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EBPOMNENCBHKNN CTAHOAPT EN 1993-4-1:2007/A1

YepeHb 2017 pik

ICS 65.040.20; 91.010.30, 91.080.13
(YkpaiHCbKMI nepeknag aHrnoMoOBHOI Bepcii)

€Bpokog 3.NMpoeKkTyBaHHS CTaneBnX KOHCTPYKLIiN.
YacTtuHa 4-1. Cunocu

Lis amiHa A1 BHOCUTb 3MiHK y €Bponencbknin ctangaptT EN 1993-4-1:2007; BoHa Byna cxsaneHa
CEN 3 6epesHa 2017 poky.

Unenn CEN 3060B'a3aHi gotpumyBatucsa BHyTpiwHix noctaHoB CEN/CENELEC, ski
nepenbavaloTb YMOBM BKIMOYEHHA L€l 3MiHW 0O BigNOBIAHOrO HauiOHanbHOrO cTaHgapTy 6e3
Oyab-aKoro 3miHOBaHHA. AKTyanbHi nepenikn Tta GibniorpadivyHi nocunaHHs, WO CTOCYHTbCA
TaKMX HauioHanbHUX CTaHOapTIB, MOXYTb ByTN OTpUMaHi 3a 3BEPHEHHSIM [0 LIeHTpy ynpaBniHHSA
CEN-CENELEC ab6o go 6yapb-sikoro uneHa CEN.

Lla 3miHa icHye y TpbOX OMiLiNHNUX BepCisiX (aHrNINCbKOK, dpaHLy3bKOo, HIMEL KO MoBaMu).
Bepcia 6yab-aKkoto iHLWOW MOBOIO, nepeknageHa 3a signosigansHocTi ynieHa CEN Ha noro mosy i
posegeHa no sigoma LeHtpy ynpaeniHHa CEN-CENELEC, mae Toin camun ctaTyc, Wwo 1 odilinHi
BEPCil.

Unenn CEN — gepxxaBHi opranu i3 ctaHgaptmaauii AscTpii, benbrii, bonrapii, Xopearii, Kinpy,
Yecbkoi Pecnybnikun, OaHii, EcToHii, ®iHnaHaii, Pecnybnikn MakenoHis, ®paHuii, HimeyumHu,
Mpeuii, YropwuHuw, Icnangii, lpnadaii, Itanii, Nlateii, Jlutewn, Jllokcembypry, ManbTtu, Higepnasais,
Hopserii, [Monbwi, MopTtyranii, PymyHii, Cepbii, CnosayunHu, CrioBeHii, Icnanii, LLBeuii,
Weenuapii, TypeyunHu Ta BenukobputaHii.

g — |

EBPOMENCBKUA KOMITET I3 CTAHOAPTUSALLIT

LenTp YnpaBniHHa CEN-CENELEC: Avenue Marnix 17, B-1000 Brussels

© 2017 CEN Bci npaBa Ha BMKOpuUcCTaHHs y 6yab-sikin doopmi Ta Oyab-ikuM YMHOM 36epiratoTbCs y
BCbOMY CBiTi 3a HauioHanbHUMKM YneHamm CEN.
Ref. No.: EN 1993-4-1:2007/A1:2017 EE
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EUROPEAN STANDARD EN 1993-4-1:2007/A1
NORME EUROPEENNE
EUROPAISCHE NORM June 2017

ICS 65.040.20; 91.010.30; 91.080.13
English Version

Eurocode 3 - Design of steel structures - Part 4-1: Silos

Eurocode 3 - Calcul des structures en acier — Eurocode 3 - Bemessung und Konstruktion von
Partie 4-1: Silos Stahlbauten - Teil 4-1: Silos

This amendment A1 modifies the European Standard EN 1993-4-1:2007; it was approved by CEN on
3 March 2017.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the
conditions for inclusion of this amendment into the relevant national standard without any alteration. Up-to-
date lists and bibliographical references concerning such national standards may be obtained on application
to the CEN-CENELEC Management Centre or to any CEN member.

This amendment exists in three official versions (English, French, German). A version in any other language
made by translation under the responsibility of a CEN member into its own language and notified to the CEN-
CENELEC Management Centre has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, lIreland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland,
Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Avenue Marnix 17, B-1000 Brussels

© 2017 CEN All rights of exploitation in any form and by any means reserved worldwide for CEN national
Members.

Ref. No.: EN 1993-4-1:2007/A1:2017 E
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NMepeamoBa [0 €EBpoONEeUCbLKOro

cTaHaapTy

Llen pokymeHT (EN 1993-4-1:2007/
A1:2017)
komiteToMm CEN/TC 250 «byaiBenbHi

nigrotoBneHnnm TexHIYHUM

€Bpokoany, cekpeTapiaT SIKOro
nigTpumyetbcs BSI.

CraTtyc uier «3MiHN» 0o
€BponenceLkoro  ctaHgapty  MoXHa
6yae NpuUpPIBHATM OO0  CcTaTycy
HaLioOHaNbHOro cTaHgapTty 3

nyonikauieo igeHTUYHOro TekcTy abo
CXBaflEHHAM He ni3Hiwe 4YepsHa 2018
POKY, Yy LUbOMYy pasi
cTaHgapTw,

HauioHarbHi
MONOXEHHS AKNX
cyrnepeyaTb LbOMY CTaHOapTy, MalTb
OyTn ckacoBaHi He ni3HilWe 4epBHSA
2018 poky.

3BepTaeMo yBary Ha Te, WO [Aeski
eneMeHTU UbOoro OOKYMEHTa MOXYTb
OyTm npeoMeToM naTeHTHUX npas.
CEN (i/abo CENELEC) He Hece
BigMOBIgaNbHICTL 3a  igeHTUdiKauito
Oyab-AKOro 4M BCiX TaKMX NaTEHTHUX

npas.

European foreword

This document (EN 19934-1:2007/
A1:2017) has been prepared by
Technical Committee CEN/TC 250
«Structural  Eurocodes», the
secretariat of which is held by

BSI.

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
June 2018, and

national

conflicting
standards shall be
withdrawn at the latest by June
2018.

Attention is drawn to the

possibility that some of the
elements of this document may
be the subject of patent rights.
CEN [and/or CENELEC] shall not
be held responsible for identifying

any or all such patent rights.
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Llen pOokymeHT OyB nNigroToBreHUN
3rigHo 3 maHpgatom, HagaHumm CEN
Kowmicieto €Bponencbkoi CRifIbHOTU |
€BpoNencLKo  acouiauieto  BifIbHOI

Toprieni.

BignoBigHO OO BHYTPILHIX MOCTaHOB
CEN-CENELEC Leu

3000B’a3aHi

cTaHpapT
NPUNHATN  HaUiOHAmbHI
opraHu cTaHgapTu3auii Takmx KpaiH:

AscTpii, benbrii, bonrapii, Xopsarii,

Kinpy, Yecbkoi Pecnybnikn, [HaHii,
EcToHil, DiHNanAaiT, Pecny0bniku
MakenoHis, dpaHuii, Himey4nHu,

[peuii, YropwuHu, IcnaHail, Ipnanaii,
ITanii, JlaTeil, Jlnteu, Jliokcembypry,
ManbTn,

HinepnaHgis, Hopserii,

Monbuwi, Moptyranii, PymyHii, Cep®ii,

CnoBa4y4yuHu, CnoBeHii, Icnanir,
LBeuil, LWeenuapii, TypeyuymHn Ta
BenukobpuTtaHii.

This document has been
prepared under a mandate given
to CEN by the

Commission and the European

European

Free Trade Association.

According to the CEN-CENELEC
Internal Regulations, the national
standards organizations of the
following countries are bound to
implement this
Standard:
Bulgaria, Croatia, Cyprus, Czech

European

Austria, Belgium,

Republic, Denmark, Estonia,

Finland, Former Yugoslav

Republic of Macedonia, France,

Germany, Greece, Hungary,
Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland,
Portugal, Romania, Serbia,
Slovakia, Slovenia, Spain,

Sweden, Switzerland, Turkey and
the United Kingdom.
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1 3miHa po Bectyny

Po3pin «HauioHanbHUM poaaTok
0o EN 1993-4-1».

3aMiHumu no3uuito
«—6.3.2.7 (3)»;
Ha

«—6.3.2.7 (4)».

23mMiHm po 1.2 «HopmaTuBHi

nOoCUNaHHA»

MocunaHHsa Ha EN 1990

1990» Ha

Ta 3amMiHumu

3amiHumu «EN
«EN 1990: 2002»
HasBy UbOr0  MOCUMAHHA  Ha
«E€Bpoko. OcHOBM NPOEKTYBAHHS

KOHCTPYKLiN».
NMocunaHHs Ha EN1993.

Y nepeniky 3amiHumu «4actvHa 1.6:»

Ha «YactuHa 1.6:2007:».

3 3miHa po 1.6.1 «Benuki nitepu

natuHcbkoro ancasity»

3amiHumu:

«Re — nokanbHu pagiyc Ha rpebeHi

abo B 3anagunHi rogpy *KOPCTKOCTI»

1 Modifications to the Foreword

In the Section «National Annex
for EN1993-4-1»,

following entry:

replace the

«—6.3.2.7 (3)»;
with:

«—6.3.2.7 (4)».

2 Modifications to 1.2,

Normative references

In the entry dedicated to EN 1990,
replace «EN 1990» with «EN
1990:2002» and replace the title
of this reference with «Eurocode —

Basis of structural design».

In the entry dedicated to EN 1993,
in the list, replace «Part 1.6:» with
«Part 1.6:2007:».

3 Modification to 1.6.1, Roman

upper case letters

Replace:

«R¢ local radius at the crest or

trough of a corrugation»
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Ha

«rp— MicueBnn pagiyc Ha rpebeHi

abo B 3anaguHi ropy >XOpCTKOCTI.».

4 3miHa po 1.6.2

naTMHcbKoro andasiTy»

«Mani nitepu

3amiHumu:

«f — DOBXMHA XBUIi rogpy XBUSSCTOI

NNCTOBOI cTani;»
Ha

«/ — poBXuMHa XBUNI rogpoBaHOro

nucTa;».
53miHa po 2.7 «MopentoBaHHS
cunocy ansa BU3HAYEHHSA

HacnigkiB gin»
MyHkT (1)P

3amMiHumu TEKCT Ha Takui:
«(1)P  MotpibHo

3araljibHMx BUMOT,
EN 1990.».

AOOTPUMyBaTUCA

BUKNageHnx 'y

63miHa po 2.91 «3aranbHi

BUMOIn»
MyHkT (1)P
3aMiHumu TeKkcT Ha Takui:

«(1)P 3aranbHi BUMOru, BuUknageHi B

EN 1990, matoTb OyTK BUKOHAHI.».

with:
«re local radius at the crest or

trough of a corrugation.».

4 Modification to 1.6.2, Roman

lower case letters

Replace:

«f wave length of a corrugation in

corrugated sheeting;»
with:
«l wave length of a corrugation in

corrugated sheeting;».

5 Modification to 2.7, Modelling

of the silo for determining

action effects

Replace Paragraph (1)P with:

«(1)P The general requirements
set out in EN 1990 shall be

followed.».

6 Modification to 2.9.1, General

Replace Paragraph (1)P with:

«(1)P The general requirements
setoutin EN 1990 shall be satisfied.».
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Ao 2.9.2.2

KoedillieHT onopy»

7 3miHa «YacTkoBi

Micna nyHkty (3)P donywumu pga
HOBI NYHKTH (4) Ta (5):
«(4) Axwo

npodoini
CUINOCHOI

rapsyekaTaHi  crtanesi
BUKOPUCTAHO $IK YacCTUHY

KOHCTPYKLIiT,  BignoBigHi
YacTKoBi KoeilieHTU ornopy MakrTb

OyTn npuninHati 3a EN 1993-1-1.

(5) Akwo xonogHokaTaHi CTanesi

npodoini
CUINOCHOI

BUKOPUCTAHO $IK Y4acCTUHY
KOHCTPYKLUIiT,  BignoBigHi
YacTKoBi KoeilieHTKU ornopy MakTb

ByTn npuinHaTi 3a EN 1993-1-3.».
8 3miHa o 2.10 «[1oBroBiYHiCTb»

MyHKT (1)

3amiHumu TEeKCT Ha Takun:

«(1) MoTpibHO AOTpUMyBaTUCS
3aranbHUX BMMOr, BUKNageHux y 2.4

EN 1990:2002.».

no 4221

MNOJTOXKEeHHA»

9 3miHa «3aranbHi

[Micns nyHKTy (2) donnydyumu HoBi

nyHKTM 3 (3) no (6):

«(3) Axwo cunoc nignarae

7 Modification to 2.9.2.2, Partial

factors for resistances

Add two new Paragraphs (4) and
(5) after Paragraph (3)P:

«(4)Where hot rolled steel
sections are used as part of a silo
structure, the relevant partial
factors for resistance should be

taken from EN 1993-1-1.

(5) Where cold-formed steel
sections are used as part of a silo
structure, the relevant partial
factors for resistance should be

taken from EN 1993-1-3.».
8 Modification to 2.10, Durability

Replace Paragraph (1) with:

«(1) The general requirements set
out in 2.4 of EN 1990:2002 should

be followed.».

9 Modification to 4.2.2.1,
General
After Paragraph (2), add the

following new Paragraphs (3) to
(6):

«(3) Where the silo is subject to
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HECUMETPUYHOMY 3aBaHTaXEHHH0

CUMNKOK Macok TBepaux matepianis
doopmi
HaBaHTaXeHHA,

y  Oyab-skin (micuesi

po3noaineHi
BUBaAHTaXXEHHS 3 EKCLEHTPUCUTETOM,
acMMeTpuUYHE 3aroBHEHHS TOL.O),

KOHCTpPYKLUiMHa Moaenb Mae

oXxonnBaTu nepenavy

MemMObpaHHOro 3cyBYy B CTiHLi CUMoCcy

Ta MK CTIHKOMO | KinbLSIMW.

