU3HAYATHUCS B KOKHIN TOYIII 3 ypaxyBaHHSIM
KOJIMBaHb BHYTPIIIHHOTO TUCKY 1,
BIJIIOBITHO, CYNPOTHUBHOI 1M KOHTaKTHOT
MILIHOCTI.

(2) B ycix TOukax  KOHCTPYKIii
Pe3ynbTyI04i pO3paXyHKOBOIO MEMOPAaHHOTO
HaNpy>XeHHs 1, _,, 1 n, ., (0OuIBa 3HAYEHHS

OPUNHHATO 3a TMO3UTUBHHUM pPO3TAr) MOBHMHHI
3a/10BOJIBHATU HACTYIHIN YMOBI:

A3 ULTIMATE
ASSESSMENT

LIMIT STATE

A.3.1 General

(D) The limited provisions given here
permit a faster assessment of a design, but
they are often more conservative than the
more complete provisions of the standard.

bolted

A.3.2 Isotropic welded or

cylindrical walls
A.3.2.1Plastic limit state

(1) Under internal pressure and all relevant
design loads, the design resistance should be
determined at every point using the variation
in internal pressure, as appropriate, and the
local strength to resist it.

(2) At every point in the structure the
design membrane stress resultants n_,, and

n, , (both taken as tension positive) should
satisfy the condition:

2 2
\/nx,Ed gl g T e S Varo (A.1)

ne:
N, py DPE3YNbTYI0OYa BEPTHKAILHOTO MEMO-
PaHHOTO HANpPY)KEHHS (CHJIM Ha OIMHHIIO
IIUPUHN CTIHKA OOOJIOHKHW), BUBEJEHA B
pe3ynbTaTi aHalli3y PO3PaxyHKOBHUX 3HAYEHBb
(HaBaHTaXEHB);

Ny p, DPE3YNbTyIO4a MEMOPaHHOIO HaIpy-
JKEHHS B KUIBIIEBOMY Hampsmi (cuia Ha
OJIMHUINI0 IIUPUHH  CTIHKH  OOOJIOHKH,
BUBEJICHA 3a pe3ylbTaTaMH aHamizy 3
PO3paxyHKOBHX 3HAYCHH JIii (HABAaHTAXXCHB);
f, MeXa TEKydOCTi JIUCTa 00OJIOHKOBOT
CTIHKH;

Vyo  UYACTKOBHH KOEQIIIEHT I'paHUYHOTO

CTaHy IUIACTUYHOCTI.

3) B xoxHOMY OoOnTOBOMY 3'€qHAHHI
KOHCTPYKLIi pe3yibTyl0di PO3paxyHKOBOTO
Hanpy>KeHHS MOBHHHI 3aJI0BOJIBHATH

where:
n. g 1s the vertical membrane stress

resultant (force per unit width of shell wall)
derived by analysis from the design values of
the actions (loads);

n, ., 1s the circumferential membrane stress

resultant (force per unit width of shell wall)
derived by analysis from the design values of
the actions (loads);

f, is the yield strength of the shell wall
plate;

Ywo 1s the partial factor against the plastic
limit state.

3) At every bolted joint in the structure
the design stress resultants should satisfy the
conditions against net section failure:
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nepepi3y HeTTo:

- JUTSI MEPUIIAIEHOTO OTIOpPY

- for meridional resistance

- JUTSI KUTBIIEBOTO OTIOPY

- for circumferential resistance
ze:

f. rpaHUYHA MILHICTH JIUCTa

000JIOHKOBOI CTIHKHU;
Yy,  UYACTKOBHH KoeilieHT ornopy

po3puBy (=1,25).

(4)  PospaxyHok  3'eiHaHb  IIOBHHEH
BUKOHYBATHCSI BIJMOBIAHO JO CTaHIAAPTY
EN 1993-1-8 abo EN 1993-1-3. Bmus
OTBOPIB i1 KPIIJICHHS TTOBUHECH
BpPaxOBYBaTHCS 3TiHO CTaH/IAPTY
EN 1993-1-1 Ha oCHOBiI BHUMOT 10 PO3TATY,
CTHCKY a00 3CyBY, BIAIIOBITHO.

(5) Po3paxynkoBuit orrip 3'€IHaHb
BHAXJIECT B 3BAPHUX KOHCTPYKUISAX f, .,

NpeCTaBICHE KPUTEPIEM ySIBHOT MIIIHOCTI :

Nypg S ot/ Vs (A.2)
Ny pa < ot Var (A.3)
where:

f. is the ultimate strength of the shell wall
plate;

Vv, 1s the partial factor against rupture
(=1,25).

(4)  The design of connections should be
carried out in accordance with EN 1993-1-8 or
EN 1993-1-3. The effect of fastener holes
should be taken into account according to EN
1993-1-1 using the appropriate requirements
for tension or compression or shear as
appropriate.

(5)  The design resistance at lap joints in
welded construction f,,, 1is given by the

fictitious strength criterion:

fe,Rd :j'fy /7M0 (A.4)

1€ j 1€ Koe(ilieHT MIITHOCTI 3'€ THAHHS.

(6) MILHICTE neTanen 3'e THAHHSA
3BapHUX IIBIB BHaxJecT 3 Oe3nepepBHUM
KyTOBHM IIBOM Mae OyTH TMpuUiiHATa 3a

]':ji.

Ipumirka: 3HadeHHs j, Moxe OyTH 3ajaHe B

HanionansHomy JOJATKY. PexomeHnytoThCs
3HaYeHHA j,, IPUBEIEHI HWXKYe U1 Pi3HUX
KoH(Dirypariif 3'eqHaHHS.

where j is the joint efficiency factor.

(6)  The joint efficiency of lap joint welded
details with full continuous fillet welds should
be taken as j = j,.

NOTE: The National Annex may choose the value of
/.. The recommended values of j, are given below for

different joint configurations.

