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HAIIIOHAJIBHUH BCTYII

Leit crannapt € Toroxxauit mepexnang EN 1991-4:2006 «Eurocode 1: Actions on structures —
Part 4: Silos and tanks (€Bpoxog 1. [lii Ha koHcTpyKuii. YacTuHa 4. ByHkepu 1 pe3epByapH).

EN 1991-4:2006 ninroroneno Texuiunum xkomitetom CEN/TC 250, cexperapiaToM SIKOTO Ke-
pye BSIL

Jlo HaIiOHATTLHOTO CTAaHAAPTY JOIYYE€HO aHTIIOMOBHHUI TEKCT.

Ha tepuropii Ykpainu sk HalllOHaJIbHUNA CTaHJAPT Jli€ JIiBa KOJIOHKA TEKCTY
JCTY-H b EN 1991-4:2012 «€Bpoxon 1. Jlii Ha koHcTpyKii. Yactuna 4. ByHKepu 1 pe3epByapu
(EN 1991-4:2006, IDT)», BukiafeHa yKpaiHCbKOI MOBOIO.

Bigmosigao no JIBH A.1.1-1-2009 «Cucrema cTanmapTu3ariii Ta HOpMyBaHHS B Oy IIBHUIITBI.
OCHOBHI MONOXKEHH» LIel cTaHAapT BiJHOCUTHCA 10 kKomiiekcy B.1.2 «Cuctema HaniitHOCTI Ta 6€3-
TIeKH B OYIIBHUIITBI».

CrannapTt MICTUTh BUMOTH, SIKI BIJITIOBIJAIOTh YUHHOMY 3aKOHOZABCTBY.

HayxkoBo-TexHiuHa opraHizaiis, BiAIOBiAaIbHa 32 1Iei ctannapt, — Jlonbackka HamioHaIbHA
akajieMisi OyJIBHUIITBA 1 apXITEKTYpH.

Jlo cTanmapTy BHECEHO TaKi peIaKIiitHi 3MiHU:

- CTPYKTYpHI eJeMeHTH ctanaapty: «OO0knanuHky», «IlepeamoBy», «HamionansHuit BCTynm» Ta
«Bu3HaueHHs MOHATHY» 0(OPMIICHO 3TiTHO 3 BUMOTaMH HaIllOHAJIBHOI CTaHAapTH3aMii YKpaiau;

- 3 «llepeamoBu 10 EN 1991-4» y neit «HamioHalbHUN BCTYI» B3SATE T€, IO O€3MOCEPETHBO
CTOCYETHCSI LIbOTO CTAHJAPTY;

- HalllOHAJIbHUI TOB1IKOBUI 10JJaTOK HAaBEIEHO SIK HACTAHOBY JJIsi KOPUCTYBAUiB.

- nepenik HarioHanbHUX cTaHnaptiB Yipainu (ACTY), inentnyanx MC, mocuiaHHs Ha sKi € B
JACTY-H b EN 1991-4:2006.

[Nepenix HanionansHux cragaaptie Ykpaiau (JCTY), inertnannx MC, mocuiaHHs Ha sIKi € B
JACTY-H b EN 1991-4:2006, naBeneno B nogatky HA.

Komnii MC, HenpuifHATHX SIK HAI[lOHAIBHI CTAaHIAPTH, Ha sKi € mocwitanHs B EN 1991-4:2006,
Mo’kHa oTpumatu B ['ooBHOMY (hoHni HOpMaTtuBHUX AoKyMeHTiB I « YkpHIHL».
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BCTYII

Hanuit  goxkyment (ACTY-H b EN 1991-
4:2006) O0yB miaroroBneHuit Texaiuanmm Ko-
mitetom CEN/TC 250 “bygiBenbni €BpoKo-
u’’, ceKpeTapiaT sIkoro miarpumyetbest BSI.
CEN/TC 250 e BignoBigansHuM 3a yci byni-
BeJIbHI €BPOKOJIN.

[lpomy €BpomneiicbkoMy craHmapty Oynae Ha-
JAHWUW CTaTyC HAIlIOHAIBHOTO 3 MyOJiKaIliero
IICHTUYHOTO TEKCTY a00 CXBAJICHHSAM HE TIi3-
Hime guctonana 2006 poky 1 mpu ckacyBaHHI
KOH(QUIIKTYIOUHMX HalllOHAJIbHUX CTAaHAAPTIB He
mizHime 6epesnst 2010 poky.

VY BIANOBIIHOCTI 3 BHYTPIIIHIMH TOCTAHOBAMU
CEN/CENELEC HarionanbHi opraiu 3i cTaH-
JapTu3aiii Takux KpaiH 3000B’s3aH1 31iHCHU-
TH IMIUIEMEHTAIII0 IhOro E€BPOMEHCHKOTO
ctannapty: ABctpis, benwris, ['peuis, Janis,
Ipnannisa, Icnanais, Icnanis, Itamis, Jlrokcem-
Ooypr, Manbta, Hinepnannu, Himeuunna, Ho-
peeris, [Hopryranis, @innsuais, @panuis, Ye-
cpka PecnyOumika, IlIBeitapis, [IBernis ta Be-
mka bpuranis.

Foreword

This European Standard (EN 1991-4:2006)
has been prepared by Technical Committee
CEN/TC 250 “Structural Eurocodes”, the sec-
retariat of which is held by BSI.

CEN/TC 250 is responsible for all Structural
Eurocodes.

This European Standard shall be given the sta-
tus of a national standard, either by publica-
tion of an identical text or by endorsement, at
the latest by October 2006, and conflicting
national standards shall be withdrawn at the
latest by March 2010.