MpumiTtka. Mepepnava 3CyBYy MiX
yacTMHaMW CTIHKM Ta KinbusMu Mae
ocobnmBe 3HaYEeHHA B KOHCTPYKUisX, Oe
3acTocoBaHO 60MTM 4M iHWI BigocobneHi
3d’egHyBanbHi  3acobu (Hanpuknag, Mix
CTIHKOI i BOPOHKOO, MiX CTIHKOK LuMniHapa
i BEPTUKANbHUMMK €NeMeHTaMK XXOPCTKOCTI
abo onopow, a TakoXK MK pi3HUMMU

nosicamu uuniHgpa).

4) Axkuwo

BMKOPUCTOBYIOTb A5 Nepepo3noainy

KifibLieBY Banky
HaBaHTaXeHHA Big CTiHKM OyHKepa
Ha BigocobneHi onopu i SKWO Ans
3'€HaHHA eneMeHTIB  KOHCTPYKLUil
BUKOPUCTOBYIOTb ©6onTn abo  iHLWi
BigjocobneHi 3’egHyBarnbHi  3acobw,
mMae OyTtu

BM3HA4YeHO nepedavy

3CyBY MK  4YaCTMHaMuM  Kinbus
BHacnigok edeKkTy BUrMHy 06051I0HKM

i KinbLleBoOl Danku.

any form of unsymmetrical bulk

solids loading (patch loads,

eccentric discharge,
unsymmetrical filling etc.), the
should be

capture the

structural  model
designed to

membrane shear transmission
within the silo wall and between

the wall and rings.

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 the
cylinder wall and vertical stiffeners or
support, and between different strakes

of the cylinder).

(4) 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.
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(5) 3a ymoBu onopy BTpaTi CTINKOCTI
CTiHOK abo 3a 36inbweHHa onopy
BTpari CTINKOCTI 060N0HKOBOI
KOHCTPYKLiI XXOPCTKICTb CUMKOI Macwu
TBEPOOro mMartepiany, LLIO

3b6epiraetbcs, Tpeba poarnsgaTtu
TiINbKA Ha nigcTaBi pauioHanbHOro
aHanisy i Konu € JiTki gokasu Toro,
O TBEPAUM MaTepian He pyxaeTbCs
BIAHOCHO CTiHKM Y 3a3Ha4eHOMY MicCLi
nig 4Yac BMBAHTaXeEHHS. Y Takux
CuTyauisax BignosigHa iHdopmauis
CTOCOBHO MpPOQinto NOTOKY, TUCKY B
TBEPLOMY MaTepiani Ta

BNAaCTMBOCTEN  KOHKPETHOI  CUMKOI

Macu TBepaoro marepiany, WO
30epiraetbcs, Mae 6yTn BM3HaAYeHa

3a EN 19914.

(6) Axkwo y cunoci i rogpposaHoOo
060noHkKoto 3a TEXHOSIOoriEt
YTBOPIOETLCA MOTOYHE BUBEAEHHS
cunkol mMacum wo 36epiraetbcs, TO
TBEPAUN mMarepian, AKUN
3annWaeTbCcs Y HEPYXOMOMY CTaHi B
MeXxax rodgpis, He cnig po3rnagatn B

(5) 9K HEpPYXOMUW. ».

(5) The stiffness of the stored bulk
solid in resisting wall deformations
or in increasing the buckling
resistance of the shell structure
should only be considered where
a rational analysis is used and
there is clear evidence that the
solid against the wall is not in
motion at the specified location
during  discharge. In such
situations, the relevant information
on the flow pattern, the pressure in
the solid and the properties of the
specific stored bulk solid should

be determined from EN 1991-4.

(6) Where a corrugated silo
exhibits mass flow, the solid held
stationary within the corrugations
should not be considered as

stationary in (5).».
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10 3miHa oo 42.2.3 «Knac

Hacnigkis 2»

MyHkTN 3 (10) no (12) eunyyumu:

«(10) Akwo cwunoc nignarae 6yab-
AKOMY acuMeTpUYHOMY
HaBaHTaXXEHH!0 CUnKol Macu
TBEpAMX MaTepianis (po3nogineHnm
HaBaHTaXXEHHAM, BUBaAHTAXEHHAM 3
EeKCLUEHTPUCUTETOM, aCUMETPUYHUM
3aMoBHEHHSM TOLLO), pO3paxyHKOBa
MoJernb NoBUHHA OXOMUTKU nepenadvy
MemM6paHHOro 3cyBy B CTiHLI CUNOCY |

MiXK CTIHO | KinbLUSAMMW.

MpumiTtka. lMepepnava 3CcyBYy MiX

yacTMHaMKM CTiHKM | KinbuaAMM  Mae
ocobnmBe 3HaYeHHA B KOHCTPYKUiSAX, Ae
BMKOPUCTOBYIOTbCA ©ONTU | iHWI ANCKPETHI
CMONyYHi 3acobu (Hanpuknag, MiX CTiHKO
i  BOPOHKOK, MiXK OKPEMUMM nosicamu

Boukn).

(11) Axwo ansa nepepos3noginy
HaBaHTaXeHHA B CTIHUI cunocy Ha
OVUCKPETHI Onopu BUKOPUCTOBYETLCS
depma i
eneMeHTIB

KinbLeBa AKWo And

3'egHaHHSA KOHCTPYKLIT

BUKOPUCTOBYHOTbCA 60MTN abo iHLWi

AVNCKPETHI CMONYYHi 3acobun,

HeoOXioHO  BWM3HaAYUTU  Nepenady

10 Modification to

Consequence Class 2

4.2.2.3,

Delete the following Paragraphs
(10) to (12):

«(10) Where the silo is subject to
any form of unsymmetrical bulk
solids loads,

loading (patch

eccentric discharge,
unsymmetrical filling etc.), the
should be

capture the

structural  model
designed to
membrane shear transmission
within the silo wall and between
the wall and rings.

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
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3CyBY MK  4YaCTMHaMuM  Kinbus
BHacnigok edeKkTy BUrMHy 06051I0HKM

i KinbLEeBOI depmMn.

(12) 3a BWMHATKOM BUMNAOKIB, KONMU
3aCTOCOBYETbLCA pavuioHanbHUN
aHani3 i € YiTkMn gokas Toro, Wo nig
yac PO3BaHTaXXEHHA TBEPAUU

MaTepian He pyxaeTbCA BiOHOCHO

CTIHKM, KOPCTKICTb CMMKOI Macwu
TBEpOOro Mmatepiany npu  onopi
aedopmauiam CTiHKK abo

30inblUeHHi ornopy BTpaTi CTIMKOCTI
KOHCTPYKLUT He NnoBUHHA

BpaxoByBaTUCA.».

11 3miHn po 4.4 «EkBiBaneHTHi
OPTOTPOMNHiIi BNacCTUBOCTI OOLLUUBKMU

3 rodppoBaHOro nucta»

PucyHok 4.2 3aMiHUmMu Ha Takuu:

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.».

11 Modifications to 4.4,

Equivalent orthotropic
properties of corrugated
sheeting

Replace Figure 4.2 with:
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«

lNo3Haka:

1 — e(pekTBHA cepegnHHa NOBEPXHS

Key

1 effective middle surface

PucyHok 4.2 — [Npodinb rogpy i reomeTpuyHi napametpu

Figure 4.2 — Corrugation profile and geometric parameters

MyHKT (3)
NosicHeHHA A0 YMOBHMUX NO3HaK.

3amMiHumu psigkn Ha Taki:
«ge

d— BigctaHb Big rpebeHs Qo

rpebeHs;

| — poBXuHa xBuni rogpy;

ro— - MicueBun pagiyc rpebeHsa abo
3anaguHn.».

MyHKT (4)

3aMiHuUmMu TeKcrT:

«(4) Yci

HaBOAUTUCS SK TaKi, O MalTb OOHY

BNaCTUBOCTI MOXYTb

KepoBaHy KoopauHaTy, BOHWU He
BUKNUKatoTb edektn [lyaccoHa vy

Pi3HUX Hanpsmax.».

»
Replace the notation lines in

Paragraph (3) with:

«where:
d is the crest to crest dimension;

I is the wavelength of the

corrugation;

re is the local radius at the crest or

trough.».

Replace Paragraph (4) :

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

directions.».
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Ha TakUn:

«(4) EKBiBaneHTHi BNaCTUBOCTI
NIMCTOBOrO MOKPUTTS B KOXHOMY 3
ABOX OCHOBHUX HanpsiMiB MOXHa
po3rnagatnm sk Hes3anexHi, Tak wWo
aedopmauil B 0OgHOMY Hanpami He
YTBOPIOKOTb Hanpy>XeHb B

OpTOroHanbHOMy Hanpsimi  (TobTo

Hisiknx epekTiB NyaccoHa)».
MyHKT (5)
3aMiHUMu Ha Takui:

«(5) ExkBiBaneHTHi MeMbpaHHi

BNacTMBOCTI ()KOPCTKICTb 3a YMOB

PO3TAry) MOXXHa BUPa3nNTK Tak:

C.=Et,
C , = Ety,
ny = Gtxy,
ne
t, — ekBiBaneHTHa TOBLLUMHA
pO3Ma3aHOl XXOPCTKOCTI MeMObpaHu

nepneHanKyndapHo A0 rogpis, SKy

BU3Ha4aloTb 3a OOPMYIOL0:

s
* 34

t, — ekBiBaneHTHa TOBLLUMHA
pO3Ma3aHOl XXOPCTKOCTI MeMOBpaHu

with:

«(4) The equivalent properties of
the sheeting in each of the two
principal directions may be treated

as independent, so that strains in

one direction do not produce
stresses in the orthogonal
direction (i.e. no Poisson

effects).».
Replace Paragraph (5) with the

following paragraph:

«(5) The equivalent membrane

properties (stretching stiffnesses)

may be taken as:

4.2)
(4.3)

(4.4)

where:

t, is the equivalent thickness for
the smeared membrane stiffness
normal to the corrugations, given
by:

(4.5)

t, is the equivalent thickness for

the smeared membrane stiffness
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napanensHo 4o  rodpis,

BU3HaA4aloTb 3a OOPMYIOL0:

Ky

td?
z‘y:t[1+ a7 j

t,y— €eKBiBaneHTHa TOBLUMHA
po3Ma3aHOl  3CYBHOI  XKOPCTKOCTI
MemOpaHn, $Ky BM3HayalTb 3a
dopmyrioto:
. t
xy 7Z'2d2 :
I+——
4/
MyHKT (6)

3amiHumu TEeKCT Ha Takum:

«(6) EkBiBaneHTHi 3rMHanbHI
BNAaCTUBOCTI (3rMHanbHy >XOPCTKICTb)
BU3HA4alTb AK rpaHuLI0 3rHanbHOI

XOPCTKOCTI Yy  MOMEHTaXx,

LLLO
BUKMMKAIOTb 3MMH Y LIbOMY Hanpsami

Ta MOXYTb OYTU BUPaXKEHI SIK:

D, =EI,
D, =EI,
D, =GI,,

ae

I, — eKBIiBANE€HTHUA MOMEHT iHepuil

nrowi  nepepisy Ha  OOVHWULIO

LWNPUHN ONA po3Mas3aHOol 3rMHanbHol

parallel to the corrugations, given
by:

(4.6)

ty is the equivalent thickness for
the smeared membrane shear

stiffness, given by:

(4.7)»

Replace Paragraph (6) with:

«(6) The

properties (flexural stiffnesses) are

equivalent bending
defined in terms of the flexural

rigidity for moments causing

bending stresses in that direction,

and may be taken as:

(4.8)
(4.9)
(4.10)
where:
I, is the equivalent second

moment of area per unit width for

the smeared bending stiffness
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XXOPCTKOCTI nepneHguKkynsapHo
rodopam, WO BU3HaA4YawTb  3a
doopmynoto:

perpendicular to the corrugations,

given by:

l,— eKBiBaneHTHMN MOMEHT iHepuii

nrowi  nepepizy Ha  OOUHWULIO

LWNPUHN ONA pO3Mas3aHOol 3rMHanbHol

rocopam.
npoginis,

XXOPCTKOCTI napanensHo
ans roppoBaHmnXx
onucaHux y 4.4(2), BiH Moxe OyTu

NPUNHATUN SIK:

y

lyy — €KBiBanNeHTHUN MOMEHT iHepuLii

nrowi  nepepisy Ha  OOVHWULIO
LWMPUHN ONS pO3Ma3saHoil XXOPCTKOCTI

3a KpYTUNbHOK POPMOIO:

£ wd?
]xy :E 1+
MpumiTtka. YMoBHE NO3HAYEHHS
3rMHanbHUX MOMEHTIB Yy nfacTuHax

CTOCYETbCS HanpsiMy, B IKOMY DOPMYETbCS
KPpMBU3HA  MNACTUHMW, TO6TO  BOHO
NpOTUNEXHe OO0  MNO3HaYeHHs,  sike

3acTOCOBYHOTb ans Banok. Burnx

rogpam
YXOPCTKICTIO

napanenbHo noe'a3aHnn i3

3rMHanbHoOK rocppoBaHoro

2 2 72
1 :tcé (1+7rd

72d* Y (4.11)
+ 2

41

|, is the equivalent second

moment of area per unit width for
the smeared bending stiffness
parallel to the corrugations. For
the corrugated profiles described

in 4.4(2), it may be taken as:

]; (4.12)

Iy, is the equivalent second
moment of area per unit width for

the smeared twisting stiffness:

J. (4.13)

NOTE 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
stiffnress of the corrugated profile,
stresses

induces parallel to the
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npoqinto, BUKNUKaE HanpyXeHHs
napanenbHO rodpamM Ta € TOMOBHOK
MPUYMHOIO ANA 3aCTOCYBaHHA roddpOoBaHUX

KOHCTPYKLUiN.».
MyHKT (7) 3aMiHUMU Ha TakU TEKCT
| PUCYHOK:

«(7)B cunocax rogpu

3as3Bun4yan posTalloBaHi no kony. 3a

KPYTInx

Takoro posTallyBaHHA HanpsMun x Ta
y B HaBedeHWX BULLEe BMpasax MatTb
ByTVN NPUINHATI 9K BEPTUKANbHUA X Ta
KinbUeBUW 6 HanpaMu, BIiANOBIOHO,
avB. pucyHok 4.3 a). 3a MeHLW
NoLINpPEeHoro

rocpu
BepTUKanbHO, HanpssMu X Ta y B

po3TallyBaHHA, 3a
SIKOro CNpPAMOBaHI
BULLIe3a3HaYeHNX  BuUpasax  cnig
npunmatn 49K KinbueBun 6 Ta
BepTUKASTbHUN X Hanpsamu,

BiANOBIQHO, ANB. PUCYHOK 4.3 b).

corrugation, and is the chief reason for

using corrugated construction.».