MinnicTh 3'€1HaHHSA j, 32 JONIOMOI0I0 3BAPHHUX BB BHAXJIECT

Joint efficiency j, of welded lap joints

Twun 3'emHanHs
Joint type

. 3HayeHHS J.
Eckiz Ji

Sketch Value of j,

JIBOCTOpOHHI1I 3BapHUIl 1I0B BHAXJIECT

| j =1,0

Double welded lap

q

OaHOCTOPOHHIHM 3BapHUI ITOB BHAXJIECT

L 7, =0,35

Single welded lap

A.3.2.2 Ocvosuii cmuck

(1) Po3paxyHKOBHI OIip IpU OCHOBOMY
CTHCKY ITOBMHEH BU3HAYaTHCA B YCIX TOUKax
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A.3.2.2 Axial compression

(1)  Under axial compression, the design
resistance should be determined at every point
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OCBbOBOT'O CTHUCKY Y BEPTUKAJIILHOMY HampsAMi
ITHOPYETHCS, 3@  BUKIIOUEHHSM  THUX
BHIIAJIKIB, KOJIU e nepeadaueHo
NOJIO)KEHHAMU  cTaHzapry EN  1993-1-6.
B po3paxyHkax Ha TOB3JOBXKHIH 3THUH

MeMOpaHHi CUIIH CTHCKY  IIOBHMHHI
pO3IIIsIaTHCS SIK TIO3UTHBHI, 00 YHUKHYTH
IIUPOKOTO  BUKOPUCTAHHS  HETaTUBHHX
YHCEJL.

(2)  Koum 3aCcTOCOBYETBCS TOPH3OHTAIEHE
3'eMHAHHS ~ BHAXJIECT, K&  BUKIHUKAE
EKCIICHTPUCUTET  OChOBOI  CWJIM  TIpH
MIPOXO/DKCHHI Yepe3 II0B, IPUBEIICHE HIDKYC
3HaueHHs « Mae Oyrtu 3MeHmieHe a0 70%
MOTIEPEHBOTO 3HAYCHHS, SIKIIO EKCIICHT-
PUCHUTET CEPEIMHHOI IOBEPXHI  JIMCTIB
BITHOCHO  OJWUH  OJHOTO  IEPEBUIIYE
BEJIMYMHY /2, a 3MiHAa TOBIIMHU JIMCTa HE
nepesuulye ¢/4, nge ¢ — 1€ TOBILIUHA
TOHIIOTO JUCTa B  3'emHaHHl.  SIKmIo
EKCIIEHTPUCHUTET CKJIaJIa€ MEHIIIe BKa3aHOTO
3HAYCHHS YM 3MiHa TOBIIMHH JINCTA OljIbINa,
3HAUCHHS 0. HE TOBUHHE 3MCHIITYBATHCSL.

vertical variation of the axial compression,
except where the provisions of EN 1993-1-6
make provision for this. In buckling
calculations, compressive membrane forces
should be treated as positive to avoid
widespread use of negative numbers.

2) Where a horizontal lap joint is used,
causing eccentricity of the axial force in
passing through the joint, the value of «
given below should be reduced to 70% of its
previous value if the eccentricity of the middle
surface of the plates to one another exceeds
t/2 and the change in plate thickness at the
joint is not more than ¢/4, where ¢ is the
thickness of the thinner plate at the joint.
Where the eccentricity is smaller than this
value, or the change in plate thickness is
greater, no reduction need be made in the
value of a.

(3) KoedimienT 3MeHIIEHHS  MPYKHOI 3) The elastic imperfection reduction
nedopMariii o BA3HAYA€THCS SIK: factor a should be found as:
0,62
o= 5 (A.S5)
1+0,035 (:j

ae: where:
r paziyc CTiHKH OyHKepa, r is the radius of the silo wall;
t TOBIIMHA JIUCTa CTIHKU B PO3pPaxyH- t is the thickness of the wall plate at the
KOBOMY MICIIl PO3TallyBaHHS. location being calculated.
(4) Kpurnune HampyXeHHA IpU BTparTi (4)  The critical buckling stress o, ., at

CTifiKOCTI © y  Oyap-skii  TOULl

x,Rer
130TPOMHOI CTIHKA MTOBUHHE OOUYMCITIOBATUCS
Ha TJICTaBl BUPaA3y:

any point in the isotropic wall should be
calculated as:

O, g = 0,605E % (A.6)
(5)  XapakTepuCTHUHE HANpYXEHHS INPH (5)  The characteristic buckling stress
BTpaTi CTIHKOCTI MOBHMHHE OOYHCIIIOBATHUCS should be found as:
Ha OCHOBI BUpa3y:
O re = Xx f) (A7)
B IKOMY: in which:
2, =1 KOJIN when Ax <o (A.8)
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2. =1-0,6] —— KOJIH when o <Ax <Ap (A.9)
}\.p _}\40
1= — KoIH when p < hx (A.10)
Ax
- . . _
mpu  with: A = ,ho=0,2 i and A» =4/2,50
O-x,Rc
Y Oynb-sKiit TOYIT KOHCTPYKITii (6) At every point in the structure the

pe3ysbTyIo4a pO3paxyHKOBOTO MeMOpaH-
HOTO HaNpyXeHHS N, (MMO3UTUBHUN CTUCK)

IOBMHHA 33/I0BOJILHATH HACTYIHIA YMOBI:

Nopg SOy 'Y

AC YV —
2.9.2.

e BCJIWMYMHA, IIPCACTaBJICHA B

Ipumirka: 3HavyeHHs p,,, Moxe OyTH 3ajaHe B
HanionansHoMy nonatky. PekoMeHmyeThesl 3HaUEHHS
Vi =L1.

(7)  MakcumanbHO JgomyctuMa aedop-
Malilisi, 10 BUMIPIOETHCS B TOPSIIIKY, TEepe-
O6auenomy crangaptoMm EN 1993-1-6, 3a

BUHATKOM pO3MIpIB  ylomepek 3'eHaHb
BHAXJIECT, BU3HAYAETHCS SIK:

Aw ,
(8)  PospaxyHok ornopy 000JIOHKH

MOB3/IOB)KHBOMY BHUTHHY TIIPH OCHOBOMY
CTHCKY BHUIIIOMY 3a JIOKaJIbHY OIOpY, B 30H1
KpOHIITEiHa (TOOTO OMOPH KOHBEEPHOTO
noprainy) 1 mnoOnM3y OTBOpY IOBHMHEH
BHUKOHYBATHCS B1AMOBIIHO 10 5.6.

A.3.2.3 3o06niwHiu MUCK, BHYMPIUIHS
4acmKo8a po3piodxiceHicmo i gimep

(1) Haa PO3paxyHKy PIBHOMIpHOI
BHYTPIIIHBOI PO3PIIKEHOCTI (30BHILIHBOTO
TUCKY) 32 HasgBHOCTI  KOHCTPYKTHUBHO
MOB'SI3aHOT0  1aXy, KPUTUYHHUI 30BHINIHINA

TUCK  TOB3/JIOBXHBOTO  BUTHHY D, pw

iSOTpOHHOI CTIHKU ITOBUHEH BU3HAYATHCS SIK:

design membrane stress resultant

Ny Ea
(compression positive) should satisfy the
condition:

(A.11)

where y,,,  is given by 2.9.2.