According to the CEN/CENELEC Internal
Regulations, the national standards organiza-
tions of the following countries are bound to
implement this European Standard: Austria,
Belgium, Cyprus, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Lithu-
ania, Luxembourg, Malta, Netherlands, Nor-
way, Poland, Portugal, Romania, Slovakia,
Slovenia, Spain, Sweden, Switzerland and the
United Kingdom.
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HAIIOHAJILHUAN CTAHJIAPT YKPATHUI

€BPOKO/I 1. 11 HA KOHCTPYKIIII.
YACTHHA 4. BYHKEPHU 1 PESBEPBYAPH

EBPOKO/JI 1. BO3JAENCTBUS HA KOHCTPYKIINN
YACTD 4. bYHKEPEHI 1 PESEPBY APbBI

EUROCODE 1: ACTIONS ON STRUCTURES
PART 4: SILOS AND TANKS

OcHoBu nporpamu €Bpokoais

VY 1975 poui Kowmicis €Bporneiicbkoi CrisibHO-
TH BUPIIIMIIA PO3MOYATH MPOTrpaMy ik y ra-
ny3i OymiBHHMIITBAa Ha mijacrtasi ctarti 95 Jlo-
roBopy. MeTorw mnporpamMu Oyio yCyHEHHS
TEXHIYHUX TEPEIIKoa A TOPTiBII Ta Y3ro-
JDKEHHS TEXHIYHUX YMOB.

VY pamkax miei nporpamu aid Kowmicis B3suta
Ha ce0e iHINIaTUBY BCTAHOBUTU CUCTEMY Y3-
TO/DKEHUX TEXHIYHHUX TPABWII JUIS MPOCKTY-
BaHHS Oy[iBeNb 1 Cropy/q, sIKi Ha MepIiii cra-
nii Manmu OyTH albTepHATUBOIO YMHHUM HaIli-
OHAJTLHUM TPABUJIAM JIEP>KaB-UJICHIB, a 3pell-
TOIO MaJIi 3aMIHUTH iX.

Yruponosxk m’stHaausTa pokiB Kowmicis 3a mo-
momMoror Po6o4oro KkomiTeTy, 10 CKIamy sIKO-
ro BXOIWIH TPEICTABHUKU JACpKaB-UJICHIB,
Bella po3poOKy mporpamMu €BpOKOJIB, sKa
npu3Bena 10 Mmyosikamii KOMILIEKTY HepIIoro
MOKOIiHHSA €Bponeichkux KoaiB y 80-x po-
Kax.

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 speci-
fications.

Within this action programme, the Commis-
sion 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, ulti-
mately, would replace them.

For fifteen years, the Commission, with the
help of a Steering Committee with Represent-
atives of Member States, conducted the devel-
opment of the Eurocodes programme, which
led to the first generation of European codes
in the 1980s.
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VY 1989 poui Kowmicist Ta aepxaBu-uinenn EU
(E€spormeiicrkoi CrinbHoTH) Ta EFTA (€Bpo-
nieticekoi Acomiamnii Bineroi Toprisii) Ha oc-
HoBi yromu' mix Komiciero Ta CEN (€Bpo-
MEHCHKUM KOMITETOM 3i CTaHIapTH3allii) BHU-
pIlIMIN TIepeNaTH MiArOTOBKY Ta MyOIiKalliio
€spokoxis CEN 3a monomororo cepii maHna-
TiB, IO B pe3yjibTaTi Hajano 6 €Bpokojaam y
MalOyTHBOMY CTaTycy €BpONeichbKOro craH-
napty (EN). Lle noB’s13ye €Bpokoau 3 mojo-
xeHasmu JlupektuB Pagu 1 Pimens Kowmicii
moao €Bponeicbkux ctaHaapTiB (Todto [u-
pextuBu Pagum 89/106/EEC miomo OyniBens-
HuX BHpoOiB — CPD — Ta [lupexktuB Pamu
93/37/EEC, 92/50/EEC Ta 89/440/EEC BigHO-
CHO CYCIIJTBHUX POOIT Ta MOCIYT 1 €KBIBaJICH-
THUX qupektuB EFTA, 3amoyaTkoBaHux 3 me-
TOIO JIOTIOMOITH 3aCHYBaHHIO BHYTPILIHBOTI'O

PHUHKY).

CrpykTypHa mporpama €BpOKOIIB BKIIOUYAE
CTaHJApTH, 5Kl B OCHOBHOMY CKJIaJalOThCs 3
NEKIJIbKOX YaCTHH:

EN 1990 €Bpokoa: OcCHOBM NpPOEKTYBaHHS
KOHCTPYKLIH

EN 1991 €Bpoxon 1: Jlii Ha KOHCTPYKITii

EN 1992 €Bpokox 2: [IpoekTyBaHHSs 3a1i30-
OCTOHHHUX KOHCTPYKITIH

EN 1993 €spoxon 3: IlpoekTtyBaHHs cTaie-
BHX KOHCTPYKIIIH

EN 1994 €spoxon 4: IIpoexktyBaHHs cranes3a-
J1300€TOHHUX KOHCTPYKIIIH

EN 1995 €ppokon 5: IlpoextryBanHs ne-
peB’SIHUX KOHCTPYKITIH

EN 1996 €spokon 6:
KaMm’STHUX KOHCTPYKIIIH

EN 1997 €Bpokon 7: I'eoTexHiuyHE MPOEKTY-
BaHHS

EN 1998 €Bpoxona 8: IIpoekTyBaHHs celicMo-
CTIHKMX KOHCTPYKIIIH

EN 1999 €poxon 9: IIpoekTyBaHHS alioMi-
HIEBUX KOHCTPYKIIIMH.

IIpoexTyBaHHA

In 1989, the Commission and the Member
States of the EU and EFTA decided, on the
basis of an agreement' between the Commis-
sion and CEN, to transfer the preparation and
the publication of the Eurocodes to the CEN
through a series of Mandates, in order to pro-
vide them with a future status of European
Standard (EN). This links de facto the Euro-
codes with the provisions of all the Council’s
Directives and/or Commission’s Decisions
dealing with European standards (e.g. the
Council Directive 89/106/EEC on construc-
tion products - CPD - and Council Directives
93/37/EEC, 92/50/EEC and 89/440/EEC on
public works and services and equivalent EF-
TA Directives initiated in pursuit of setting up
the internal market).