Replace Paragraph (7) with the

following text and figure:

«(7) In circular silos, the

corrugations are commonly
arranged to run circumferentially.
In this arrangement, the directions
x and y in the above expressions
should be taken as the vertical x
and circumferential  directions
respectively, see Figure 4.3 a). In
the less common arrangement in
which  the

vertically, the directions x and y in

corrugations  run

the above expressions should be
taken as the circumferential 6 and
vertical x directions respectively,

see Figure 4.3 b).
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a) lopusoHTanbHe po3TallyBaHHSA rodpis

a) Corrugations running horizontally

S N e

y" N NN N

b) BepTukanbHe po3TallyBaHHA rogpis

b) Corrugations running vertically

PucyHok 4.3 — PosTallyBaHHsi roopoBaHOro fiucTa CTiHKu cUrocy

Figure 4.3 — Corrugated sheeting and silo wall orientations

MyHKT (9)
3amiHumu TEeKCT Ha Takun:

«(9) B npamokyTHMX cunocax rogppu

3a3BuMyan OyBalTb  pPO3TaLLOBaHI

rOPM30HTanbHO. 3a Takoro
po3TawyBaHHSA HanpsMm X Ta Yy
B HAaBeAEHUX BULLE BMpasax MawTb
OYyTW NPUNHATI 9K BEPTUKANbHUM X Ta
rOPU30HTaNbHUIN y HanpsiMu,
BiANOBIAHO; OMB. pPUCYHOK 4.3 a). 3a
MEHLI MOLUMPEHOrO poO3TallyBaHHS,
rodppu

HanpsiMu

3a  SKoro CNpPAMOBaHI

BEPTUKaJ1bHO, X Ta y

B HaBegeHnX BULLE BUPa3axX MaloTb

»
Replace Paragraph (9) with the

following text:

«(9) In

corrugations are

rectangular silos, the
commonly
arranged to run horizontally. In this
arrangement, the directions x and
y in the above expressions should
be taken as the vertical x and
horizontal y directions respectively,
see Figure 4.3 a). In the less
common arrangement where the
corrugations run vertically, the
directions x and y in the above

expressions should be
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byTn
peanbHi KOHCTPYKLUIT Ta NPUNHATI AK

nepecrtaBfieHi MicuaMn Ha

BEpPTUKANbHUN y Ta rOpM3oHTaNIbHUN

X BiANoBigHO, ANB. PUCYHOK 4.3 b).».

5.3.2.4

CTIMKOCTi nig BNJIMBOM OCbOBOrO

12 3mMiHn  po «BTpaTa

CTUCKY»

MyHKT (4)

3amiHumu copmyny (5.15) Ha Taky:

0,83

interchanged on the real structure
and taken as the vertical y and
horizontal x directions respectively,

see Figure 4.3 b).».

12 Modifications to 5.3.2.4,
Buckling under axial
compression
In Paragraph (4), replace
Formula (5.15) with:

(5.15)»

MyHKT (7)

3amiHumu TeKkCT Ha Takum:

«(7) NMoHmxyBanbHWUN KoeqiuieHT
nacTUYHOI nedopmadii 3a
HaaMipHOro TUCKY  Opp mMae

basyBaTucs Ha HanoGinbLWomy
MiCLIeBOMY BHYTPILLHbOMY TUCKY Pg
3a MicueM posTallyBaHHA TOYKW, LLO
nigndarae oOLuiHBaHHIO, Ae MicueBa
TOBLMHA [OPIBHIOE f, Ta O4HOYACHO
Ha 3Ha4YeHHi MiCLueBOro OCbOBOIO

CTUCKY, SKUN  MOXe CMPUYNHUTIA

BTpaTy CTINKOCTI:

o, =
C14+2,2p(w, /1)

Replace Paragraph (7) with:

«(7) The

imperfection reduction factor ay,

plastic pressurised
should be based on the largest
local internal pressure pq at the
location of the

point being

assessed where the local

thickness is t, and coexistent with
axial

the local value of

compression that may cause

buckling:

p 1
o )

(5.18)

s*+1,2147
S(s+1) ’



AOCTY-H B EN 1993-4-1:2012/3miHa Ne 2:20__ (EN 1993-4-1:2007/A1:2017, IDT)

CrtopiHka 23
3a yMoB, WO
— p
p,=—
csx,Rcr
S=| ——
400
Zz — fy
" cSx,Rcr
ne
py — Hanbinblle pospaxyHKoBe

3HA4YeHHS MICLeBOro BHYTPILLIHLOrO
Tncky (aus. EN 1991-4).

Pi3Hi eKCTpeManbHi 3HAYEHHSA
BfTAaCTUBOCTEN MaTepiany, BU3HAYEHI
ans TBEPAOro mMarepiany B
EN 1991-4, npussogaTtb OO0 Pi3HUX
NoB'dA3aHNX MK cobolo 3Ha4vyeHb
OCbOBOI CUIN | BHYTPILLHLOIO TUCKY.
doopmyrn

(5.16) i (5.18) koxHOro pasy mae

Mg 4ac 3acTocyBaHHSA
Oyt 3acTtocoBaHa napa CyMICHUX

3HaYeHb.».
Honydumu nyHkT (7a):

«(7a) 36inbweHHA onopy BTparTi

CTIMKOCTI  KOHCTPYKLil  OBOMNOHKM

BHACMIQOK  MPYXHOI  XKOPCTKOCTI
HEepyxomol Cunkol Macu TBepaoro

MaTepiany MOXHa po3rnagaTtu TiNbkKu

with:
(5.19)
(5.20)
(5.21)
where:

pq is the largest design value of
the local internal pressure (see
EN 1991-4).

Different extremes of the material
properties for a solid, defined in
EN 1991-4, lead

coupled values of axial force and

to different

internal pressure. A consistent pair
of values should be used each
time when applying Formulae
(5.16) and (5.18).».

Add a new Paragraph (7a):

«(7a) The increase in buckling
resistance of the shell structure
due to the elastic stiffness of
stationary bulk solid may only be
rational

considered using a
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Ha nigcTasi pauioHanbLHOro aHaniay,
KON € JiTKi gokasu Toro, Lo
TBEPOUWN MaTepian He pyxaeTbcs
BiAHOCHO CTiHKM Yy 3a3Ha4YeHOMY MiCLii
nig 4Yac BMBaAHTaXEHHSl, Ta €
BignoBigHa IHGopMaLis CTOCOBHO
nNpoint NOTOKY, TUCKY B TBEPLOMY
mMarepiani Ta BlaCTMBOCTEN
KOHKPETHOI CUMKOI Macu TBepaoro
Martepiany, wo 36epiraetbcd, SK

BM3HayeHo B EN 1991-4.».

MyHKT (9)

Y nepwomy peyveHHi 3amMiHumu
«3HaxogmuTbCcs B aianasoHi
0,3<s<1, BKasaHe BulEe» Ha
«3HaxogmuTbCcs B JianasoHi

0,3 <s < 0,8, BKkasaHe BULLEY.

analysis, where there is clear
evidence that the solid against the
wall is not in motion at the
specified location during discharge
and the relevant information on
the flow pattern, the pressure in
the solid and the properties of the
specific stored bulk solid are
determined from EN 1991-4.».

In Paragraph (9), in the 1st
sentence, replace «lies in the
range 0,3 <s< 1,0, the above»
with «lies in  the range

0,3 <s<0,8, the above».

In Paragraph (15), in the NOTE,
replace «The values g = 0,60 and
n = 1,0 are recommended.»

with

«The values of

MyHKT (15)
Y NPUMITLI 3amiHumu
«PekomeHayoTbCA 3HA4YEeHHH
B =0,60 [ n=1,0.» Ha
«Taki 3Ha4YeHHs:

0,95 5,4
p=1 n

L2 (w, (1)

€ peKoMeHOOBaHUMMN. ».

T 144,6 (w, /1)

Ta (and) x, = 1,0

are recommended.».
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133miHa po 5.3.25 «BtpaTta
CTINKOCTI nia BMNJIUBOM
30BHIlWWHLOFO TUCKY, YacTKOBOI

BHYTPIlLHLOI  pPO3piAXeHOoCTi i

BiTPY»
MianyHkT (9)

3amiHumu TekcT Ha Takunm Ta

aonyuntn cpopmyny (5.40a):

«(9) Akwo cunoc

OKPEMO i CXUNbHUN OO0 KOMOIHOBAHOI

po3TalloBaHNM
Al BITPOBOrO  HaBaHTaXeHHA i
BHYTPILLHLOrO  BaKyyMmy, 3Ha4eHHS
Cw, 3actocoBaHe Yy ¢opmyni (5.38),
Mae ©Oytn 3miHeHO Ha C,. $K

HaBefeHo Yy bopMyni:

pnu + pl’lW
ae
Pou — PO3PaxyHKOBE  3HAYEHHS
oAHopiaHoro KOMMOHEHTA

30BHILLHBOrO TUCKY;

Pow — PO3pPaxyHKOBE 3HAYEHHSI TUCKY
B KPUTUYHIN TOYL, BITPOBOIO NMOTOKY;
Cw — KOeiuieHT po3noginy TUCKY

BITPY, HaBegeHnn y (8).».

13 Modification to 5.3.2.5,
Buckling under external
pressure, internal partial

vacuum and wind

Replace Paragraph (9) with the
following and the new Formula
(5.40a):

«(9) Where the silo is isolated and
subject to a combination of both
wind loading and internal vacuum,
the value of C, to be used in
(56.38) should be

modified to C,, as given by:

expression

; (5.40a)

where:

P is the design value of the
uniform external pressure;

pnw IS the design value of the
stagnation pressure of the wind;
Cvn is the wind pressure
distribution coefficient given in

Paragraph (8).».
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14 3miHa pgo 5.3.2.6 «MembpaHHUN

3cyB»

MyHKT (5)

3amiHumu copmyny (5.55) Ha Taky:

T

l, =

5.3.3.3

CTiMKOCTi nig BNJIMBOM OCbOBOrO

153miHa po «BTpaTa

CTUCKY»

NMyHk™m 3 (1) no (4) 3amiHumu Ha

Taki:

«(1) lHTepan  MiX  enemeHTamu
XXOPCTKOCTI He Mae nepeBuLLyBaTy
MEeHLle 3 [OBOX 3HadeHb: 24° abo

1000 mm.

(2) OcboBe cTuUCKanbHe Hanpy>XeHHSA
B 060MOHLi cunocy Bigpi3HAETLCS Bif,

HanpyxeHHA B elieMeHTax

edekTy
BHYTPILHLOIO TUCKY, AKWUW Oi€ TiNbKu

YKOPCTKOCTI 3aBOsdKn

Ha obornoHky cunocy. OcboBe

HanpyxeHHA, LLIOo BUHUKaE B

oBonoHUi  curocy Ha  oguHULLO

OOBXWHW KOna, Nygqg Mae Oytu
BU3HA4YeHe BiJ 3aranbHOro 0CbOBOro

HaBaHTaXXEeHHA Ha CTIHU Ta

x0,Ed,max

e

14 Modification to 5.3.2.6,
Membrane shear
In Paragraph (5), replace
Formula (5.55) with:

x0,Ed j (5.55)»
15 Modification to 5.3.3.3,
Buckling under axial

compression

Replace Paragraphs (1) to (4)
with:

«(1) The spacing of the stiffeners
should not exceed the lesser of
24° and 1000 mm.