NOTE: The National Annex may choose the value of
Vi - The value y,,, =11 is recommended.

(7)  The maximum permitted measurable
imperfection, using the procedures of EN
1993-1-6 and excluding measurements across
lap joints, should be found as:

=0.0375Vrt (A.12)

(8) The design of the shell against
buckling under axial compression above a
local support, near a bracket (e.g. to support a
conveyor gantry), and near an opening should
be undertaken as stipulated in 5.6.

A.3.2.3 External pressure,
vacuum and wind

internal partial

(1) For uniform partial internal vacuum
(external pressure), where there is a
structurally connected roof, the critical

buckling external pressure p, g, for the
isotropic wall should be found as:

2,5
Do =0, 92E(fj(1j (A.13)
’ I\ r

ze: where:

¥ paziyc CTiHKH OyHKepa, r is the radius of the silo wall;

t TOBIITMHA HAWTOHIIIOL YJaCTHHU t is the thickness of the thinnest part of
CTIHKH; the wall;
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a00 MexaMu.

(2)  PoszpaxyHkoBe 3HaYE€HHS MAaKCHMallb-
HOTO 30BHIIIHBOTO TUCKY P, z, AIIOUOrO Ha
KOHCTPYKIIIO il KOMOIHOBAHOIO JII€I0 BITPY

1 YacTKOBOi  pO3PiMKEHOCTi, IOBHHHE
3aJI0BOJIBHATH HACTYITHIN YMOBI:

pn,Ed SCX}'I .pn,Rcru /7Ml

Ipumirka: 3Hauennsd o, 1 y,,, MOXyTh OyTH 3aJaHi

B HamioHamsHOMY  mOZATKy.
3HadeHns o, =0,51 y,, =11.

PexoMennoBane

3) Skmo BepxHIiM 3pi3 IWITIHApPAa HE
NpUB'A3aHUN 10 JAaxy, Ied CIPOIICHU
NOPSAIOK MiJUIsirae  3aMmiHi  MPOLEIYpOIo,
IIPUBE/ICHOIO B 5.3.

A.3.3 3BapHi KoHIYHI XonIepHn

(1) CrpoieHuil  MOPSIIOK  pO3paxyHKy
MOJKE€ 3aCTOCOBYBATHCA 3a YMOBH, IO
OyIyTh BUKOHaHI1 JB1 HACTYIIHI YMOBHU:

(a) JIO XOmepa, B SIKOMY Vi =Vyro, >

3aCTOCOBYETHCSI BJIOCKOHAJICHUW YaCTKOBHIA
Koe(irieHT;

(0)  mopsa 3 mepexigHUM 3'€IHAHHAM Ha
CTIHIIl XOIlepa He MOBHMHHI KpinUTHUCA pedpa
YKOPCTKOCT1 a00 OTIOpH.

Ilpumirka: 3HayeHHs y,,, MOke OyTH 3aqaHe B

HarrionansHOMY 101aTKy. PekOoMeHIOBaHEe 3HAYCHHS
Yiog = 1,4.

(2) Akmo  e€gMHUMH, TaKUMH, IO
BpPAaxXOBYIOThCS, HABAHTAKEHHSAMH € CHJIa
TSOKIHHS 1 CaMOIUIMBHE — TIEPEMIIICHHS
TBEPJOrO0 Marepialy sKHM 30epiraerbcs,
MepuiaibHe 3YCHIUISI Ha OJUHHMII0 KOJa
My pas BUKIMKAHE CUMETPUYHUM THCKOM,

BU3HaYeHUM B ctaHmapti EN 1991-4, ske
mijuiarae  mepeiadi  depe3  MepexigHe
3'€elHaHHs, TIOBUHHE  OI[IHIOBAaTHUCA 34
JOTIOMOTOI0 ~ 3araJlbHOi  PIBHOBAaru; JUB.
pucynok A.l. Ilpu mpomMy po3paxyHKOBE
3HAUEHHS  JIOKAIBHOTO  MEpPHUIIAIbHOTO
3yCUIUIS Ha OJMHMIIO KOJla M, p, 11O

JOTTyCKa€e MOXKJIUBY HEPIBHOMIPHICTh

or boundaries.

2) The design value of the maximum
external pressure p, ;, acting on the structure

under the combined actions of wind and
partial vacuum should satisfy the condition:

(A.14)

NOTE: The National Annex may choose the values of
a, and y,,. The values «,=0,5 and y,, =11 are
recommended.

3) If the upper edge of the cylinder is not
connected to the roof, this simple procedure
should be replaced with that of 5.3.

A.3.3 Conical welded hoppers

(1) A simple design procedure may be
used provided that both the following
conditions are met:

a) An enhanced partial factor is used for

the hopper of 7,4 =740, 5

b) No local meridional stiffeners or
supports are attached to the hopper wall near
the transition junction.

NOTE: The National Annex may choose the value of
Yo, - The value y,,, =1,4 is recommended.

(2)  Where the only Iloading under
consideration is gravity and flow loading from
the stored solid, themeridional force per unit
circumference  n,, ., caused by the

symmetrical pressures defined in EN 1991-4
that must be transmitted through the transition
joint should be evaluated using global
equilibrium, see Figure A.1. The design value
of the local meridional force per unit
circumference  n,, ;, allowing for the

possible non-uniformity of the loading, should
then be obtained as
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OCHOBI BUpa3y :

By £a = Qasym " Poh,Ed s

ne:
MyhEds PO3PAXYHKOBE 3HAUEHHS MEpHIialib-
HOi MeMOpaHHOI CHJIM Ha OJMHMIIO KOja y
BEpXHil wyacTWHI Xomepa, OTpUMaHE Ha
Ii/ICTaBl NPUIYIIEHHS, 1110 HABaHTaKCHHS Ha
xorep abCoOTHO CUMETPHYHI;

Zasym  KOE(DILIEHT POCTY aCHUMETPHUYHOIO
HaBaHTAXCHHS.