The Structural Eurocode programme compris-
es the following standards generally consisting
of a number of Parts:

EN 1990 Eurocode : Basis of Structural De-
sign

EN 1991 Eurocode 1: Actions on structures
EN 1992 Eurocode 2: Design of concrete
structures

EN 1993 Eurocode 3: Design of steel struc-
tures

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

EN 1995 Eurocode 5: Design of timber struc-
tures

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

VYrona mix Komiciero €porneiicbkoi CriisibHOTH Ta €Bporeiicbkkum KoMiTeToM 3i cranpaptusaiii (CEN) mogo po6otu Hax €Bpokogamu Jyist
mpoeKTyBaHHs OyxiBens i cnopyx (BC/CEN/03/89).
! 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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Crangaptu €BpOKOJIIB BU3HAIOTH BIANOBIiJA-
JBHICTh PETYJSATOPHUX OpraHiB JepiKaBs-
YJIEeHIB Ta 3aXUILAIOTh iX NpaBO Ha MNpU3HAa-
YCHHS BEJIMYHH, SKi TOB’s3aHI 3 PETyJIOBaH-
HSIM MMUTaHb O€3MeKH Ha HAlllOHAIBHOMY PiBHI
Tam, Jic BOHH BiJPi3HIIOTHCA.

Cratyc Ta rajay3b 3aCTOCYyBaHHS

€BpokoniB

Hepxasu-unenun EU ta EFTA Bu3HaroTh, 110
€BpOKOJIU NIIOTH SIK €TAIOHHI JOKYMEHTH IS
TaKHUX IIICH:

— sIK 3aci0 JOBeEHHS BiIMOBIAHOCTI OyiBETh
i ciopya ocHOBHUM BuMoraM JlupexkTtuBu Pa-
mu 89/106/EEC, 30kpeMa ocHOBHii BUMO3i Ne
1 — MexaHiyHa CTIWKICTH Ta CTaOUIBHICTE — 1
ocHOBHi# BuMo3i Ne 2 — [ToxkexxHa Oe3Ieka;

— SIK OCHOBA JUIS YKJIQJAaHHS KOHTPAKTIB IS
OyniBenb 1 CoOpy] Ta MOB’SI3aHUX 3 HUMH 1H-
KEHEPHUX TOCIIYT;

— SIK OCHOBA JJIs CKJIaJIaHHs Y3TOKEHUX TeX-
HIYHUX crenudikamii st OyaiBeIbHUX BU-
po06iB (ENs ta ETAs).

€BpOKOJIM, OCKUIBKM BOHHU 0e3mocepeaHbo
BITHOCATHCS A0 OyAiBENbHUX CHOPY., MAIOTh
NpsIMUI 3B’S30K 13 TIIyMauHUMHU JOKYMEHTa-
MU posainy 12 CPD, He3Baxkarouu Ta Te, 10
BOHU MAlOTh Pi3HY NPHUPOAY 3 TapMOHI30Ba-
HUMHU CTaHAapTamu Ha BupoOu . HactymHum
YUHOM, TCXHIYHI aCIIEKTH, SIKi BUILIMBAIOTH 3
€BpoKoiB /g OyIiBenb 1 CIOPY/, MOBUHHI B
MOBHIN Mipi OyTH PO3TIAHYTHMHU TeXHIYHUMHU
komiteramu CEN Ta/un poOounmu rpynamu
EOTA, sxi po3poOisitoTh CTaHIapTH Ha Oy[i-
BeJIbHI BUPOOH, 3 MO3UIIIH JOCATHEHHS TOBHOI
CYMICHOCTI TeXHIYHUX crierudikariii 3 €Bpo-
KOJIaMU.

np. ACTY-H b EN 1991-4:20XX

Eurocode standards recognise the responsibil-
ity 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.

Status and field of application

f Eurocodes

The Member States of the EU and EFTA rec-
ognise that Eurocodes serve as reference doc-
uments 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 Require-
ment N°1 — Mechanical resistance and stabil-
ity — and Essential Requirement N°2 — Safety
in case of fire ;

— as a basis for specifying contracts for con-
struction works and related engineering ser-
vices ;

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

The Eurocodes, as far as they concern the con-
struction works themselves, have a direct rela-
tionship 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 as-
pects 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 full compatibility of these technical
specifications with the Eurocodes.

Binnosiguo mo ct. 3.3 gokymenta CPD ocHoBHi Bumorn (ER) oTpuMaroTs KOHKpeTHY (GopMy Y TIIyMadHUX JOKYMEHTAX JUIS CTBOPEHHS He-
00XiZHUX 3B’s3KiB Mi>K OCHOBHMMH BUMOTaMHU Ta MaHnatamu Juis rapmonizoBanux ENi ta ETAGI/ETAI.

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.

Bianosigso 10 ct. 12 CPD TiiyMauHi JOKyMEHTH MalOTh:

a) HaJlaTH KOHKPETHOI (JopMH OCHOBHUM BUMOTaM, Y3TOJIMBIIM TEPMiHOJIOTIIO 1 TEXHIUHI 3aca/ iy 1 BKa3aBIIM Kjacu abo piBHI JUIs KOXKHOI BH-

MOTH, 1€ 1€ HeOOXiaHO;

b) BKa3aTH METO/M BCTAHOBJICHHS CITIBBIIHOIICHHS MiX [IUMH KJIacaMU 200 PiBHAMH BHUMOT i3 TEXHIYHUMH BUMOT'aMH, HAIIPUKIIA, METOIU

PO3paxyHKy i IIepeBipKU, TEXHIYHI IIPaBUIIA IPOEKTYBAHHS 1 T. iH.;

C) CIyryBaTH PeKOMEHJAII€I0 AT BCTAHOBIICHHS Y3TOMKEHNX CTaHIAPTIiB i HACTAHOB IS €BPONEHCHKOT0 TEXHITHOTO YXBaJICHHS.
€Bpokoau (paKTUIHO BiAirparoTh NoxioHy poinb y chepi ER 1 i gactuni ER 2.