(2) The axial compressive stress
in the silo shell differs from that in
the stiffeners due to the effect of
internal pressure acting on the silo
shell alone. The axial stress
resultant per unit circumference in
the silo shell nygy should be
determined from the total axial
force in the wall and stiffeners

N, eq at every level, as:



AOCTY-H B EN 1993-4-1:2012/3miHa Ne 2:20__ (EN 1993-4-1:2007/A1:2017, IDT)

CTtopiHka 27
eriemeHTax XopctkocTi Nygq Ha
KOXXHOMY piBHi 3a (oOpMYolto:
N
Mepa =| L || Sxe Y2 (5.58a)
’ 1+ f )| 2nr f

OcboBe HaBaHTaXEHHSA B KOXHOMY
ernemeHTi XopcTKOCTi Nggq MA€e OyTU
BU3HA4YeHe i3 3aranbHOro OCbOBOro
CTiHUj
Nx,Ed

KOXXHOMY PiBHi, 32 (dOpPMYJIOH0:

HaBaHTaXEHHA B Ta

enemMeHTax >KOPCTKOCTI Ha

The axial force in each stiffener
Nsxeq Should be determined from
the total axial force in the wall and

stiffeners N, g4 at each level, as:

N, e =ds( 1 j{N"’E‘j +vp r}, (5.58b)
’ 1+ f )| 2nr
B SKiN in which
dit
f=
ae where:
t— micueBe  3HAYEeHHA  TOBLUUHU t is the local value of the shell wall

CTiHKM ODOJIOHKU;

ds — IHTepBan y KinbLeBOMYy HanpAMmi

MK cycigHiMn eremMeHTamMmu

YXOPCTKOCTI;

As — nnowia nonepeyHoro nepepisy
KOXXHOIO efleMeHTa XXOPCTKOCTI;

V — KoeilieHT [TyaccoHa
(npurHaTuin sk 0,30);

p — MicLieBe 3Ha4yeHHS BHYTPILLHbOIO
Tncky (ame. EN 1991-4).

thickness;

ds is the circumferential distance

between adjacent stiffeners;

A is the cross-sectional area of

each stiffener;

v is Poisson’s ratio (taken as
0,30);

p is the local value of the internal
pressure (see EN 1991-4).
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(3) Akwo CTiHKa curocy  He
KOHTaKTye 3 TBepauM MaTtepianom,
wo  3bepiraetbcs, onip  BTpAaTI
CTINKOCTI eriemMeHTa >OPCTKOCTI 3a
YMOB  OCbOBOIO CTUCKY  cnig
po3paxoByBaTH, BMXO4AYN 3
PiIBHOMIPHO pOo3noAineHoro

HanpyXeHHA CTUCKY MO BCiA MNOLLi

nonepevyHoro nepepisy Ha ©Oyab-

SKOMY PIiBHI.

(4) PospaxyHkoBa edekTMBHaA
AOBXWHA  eneMeHTa  >XOPCTKOCTI,
3acTocoBaHa ans BU3HAYEHHSA
NOHWXKYBanbHOrO  KoediuieHTa X,

NPUUMAaOTb TaKOH0, L0 LOPIBHIOE:

Le=7r(

ane He OINbLUOK, HiXK BiACTaHb MiX

CYCIgHIMN KiNbLAMM XXOPCTKOCTI,

ae

EI,
K

Elsy — XOpCTKICTb Ha 3rMH enemeHTa

YKOPCTKOCTI 3a yMOB 3rMHy
NeprneHaukynsapHo OO0  MNSIOLWMHU
cTiHkM (HMM?);

K -— XOopCTKiCTb, WO 3abesneyye

CTiHka obosnoHkn (H/MM Ha minimeTp

BUCOTU CTIHKN),

wob obmexysaTtu

j1/4
s

(3) Where the silo wall is not in
contact with the stored solid, the
buckling resistance of the stiffener
to axial compression should be
calculated assuming a uniform
compressive stress on the entire

crosssectional area at any level.

(4) The buckling effective length of
the stiffener used in determining
the reduction factor y should be

taken as equal to:

(5.58c)

but not greater than the distance

between adjacent ring stiffeners,
where:

Els, is the flexural rigidity of the
stiffener for bending normal to the

plane of the wall (Nmm?);

K is the stiffness offered by the
shell wall (N/mm per mm of wall
height) to restrain buckling normal

to the wall.
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BTpATy  CTIMKOCTI Yy  Hanpsami,

nepneHanKkynsapHoOMY 4O CTiHKM.

(5) >KopcTkicTb CTiHKM 060M0HKN K 3a

yMOB obmexeHHs edeKTUBHOI

OOBXWHN enemMeHTa XOPCTKOCTI Mae
ByTn
NPUNYLLEHHS, LLO CTiHKA MpoXoauTb

BM3HaA4Y€eHa BMXoOA4N 3

MDK  CYCIgHIMU BEpPTUKaIIbHUMUN
enemMeHTaMn >KOPCTKOCTI no obuaBi
cTopoHu. MoXHa BUKOPUCTOBYBATU
ABa anbTepHaTMBHI MeToaM, SK

3a3HayeHo y nyHkTax (6) i (7).

(6) MoxHa

OLliHIOBaHHS

BMKOHaTW  npocTe
3Ha4YeHHA K,
po3rnsgatydn  CTiHKY OOOSIOHKM  HK
npsiMy 3 BiflbHO 0BGnNepTUMM Kpasimu
(omB. pucyHok 5.5). lNMoTim 3Ha4yeHHSA

K MOXHa BU3Ha4nTW 3a OOMNOMOrOH
dopmynu:

K =kSE[i
d

S

ne
ks — KOediLiEHT XXOPCTKOCTI.

Mpumitka. 3HaveHHs ks Moxe OyTu

3agaHe B HauioHanbHomy

aoaaTky.
PekomengoBaHe 3Ha4yeHHA ks = 0,5.

t— MicLieBa TOBLUMHA CTiHKM

0OO0MNOHKM 3a MicLEeM OLHIOBaAHHS;

(5) The stiffness of the shell wall K
in restraining the effective length
of the should be

determined assuming that the wall

stiffener

spans between adjacent vertical
stiffeners on either side. Two
alternative methods may be used,

as defined in Paragraphs (6) and

(7).

(6) A simple assessment of the
value of K may be made treating
the shell wall as straight with
simply supported boundary
conditions (see Figure 5.5). The
value of K may then be estimated

as:

(5.58d)

where:
ks is a stiffness coefficient.

NOTE The National Annex may choose
the value of ks. The value ks = 0,5 is

recommended.

t is the local thickness of the shell

wall at the location being assessed,;
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ds — KPOK BepTUKaSibHUX €JIeMEHTIB

YXOPCTKOCTI B KiflbLIEBOMY Hanpsimy.

(7) binbw cknagHe OUiHIOBaAHHA

BENMMYMHM K MOXHA  BUKOHATW,

po3rnagaydn KpUBOMIHIMHY CTIHKY K
CKNeniHHA

apkum MK  cycigHiMu

enemMeHTaMmmn XopcTkocTi (puc. 5.6).
ByTn

3Ha4veHHs K MOXe

pPO3paxoBaHo 3a YopMynamu:

K=1

ds is the circumferential separation

of the vertical stiffeners.

(7) A more advanced assessment
of the value of K may be made by
treating the curved wall as an arch
spanning between adjacent
stiffeners (Figure 5.6). The value

of K may then be estimated using:

2Fr

! :i{(4g2 +1)(2¢+sin24) + 4g (1- cos 26) —2sin 24 ,

~ t*sin® g —12r° [(1 —Cos ¢)(1 +3cos ¢) —@sin 2¢]

7 fi2 +1217 {f+¢cos2 ¢ (tang+2g)’ —2[2g2 sin2¢—2g (cosZ¢—c0s2¢)—sin¢(cos¢—l)]} ’

(5.58¢)
(5.58f)

(5.589)

(5.58h)

g

(8) Y Tnx Bunagkax, Konu npoqinb
MNOTOKY B rpaHysibOBaHOMY TBEPAOMY
MaTepiani,

TMCK Yy  TBepaomy

mMaTepiani, BacTUBOCTI TBepAoro
Martepiany i BigHOLUEHHS XOPCTKOCTI
TBEPOAOro marepiany OO MiCUeBOro
TUCKY  MOXYTb  OyTM  HagivHo
nporHo3oBaHi 3rigHo 3 EN 1991-4,

Ha nigcTaBsi pauioHanbHOro aHanisy

£ (24+sin2¢)—1217[ 24 (2 +cos 2¢) ~3sin2¢ |

(8) Where the flow pattern in the
granular solid, the pressure in the
solid, the properties of the solid,
and the relationship of the solid’s
stiffness to the local pressure can
all be reliably predicted using
EN 1991-4, a rational analysis of
the stiffness of stationary solid

against the silo wall may be



AOCTY-H B EN 1993-4-1:2012/3miHa Ne 2:20__ (EN 1993-4-1:2007/A1:2017, IDT)

CtopiHka 31

XKOPCTKICTb HEepPyxoMoro TBepaoro
mMartepiany BiQHOCHO CTIHKM CUIIOCY
MOXe OyTnm BpaxoBaHa nig 4ac
CTIHKW

OLiHIOBaHHA YKOPCTKOCTI

000noHkM K.

(9) XapakTtepucTudHuim onip BTpaTi
CTINKOCTI  ODOMOHKM  nNygry  CNIg
po3paxoByBaTu BionoBigHO Jale)

5.3.24.
(10) Axwo

enemMeHTa »OPCTKOCTI BUKOPUCTaAHO

an4d BUTOTOBJIEHHA

rapsyekataHun npodinb, onip BTpaTi
CTIMKOCTiI 3a YMOB OCbOBOIO CTUCKY
erniemeHTa XopcTkocTi Nspre CNIA
OouiHIOBaTM 9K onip ChniBBICHOMY
cTucky signosigHo oo EN 1993-1-1,
BPaxoBYHUU TiNbKW BTPATy CTINKOCTI
y Hanpami nepneHaukynsapHo Ao

CTiHKM ODONOHKMW.

(11) Axwo gna  BUrOTOBEHHSA
ernemMeHTa >XOPCTKOCTI BUKOPUCTAHO
XonogHoopMoBaHNN €eNeMEeHT,

onip BTpaTi CTIMKOCTI 3a YMOB
OCbOBOIro CTUCKY CIlif OUiHIOBaTU SAK
onip cniBBICHOMY CTUCKY BiZNOBIAHO
no EN 1993-1-3, BpaxoByouu Tifibku
BTpaTy

CTINKOCTI y  Hanpgami

nepneHAnKYnspHO o CTiHKM

OOOTOHKMW.

included in the assessment of the

stiffness of the shell wall K.

(9) The characteristic

resistance of the shell wall nygg

buckling

should be calculated as defined in
5.3.24.

(10) Where a rolled section is
used for the stiffener, the axial
compression buckling resistance
of the stiffener Ngpr¢ Should be
assessed as under concentric
compression
EN 1993-1-1,

buckling normal to the shell wall.

according to

considering only

(11) Where a cold-formed member
is used for the stiffener, the axial
compression buckling resistance
should assessed as under
concentric compression according
to EN 1993-1-3, considering only

buckling normal to the shell wall.
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(12) 3acobu  3'egHaHHA  MiX
enemMeHTamu YKOPCTKOCTI Ta

00OSIOHKOK cunocy MakTb byTn
po3TalloBaHi 3  MNPOMDPKKOM O
BepTuKani He binblue Hix L/4, ne L,
BU3HaYaloTb 3 ypaxyBaHHsIM

BUMOT (4).

(13) AKWO UeHTp TSKIHHS OA4HOro 3

CErMeHTIB efleMeHTa >XXOPCTKOCTI He

cniBnagae 3 UEHTPOM  TSXKIHHSA
npunernoro cermeHta, noTpiGHO
PO3rNAHYTH MOXIUBICTb

3acTocyBaHHA poswol MydTH, a
3'eQHaHH4A 3anpoeKTyBaTK TakuM, LLO
CnpurMae 3ruHanbHUN MOMEHT, SIKUI
BUHMKAE 3a YMOB nepegadi oCbOoBOI

CVINY BHaCMiOOK eKCLEHTPUCUTETY.

(14) He noBuHHO 6yTU >KOOHUX
NPUYNH BUHUKHEHHSI HEHaBMMUCHUX
3rMHaNbHUX MOMEHTIB B €NeMEHTI
XKOPCTKOCTI (Hanpuknag, BHacnigokK
eKCLieHTpucuTeTy MK
LeHTparbHUMKU  OCAMU  Mepepisy i
BbonTiB, 3aCTOCOBAHUX Y 3'€AHAHHSAX,

TaKNX SIK HinenbHe, BHAXNecT TOLLO).

(15) ExcueHTpucureTt LEHTPY
TSXKIHHA efleMeHTa XXOPCTKOCTI LWoao
cepeauHHol NOBEPXHi Kopnycy

CUNocy MOXHa NpoirHopyBaTUu.».

(12) The connectors between the
stiffener and the silo shell should
be at a vertical spacing not greater
than L./4, where L. is determined

using Paragraph (4).

(13) Where the centroid of one
segment of the stiffener is not co-
linear with the centroid of the
adjacent segment, consideration
should be given to the use of a
longer sleeve and the connection
should be designed to transmit the
bending moment arising from the
eccentricity of the axial force

transferred.

(14) There should be no cause
introducing unintentional bending
moments into the stiffener (e.g.
resulting from an eccentricity
between the section centroidal
axis and the centroid of the bolts
used in connections, such as

sleeves, overlaps, etc.).

(15) The eccentricity of the
stiffener centroid to the silo shell

middle surface may be ignored.».
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16 3MiHm po 5.3.4.1 «3aranbHi

NOJIOXXEHHSA»
MyHKT (1)
3amiHumu:
«(1) VYoi

BMKOHYBaTUCA

PO3paxyHKU  MOBUHHI
3 TOBLUMHOW, LWO

BMKITHOMAE MOKPUTTS | AOMYCKN.»

Ha
«(1) Bci pospaxyHkun mawTb 6yTu
BMKOHAaHI ANAa HOMIHaNbHOI TOBLLMHMU
6e3 ypaxyBaHHS1 nokpuTT4. [Jonycku
Tpeba

Nno  TOBLUUHI npummaTin

BignoBiaHo Ao Bumor EN 1993-1-3.».