Ipumirka: Bupasu s 71,z MOXHA 3HAWTH B
Honatky B. 3HaueHHA g, MOXe OyTH 3ajaHe B
HaunionanesHoMy nonatky. PekomenayeTbes 3HaYSHHS
8asym = 192
Mepunaionansue
PO3TATYBaHHA
Meridional

tension ng,

(A.15)

where:

nonEds 1S the design value of the meridional
membrane force per unit circumference at
thetop of the hopper obtained assuming the
hopper loads are entirely symmetrical;

stress

Sasym 1S the unsymmetrical

augmentation factor.

NOTE: Expressions for 7, z4; may be found in Annex
B. The National Annex may choose the value of gy
The value g4, = 1,2 is recommended.

Tuck BumicTy
IIATHApa
Pressure from

cylinder contents

W EARARRRR N,

Martepian, o
36epiraeThes

Stored !

solids

iw

Pucynok A.13aranbpHa piBHOBara xomepa
Figure A.1Hopper global equilibrium

(3)  PospaxyHkoBe 3Hau€HHS MepHiallb-
HOTO MEMOpPaHHOrO PO3TATY Yy BEpIIMHI
xonepa N, ;g IOBUHHE  3aJI0BOJIbHSATH
HACTYITHINA YMOBI:
Mo pa S k, -

ae:

t TOBILMHA JIUCTA XOIepa;

f, MesKa MIITHOCTI Ha PO3TAT;

¥y,  UYACTKOBHH KOE(]ILiEHT pO3pUBY.

Ipumirka: 3naueHHs k&, Moxe OyTu 3ajaHe B
HarionansHoMy 101aTKy. PekoMeHIyeThCsl 3HAUCHHS
k. =0,90. 3nauenns y,,, Takox Moxe OyTu 3ajaHe

B HamionanmsHomy — nmomatky.  PekomenpmoBane
3Ha4YeHHd ), =1,25.

A.3.4 Ilepexigne 3'eqHaHHSA

(1) et CIIPOLIEHUI METOJ
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(3)  The design value of the meridional
membrane tension at the hopper top

n,, s Should satisfy thecondition:

tf Vs (A.16)
where:

!
fu

Vm2

is the thickness of the hopper;
is the tensile strength;

is the partial factor for rupture.

NOTE: The National Annex may choose the value of
k.. The value k, =0,90 is recommended. TheNational

Annex may also choose the value of y,,,. The value

Va2 =1,25 is recommended.

A.3.4 Transition junction

(1)  This simplified design method may be
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OyHKepiB KJIacy HacIiaKiB 1, KOau 3'€THaHHS
CKJIAA€TbCsd 3 MMIIHAPUYHOI 1 KOHIYHOI
cekIii 3 abo 0e3 kijpyacTol IUIACTHHU ado
aHAJIOIIYHOI0 KOMITAKTHOI'O KUIBLA B MicCIi
3'€IHaHHSA; IUB. PUCYHOK A.2.

the junction consists of a cylindrical and
conical section, with or without an annular
plate or similarly compact ring at the junction,
see figure A.2.

N

[ [

T{unisap

Cylinder

Pnec ——=

Kineue
FOGka

p=
'5

Xormep

Pucynok A.2 300pakeHHs IPOCTOTO MEPEX1THOTO 3'€AHAHHS

Figure

(2) 3arajibHa KOpPHUCHA IUIOIIA KUTbLS A,
BHU3HAUYAETHCS 3 BUPA3Y:

t
A=A +0,40r 1627 +£7 + 2

ne:

r pamdiyc UATTHIPUIHOT CTIHKH
OyHKepa;

t TOBIIIMHA CTIHKH IITIHJIPA,;

£ TOBIIIMHA CTIHKW FOOKH;

t, TOBIIIMHA CTIHKH XOMEPa;

g HETMOBHUM KyT Yy BEpUIMHI KOHYyca
xormepa;

Ap IUIOIIA KUIBIISA B 30H1 3'€HAHHA.

3) Po3paxynkose 3HAYCHHS CUJTH

CTUCKY B KUIBLEBOMY Hampsmi N, ., Mo

BUHUKIIO B 3'€THaHHI, TOBUHHE BU3HAYATHUCS
3TiJTHO 3 BHPA30OM:

A.2 Notation for simple transition junction

(2)  The total effective area of the ring 4,
should be found from:

3/2
(A.17)
\ / cosf
where:
r is the radius of the silo cylinder wall;
t is the thickness of the cylinder;
t 1s the thickness of the skirt;
t, is the thickness of the hopper;

yij is the cone apex half angle of the
hopper;
4, is the area of the ring at the junction.

3) The design value of the circumferential
compressive force N, , developed in the

junction should be determined from:
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U,Lu W, Lu ’ N s

ne: where:

N,y pq DPO3PAXYHKOBE 3HAYECHHS MEPHiaiib- N,z 18 the design value of the meridional
HOTO PO3TATY HA OJAMHUIIO KOJIAa Y BEpXHiH tension per unit circumference at the top of
YaCTUHI XOIepa; JUB. pUcyHOK A.l 1 Bupa3 thehopper, see Figure A.1 and expression
A.15. A.15.
4) Cepenne HampyXeHHS B KUIBLIEBOMY 4) The mean circumferential stress in the
HampsiMi B KUTbI[I TOBUHHE 3aJJ0BOJBHATH ring should satisfy the condition:
HACTYIHIN yMOBI:

N, /,

Z0Ed o Ty (A.19)

Aet ’YMO

ne: where:
f, HaWHIKYa Mexa TEKYy4OCT1 f, is the lowest yield strength of the ring
MaTepianiB KUIbIS 1 000JIOHKH; and shell materials;
Vyo  YACTKOBHUH KOEQIII€HT ITACTUYHOCTI. Ywo 1S the partial factor for plasticity.
Npumirka: 3HayeHHA p,,, Moxe OyTH 3adaHe B NOTE: The National Annex may choose the value of
HamionansHOMy momatky. PeKkoMeHIyeThCsT 3HAUESHHS Yo - The value y,,, =1,0 is recommended.