3 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. ;
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Crangaptu €BpOKOJIB PErVIaMEHTYIOTh 3ara-
JIbHI MpaBWIa IPOEKTYBAaHHS ISl PAKTUYHO-
ro BHKOPHCTaHHS BCiX KOHCTPYKLIH Ta ix
KOMITOHEHTIB SIK TPaIUI[iHHOTO, TAaK 1 IHHOBA-
[ifHOTO XapakTepy. YHiKaibHI (OpMH KOHC-
TPYKIi1 a00 YMOBH MPOEKTYyBaHHS CHEIiaIbHO
HE OXOIUTIOIOTHCS, 1 B TAKUX BUMAJIKAX MPOEK-
TYBaJIbHUKY IMOTPiOEH JOAATKOBUIl eKclepT-
HUW PO3TIIAL.

HauionanabHi cranaaprtu,

1[0 BIPOBAKYIOTH €EBPOKOIM

HamionaneHi cTaHgapTd, 110 BIPOBAKYIOTH
€BpOKO/IH, 3aBK/IU BKIIIOUAIOTh MIOBHUN TEKCT
€Bpokoay (BKIIOYAOYHM BCl JOJATKH), BHAA-
nHuit CEN, sikoMy MoxyTh nepeayBatu Hartio-
HaJIbHUM TUTYJIbHUHA JuCT Ta HarioHanbHa
MepeIMOBa, a TAKOXK MOXYTh CYMPOBOIKYBa-
Trcst HamioHanbHUM TOAATKOM.

HamioHaiipHMIT HOOAaTOK MOYKE BKJIFOYATH 1H-
¢dopmariio BiIHOCHO THX MapaMeTpiB, AKi 3a-
JUIIVIIACS BIAKPUTUME B €BpOKOJAX sl Ha-
I[IOHAJTBHOTO BHOOpPY, BiIOMI SIK HalllOHAJIHHO
BU3HAYCHI MTApaMETPH JJIsl BUKOPHUCTAHHS TIPU
NPOEeKTyBaHHI Oy/iBeNb Ta 1HXXEHEPHUX CIIO-
pya, mo OyayTh 3BEJCHI y 3alliKaBeHIN Kpai-
Hi, a came:

— 3HaA4YeHHs 1/abo0 kiacu, Je B €BpOKOJl Ja-
I0ThCS ATbTEPHATHBHY;

— 3HAYEHHS, K1 CJiJ] BUKOPUCTOBYBATH TaM,
1e B €BPOKOIi HABEICHO TUTHKH MMO3HAYCHHS,
— crienndivyH1 gaH1 KpaiHu (reorpadivHi, Kii-
MaTHYHIi TOILO), HAMPHUKJIAM, KapTa CHIry;

— METOJAMKA, MO0 BHUKOPHCTOBYETHCS, KOJIH B
€BpoKkosi 00yMOBJICHI aJbTEPHATUBHI METO-
TIVKH.

B HpOMYy MOXYTH OyTH:

— peKOMeHAaIlil MO0 3acTOCyBaHHS 1H(OP-
MaIllfiHUX JOJATKIB;

— TIOCWJIAaHHS Ha JIOJATKOBY iH(pOpMaIlito, ska
HE CyNepeyuTh HOPMATUBHUM BUMOTaM i JIO-
roMarae pu KOpUCTyBaHHI €BPOKOJaMH.

The Eurocode standards provide common
structural design rules for everyday use for the
design of whole structures and component
products of both a traditional and an innova-
tive 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 Euro-
codes will comprise the full text of the Euro-
code (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 infor-
mation 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, climat-
ic, etc.), e.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.

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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3B’sa3kn Mixk €BpokoAaMH Ta TrapMoOHI30-
BAHMMM  TeXHIYHMMH cnenudikanissMu
(ENs ta ETAS) nas Bupo0iB

HeoOxigHa y3romkeHicTh MIX TrapMOHI30Ba-
HUMU TEXHIYHUMU crienudikamismu st Oy i-
BEJIbHUX BUPOOIB Ta TEXHIYHUMHU MpaBUIAMHU
st OyZaiBenb 1 copyd Ta OyliBeTbHUX PoO-
6it’*. Kpim Toro, y moBHiii indopmarii, sika
cynpoBokye CE mapkyBaHHsS OyliBEeIbHHUX
BUPOOIB 1 Ma€ BIJHOLIEHHS 10 €BPOKO/IIB, Ma€e
OyTH YITKO 3a3HAa4Y€HO, fKi HAI[IOHAJTBHO BH-
3Ha4YeH1 mapaMeTpu OyJiu B3STI O yBaru.

HonarkoBa ingopmanis moao ACTY-H b
EN 1991-4

Crannapt ICTY-H b EN 1991-4 nae Bka3is-
KM T0 3arajbHUM MPHHLUIAM 1 BIUIMUBAM JJIs
pO3paxyHKy KOHCTPYKIIH OymiBenb Ta 1HXKe-
HEpHUX CIIOpY/Jl, BKIIOYAIOUYM JIesKI T€OTEXHi-
yHi acnekTu. CraHgapT MOBUHEH 3aCTOCOBY-
Batucs pasom 3 ICTY-H b EN 1990, a Takox
crangapramu cepiit JICTY-H b EN 1992 -
JACTY-H b EN 1999.

JACTY-H b EN 1991-4 po3pobnenuit mis 3a-
MOBHHUKIB, MMPOEKTYBaJIbHUKIB MiIPSIAHUX Op-
ratizaliii Ta opraHiB MiCLE€BOI BJIaIH.

JACTY-H b EN 1991-4 mae BukopuctoByBa-
tucst pazom 3 JICTY-H b EN 1990, inmumu
pozainamu JICTY-H b EN 1991 ta JICTY-H
b EN 1992 no ACTY-H b EN 1999 nns npoe-
KTYBaHHS KOHCTPYKITIH.