MyHKT (4)

3amiHumu:

«(4) Ocobnuey yBary cnig, npuainuTn
TOMY, LWOO eneMeHTNn >XOPCTKOCTI
6ynn  ©e3nepepBHO  CTiMKi  NO
BiAHOLLIEHHIO Ao BUIMHY B
MepuaianbHin MAOLLNHI,
nepeneHAuKYISapHIA CTiHLI, OCKINbKu
3rMHanbHa HenepepBHICTb efleMeHTa
YXOPCTKOCTI Haa3BMYaWMHO BaXnunea
Ana  CTBOPEHHA  onopy  BTpari
CTIMKOCTI nig BnnNuBoM BiTPY abo

30BHILLIHBOrO TUCKY, a TakoX Big Ail

16 Modifications to

General

5.3.4.1,

Replace Paragraph (1):

«(1) All calculations should be
carried out with thicknesses
exclusive  of coatings and

tolerances.»

with:

«(1) All calculations should be
carried out with thicknesses
exclusive of coatings. Tolerances
on thickness should be adopted
according to the requirements of

EN 1993-1-3.».

Replace Paragraph (4):

«(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 s
essential in developing resistance
to buckling under wind or external
pressure as well as when the

stored solids flow.»
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CUNKol Macu TBepauMx martepianis,

Lo 36epiratoTbCs.»

Ha

«4) Y Tux

b6e3nepepBHICTb

BUNagKax, Konu

eneMeHTIB
KOPCTKOCTiI OOCArHYTO 3a paxyHoOK
HaNIBXXOPCTKUX 3’eHaHb,
Hanpuknag, BHaxXnecT YM HinenbHoro
TOLLO, CIig BpaxoByBaTU KPYTUIbHY
XOPCTKICTb  3'€eQHaHb  nig  4ac
nepeBipKKM X Onopy i CTINKOCTI Jo Ail
TBEpPAMX MaTepianis, Lo
30epiratoTbCsl, a Takox Ail BiTpy abo

30BHILLUHBLOIO TUCKY.».

17 3miHn po 5.3.4.2 «I'paHNYHUMA

CTaH NNMacTUYHOCTI»

MyHKT (3)

3amiHumu:

«(3) IHTepBan MK  KpiNUAbHUMMK
erieMeHTamMu no nepumeTpy Korna He

NOBUHEH NepeBuLLyBaT 3° Kona.»

Ha

«(3) IHTepan  MiX  KpiNWUNbHUMMK
BMpobamMu no nepumeTpy Kona He
Mae nepesullyBaTU HaWMeHLUe i3

3HayeHb: 500 mm abo 15° kona

with:

«(4) Where the continuity of
stiffeners is obtained by semi-rigid
connections such as overlaps or
sleeves, etc., the rotational rigidity
of the connections should be
taken into account in the
verification of their resistance and
stability under actions due to
stored solids as well as under

wind or external pressure.».

17 Modifications to 5.3.4.2,
Plastic limit state

Replace Paragraph (3):

«(3) The spacing between
fasteners around the

circumference should not exceed

3° of the circumference.»

with:
«(3) The spacing between
fasteners around the

circumference should not exceed

the lesser of 500 mm and 15° of
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BiANOBIOHO OO pUCYHKa 5.4.».

PucyHok 5.4 3aMiHUmu Ha Takum:

«

the circumference, as shown in

Figure 5.4.».
Replace Figure 5.4 with:

T +
+ + o+ 4 + 4+ +
+ -
+ +
- +
+ +
+ -
- +
+ -
+ T
+ +
- +
+ + + + + + +

5500 mm

PucyHok 5.4 — Tunosui BapiaHT 60nNTOBOro 3’egHaHHA naHeni rodpoBaHOro CUocy

Figure 5.4 — Typical bolt arrangement for a panel of a corrugated silo

18 3miHa go 5.3.4.3.1 «3aranbHi

MOJTOXKEeHHA»

MyHKT (2)

3amMiHumu TeKkcrT:

«b) po3paxyHOK BTpaTU CTIAKOCTI

OKPEMMUX  €eNeMEHTIB  XXOPCTKOCTI
(nepenbavaeTbcs, WO rogposaHa
CTiHKa He Hece oCbOBe
HaBaHTaXeHHd, ane 3abeasnevye
onip erleMeHTaM >KOPCTKOCTi) i
aoTpumaHHsa Bumor 5.3.4.3.4, KW

BiJCTaHb MK efieMeHTamMu

18 Modification to

General

5.3.4.31,

In Paragraph (2), replace:

«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

5.3.4.3.3 (2).»

satisfy
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XOPCTKOCTI MO TrOPU3OHTani He

3agoBosfibHAE BUMoram 5.3.4.3.3(2).»

Ha TakuUn:

«b) pospaxyHOK BTpaTu CTINKOCTI

OKPEMMUX  EeJIEMEHTIB  XKOPCTKOCTI
(nepegbavatotb, WO rogpoBaHa
CTiHKa He Hece oCbOBe
HaBaHTaXeHHda, ane 3abeanevye

onip erlemMeHTamMm >XOPCTKOCTI) i3

AOTPUMaHHAM BUMOTr 5.3.4.3.4.».

5.3.4.3.3

«lligkpinneHa cTiHKA B SKOCTI

19 3MiHmn ao

OPTOTPOMHOI OOONOHKNY

MyHKT (2)
3amMiHumu TeKcT:

«Mpumitka: 3HaveHHs kgx MoOxe OyTn

3agaHe B HauioHanbHOMY — gopatky.

PekomeHayeTbCsa 3Ha4YeHHA Kgx = 7,4.»
Ha TaKUW:

«Mpumitka: 3HaveHHs kgx MOxe OyTn

3agaHe B HauioHanbHomy

aoaaTky.
PekomengoBaHe 3Ha4YeHHSA Kgx = 9,1.».

MyHKT (3)

3aMiHUMuU TEKCT nepLIol 4YacCTuHU
BKNOYHO 3 chopmynoro (5.65) Ha

Takun:

with:

«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.».
19 Modifications to 5.3.4.3.3,

Stiffened wall treated as an

orthotropic shell

In Paragraph (2), replace:

«NOTE The National Annex may
choose the value of kgx. The value

kax = 7,4 is recommended.»
with the following paragraph:

«NOTE The National Annex may
choose the value of kgx. The value

kax = 9,1 is recommended. ».

Replace the top part of
Paragraph (3)
Equation (5.65) itself) with:

(including
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«(3) IHTerpanbHe KpUTU4He

Hanpy)XeHHs1 3a yMOB  BTpaTtu
CTIMKOCTi Ny Rer HA OAUHULIIO AOBXUHN
KoJfla OpTOTPONHOI 0B6OMOHKN (MeToA
(a) B 5.3.4.3.1) cnig ouiHoBaTKn Ha
KO>XXHOMY BiZNOBigHOMY PiBHI CUOCY.
IHTEerpanbHe KpUTUYHE HanpyXeHHS
3a YMOB BTPaATW CTINKOCTI Ny rer MOXE
Oyt ouiHeHo ans  6yab-gKoro
oOpaHol TUNy OKPY>XXHOCTI (XBUIbOBE
ynmcno) j Ta Oyab-aKol  BiporigHol
BUCOTWU BUTMHY £ LUIISIXOM MiHiMi3awii
HaBe4EeHOro HMWXx4ye BMpasy sk LWoao
J, Tak i wopo 4. Ak £ MoxHa
npurmaTn Oyab-sike 3HaYEeHHS aX OO

3aranbHOI BUCOTU CTiHW, ane MOXHa

npunumaTu n Oyob-SKi MEH LLi
3HAYEHHS.
Minimisauito  gnsa 3HaXOOKEHHS

KPUTUYHOTO 3HAYEHHS Ny MOXKHA

BMKOHYyBaTM  OyOb-sIKMM  3pYYHUM

cnocobom MiHimizauii (onTumisadii).

1
nx,Rcr - jza)z

Tam, Oe Kinbusa >XOPCTKOCTI BiACYTHI,

3HayeHHa A, [ Ta [ Tpeba

npMMUMaT  Taki, WO [OOPIBHIOKTb

Hynto, ane d, Tpeba npurimaTtn

«(3) The critical buckling stress
resultant Ny Rer per unit
circumference of the orthotropic
shell (Method a) in 5.3.4.3.1)
should be evaluated at each
appropriate level in the silo. The
critical buckling stress resultant
nyrer May be evaluated for any
mode

chosen circumferential

(wave number) j and any
prospective height of the buckle £,
by minimising the following
expression with respect to both j
and £. The values of £ may take
any value up to the total height of
the wall, but may take any smaller

values.

The minimisation to find the critical
value of ny g, may be made by any
appropriate minimisation

(optimisation) procedure.

A

A1+—2j (5.65)
A3
Where no ring stiffeners are

present, the values of A,, I, and [
should be taken as zero, but d,

should be taken as non-zero to
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Taknn, WO He OOPIBHIOE HynMHo, o6

YHUKHYTU [iNeHHa Ha Hynb. Tam, ge
BICYTHI CTpuHrepwn, 3HayveHHs As, Is
Ta s cnig npuamMatn  Taki, LWo
AOPIBHIOKTL HYJIO, @ 3HAYeHHA dg —
Take, WO He [OOpPiBHIOE Hymo, Wob

YHUKHYTW OiNEHHS Ha HyIb.

Moxe 6yTM KOPUCHMM HaKpecnutu
KOHTYPHUN rpadpik BiOHOLIEHHS Ny Rrer
Ao j Ta {f, OCKIbKM Le MOXe
3ab6e3nevynTn MOXIMBICTb LUBUALLIOT
ontumiszauii dopmynm (5.65), HixX

NpoCcTUn MeTod cnpod i NOMUITOK.».
MyHKT (5)
3amMiHUMU TEKCT Ha TaKUN:

«(5) PospaxyHkoBui  onip  BTparTi
CTIMKOCTi Nyrg HA OAVHWNLIIO AOBXUHU
Kona OPTOTPOIMHOI 0B0SIOHKM
(vetog(@ B 5.3.4.3.1) mae 6ytun

BU3HAYEHUN 9K HaMMEHLUe 3 Takux

avoid division by zero. Where no
stringer stiffeners are present, the
values of Ag, I and [ should be
taken as zero, but d; should be
taken as non-zero to avoid division

by zero.

It may be helpful to draw a contour
plot of nyr. @against j and £ as this
may provide a faster means of
optimising Formula (5.65) than

simple trial and error.».

Replace Paragraph (5) with:

«(5) The

resistance Ny Rd per unit

design buckling

circumference for the orthotropic
shell (Method a) in 5.3.4.3.1)

should be determined as the

BEJINYUH: lesser of:
Nera = A lre ! Vi (5.69)
Ta and
Mera = Ay 1(d Vw0 ) 5 (5.70)
ne where:
dy — MOHWXYBaInbHUN KoeilieHT a, is the elastic buckling

Npy>XHOI  gedopmauii  3a  ymoB

BTpPaTK CTINKOCTI;

imperfection reduction factor;
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Ym1 — YaCTKOBUI KoeilieHT,

HaBegeHuny 2.9.2;

ds — BiACTaHb MiXX CTpUHrepamu,;

Aeff -

nonepeYHoro nepepisy cTpuHrepa.

edpeKkTMBHa nnowa

Mpumitka. 3HayeHHa ax MOXe 6yTu

3agjaHe B HauioHanbHoMy  gogaTky.

PekomeHgoBaHe 3HaveHHs ay = 0,80.

5.3.4.3.4

«lligkpinneHa CcTiHKA B SAKOCTi

20 3miHa oo

HeCcy4oi OCbOBOrO CTUCKY TiflbKWU

B efieMeHTaX XOPCTKOCTi»

MyHkT™! 3 (2) no (6)
3aMiHumu Ha Taki:
«(2) EdpektnBHA OoBXMHA ernemeHTa
YXOPCTKOCTI AN po3paxyHKiB BTpaTu
CTiMKOCTI Mae 6yt BM3HaA4yeHa
BiANOBIAHO OO MpunyLleHHs a) abo

6) B NyHKTi (1).

(3) Axkwo 3acTtocoByOTb MeToA a) B

nyHkTi (1), 4OnNa9  BU3HAYEHH4
KoeQiuieHTa 3MEHLLEHHA X
edeKTMBHY [OOBXWHY L, Tpeba

npurMmaTK AK BigCcTaHb MK CycigHIMU

KiNbLSAMW XXOPCTKOCTI.

vmi is the partial factor given
in 2.9.2;

d; is the distance between the

stringer stiffeners;

A is the effective cross-sectional
area of the stringer stiffener.
NOTE The National Annex may choose

the value of ax. The value a, = 0,80 is

recommended.».

20 Modification to
Stiffened wall

carrying axial compression only

5.3.4.34,

treated as

in the stiffeners

Replace Paragraphs (2) to (6)
with:

«(2) The effective length of the
stiffener for buckling calculations
should be determined according to
Assumption a) or b) in

Paragraph (1).
(3) If Method a) in Paragraph (1) is

used, the effective length L. used
in determining the reduction factor
x should be taken as the distance

between adjacent ring stiffeners.
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(4) Axwo 3actocoByloTb MeToA b) B

nyHkTi (1), OnNa9  BU3HAYEHH4
KoeQiuieHTa 3MEHLLEHHA X
edpeKTMBHa AOBXWHa BTPaTn

CTIMKOCTI KOMNOHU Mae  6ytu

BM3HA4Y€EHa 4K

EIL
L, 271'( >
K

ane Oytn He Ginblie, HK BigCTaHb

MK CYCIOHIMM KiNbLIAMM XXOPCTKOCTI;

ae
E\sy — 3rmHanbHa YXOPCTKICTb
enemMeHTa >KOPCTKOCTI 3a YMOB
BUTNHY nepneHanKynsapHo o

nnoLwmHK cTiHkn (HMM?);

K — 3rvHanbHa XXOPCTKICTb
roppoBaHoro nucta cTiHkn (H/Mm Ha
MifliMeTp BUCOTU CTiHKM), Y NPONbOTI
MDK BepTUKanbHUMU efieMeHTamMu

YXOPCTKOCTI.