Vo =1,0.
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JTOJATOK B (IOBIAKOBHUI)
BUPA3 MEMBPAHHUX HAIIPY-
’KEHb B KOHIYHHUX BYHKE-
PAX

[IpencraBineni TyYT BHUpa3ud JO3BOJISIOTH
BUKOHAaTH PO3paxyHKHd  BIAMOBIOHO [0
MeMOpaHHOI Teopii HampyKeHHS B THX
BUIAJIKaX, KOJIM iX HEMOXJIUBO 3pOOUTH B
KOHTEKCTI  CTaHJApTHUX OOOJOHOK  YH
KOHCTPYKIIIA OyHkepa. Bupasu memOpanHOi
Teopii TOYHO BHU3HAYAIOTH MeMOpaHHI
HamnpyXeHHsT B Kopiyci xomepa (To0TO y
TOYKAaX, HE 3BSI3aHUX 3  [EPEeXiTHUM
3'eqHaHHSAM a00 OMOpOI0) MPU YMOBI, IO
MPHUKIIAJICHI HABaHTAXCHHS  BIIOBIIAIOTH
MozeinaM, Bu3HauyeHuM y EN 1991-4.

Cucrema KOOpAMHAT 3 MOYATKOBOIO TOYKOKO
Z 'y BEpIIUHI.

Bucota xomnepa no BepTukaini / 1 HEMOBHUI
KyT BEpIIUHU KOHYyca [ .

B.1 PIBHOMIPHUI THUCK
TEPTS OB CTIHKY up,

py 1

09:

#
B.2 JIHIMHAMU 3MIHHUM THUCK

ANNEX B: [INFORMATIVE]
EXPRESSIONS FOR MEMBRANE
STRESSES IN CONICAL
HOPPERS

The expressions given here permit membrane
theory stress analyses to be undertaken for
cases which are not obtainable in standard
texts on shells or silo structures. Membrane
theory expressions accurately predict the
membrane stresses in the body of the hopper
(i.e. at points not adjacent to the transition or
support) provided that the applied loadings are
according to patterns defined in EN 1991-4.

Coordinate system with origin for z at the
apex

Vertical height of hopper /4 and cone apex
half angle S

B.1 UNIFORM PRESSURE p, WITH
WALL FRICTION p,

E(—mﬁj (B.1)
t \cosP
o, = LA Pty (B.2)
2t \ cosP
B.2 LINEARLY VARYING PRESSURE
FROM p, AT APEX TO p, AT

Bl p, V BEPIIUHI JO p, B
MEPEXO/I 3 TEPTSIM OB CTIHKY pp

TRANSITION WITH WALL FRICTION
up

p:p1+%(p2_p1) (B.3)

_ zZ, z( tanf
Gy _{pl + 7 (pz pl)} p (COSB) (B.4)
Oy = {3]71 +%(p2 4 )}é(%} (B.5)

s p 0 MakcuMalibHE 3HAYECHHS
€KBIBAJICHTHOrO0 HampyxeHHi ¢oH Muzeca
3yCTpIYa€ThCsl B KOPIyCl KOHYCa,
p2 <0,48 p| Ha BUCOTI:

SAKIIO

For p= 0, the maximum von Mises equivalent

stress occurs in the body of the cone if D2
< 0,48 p; at the height:

z=0,52[LJh (B.6)
Pr— P
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B.3 "PAIIAJIBHE IIOJIE HAIIPY-
ZKEHB" 3 TPUKYTHOIO EIIIOPOIO
INEPEMUKAHHA  HAIIPY)KEHb VY
30HI IEPEXOY

p:plh_l

p1(h_Z)_p2 (h, _Z)

p= h—h,

o = p | Z_|[12nB
0= 3ht )\ cosP

oy :{Zpl(h‘z)‘l?z(}a _Z)}(tanﬁj

t(h—nh) cosf
pz° [ tanB+p
o4 =
3th, \_ cosf

B.3 “RADIAL STRESS FIELD” WITH
TRIANGULAR SWITCH STRESS AT THE
TRANSITION

G¢:

6zt (h —h )
y IKOMY p, - TUCK Ha BUCOTI /| HaJl BUILOIO

TOYKOIO 1 p, - TUCK B 30HI IIEPEXO.Y.

B4 THCK 3IITHO 3ATAJIBHOI

TEOPIi XOIIEPIB

Xapaktep Oapu4HOrO TMOJII MOXe OyTu
BU3HAUEHUII B IMOKa3HMKAaX HOPMaJbHOTO
TUCKY p 3 CYINYTHBOIO CHJIOIO 3YEIJICHHS 13

CTIHKOIO OyHKepa fp fK:

_Yh |z
1 n—l{(k

n=2-(F-u-cos f+F-1)

ne F - e xoe(ilieHT TUCKY Ha CTIHKY p ax
JI0 HAINPY)KCHHsSI 110 BEPTUKAJl B TBEPAOMY
MaTtepiami ¢, a ¢, — 1€ YyCepeaHeHe
BEePTUKAJIbHE HAMPYXKEHHS B  TBEPIOMY
Mmarepialii y 30Hi mepexoay :

v M 1@2 {‘L

{223(;72 —p1)+(322 —hf)(hpl ~hp,)

e )

mia  for 0<z<h (B.7)
o for by <z<h (B.8)
s for 0<z<h (B.9)
mia  for h<z<h (B.10)
mia  for 0<z< My (B.11)
}(tanBer) ma  for h <z<h (B.10)
cosf

in which p, is the pressure at a height 7,
above the apex and p, is the pressure at the
transition.

B4 GENERAL HOPPER THEORY
PRESSURES

The pressure pattern may be defined in terms
of the normal pressure p with accompanying

wall frictional traction up as:

p=F-q (B.13)
j—(%) :|+qt (%) (B.14)
(B.15)

F is the ratio of wall pressure p to vertical
stress in the solid ¢ and ¢, is the mean vertical
stress in thesolid at the transition:

(B.16)
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JTOJATOK C (JIOBIJIKOBHI)
PO3MNOALI THUCKY  BITPY
BIZITHOCHO KOHCTPYKIIN
UJTHIAPUYHOI'O BYHKEPA

Posmonin  BiTpOBOro  THUCKY  BiJHOCHO
MIPU3EMJICHOTO IUJIIHAPHYHOTO OyHKEepa abo
HazeMHoro pesepByapy (auB. pucynok C.I)
Mo>ke OyTH Ba)JIMBUM JJIsl OL[IHKU BUMOT 10
AQHKEPHOTO KPIIJICHHS 1 BU3HAYECHHS ONOPY
BTpaTli CTIMKOCTI mTiAg BIUIMBOM BIiTpy. B
NESKUX BWITAJKaX 3HAUCHHS, BKa3zaHi B
cranaapti EN 1991-1-4, MOXyTb BUSBUTHCS
HEOCTAaTHIMH.