Hanionaasuuii nogatoxk 10 EN 1991-4

Lleit cranmapT Hajgae ambTEpPHATHBHI IPOILIE-
IypH, BEIMYMHA 1 pEeKOMEHIAIII1 U KIIaciB 3
MPUMITKaMU, sKi BKa3ylOTh Micle, e HeoO-
XiIHO 3poOWTH HalioHanbHUN BHOiIp. Takum
yuHOM, HamioHanpHU# cTaHmapTt, SKAH iMI-
nementye EN 1991-4 nmoBunen matu Harmio-
HaJIBHUN JOJATOK, SIKMW BKItO4ae Bci Hario-
HanbHO Busnaueni [lapameTpwm, siki BUKOpHC-
TOBYIOTbCSI TPU MPOEKTyBaHHI OyIiBenb Ta
IUBUTBHUX CTIOPYA , SIKi OyayTh o0y I0BaHi y
BIJIMOBIAHIH KpaiHi.
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Links between Eurocodes and harmonised
technical specifications (ENs and ETAs)
for products

There is a need for consistency between the
harmonised technical specifications forn con-
struction products and the technical rules for
works?. Furthermore, all the information ac-
companying the CE Marking of the construc-
tion products which refer to Eurocodes should
clearly mention which Nationally Determined
Parameters have been taken into account.

Additional
EN 1991-4
EN 1991-4 provides general principles and
actions for the structural design of buildings
and civil engineering works including some
geotechnical aspects and shall be used in con-
junction with EN 1990 and EN 1992-1999.

information  specific for

EN 1991-3 is intended for clients, designers,
contractors and public authorities.

EN 1991-3 is intended to be used with EN
1990, the other Parts of EN 1991 and EN 1992
to EN 1999 for the design of structures.

National Annex for EN1991-4

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 1991-4 should
have a National Annex containing all Nation-
ally Determined Parameters to be used for the
design of buildings and civil engineering
works to be constructed in the relevant coun-

try.

4 IUBHCH po3aii 3.3 1 posain 12 3 CPD, a takox nmynktu 4.2, 4.3.1,4.3.215.231ID 1
4 see Art.3.3 and Art.12 of the CPD, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of ID 1.
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Hamionaneauii Bubip B EN 1991-4 no3Boss- National choice is allowed in EN 1991-4
€THCSI B! through:

~2.5(5) -25(5)

-3.6(2) -3.6(2)

-5.243.1(3) -5.243.1(3)

-54.103) -54.103)

-54.14) -5414)

-A4(3) -A4(3)

—-B.2.14 (1) -B.2.14 (1)



1 3araabHi MoJI0KEeHHSA
1.1 Cdepa 3acTocyBanHs

1.1.1 Ob6aactre 3actrocyBanHs JICTY-H b
EN 1991

(1)P Cepist cranmaptis JJCTY-H b EN 1991
Ja€ BKa3iBKM M0 3arajbHUM MPHUHIMIAM 1
BIUTUBAM JUISI PO3pPaxyHKy KOHCTPYKITIHA Oyi-
BeJb Ta 1H)KEHEPHUX CIOPY/l, BKIIOYAIOUHU Jie-
sKi reoTexHIvHI acniekTdu. CTaHIapT MOBHHEH
3acrocoByBatucs pasom 3 JICTY-H b EN
1990, a Takox cranmapramu cepiii JICTY-H b
EN 1992 - ICTY-H b EN 1999.

(2) Kpim Toro, cepis crangaptis JJCTY-H b
EN 1991 oxormmtoe po3paxyHOK KOHCTPYKITIH
B Mporeci OyaiBHUITBA 1 pO3pPaxyHOK THMYa-
coBux crnopya. Cepis MOXe 3aCTOCOBYBATHCS
70 YCIX yMOB, JUIsl SIKMX MOTpiOHA aJeKBaTHA
poboTa HECYUHX KOHCTPYKITIH.

(3) Cepis crangapriB JICTY-H b EN 1991 ne
CrIpsIMOBaHa 0Oe3MOCEepeHbO ISl 3aCTOCYBaH-
HS B IEPEBIPOYHHMX PO3paxyHKax ICHYIOUHMX
KOHCTPYKIIiH, TIpX pO3pOOIIi MPOEKTIiB PEMOH-
Ty, PEKOHCTPYKIii a00 IS OI[IHKA MOKIUBO-
CT1 3MIHU IPU3HAYEHHS.

(4) Cepis crangapris ICTY-H b EN 1991 ne

MOKPHUBAE MOBHICTIO CHEIU(IYHI PO3PAXYHKO-
Bl cHTYyali, 10 BUMaraloTh HECTaHIAPTHOI
OILIIHKU HAJIWHOCTI, SIK HAMPUKIAMI, ISl HECY-
YUX KOHCTPYKIIH SIJICPHOI CHEPreTHUKH, IS
PO3paxyHKy SKHX CJIiJI BHKOPHUCTOBYBATH
creniainbHl METOIUKH.

1.1.2 O6aacre 3acrocyBanns JICTY-H b
EN 1991-4 - nii Ha OyHkepu Ta pe3epByapHu

(1)P Lei#t cranmapt MICTUTh 3arajbHi MPHH-
UM 1 BKA31BKM IIOA0 BU3HAUEHHS BIUIMBIB
UL pO3PaxyHKy KOHCTPYKIH OyHKepiB st
30epiraHHsl CUIIKOTO Matepiaiay 1 pe3epByapiB
s 30epiranHs piguH. Ledr Crammapt ciin
3actocoByBatu B moenHanHi 3 JICTY-H b
EN 1990, 3 inmmmu yactunamu cepii JJCTY-
H b EN 1991, a Takox 31 cranmaptaMu cepii
JCTY-H B EN 1992 - ICTY-H b EN 1999.

(2) Ueti crangapT MICTHTH TaKOX JESKI MOJIO-
YKEHHS 110 JI0 BIUIMBIB Ha OyHKEpH Ta pesep-
ByapH, IKi HE BIIHOCATbCS O€3M0CcCepeIHbO 10
MarepiajiB, MmO 30epiraloThCsi (HAMPHUKIIA,

np. ACTY-H b EN 1991-4:20XX

Section 1 General
1.1 Scope
1.1.1 Scope of EN 1991 — Eurocode 1

(1)P EN 1991 provides general principles and
actions for the structural design of buildings and
civil engineering works including some ge-
otechnical aspects and shall be used in conjunc-
tion with EN 1990 and EN 1992-1999.