(5) 3rnHanbHy XOPCTKICTb
rodppoBaHoro nucta obwmekn K cnig
BM3HaA4aTu, BMXOOA4N 3
NPUNYLLEHHS, WO NucToBa obLLMBKa
OXOnoe

CyCigHi BepTUKaSIbHI

€NeMeHTN XOPCTKOCTI 3  KOXHOI

cTopoHn. MoxHa 3acTtoByBaTn [ABa

aJ'IbTepHaTVIBHi MEeTOoaOMN, AK

(4) If Method b) in Paragraph (1) is
used, the buckling effective length
of column used in determining the
reduction factor x should be taken

as equal to:

(5.72)

but not greater than the distance

between adjacent ring stiffeners;
where:

Eiy is the flexural rigidity of the
stiffener for bending normal to the

plane of the wall (Nmm?);

K is the flexural stiffness of the
corrugated wall sheet (N/mm per
height)

between vertical stiffeners.

mm of wall spanning

(5) The flexural stiffness of the
K should be

determined assuming that the

corrugated wall

sheeting spans between adjacent
vertical stiffeners on either side.
Two alternative methods may be
used, as defined in Paragraphs (6)
and (7).



AOCTY-H B EN 1993-4-1:2012/3miHa Ne 2:20__ (EN 1993-4-1:2007/A1:2017, IDT)

CrtopiHka 41
3a3Ha4veHo B nyHkTax (6) i (7).

(6) MoxHa  BMKOHATH

OLIiHHOBaHHSA

npocrte
3Ha4YeHHsA K,
pOo3rnsggatydn CTiHKY NpsMy 3 BiflbHO
obneptumun Kpaammn (gue. puc. 5.5).
3Ha4eHHsA K

[MoTim MOXHa

BM3HA4MUTK 3a JONOMOrow hbopMynu:

D
K=k,

ne

Dy, — 3rvHanbHa »OPCTKICTb CTiHKM
000MOoHKKM 3 roppoBaHoro nucTa ans
KifibLLleBOMy

BUTMHY B HanpsamMi

(ovB. 4.4);

ds — KPOK BepTUKaNbHUX eneMeHTIB

YXOPCTKOCTI B KiJIbLLeBOMY HanpsMi.

Akwo rodgpn MakwTb  OyronogidHy
abo cuHycoiganbHy KoHdirypauito,
MOXHa

4.4(6).

3aCTOCOBYIOTb rogopu iHLWOI hopmun

3HayeHHa D, npunmaTtu

BignosigHO OO0 AKwo

nepepisy, 3rvmHanbHy XOPCTKICTb 3a
YMOB BUIMHY B KiNlbLLEBOMY HanpsiMy

cnin BM3HA4YaTn Ha nigcrasi

NEPBUHHUX MPUHLMNIB.

Mpumitka. 3HaveHHs ks Moxe OyTu

3agaHe B HauioHanbHOMYy  gopatky.

PekomeHngoBaHe 3Ha4yeHHSA ks = 6.

(6) A simple assessment of the
value of K may be made treating
the wall as straight with simply
supported boundary conditions
(see Figure 5.5). The value of K

may then be estimated as:
(5.73)

where:

D, is the shell bending flexural
rigidity of the corrugated wall
sheet for circumferential bending
(see 4.4);

ds is the circumferential separation

of the vertical stiffeners.

If the corrugation form is an arc-
and-tangent or sinusoidal profile,
the value of D, may be taken from
4.4(6). If other corrugation forms
are adopted, the shell bending
flexural rigidity for circumferential
bending should be determined

from first principles.

NOTE The National Annex may choose
the value of ks. The value ks = 6 is

recommended.
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9 <
v
= I .
K=qg/A
[lo3Haka: Key
1 — cTiHKa 1 wall

PucyHok 5.5 — OuiHka cTikocTi 3a yMOB OOMeEXeHHs BTpaTu  CTIAKOCTI
NiAKPINMEHo! eneMeHTaMu >XOPCTKOCTI KOSIOHM 3  ypaxyBaHHAM

KPMBWU3HW CTiHKM
Figure 5.5 — Evaluation of restraint stiffness against stiffener column buckling

using a curved wall treatment

(7) binbw cknagHe OUiHIOBaHHSA (7) A more advanced assessment
BENMMYMHM K MOXHa  BUKOHATM, of the value of K may be made by
po3rnagaydn KpUBOMIHIMHY CTIHKY K treating the curved wall as an arch
CKMeniHHA apkm MK CycCigHIiMu spanning between adjacent
eneMeHTaMmn XOpCTKocTi (puc. 5.5). stiffeners, see Figure 5.5. The
3HaYeHHs K MOXe ByTn value of K may then be estimated
po3paxoBaHo 3a hopmMynamu: using:

%o 1 2C.D,

T /D, +7°C, {f+¢cos2 # (tan ¢ +2g)* —2[ 2¢7 sin 24 - 2¢ (cos2¢—cos¢)—sin¢(cos¢—1)]} ’

(5.74)



AOCTY-H B EN 1993-4-1:2012/3miHa Ne 2:20__ (EN 1993-4-1:2007/A1:2017, IDT)

CrtopiHka 43

7 :i{(4gz +1)(2¢+sin2¢)+4g(1—cos2¢)—2Sin2¢},

D, sin® ¢ —r*C, [(1 —cos¢)(1+3cos¢)—gsin Zgﬂ

(5.75)

(5.76)

(5.76a)

g

ae

Cy— membpaHHa XOPCTKICTb CTiHKM
0bO0mMoHKM 3 roppoBaHOro nucTa 3a
YMOB PO3TAry B KifibLLleBOMY Hanpami
(ouB. 4.4);

Dy— 3ruHanbHa »OpPCTKICTb  CTiHKM
O0DOMOHKN 3 rodppoBaHOro nucta 3a
YMOB BUIMHY B KiNbLEBOMY Hanpsami
(ovB. 4.4);

ds — KPOK BepTUKaNbHUX €eneMeHTIB

YXOPCTKOCTI B KiflbLLeBOMY Hanpsmi.

Akwo rodgpn MawTb  OyronodidHy

copmy,
3HaveHHA C, Ta D, MOXHa npuimaTtu

abo CUHycoIgarnbHy

BignosigHo go 4.4(5) ta (6). Akwo
3aCTOCOBYIOTb rodopu iHWOI hopmu,
TO MeMbBpaHHY XXOPCTKICTb 0H60MOHKM
B KinbueBoMy Hanpsami C,, a Takox
3rMHanbHy XXOPCTKICTb 3a YMOB
BUMMHY B KinbueBoMmy Hanpami D,
cnin BM3HA4YaTn Ha nigcrasi

NEPBUHHUX MPUHLMNIB.

D, (2¢+sin2¢)—r’C, [ 24(2+cos 2¢) —3sin2¢ |’

where:

C, is the shell membrane stiffness
of the corrugated wall sheet for
circumferential
(see 4.4);

stretching

D, is the shell bending flexural
rigidity of the corrugated wall
sheet for circumferential bending
(see 4.4);

ds is the circumferential separation

of the vertical stiffeners.

If the corrugation form is an arc-
and-tangent or sinusoidal profile,
the values of C, and D, may be
taken from 4.4(5) and (6). If other
corrugation forms are adopted,
both the shell

membrane stiffness C, and the

circumferential
shell  circumferential  bending
flexural rigidity D, should be

determined from first principles.
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(8) Y Tux Bunagkax, Konm npodinb
NOTOKY B rpaHyfibOBaHOMY TBEPAOMY
MaTepiani, TACK Yy  TBepaomy

MaTepiani, BracTMBOCTI TBepPOOro
mMartepiany i BigHOLEHHSA XOPCTKOCTI
TBEpOOro marepiany OO MicUeBOro
TMcky 3rigHo 3 EN 1991-4 moxyTb
OyTm HagiMHO MpPOrHo3oBaHi, Ha

nigctaBi  pauioHanbHOro  aHanisy
XOPCTKICTb HEepyxoMoro TBepaoro
mMartepiany BiQHOCHO CTIHKM CUJSIOCY
MOXe OyTm BpaxoBaHa nig 4ac
CTIHKW

OLiHIOBaHHA YKOPCTKOCTI

000n0oHkM K.

(9) na BMKOPUCTAHHS CRAPOLLEHOro
MeToay 3rigHo 3 nyHkTom (10) mae

6yTV 0OTPMMAaHO HaCTYMHUX YMOB:

i) H2 KOXHOMY PpIiBHI nonepeYyHun
nepepia CcTpuHrepa Mae 6yTu
NPUMHATUN AK HaMMeHLLe 3Ha4YeHHS
B Mexax edeKTUBHOI OOBXWMHU L,
BU3HA4YeHOl 3a JOMNOMOroK MyHTKTa

(3) abo (4);

ii) 0 BiOHOWEHH A0  BUIUHY
cCTpuHrep Mae 6ytn 06e3nepepBHO
CTIKMM, 3i CTIMKUMU 00 Aii MOMEHTY

3’¢AHAaHHAMU MDK CErMEeHTaMU;

(8) Where the flow pattern in the
granular solid, the pressure in the
solid, the properties of the solid,
and the relationship of the solid’s
stiffness to the local pressure can
all be reliably predicted using
EN 1991-4, a rational analysis of
the stiffness of stationary solid
against the silo wall may be
included in the assessment of the

stiffness of the shell wall K.

(9) The following conditions should
all be met for the simplified
method of Paragraph (10) to be

used:

i) at each level, the cross-section
of the stringer stiffener should be
taken as the smallest value within
the effective length L, determined

using Paragraph (3) or (4);

ii) the stringer stiffener should be
flexurally continuous, with moment
between

resisting connections

segments;
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i) AKWO UEeHTp TAKIHHA OAHOro 3

CEerMeHTIB efleMeHTa XXOPCTKOCTI He

cniBnagae 3 LUEHTPOM  TAXIHHA
npuernoro CEermMeHTa, cnin
po3rnsgaTtn MOXITUBICTb

3acTocyBaHHA poBwol MydTHn, a
3'eQHaHHs Mae OyTu 3anpoekToBaHe
Tak, wob nepemaBaTu 3rnHaNbLHUN
MOMEHT, WO BWHUKAE BHACMIOOK
eKCLeHTPUCUTETY OCbOBOI CUMK Nig

yac nepepgadi; Ta

iV) He NOBUHHO OYTU XOLHUX NPUYNH
AN BUHUKHEHHS  HEHaBMMWCHUX
3rMHanbHUX MOMEHTIB Yy CTPUHrepi
(Hanpuknag, BHaCNigokK
eKCUeHTpucuTeTy MiXK
LEeHTpanbHUMKU OCAMWU repepisy |
BGonTiB, 3aCTOCOBAHUX Y 3'€AHAHHSX,
TaKuX K HinenbHe, BHaxnecT TOLWO).
EKCUeHTpuCUTET Ccun TepTa Ha CTiHLUi
BiJHOCHO

cunocy eJIEMEHTa

YXOPCTKOCTI MOXHa MNpoirHopyBsaTtu.

(10) Akwo BCi ymoBM nyHKTY (9)
BMKOHAHO, TO B KOXHIi/ TOuLi CTIHKU
0B60noHKN MOXe OByTn 3acTocoBaHO
TakMn NpocTuin po3paxyHoK. MoxHa
APUNYCTUTK, LLIO CTUCK MOonepeyHoro
nepepisy enemeHTa XOPCTKOCTI €

PIBHOMIPHUM | TakuM, LLO OOPIBHIOE

iii) where the centroid of one
segment of the stiffener is not co-
linear with the centroid of the
adjacent segment, consideration
should be given to the use of a
longer sleeve and the connection
should be designed to transmit the
bending moment arising from the
eccentricity of the axial force

transferred; and

iv) there should be no cause
introducing unintentional bending
moments into the stringer stiffener
(e.g. resulting from an eccentricity
between the section centroidal
axis and the centroid of the bolts
used in connections, such as
sleeves, overlaps, etc.). The
eccentricity of the frictional traction
on the silo wall to the stiffener may

be ignored.

(10) If the conditions of Paragraph
(9) are all met, the following
simple calculation may be used at
every point on the shell wall.
The compression on the stiffener
cross-section may be assumed to

be uniform and equal to the
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MaKkcuManbHinu cuni cTucky Ny gq, AKa
A€ B HWKHIN 4acTUHI cerMeHTa
enemeHTa YKOPCTKOCTI. Onip
ernemMeHTa >XOPCTKOCTIi Moxe OyTn

OUIHEHO 3 BMWKOPUCTaAHHAM Takoro

BUpaay:
Nb,EdSNb,Rk/yMl’

ae

Noeq — pO3paxyHKOBE 3HAYEeHHS

nepneHanKynsipHol CcKnagosol

MakcumanbHOl Ccunu, LWo Aie B

CEermMeHTi efleMeHTa XXOPCTKOCTI;

Np rx — XapaKkTEPUCTUYHE  3HAYEHHS
onopy OCbOBOMY CTUCKY,
po3paxoBaHe AN rapsvyekaTHoro

npocinto 3rigHo 3 EN 1993-1-1 Ta
ans X0J104HOOPMOBAHOIO
npodinto 3rigHo 3 EN 1993-1-3.

(11) MNoHmxXyBanbHUN KoeilieHT X,
AKUN BMKOPUCTOBYIOTb angd
po3paxyHKy 3HayeHHa Nyr¢, cCnig
npurvmaTK 3a YMOB BTPaTU CTIMKOCTI
nepneHauKynsapHoO 40 CTiHKM CUIoCy

(To6TO HaBKOSO MNO340BXHBOI OCi).