3MiHy THCKY HaBKOJO OyHKepa, IO CTOITh
OKpeMO, MO)XHa BU3HAYUTH 3a JOINOMOTOKO
KUJTBIIEBOI KOOpAMHATH 0, TOYaTKOBa TOYKa
SKOI 3HAXOOUTbCA 3 HAaBITPSIHOIO OOKY
BiTporeHneparopa (auB. pucyHok C.2)

3MiHYy pO3MOAUTY THCKY B KUIBIIEBOMY
HampsMi  (MO3UTMBHA 1 CHpsSMOBaHa
BCEpEANHY) Ha BIJOCOOJICHUI OyHKep Tin
CyuiTbHUM JgaxoMm (auB. pucyHok C.2)
NPEICTaBICHO BHPA30M:

ANNEX C: [INFORMATIVE]
DISTRIBUTION OF WIND
PRESSURE AROUND CIRCULAR
SILO STRUCTURES

The distribution of wind pressures around a
squat circular silo or ground-supported tank
(see figure C.1) can be important to the
assessment of anchorage requirements and
wind buckling resistance. Values given in EN
1991-1-4 may not provide sufficient detail in
certain cases.

The pressure variation around an isolated silo
may be defined in terms of the circumferential
coordinate O with its origin at the windward
generator (see figure C.2).

Thecircumferential variation of the pressure
distribution (positive inward) on an isolated
closed roof silo (see figure C.2) is given by:

C,=—0,54+0,16(d, / H)+{0,28+0,04(d, / H)}-cos 0+{1,04—0,20(d, / H )} cos 26 -

—{0,14-0,05(d,/ H)}-cos 40

ned. me pniamerp OyHkepa, a H 1oro
3arajibHa BucoTa (H/d. - 11e CIiBBiTHOIIICHHS
FEOMETPUYHUX PO3MIPIB YCI€T KOHCTPYKIIT 1
ii onop) (nuB. pucynok C.1). Y GyHkepax, e
H/d. menme 0,50, cimig npuitHATH 3HAYCHHS
H/d, = 0,50. Po3nofin TUCKy HE MOBHHEH
TPYHTYBaTUCS Ha BUCOTI utiHapa H..

3MiHYy pO3MOAULY THCKY B KUIBLIEBOMY
HampsMi  (MO3UTMBHA 1 CHpsSMOBaHA
BCEpeMHY) Ha KOMIUIEKC OYHKEpIB I
CyuimpHUM gaxoMm (auB. pucyHok C.3)
MO>KHa MPUWHSTH 3a:

(C.1)

where d, 1s the diameter of the silo and H
its overall height (H/d, is the aspect ratio for
the complete structure and its supports) (see
figure C.1). For silos with H/d, less than 0.50,
the values for H/d. = 0.50 should be adopted.
The pressure distribution should not be based
on the cylinder height H..

Thecircumferential variation of the pressure
distribution (positive inward) on a closed roof
silo in a group (see figure C.3) may be taken
as:

Cp =+0,20+0,60-cos@+0,27-cos268—-0,05-cos360—-0,13-cos46+0,13-cos 66 —

—0,09-cos80+0,07-cos106

(C.2)
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Pucynox

Figure

C.2
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Figure

C3
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Pucynok C.1 byHkep miz BiTpOBUM HaBaHTKEHHIM
Figure C.1 Wind loaded silo
—
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3MiHa pO3MOJULY THCKY BIJHOCHO THiBC(epu BiOCOOIEHOTO

OyHKepa
C.2 Wind pressure variation around half circumference in isolated silo

180°

Ve

Pucynok C.3 3MiHa THUCKY BITPY BIAHOCHO MiBcdepu OyHKepa B IpyIli
Wind pressure variation around half circumference of silo in

group
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BKAa3aHOTO BUIIE 3HAYEHHSA CHiJ J0JaTH
HACTYIMHI JI0JaTKOBI yHi(piKOBaHI 3HAYEHHS
kKoe(dimieHTa BHYTPIIIHBOTO BaKyyMETPHY-
HOT'O THCKY ACP, o0 MIJBUIIUTA THUCK

raJibMyBaHHS, CIIPSIMOBAaHUMN BCEPEIUHY:

a) JNOJAaTKOBUH THUCK Ha OyHKep 3
BIAKPUTHM BEPXOM, CTIPSIMOBaHUH
Beepenuny: AC ) =+0,6 ;

0) JIOJATKOBUH THCK Ha OyHKep 3
HEBEJTMKHM OTBOPOM, o0JagHaHuH
JANXAJIbHUMHU KJ1altfaHaMH, CHpSIMOBaHI/Iﬁ

BCEpPEAUHY: ACP =+40,4.

Ilpumitka: AC, [OpUAMAETBCS K  MO3UTHBHO

CIPSIMOBaHUHA BcepenuHy. B jmaHoMy BHIIagky
pe3ynbTyroda BEJTMYHHA 30BHIIIHBOTO i
BHYTPIIIHBOIO THUCKYy Ha CTIHKYy OyHKepa 3
HiABITPSHOTO OOKY OyHKepa OJM3bKa 110 HYJIs.

following additional uniform values of
internal  underpressure  coefficients AC,

should be added to the above, thus increasing
the net stagnation inward pressure:

a) additional inward pressure on open top
silo: AC, =+0,6;

b) additional inward pressure on a vented
silo with a small opening: AC, =+0,4

NOTE: AC, is taken as positive inwards. For this

case, the resultant of the external and internal pressure
on the silo wall is close to zero on the leeward side of
the silo.
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3minu 10 EN 1993-4-1:2007/AC:2009 (E)

1) 3minm 1o «Berymy»

«Jonatkosa inpopmaitis moa0 EN 1993-4-1,
ocmanHii ab3ay, 3aMIHUMU NOCUNAHHS HA
"2.10" na "2.9".

«Hamionaneauii nogatok 10 EN 1993-4-1y,
saminumu "5.4.4 (2), (3)1(4)" na "5.4.4 (2),
3)b)i(3)c)".

2) 3minm g0 1.1

Ilynkm «(8)», 3aminumu «10 ton» Ha «10 xH
(10 ToH)»

3) 3minm g0 1.2

Iocunannsa na «<EN 1991», y paoky:

«Yacrtuna 1.5 Jii Ha koHCTpYKITii. Bumaakosi
miiy» saminumu «Yactuna 1.5» na «Hactrna
1.7».