(2) EN 1991 also covers structural design during
execution and structural design for temporary
structures. It relates to all circumstances in
which a structure is required to give adequate
performance.

(3) EN 1991 is not directly intended for the
structural appraisal of existing construction, in
developing the design of repairs and alterations
or for assessing changes of use.

(4) EN 1991 does not completely cover special
design situations which require unusual reliabil-
ity considerations such as nuclear structures for
which specified design procedures should be
used.

1.1.2 Scope of EN 1991-4 actions on
structures: silos and tanks

(1)P This part provides general principles and
actions for the structural design of silos for the
storage of particulate solids and tanks for the
storage of fluids and shall be used in conjunc-
tion with EN 1990, other parts of EN 1991 and
EN 1992 to EN 1999.

(2) This part includes some provisions for ac-
tions on silo and tank structures that are not only
associated with the stored solids or liquids (e.g.
the effects of thermal differentials, aspects of the

7
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BIUIUB TEMIIEPAaTypHOTO Tpajdi€HTa, HEPIBHO-
MIpHI OCIJJTaHHSI OCHOBH KOMIIJIEKCY OyHKEPIB).

(3) IIpaBuna po3paxyHKy aisi OyHKEpPIB MOX-
JMBO 3aCTOCOBYBATH IPU BHKOHAHHI HACTYTI-
HUX OOMEKEHb:

—  (¢opMHu TONEPEUHOTO TIepepizy OyHKepiB
OoOMEXeH1 BHUIMAJKaMH, MPEICTaBICHUMHU
Ha pucyHky 1.1, d). HeBenuki Binxuen-
HA MOXYTh OYTH [OMYIIEHI 3a YMOBHU
BpaxyBaHHs BIUIMBY Ha KOHCTPYKIIT 3MiH
TUCKY, II0 BHUKJIMKAIOTHCS LHMMHU BIAXU-
JICHHSMU;

—  HA TEOMETPUYHI PO3MIPU MOIIUPIOIOTHCS
HACTYITHI OOMEXEHHS:
hy/d, <10
hy, <100 m
d.<60m

—  Mepexija BiJ BepTHKAJIBHOIO CTBOJIA OyH-
Kepa /10 BOPOHKH 3HAXOJWUTHCS B OMHIN
TOPU30HTANBHIN TIJIOMUHI (IUB. pPHCY-
HOK 1.1, a);

—  OyHKep He MICTUTh BOYJIOBaHUX €JIEMEH-
TIB, TaKUX K KOHyCH a00 mipamiau 3 Be-
PILIMHOIO, CHPSAMOBAHOI Bropy, mnomepedy-
HUX OaJIOK TOIO, aje NPSAMOKYTHHI OyH-
Kep MOXKE BKJIFOYATH BHYTPILIHI 3aTSXKKH.

(4) BuxopucranHs npaBuil po3paxyHKy HaBa-
HTaXXEHb JJI1 OYHKEPiB JOIMYyCKAEThCS 3a YMO-
BU BIJIOBIJHOCTI Martepiany, mo 30epiraersb-
s, HACTYITHUM OOMEKEHHSIM:

—  KOXKeH OyHKep pO3paxOBYETHCS Ha TEB-
HUH Jiana30H BIACTUBOCTEH CUIIKOTO Ma-
Tepiainy;

— CHUOY4YMid Marepial € BUIBHO TEKy4YHuM,
a00 Mae OyTH 3a0e3MeueHo, 1Mo BCEPEIn-
Hi OyHKepa BiH Beje ceOe SK BIIBHO Te-
Kyuuid cumyunii matepian (auB. 1.5.12 1
nonatok C);

—  MakCHMaJIbHUI po3Mip 3epHa CHIIKOTO
marepiany He nepesuinye 0,03d,. (aus.
pucynok 1.1, d).

I[pumirka. SIKIIO YaCTKH CHUIIKOTO MaTrepiany MaroTh
BEJIMKI PO3MIpH B NMOPIBHSHHI 3 TOBIIUHOIO CTIHKH OYH-
Kepa, HeoOXiTHO BpaxyBaTH iX BIUIMB LUIIXOM JIOKJIa-
JIaHHS JIOKQJIBHUX CHJI IO CTIHKH.

(5) BukopucTtanHs nmpaBuil po3paxyHKy HaBa-

differential settlements of batteries of silos)

(3) The following geometrical limitations apply
to the design rules for silos:

—  the silo cross-section shapes are limited to
those shown in Figure 1.1d, though minor
variations may be accepted provided the
structural consequences of the resulting
changes in pressure are considered;

—  the following dimensional limitations ap-
ply:
hyl/d, <10
hy, <100 m
d.<60m

—  the transition lies in a single horizontal
plane (see Figure 1.1a);

—  the silo does not contain an internal struc-
ture such as a cone or pyramid with
its apex uppermost, cross-beams, etc.
However, a rectangular silo may contain
internal ties.

(4) The following limitations on the stored sol-
ids apply to the design rules for silos:

—  each silo is designed for a defined range of
particulate solids properties;

—  the stored solid is free-flowing, or the
stored solid can be guaranteed to flow
freely within the silo container as designed
(see 1.5.12 and Annex C);

—  the maximum particle diameter of the
stored solid is not greater than 0,03d, (see

Figure 1.1d).

NOTE: When particles are large compared to the silo wall
thickness, account should be taken of the effects of single
particles applying local forces on the wall.

(5) The following limitations on the filling and



HTa)X€Hb JJIs1 OYHKEPIB JOMYCKAETHCS MPU BU-
KOHAaHHI HACTYNHUX OOMEXEHb HAa YMOBHU 3a-
MTOBHEHHSI 1 BHBAHTA)KCHHSI:

—  TIpU 3alOBHEHHI BUHHUKAIOTh TUIBKH J10-
CHUTb MaJi CHJIM iHepIii i yJapHi BIUIMBH,
SKMMH MOKHA 3HEXTYBaTH;

— TP 3aCTOCYBaHHI MPHUCTPOIB JJIsi BUBAH-
TaXeHHs (HANPUKIAJA, XUBWIBHUKU a00
BHYTpIIIHI TpyOM) MOTIK CHUIKOTO MaTe-
pilaqy € pIBHOMIDHHM 1 PYXa€ThCsA IO
LEHTPY.