(12) Akwo 3asHa4veHi B NyHKTi (9)
ymoBu (i), (i), (iii) Ta (iv), He
BUKOHaHO, ornip Ha Byab-AKoMy piBHi

enemeHTa XOPCTKOCTI cnig,

maximum compression force N g4
acting at the bottom of the stiffener
segment. The resistance of the

stiffener may be assessed using:

(5.76b)

where:

Nyeq is the design value of the
maximum normal force acting in

the stiffener segment;

Ny ri is the characteristic value of
resistance to axial compression
calculated according to
EN 1993-1-1 for rolled sections
and EN 1993-1-3 for cold-formed

sections.

(11) The reduction factor x used to
determine the value of Nygk
should be taken for buckling
normal to the silo wall (i.e. about

the circumferential axis).

(12) Where the conditions (i), (ii),
(iii) and (iv) in Paragraph (9) are
not met, the resistance at any

level of the stiffener should be
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NepeBipsATM 3 YypaxyBaHHAM TaKuX

YMOB:
— 3MiHa CTUCKY B enemMeHTi
YXOPCTKOCTI;

— 3MiHA MOMEHTY iHepuil nnoLwj

enemMeHTa XXOPCTKOCTI;

— OyOb-SKMN  eKCLUEHTPUCUTET  MiXK
OCAMWU LEHTPIB TAXIHHA nepepisy i
bonrTi., BMKOPUCTOBYBaAHUX y
3'eQHaHHAX (Hanpuknag, HinenbHUX,

BHaxmnecT ToLO);

— 3rMHanbHa XOPCTKICTb 3'€QHaHb
(auB. 5.3.4.1(4)); Ta

— 3MiHA  3rMMHanbHOI  YXOPCTKOCTI

CTIHKW.

MoxHa 3acTtocoByBaTuU npoueaypy,
BUKnageHy B nyHktax 3 (13) no (18).

(13) JliHiMHWMIA pO3paxyHOK Ha BriacHe
(NBP)

EN 1993-1-6 mae 6yTM BUKOHaHWK

3Ha4YeHHS BiAMoOBIiAHO OO0

Ha OyaOb-aKin  OiNsHUi  enemeHTa
XXOPCTKOCTI 3 BUKOPUCTAHHAM
pPO3PaxyHKOBOro 3HayeHHs cunun Ngqy
B €NeMeHTi >XOPCTKOCTI B LbOMY
MiCUi Ta BKMKOYHO 3 edeKkTom
obmexeHHsa roppoBaHoro nucta. Lle
Aae ona pos3paxyHKOBUX KPUTUYHUX
cTaail

HaBaHTaXeHb Yy MNPYXHIN

verified taking into account:

—the variation of compression in

the stiffener;

—the variation of the second

moment of area of the stiffener;

—any eccentricity between the
section centroidal axis and the
centroid of the bolts used in
connections (e.g sleeves,

overlaps, etc.);

—the flexural rigidity of the

connections (see 5.3.4.1(4)); and

— the variation of flexural stiffness

of the wall.

The procedure set out in (13) to

(18) may be used.

(13) A linear eigenvalue (LBA)
calculation according to
EN 1993-1-6 should be performed
on any section of the stiffener,
using the design value of the force
in the stiffener N4 at that location
and including the effect of the
restraint of the corrugated
sheeting. This vyields the elastic
critical load amplifier R;, on the

design loads.
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NigBuULLLYyBanbHUN KoeilieHT R.,.

(14) MHOXHUK

€TaJyioHHOro

Po3paxyHkoBum
NNacTUYHOro

HaBaHTaXEHHA AN KOXHOI cekuil

enemeHTa XOPCTKOCTI cnig,
npunumaTn sK:
Ed,max

ne

Acff — HaIMeHLWa edeKkTneHa nsowa
NonepeyHoro nepepizy y Mexax

CerMeHTa efnieMeHTa >XOPCTKOCTI

3rigHo 3 nonoxeHHamm EN 1993-1-3;

Negmax — MakcumarnbHe CTuCKanbHe
HaBaHTa)XeHHA B CErMEHTI enemMeHTa

YKOPCTKOCTI.

(15) 3aranbHa yMoBHa rHyukicTb A,

anda cermMmeHta mMae 6yTl/I BM3Ha4eHa

3a oopMyrioto:

ﬂ'_x = \/Rpl /R,

(16) 3HaveHHA napameTpiB BTpaTU
CTINKOCTI a, B, n Ta A, cnig npuumaTtn

BiAMNOBIAHO A0 HAaBEOEHOro HUXKYe:

(14) The design plastic reference
load multiplier for each section of

the stiffener should be taken as:

(5.76¢)

where:

Aerr IS the lowest effective cross-
sectional area within the segment
of the stiffener according to the
provisions of EN 1993-1-3;

the

compression load in the segment

Ned max IS maximum

of the stiffener.

(15) The overall relative

slenderness A, for the segment

should be determined from:

(5.76d)

(16) The values of the buckling
parameters a, 8, n, and A, should

be taken as follows:
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PucyHok 5.5a — XonogHoopmoBaHi eneMeHTn XXOPCTKOCTI 3 KPOMKaMu 3

T
‘H

BiarmHamu. MNMosHaka 3a EN 1993-1-3: kpBa BTpaTu CTINKOCTI b
Figure 5.5a — Cold-formed stiffeners with edge stiffened flanges.
EN 1993-1-3 identifiers: buckling curve b

a=0,80; =0,70; n=1,05 A, =02; x»=1,0 (5.76¢€)

PucyHok 5.5b — EnemeHTn XOpCTKOCTI 3 KpOMKamu 6e3 BigrvHis.
MosHaka 3a EN 1993-1-3: kpmuBa BTpaTu CTIMKOCTI C
Figure 5.5b — Stiffeners with unstiffened flanges
EN 1993-1-1 identifiers: buckling curve c

a=0,72; B=0,75; n=0,90; A,=0,2; x,=1,0 (5.76f)
(17) Wo6 oTpmMmaTn noHWXKyBarbHUN (17) The general buckling
KoeqiuieHT BTpaTu CTIMKOCTI X, cnig relationship of 5.3.2.4(15) or
BUKOPUCTOBYBATH 3ararnbHe EN 1993-1-6:2007, 8.6 should be
CNiBBIAHOLWEHHS BTpaTU CTINKOCTI, used to obtain the buckling
3asHayeHe B 5.3.2.4(15) abo reduction factor x, and the

EN 1993-1-6: 2007, 8.6, a MHOXHUK characteristic buckling load
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Ry« ans XapaKTepPUCTUYHOIO

HaBaHTaXXeHHA BTpaTW CTIMKOCTI cnif

BM3HA4YaTh 4K

R = ZRpl
(18)

AOTPUMaHHSA Takol YMOBMU:

[MoTpibHO nepesipuTK

i21,0

VM1

21 3miHa po 6.3.1 «3aranbHi

NOJIOXEHHSA»
MyHKT (1)
3aMiHuUmMu TeKkcT Ha Takum:

«(1) KoHivna BOpPOHKa Mae
Bignosiaatn Bumoram EN 1993-1-6.
AnbTepHaTUBHUM BapiaHTOM
BU3HAYEHHS, Y/ BUKOHAHO 3a3HauYeHi
BUMOTH, MOXHa BBaXaTtu
OLHIOBAHHA PO3paxyHKOBOro ornopy

BiANoBiAHO A0 6.3.2.».

22 3miHm po 6.3.2.5

BUIrMH B 30HI nepexigHOro CTUKy»

«MicueBun

MyHKT (4)

3amiHumu copmyny (6.8) Ha Taky:

«Fh :2( xh
cos f3

j(O,SS _0915 luCOtﬂ)pnh

multiplier R, found as:

(5.769)

(18) It should be verified that:

(5.76h)»

21 Modification to

General

to 6.3.1,

Replace Paragraph (1) with:

«(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.».
22 Modifications to 6.3.2.5,

Local flexure at the transition

In Paragraph (4),
Formula (6.8) with:

replace

(6.8)»
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MyHKT (4)

3amiHumu copmyny (6.10) Ha Taky:

«x, =0,39,/rt, cos

MyHKT (5)

3amiHumu copmyny (6.11) Ha Taky:

6

«Opgnra = (X){(az _2a177)Me,Ed —p(a3 _a277)Fe,Ed} _(gjﬂxh

23 3miHa pno po 6.3.2.7 «BTtpara

CTIMKOCTi BOPOHOK»

MyHk™ 3 (1) no (4)
3amMiHUmu Ha HoBi nyHKTU 3 (1)
no (5):

«(1) Xoya  KOHCTPYKLil  BOPOHOK
3a3Buyan nepebyBatloTb nig
ABOXOCbOBUM HaNpyXeHHAM, i

npobriemMm LWWoO0 BTPATU CTIMKOCTI HEe

BUHUKaAE, Jeski YyMOBU
HaBaHTaXEHHA MOXYTb MPU3BECTU
A0 CTUCKaNbHUX MepuaioHanbHUX
MemMOpaHHMX HanpyxeHb. [JO Hux
BiAHOCATb ropusoHTanbHi Ail  Big
3aBaHTaxyBasibHUX MpPUCTPOoIB abo
NPUKPINIIeHnx KOHCTPYKUIN,
HECUMETPUYHI BepTUKanbHi Al Ta

No3aueHTPOBI ail Big

In Paragraph (4), replace
Formula (6.10) with:

(6.10)»
In Paragraph (5), replace
Formula (6.11) with:

(6.11)»

th

23 Modification to 6.3.2.7,

Buckling in hoppers

Replace Paragraphs (1) to (4)
with the
paragraphs (1) to (5)::

following new

«(1) Whilst hopper structures are
normally under biaxial tension, so
no problems of buckling arise,
some loading conditions can lead
to compressive meridional

membrane stresses. These
include horizontal actions from
feeders or attached structures,
unsymmetrical vertical actions,
and eccentric discharge channels
in a hopper. For these conditions,
it should be verified that a

compressive meridional
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po3BaHTaXyBalJibHUX KaHanis

BOPOHKM. 3a uuMx YyMoB cnig

nepeKoHaTUCH, WO  CTUCKamnbHI
MepuaioHanbHi IHTerparsbHi
MeMObpaHHi Hanpy>XeHHs He

CNPUYUHAOTL BTPATU CTIMKOCTI.

(2) Lien NnyHKT € 3aTOCOBHUM TifNlbKN Y
BUMaAKy, KOSMM 3HAYeHHA nNggy B
neskKin TouU BOPOHKMU €
CTUCKanbHUM. B uUbOMYy nNyHKTIi 3a
YMOB CTUCKY 3HaK K NS Ng gq, TaK |
AONS Ny rq BBAXKaKTb MO3UTUBHUM.
Mpumitka. MepugioHansHe MembpaHHe
HanpyXeHHs, WO BWHUKAE Yy BOPOHL,
3a3Buyanm € po3TdaryBaribHUM.

(3) lMepesipkn Ha BTpaTy CTIMKOCTI
BOPOHKW Criig NpoBOANTUM B MicUSX,

Ae nikoBe CTUCKarbHe iHTerpanbHe

MeMbpaHHe Hanpy)XeHHS1 € BUCOKUM.
(4) PospaxyHkoBun onip BTparTi
CTINKOCTI Ngrg Y OyOb-AKIN TOYL
BOPOHKM BU3HA4al0Tb 3a hOpMYIioLo:

tz
— h
n¢’Rd = O, 60!th 7

ne

Oy — KOeIUiEHT  4yTnMBOCTI OO0

jcos,b’/)/Ml,

membrane stress resultant does

not cause buckling.

(2) This section is only relevant if
the value of ng g4 at some point in
the hopper is compressive. The
sign of both ng¢ g4 and ng rq is taken
as positive in compression in this
section.

NOTE The meridional membrane stress

resultant in a hopper is normally tensile.

(3) Checks against buckling in the
hopper should be performed at
locations  where the  peak

compressive membrane stress

resultant is high.

(4) The design buckling resistance
neyrq at any point in the hopper

should be determined from:

(6.18)

where:

ay, is the elastic buckling
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nnactuyHol gedoopmadii 3a ymoB

BTpaTK CTINKOCTI BOPOHKMU;

I — NPOCTM pagiyc B TOYLi MiKOBOro

MepuaioHanbHOro CTUCKallbHOIO

iHTerpanbHOro Hanpy>KeHHS y
BOPOHL;
t, — micueBa TOBLUMHA CTIHKU

BOPOHKM B TiK caMiit Touui, Ta

Ym1 HaBegeHe B 2.9.2, ane nyrq HE

cnig  npuumatn  BinbWwKM,  HIX

NeRrd = thfy / Ymo -

Mpumitka 1. 3HadeHHA ay, MOxe OyTu

3agaHe B HauioHanbHOMy  goparky.

PekomeHgoBaHe 3Ha4YeHHs ay, = 0,30.
Mpumitka 2. dopmyna (6.18) Hagae
CMNpOLLEHMA METOL OUiIHIOBaHHA  oropy
BTpaTi cTinkocti. UWoao rpyHTOBHIWOrO
ouiHoBaHHA amB. EN 1993-1-6.

(5) MepugioHanbHe IHTerparnbHe
HaMpyXeHHA Yy  KPUTUYHIKL  TOuU,
BOPOHKM Ma€ 3aAdO0BOJIbHATUA Taky

YMOBY:

Mypq S Myry

imperfection sensitivity factor for

the hopper;

r is the simple radius at the point
in the hopper of peak meridional
compressive stress resultant;

fh is the hopper local wall

thickness at the same point, and

ym1 is given in 2.9.2, but nyrq
should not be taken as greater
than nyra = thfy / Ymo -

NOTE1 The National Annex may

choose the value of ay,. The value

axn = 0,30 is recommended.