3azonoeox «EN 10025», sunpasumu 3a2o1060x
Ha «"apsuuil IpoKaT 3 KOHCTPYKIIHHOT cTami»
Hocunanns na «<EN 10147», saminumu «kEN
10147» na «kEN 10149».

4) 3minm g0 1.7.1

Ilynkm «(1)», «Pucynok 1.2», vacmuna
PDUCYHKY «@)», Ni03a201080K, 3AMIHUMU
«3arajibHa CUCTeMa KOOpPAMHAT CEKILii 1110
3aBaHTAXYETHCS;» Ha «TTT00ANBHA CHCTEMA
KOOP/AMHAT CEKILii 1110 3aBaHTaXKYETHCS;»

5) 3minm mo 1.7.2

Ilynkm «(4)», «Pucynok 1.3», vacmuna
PUCYHKY «@)», Ni03a201080K, 3aMiHUMU
«3arajibHa CUCTEMa KOOPAMHAT CEeKLIi 1110
3aBaHTaXXYETHCS;» Ha «TTI00aNbHA cUcTEMa
KOOP/IMHAT CEKIIii 110 3aBaHTAXKYETHCS; )

6) 3minm 10 2.6

Iynkm «(3)», 3aminumu «EN 10147» na «EN
10149».

Modifications to
EN 1993-4-1:2007/AC:2009 (E)

1) Modifications to '"Foreword"

"Additional information specific to EN1993-4-
1", last paragraph, replace the reference "2.10"
with "2.9".

"National Annex for EN1993-4-1", replace
"5.4.4(2), (3) and (4)" with "5.4.4 (2), (3)b) and
(3)c)".

2) Modification to 1.1

Paragraph "(8)", replace "10 tonnes" with
"100 kN (10 tonnes)".

3) Modifications to 1.2

Reference to "EN 1991", in the line:

"Part 1.5: Actions on structures — Accidental
actions;" replace "Part 1.5" with "Part 1.7".
Title of "EN 10025", correct the title into "Hot
rolled products of structural steels".

Reference to "EN 10147", replace "EN 10147"
with "EN 10149".

4) Modification to 1.7.1
Paragraph "(1)", "Figure 1.2", Subfigure "a)",

Subtitle, replace "general coordinate system"
with "global coordinate system".

5) Modification to 1.7.2
Paragraph "(4)", "Figure 1.3", Subfigure "a)",

Subtitle, replace "general coordinate system"
with "global coordinate system".

6) Modification to 2.6

Paragraph "(3)", replace "EN 10147" with
"EN 10149".
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Ilynkm  «(8)», «IIPUMITKAY», 3aminumu

«n,, =16» na «n,, =15&».

8) 3minu mo 4.3.3

Ilynkm «(5)», 3aminumu «(aus. 2.3)» Ha «(auB.
2.2)»

9) 3minum 10 4.4

Ilynkm «(6)», sudarumu «IIPUMITKY 2» ma
saminumu «[IPUMITKY 1» na «IIPUMITKY ».

10) 3minu g0 5.3.2.3

Ihynkm  «(3)», «(IPUMITKA», 3aminumu
«IPUBEACHI HWKYE» Ha «IPUBEIACHI B TaOIMII
HUKYICY.

Ilynkm  «(3)», 6udanumu oCmMaHHE peyeHHs

«ITPUMITKWN»: «OIHOCTOPOHHE  3BapHE
3'€IHaHHS BHAXJIECT HE MIOBUHHE
3actocoByBatucs, skmo Oubme 20 %

3HAUEHHS G,p; y BUpa3i 5.4 BUBOAUTHCS 3
MOMEHTIB 3THHAHHA.» ma 000amu 1020 00
«36udaiino2o» nynkmy «(3)».

11) 3minm 10 5.3.2.6

Ilynkm «(5)», pienauns «(5.55)», saminumu:

“IO —

Ha (with): “ lo

12) 3minm 10 5.3.4.1

Ilynkm «(6)», sudarumu «[TPUMITKY 1» ma
saminumu «I[TPUMITKY 2» na «I1IPUMITKVY ».

13) 3minm 0 5.3.4.3.3

Ilynkm «(5)», saminumu pieusanns «(5.70)»

“Nxra = As fy/ym1
“ nx,Rd = Aeﬁ" .fv /(dv 'yMO)”

Ha nacmynue (with the following one):

Paragraph "(8)", "NOTE", replace "n,, =16"

with"n,, =15¢".
8) Modification to 4.3.3

Paragraph "(5)", replace "(see 2.3)" with "(see
2.2)".

9) Modification to 4.4

Paragraph "(6)", delete the whole "NOTE 2"
and replace "NOTE 1" with "NOTE".

10) Modifications to 5.3.2.3

Paragraph "(3)", "NOTE", replace "are given
in below" with "are given in the table below".
Paragraph "(3)", delete the last sentence of the
"NOTE": "The single welded lap joint should
not be used if more than 20% of the o, ;, in
expression 5.4 derives from bending moments."
and add it to the "normal"-formatted paragraph

"(3)"

11) Modification to 5.3.2.6

Paragraph "(5)", Equation "(5.55)", replace:

Tx0,Ed,max (5.55)"
d T
i)
_ T v6,Ed, max (5.55)"
d-T.p!dy

12) Modification to 5.3.4.1

Paragraph "(6)", delete the whole "NOTE 1"
and replace "NOTE 2" with "NOTE".

13) Modifications to 5.3.4.3.3
Paragraph "(5)", replace Equation "(5.70)":

(5.70)”
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«d - BificTaHb Mi’K peOpaMu JKOPCTKOCTI»

«d4,- edpexTHBHA IUIOWA  IIONEPEYHOIO

nepepizy pedpa JKOPCTKOCTI».

14) 3minm 10 5.4.4
Ilynkm «(3)», 3aminumu «OJUH 3 TPHOX

HIDKYCHABEJICHUX KPUTEPIiB» HA «OIHH 3
HUKYEHABEJCHUX KPUTEPIiB»

15) 3minu 10 6.3.2.5

Ilynkm  «(5)», pieuanna «6.11», 3aminumu

6 6
«—| 5 |"Fopa - Xp»Ha«—|— |- F,-x,».
th th

16) 3minm g0 8.2.3

Ilynkm «(4)», 3aminumu Homep pPiGHAHHSA
«(8.19)» na «(8.19a)».

Ilynkm «(4)», 3aminumu Homep pi6HAHHA

«(8.20)» Ha «(8.19b)».