(6) Lle#t cranmapT MOMMPIOETHCA HA KOHIYHI,
mipamifianeHi 3 MPSMOKYTHOIO IMiJCTaBOIO 1
KIMHOBUIHI (3 BEPTHKAIGHUMH TOPIIEBHMHU
CTIHKaMu) BOpOHKU. [HII (opmu BOpOHOK
a00 BOPOHKH 3 BHYTPILIHIMU €JI€MEHTAMH BU-
MararoTh OKpEMOI'0 pO3IJIsay.

(7) byHkepu 3 cHCTEMaTHYHO HECHUMETpPUY-
HOIO TE€OMETPI€I0 HE PO3MIISIAI0THCA B I[bLOMY
cTarnapti. Jlo HUX BITHOCATHCS HUITIHAPUYHI
OYHKEpH 3 KIIMHOIOAI0HOI0 BOPOHKOIO 1 Oara-
TOTPaHHI MipamifaabHi BOPOHKH.

(8) Po3paxyHKOBI TOJIOKEHHS U1l pe3epBya-
PiB TOMIMPIOIOTHCS TIIBKK HA pe3epBYyapH, 110
30epiraroTh PIAMHA MPH 3BUYAHHOMY aTMOC-
(bepHOMY THCKY.

(9) HaBantaxkeHHs Ha TOKpiBII OyHKEpiB 1
pe3epByapiB MPUHUMAIOTHCS 3T1IHO 3 BiATOBIA-
numu crangaptamu JCTY-H b EN 1991-1-1,
JNACTY-H b EN 1991-1-3 - ACTY-H b EN
1991-1-71 ACTY-H b EN 1991-3.

(10) PospaxyHok OyHKepiB 3 Oe3mepepBHUM
PESKMMOM BUBAaHTA)XEHHS B IIbOMY CTaHIapTi
HE PO3IJISIAETHCSL.

(11) Po3paxyHnok OyHKepiB mpH [ii CTPYCIB,
MOIITOBXIB, yJapiB 1 HasBHOCTI PE30HAHCIB B
OMY CTaHAapT1 HE PO3TIISAAETHCA.

Hpumirka. 1i sBuIIa 10Ci MOBHICTIO HE BHBYCHI, TaK
10 3aCTOCYBaHHSI I[LOTO TEXHIYHOTO CTaHAAPTY HE MO-

)K€ TapaHTYBaTH IX BIICYTHICTh a00 MOCTaTHIO HECY4y
3IaTHICTH OYHKepa A7 iX CIIPHAHATTS.

np. ACTY-H b EN 1991-4:20XX

discharge arrangements apply to the design rules
for silos:

—  filling involves only negligible inertia ef-
fects and impact loads;

—  where discharge devices are used (for ex-
ample feeders or internal flow tubes) solids
flow is smooth and central.

(6) Only hoppers that are conical (i.e. axisym-
metric), square pyramidal or wedge-shaped (i.e.
with vertical end walls) are covered by this
standard. Other hopper shapes and hoppers with
internals require special considerations.

(7) Some silos with a systematically non-
symmetric geometry are not specifically covered
by this standard. These cases include a chisel
hopper (i.e. a wedge hopper beneath a circular
cylinder) and a diamond-back hopper.

(8) The design rules for tanks apply only to
tanks storing liquids at normal atmospheric
pressure.

(9) Actions on the roofs of silos and tanks are
given in  EN 1991-1-1, EN1991-1-3 to
EN 1991-1-7 and EN 1991-3 as appropriate.

(10) The design of silos for reliable solids dis-
charge is outside the scope of this standard.

(11) The design of silos against silo quaking,
shocks, honking, pounding and silo music is
outside the scope of this standard.

NOTE: These phenomena are not well understood, so the

use of this standard does not guarantee that they will not
occur, or that the structure is adequate to resist them.



np. ICTY-H b EN 1991-4:20XX

1
/I\ \J/"-'!p\

= i ~ .
é’“ I I’ig p— —
| z
| —
I Ph J
h, | r S (_I _FJ
! hy —_
2 4
e P P
e %
p
B pn\
3 \+/ \I/ \ /
Dt ,/
a - reomeTpuyHa Hpopma; b - eKCIIEHTPUCUTETH; C - THCK 1 TepTH,
a) Geometry b) Eccentricities c¢) Pressures and tractions
AU =rl2 AU =al4 AU =(b/2)/ (1+bra)
a
./%a,
AU=3 (a4)=d /4
d - dbopmu nonepedHoro nepepizy
d) Cross-section shapes
Po3’sacuenns Key

1 €KBiBaJICHTHA TIOBEPXHS CHUIIKOTO MaTe- 1 Equivalent surface

piany; 2 Inside dimension

2 BHYTPIILIHIN po3Mip; 3 Transition

3 nepexis; 4 Surface profile for full condition
4 npodinb MOBEpXHI IMPH 3allOBHEHOMY 5 Silo centre line

OyHKepi;

5 [IEHTpajbHa Bich OyHKEpa

Pucynok 1.1 — ®opmu OyHKepiB i3 3a3HAYEHHSAM I'€OMETPUYHHX ITapaMeTpPiB 1 HABAHTAXKCHb

Figure 1.1: Silo forms showing dimensions and pressure notation
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1.2 HopmaTuBHi nocu/jiaHHs

Jlauuii craHAapT BKIIOYae B ceOe 3a JOMOMO-
ol JaTOBaHMX a00 HEJATOBAHUX IIOCHJIaHb
BUMOTH 3 1HIIUX AOKyMeHTIB. Lli HopmaTuBHI
MMOCHWJIAHHS HABEJCHI Yy BIAMOBITHUX MiCIISIX
TEKCTY; BIAMOBITHI JTOKyMEHTH NepepaxoBaHi
Hkde. JIJIg JaTOBaHWX TOCWJIaHb HACTYITHI
3MiHH 200 peakiii UX JOKYMEHTIB 3aCTOCO-
BYIOTBCS JI0 JAHOTO CTaHIAPTy TUTBKHU TILIS-
XOM JIOZaBaHHs 0 HHOTO 3MiH ab0 MpHU HOBIH
penakii. Jiist HeTaTOBaHUX MOCWIIAHB JIHCHO
OCTaHHE BHUJAHHS JOKYMEHTa (BKIIOYAIOYU
3MIHH).