NOTE 2 Formula (6.18) provides a

simplified method of assessing the

buckling resistance. For a more
complete evaluation, refer to
EN 1993-1-6.

(5) The meridional stress resultant
at the critical point in the hopper

should satisfy the condition:

(6.19)»
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24 3miHa po 6.4.1

KOHCTPYKLUii»

«Hecyui

MyHKT (1)
3amMiHumu TeKkCcT Ha Takun:

«(1) Edpexr

CuUocom cnig

oKpemux onop nig
po3rnsgaTtu
BiAnNoBigHO A0 BuMKNageHoro B 5.4.
CaMi HecCHi KOHCTpYKLUil MatTb ByTn
3arnpoeKToBaHi BiAnNoBigHO Jale)
EN 1993-1-1, 3 Mexel MK CMNOCOM
[ HECHO KOHCTPYKLU€EIO, K

Bu3Ha4eHo B 1.1(5).».

253miHa po 8.2.2

CTUKMN 3

«lMepexigHi
pPiBHOMIpHUM

oonupaHHAMY

NMyHk™™m 3 (5) no (7), BKNOYHO 3
pucyHkom 8.4, 3amiHumu Ha TaKi

MNYHKTU | HOBUWN PUCYHOK:

«(5) EdpektmBHa

nonepeyHoro nepepisy Aep KinbLeBol

nnowa
NNacTUHW, SKYy NPUEOHYOTb OO

LEHTPY
3'egHaHHSA (OuB. pUcyHok 8.4 a), mae

BYy3J10BOIo CTUKa no

ByTn BM3HaYeHa 3 PaKTUYHOT MoLLi
A, (=bt,) Ak:

24 Modification to 6.4.1,
Supporting structures

Replace Paragraph (1) with:

«(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(5).».

25 Modification to 8.2.2,
Uniformly supported transition

junctions

Replace Paragraphs (5) to (7)
(including Figure 8.4) with the
following paragraphs (and new

figures):

«(5) The effective cross-sectional
area Ae, of the annular plate
joining into the junction at the joint
centre (see Figure 8.4 a) should
be determined from the actual

area A, (=bt,) as:
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bt,
Ap=—""74> (8.10)
1+0,8—
r
ne where:
r—pagiyc  UMniHOPWUYHOI  CTIHKK r is the radius of the silo cylinder
cunocy;, wall;
b — pagianbHa LwWwupuHa  KinbuEBOI b is the radial width of the annular
NMAaCTUHWU KiNbus; plate ring;
f, — TOBLUMHA KiNbLEBMX MNIacTuH t, is the thickness of the annular
Kinbus. plate ring.
(6) 3aranbHa edekTnBHa nnowa Ag (6) The total effective area Ae of
Kinbus [ CKrMagoBuUx  4acTuH the ring and contributing parts of
npunernmx cerMeHTiB 0OONMOHKM 3a the adjacent shell segments in
YMOB MNigBULLEHHA CWUIIXM CTUCKY B developing circumferential
KinbLUeBOMY Hanpsimi Mae 6ytu compression should be
BU3Ha4eHa 3a oopMynoto: determined from:

yci ceemeHmu

all segments

A=A+ D A, (8.11)

et ep €1
i=1

AKYy MOXHa 3anucatu gns  CTUKY, which may be written for the
306paxeHoro Ha pucyHky 8.4a, y junction shown in Figure 8.4a as:

TakoMy BUMMAA:

3/2
A, =Aep+0,778\/; £ +y hy +17 |8, (8.12)
\Jcos [
npnu4yomy with:

w =0,5(1+3a -2a°), (8.13)
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e

r—pagiyc  UMniHOPWUYHOI  CTIHKK

cunocy;

t. — TOBLUMHA LUUNiHApPa;
f, — TOBLUMHA OOKU;

f, — TOBLUMHA BOPOHKY;

Aep, — edpekTnBHa nnowla  KinbLeBux

NAacTUH KinbLs.

r

(8.14)

where:

r is the radius of the silo cylinder

wall;

t. is the thickness of the cylinder;
ts is the thickness of the skirt;

f, is the thickness of the hopper;

Aep, is the effective area of the

annular plate ring.

»UPn:4

[lo3Haku:

1 uunningp
2 Kinbue
3 tobka

4 BOpOHKa

PI'IC

Key

1 cylinder
2 ring
3 skirt
4 hopper

PucyHok 8.4a — Cxema npocToro nepexiaHoro CTuKy 3 KirnbLEBO NiacTUHO

Figure 8.4a — Notation for simple annular plate transition junction
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(7) AKWoO CTUK cKNagaeTbCca TifbKK 3 (7) Where the junction consists
uuniHapa, tobku | BOPOHKM (OUB. pucC. only of a cylinder, skirt and hopper
8.4b), 3aranbHy eMeKkTUBHY nnoLly (see figure 8.4b), the total effective
Kinbus Ag MOXe OyTM 3HamgeHo 3a area of the ring At may be found
doopmyrnoto: from:
t3/2
A, =0,778r {1 +y| e 4 (8.14a)
\Jcos B

[lo3Haku: Key

1 ymningp 1 cylinder
3 tobka 3 skirt

4 BOpOHKa 4 hopper

PucyHok 8.4b — MepexigHuii cTuk 6e3 aoaaBaHHSA KinbLUs

Figure 8.4b — Transition junction without added ring
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26 3miHa po 8.3.4.3 «[llepexigHun

CTUK 3 KiflbLIeBO NMNTaCTUHOO»

MyHKT (1)
3amMiHumu TEeKCT Ha Takun:

«(1)B cTtukax, y €Kkux Kinbue B
nepexigHin 30HI BUKOHaHe Yy doopMi
KinbLUeBOI MnacTUHW, pPO3paxyHKoBe
3Ha4YeHHsA ornopy BTpaTi CTINKOCTI 3
MAOWWNHN Oy, rg CNIA BU3HaAYaATU 3@

A0MOMOroto oopMynn:».

27 3miHa

Kinbue»

Ao 8.5.3 «OnopHe

MyHKT (2)
3amMiHumu TeKkCT Ha Takun:

«(2) lHTepBan no nepumeTpy Kona
MDK  aHkepHumn  Gontamm  abo
IHWWMKU TOYKaMU MPUKPINIIEHHS He

1 5 \0.25
Mae nepesuLLlyBaTU E(L I’t) , Ae

t — wMmicueBa TOBLIMHA nucTa
0060M0HKM, NPUNEernoro 4o OCHOBM, a
L — HalMeHLWle 3Ha4YeHHs1 BUCOTU
NepLloro KinbuUdA >XOPCTKOCTI Han
OCHoBol abo

3ararfibHa BWCOTa

CTIHKM CUocy 00 3BUCIB.».

26 Modification to 8.3.4.3,

Annular plate transition junction

Replace Paragraph (1) with:

«(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 Oop,Rd should be

determined using:».

27 Modification to 8.5.3, Base

ring

Replace Paragraph (2) with:

«(2) The circumferential spacing of
anchorage bolts or  other

attachment should not

1/, \025
exceed E(L ”f) , Where t is the

points

local thickness of the shell plate
adjacent to the base and L is the
lesser of the height of the first ring
stiffener above the base, or the
total height of the silo wall to the

eaves.».
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28 3miHa po 9.4.1 «3aranbHi

MOJTOXKEeHHA»

MyHKT (1)
3amMiHumu TEeKCT Ha Takun:

«(1) Onip HenigKpinneHux enemeHTIB
BepTUKaAIIbHNX CTIHOK cnig
OLliHOBaTK BigNOBIOAHO OO0 MNOMNOXEHb
9.3. OujiHoBaHHA  onopy cnig
BUKOHYBaTN 3 ypaxyBaHHSM
3rMHanbHUX Oin K Ha MemMbpaHy,

Tak i Ha INCTU.».

29 3miHa Ao 9.4.2

3aranbHOMY 3rMHy B pesynbTarTi

«Onip
npamol  Aaii marepiany, wWo

30epiraeTbca»

MyHk™! 3 (1) no (3)

3amMiHumu TEKCT Ta pUCYHOK 9.5 Ha

Takun:

«(1) 3rvHanbHi  HanNpyXXeHHs, WO

BUHMKAOTL Yy  rocposBaHin  abo
TpaneuieBnaHin nNUCTOBIM OBLIMBLI
CTIHKM, PO3rNsaatnTb 3 ypaxyBaHHAM
FOPU30HTANbHOINO BUIMHY HaBKOJIO
BepTUKarnbHOI oci BHaACIigoK
FOPU30OHTaNbHOr0 TUCKY, LLO Ai€ Ha
MicLIEBOIO

CTIHKY, a TaKoX

BepTUKalribHOro BUTNHY HaBKOJ10

28 Modification to 9.4.1, General

Replace Paragraph (1) with:

«(1) The resistance of unstiffened
parts of vertical walls should be
evaluated in accordance with the
provisions set out in 9.3. The
resistance  evaluation  should
consider both membrane and

plate bending actions.».

29 Modification to 9.4.2, General
bending from direct action of

the stored material

Replace Paragraphs (1) to (3)
along with Figure 9.5 with:

«(1) Bending stresses developing
in a corrugated or trapezoidal
sheet wall should be considered,
taking account of the horizontal
bending about a vertical axis
caused by horizontal pressure
acting on the wall, and local
vertical bending about a horizontal

axis where an axial force is



AOCTY-H B EN 1993-4-1:2012/3miHa Ne 2:20__ (EN 1993-4-1:2007/A1:2017, IDT)

CTtopiHka 60
ropu3oHTarnbHOI OCi, Ae oCbOoBa cuna

nepenaeTbcs Yepes ropposaHy abo

TpaneuieBUaHY NTMCTOBY OBLUMBKY.

(2) 3a

BUTMHY BICb BUIMHY Cnig po3rnagatu

YMOB  FOPU3OHTasrIbHOIO

SK BepTUKarnbHYy, irHopywoun Oyab-
00

Martepiany,

AKUA  edpeKT TepTs CTiHKY

TBEpPAOro LLIO

3bepiraetbea (puc. 9.5).

_XY. — 7/ e

transmitted through the corrugated

or trapezoidal sheeting.

(2) The horizontal bending should
consider the axis of bending as
vertical, ignoring any effect of
frictional drag on the wall from the

stored solid (Fig. 9.5).

Pn

Pw

PucyHok 9.5 — BurvH B pesynbTati NoeAHaHHS TUCKY MO ropu3oHTarni 3 TepTam 06 CTiHKy

(BepTUKanbHWUIA Nepepis)

Figure 9.5 — Bending resulting from combined horizontal pressure and friction

(vertical section)

»
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30 3miHa po 9.5.1

BUHUKAOTb y

«Cunn, gKi
BHYTPIiLLHIX
3aTsKKax Big

TUCKY TBepaux

maTepianiB»

MyHKT (2)
3amMiHumu TEeKCT Ha Takun:

«(2) Akwo He OyayTb BUKOHaHI
BinNblWw TOYHI po3paxyHku, cuna q, 3
KO TBepaun wmaTepian gie Ha
OOWHMLIO OOBXMHU B'A3i, MOXe OyTn

anpoKkCMmMoBaHa Taknm cnocobowm:

q,=C,p,b,
npuyomy:
Ct:_Csﬂ :
k /b /b,
ne

Py — BEPTUKANbHUN TUCK BCEpPeanHi
martepiany, wo 36epiraetbcs, Ha
PiBHI B'A13I;

b — mMakcumarnbHa LWMpuHa B'A3i MO

ropusoHTani;

b,— eTanoHHa pgoBkuHa 1 M,
BUpaxeHa B OaMHULSAX, AKi

BMKOPUCTOBYIOTb AJ14 b;

30 Modification to 9.5.1, Forces
in internal ties due to solids

pressure on them

Replace Paragraph (2) with:

«(2) Unless more precise

calculations are made, the force
exerted by the solid g; per unit

length of tie may be approximated
by:

(9.1)
with:

(9.2)

where:

p, is the vertical pressure within

the stored material at the tie level;

b is the maximum horizontal width

of the tie;

b, is the reference length of 1 m,
expressed in the units that are

used for b;
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Ci— KpaTHICTb 30inbLUEHHS

HaBaHTaXEHHA;

Cs— aepoanHaMiyHMM  KoemiuieHT

A5 nonepeYyHoro nepepisy B'A3i;

ki — KoeilieHT CTaHy

3adBaHTaXeHHA;

B — KoediuieHT Micus po3TallyBaHHS
B'A3i, SKWA 3anexutb Big Micusa
po3TallyBaHHs B3I B KaMmepi
cunocy (ame. pucyHkn 9.8 ta 9.9).

MpumiTtka. EMnipnyHum Bupas (9.2) He ByB
O  y3rogkeHunM 3a poO3MipHicTiO 6e3

po3mipy b,. Hanpuknag, akwo b BupaxeHo

B Aronmax, b, = 39,37.

C. is the load magnification factor;

C, is the shape factor for the tie

cross-section;

k. is the loading state factor;

B is the tie location factor, that
depends on the position of the tie
within the silo cell (see Figures 9.8
and 9.9).

NOTE The empirical expression (9.2)
would not be dimensionally consistent

without the dimension b,. For example,

if b is expressed in inches, b, = 39,37.
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Koau AK 004 65.040.20; 91.010.30; 91.080.13

Knwo4yoBi cnoBa: cunocu, BOrHECTIMKICTb, [OOBrOBIYHICTb, MaTepianu,

MiLHICTb, NPUAATHICTb, HABAHTAXEHHS, NPOEKTYBaHHA.
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