Ilynkm «(4)», 3aminumu Homep pPi6HAHHSA
«(8.21)» na «(8.20)».

Ilynxkm «(4)», mixc pienanuam «(8.21)» ma «ne
(muB. pucyHok 8.6):», dodamu Hacmynui HO6I
DIGHAHHA

13

nv,Ed

N, ca = NyEa sin 3

Ilynkm «(4)», y pienannax «(8.19a)» oo i
sxatouarouu «(8.25)» [oxpim HosossedeHUX
Gopmyn «(8.21a)» ma «(8.21b)»/, 3aminumu
e Ed» HA Ty Eg.

Ilynkm «(4)», y pieuaunsx «(8.19a)» do i
grroyarouu «(8.25)» [oxpim HosogsedeHUx
Gdopmyn «(8.21a)» ma «(8.21b)»/, 3aminumu
Mg, gg NO» 3AMIHUMU 7, 4 ».

“d | is the distance between the stringer

stiffeners;
A of 1s the effective cross-sectional area of the

stringer stiffener;*.
14) Modification to 5.4.4

Paragraph "(3)", replace "one of the three
following criteria" with "one of the following
criteria".

15) Modification to 6.3.2.5
Paragraph "(5)",Equation "(6.11)", replace the

2
h

6 .
current last term " —(— - F, g4+ x,” with the

6
following one “—(?j -F,-x,”.

h

16) Modifications to 8.2.3

Paragraph "(4)", replace equation number
"(8.19)" with "(8.19a)".

Paragraph "(4)", replace equation number

"(8.20)" with "(8.19b)".

Paragraph "(4)", replace equation number
"(8.21)" with "(8.20)".

Paragraph "(4)", between Equation "(8.21)"
and "where (see figure 8.6):", add the following
new equations:

=N, gy T Ny g COS P (8.21a)

(8.21b)”

Paragraph "(4)", in Equations "(8.19a)" up to
and including "(8.25)" [except in the newly
inserted formulae “(8.21a)” and “(8.21b)”/,
replace " xc,Ed n " with " v.Ed n".

Paragraph "(4)", in Equations "(8.19a)" up to
and including "(8.25)" [except in the newly
inserted formulae “(8.21a)” and “(8.21b)”],

replace " ny, ;, no " with" n, ;, ".
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Ilynkm «(2)», pienuanna «8.27», 3aminumu
«l,,»na «I,,».

18) 3minu no 8.3.4.4

Ilynkm «(2)», pisuanna «(8.42)», zaminumu
«O,» HA KO, ».

19) 3minu 10 9.2.3

Ihynkm  «(1)», «IPUMITKA», 3aminumu
«mokazaHi Ha pucyHkax 9.1, 9.2 1 9.3» na
«1okazaHi Ha pucyHkax 9.1 1 9.2»

20) 3minu 10 9.4.1

Ilynkm — «(2)»,  3aminumu  «nependoayae
3aCTOCYBaHHSI» Ha «mependadae 3aCTOCYBaHHSA
(1uB. pUCYHOK 9.3)».

21) 3minm 10 9.5.2

Ilynkm «(5)», 3aminumu «OyTH TIOTOKEHUH 3
MIPOEKTHOIO0 OpraHizaiiero 1/abo BUPOOHUKOM»
Ha «OyTH TOTOJUKEHMH 3 3aMOBHHUKOM,
MIPOEKTHOIO OPTAHI3AIIEI0 1 BAPOOHUKOM.

22) 3minm 10 A.3.2.1

Ilynkm — «(6)», «IPUMITKA», 3aminumu
MeKcm NpuMimku HACMynHum. «3HA4E€HHA |,
MOK€ BCTaHOBIIOBaTHCs B HarioHansHOMY
nojnatky. PekoMmeHnoBaH1 3HauU€HHS |/, HamaHi
y Tabnuii HUX4Ye IS PI3HUX KOH(Irypaiii
3'eaHanb. He no3BosIETBCS BUKOPUCTOBYBATH
MTOOJIMHOKE 3BapHE 3'€JHAHHS BHAXJECT, SKIIO

ounbmie 20% o, 5, y opmyni 5.4 orpumaHo 3i

3TUHAIIBHUX MOMEHTIBY.
23) 3minu 10 A.3.2.2

Ilynkm «(2)», saminumu «t/2» Ha «t».

n

Paragraph "(2)", Equation "(8.27)", replace
leh n With n th H.

18) Modification to 8.3.4.4

Paragraph "(2)", Equation "(8.42)", replace
n O-p " With n O-C H.

19) Modification to 9.2.3

Paragraph "(1)", "NOTE", replace "shown in
figures 9.1, 9.2 and 9.3" with "shown in figures
9.1 and 9.2".

20) Modification to 9.4.1

Paragraph "(2)", replace "should be designed
for:" with "should be designed for (see figure
9.3):".

21) Modification to 9.5.2

Paragraph "(5)", replace "be agreed between
the designer and/or the fabricator" with "be
agreed between the client, the designer and the
fabricator".

22) Modification to A.3.2.1

Paragraph "(6)", "NOTE", replace the text of
the note with the following one: “The National
Annex may choose the value of j,. The

recommended values of j; are given in the table
below for different joint configurations. The
single welded lap joint should not be used if

more than 20% of &, ;, in expression 5.4

derives from bending moments."

23) Modification to A.3.2.2

Paragraph "(2)", replace “t/2” with “t”.
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KirodoBi cioBa: OyHKEpH, BOTHECTIHWKICTh, JOBIOBIYHICTH, MaTepiajd, MIIHICTh, MPUIAATHICTD,
HABAaHTA)KCHHS, IPOEKTYBaHHS.

I'enepanbunii mupexkrop TOB «YkpiHcTanbKoH

iMm. B.M. IllumMaHOBCHKOTO», J1.T.H., IPOd. O. lllumanoBcbkuit
3aBigyBau H/IBTP, (kepiBHUK pO3p0o0OKH), K.T.H. A. I'pom
l'on.nayk.cmiB., I1.T.H B. [luxaHoBCbKUit
3aBigyBau rpynu CHT]], I'. Jlenna
3aBigyBau rpymu IK O. Kopayu
3aBbiayBau rpynu HT/] S JImmap
[TpoBigauii iHXEHEP 1. JleBuenxko
[TpoBigauii iHXeHEP B. ApTromienko

Ilepexnmanau K. ITaBnoBa
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