ISO 3898:1997. OcHOBH NPOEKTYBaHHS KOHC-
TpyKuii. [IpumitTku. 3aranbHi CHMBOJIH.

Mpumirka. Tlepenik €BpomeMCchKUX  CTaHIAPTIB
(omyGuikoBaHUX ab0 SKi 3HAXOIATHCS Ha MIATOTOBI 10
myOikaitii), IPOIMTOBAHUX Y BiMOBITHUX MICISIX TCK-
CTy:

JACTY-H b EN 1990:2008 «EBpoxon. OcHOBH IpoeK-
tyBaHHA KoHCTpyKLid (EN 1990:2002, IDT).

JCTY-H b EN 1991-1-1:2010 «€Bpokoxn 1. [ii Ha
koHCTpykuii. Yactuna 1-1. 3aranesi aii. [lutoma Bara,
BJIaCHA Bara, CKCIUTyaTalliiiHi HaBaHTa)XEHHS YIS CIIO-
pya (EN 1991-1-1:2002, IDT)»

JACTY-H b EN 1991-1-2:2010 «€Bpokox 1. Mii Ha
koHCTpykmii. Yactura 1-2. 3arameni pgii. [ii =Ha
koHCTpyKmii mix gac moxkexi (EN 1991-1-2:2002,
IDT)»

JCTY-H b EN 1991-1-3:2010 «EBpokox 1. Jlii Ha
koHCcTpykiii. Yactuua 1-3. 3arameni nii.  CHIirosi
naBanTaxxeHHs (EN 1991-1-3:2003, IDT)»

JACTY-H b EN 1991-1-4:2010 «EBpoxox 1. [Iii Ha
koHCTpykmii. YactmHa 1-4. 3arameHi nii.  Birposi
HaBanTaxeHss (EN 1991-1-4:2005, IDT)»

JCTY-H B EN 1991-1-5:20XX «€EBpokox 1. il Ha
koHCTpykiii. Yactuna 1-5. 3aranehi mii. Temtoi mii
(EN 1991-1-5:2003, IDT)»

JACTY-H B EN 1991-1-6:20XX «EBpoxox 1. Mii Ha
koHCTpyKkmii. Yactura 1-6. 3arampni mii. Jii mix gac
3BeaeHHs (EN 1991-1-6:2005, IDT)»

JCTY-H b EN 1991-1-7:2010 «EBpokox 1. Jlii Ha
koHCTpykiii. Yactuna 1-7. 3aramphi nii. OcoOnusi
quHamiuHi BBy (EN 1991-1-7:2006, IDT)»

JCTY-H b EN 1991-2:2010 «E€Bpokox 1. lii Ha xoHC-
Tpykuii. YactuHa 2. Pyxomi HaBaHTa)XeHHS Ha MOCTH
(EN 1991-2:2003, IDT)»

JCTY-H b EN 1991-3:20XX «€EBpoxox 1. Jlii Ha koH-
crpykuii. Yactuna 3. 3aranehi aii. Jlii, 1m0 BUKIHKaHI
kpanamu Ta o0nagHanHsM (EN 1991-3:2006, IDT)»

JACTY-H B EN 1992 «€EBpokox 2. IIpoextyBaHHS
3a71i300€TOHHIX KOHCTPYKILiil», BC1 YaCTUHI

np. ACTY-H b EN 1991-4:20XX

1.2 Normative references

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

ISO 3898:1997 Basis of design for structures:
Notation. General symbols

NOTE: The following European Standards which are pub-
lished or in preparation are cited at the appropriate places
in the text:

EN 1990 Basis of structural design

EN 1991-1-1 Eurocode 1:  Actions on structures:
Part 1.1: Densities, self-weight and imposed loads

EN 1991-1-2 Eurocode 1:  Actions on  structures:
Part 1.2: Actions on structures exposed to fire

EN 1991-1-3 Eurocode 1: Actions on  structures:
Part 1.3: Snow loads

EN 1991-1-4 Eurocode 1:  Actions on  structures:
Part 1.4: Wind actions

EN 1991-1-5 Eurocode 1: Actions on  structures:
Part 1.5: Thermal actions

EN 1991-1-6 Eurocode 1:  Actions on  structures:

Part 1.6: General actions. Actions during execution

EN 1991-1-7 Eurocode 1:
Part 1.7: Accidental actions

Actions on structures:

EN 1991-2 Eurocode 1: Actions on structures: Part 2:
Traffic loads on bridges

EN 1991-3 Eurocode 1: Actions on structures: Part 3:
Actions induced by cranes and machinery

EN 1992 Eurocode 2: Design of concrete structures

11
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EN 1992-4. €poxox 2. [IpoekTyBaHHS KOHCTPYKIIiH 3
6erony. Yactuna 4. OnopHi cropyau i cropyau 3 pe-
3epByapamu 3 OETOHY

JACTY-H b EN 1993 «Espoxon 3. [IpoexTyBaHHs cTa-
JIEBUX KOHCTPYKIii», BC1 YaCTHHH

JACTY-H b EN 1993-1-6:2011 «€EBpoxox 3. Ilpoexry-
BaHHS CTaJIeBUX KOHCTpYyKmid. Yactmra 1-6. MinHICTH
Ta criiikicts 06omoHoK (EN 1993-1-6:2007, IDT)»

JACTY-H b EN 1993-4-1:20XX «Epoxon 3. IIpoexTty-
BaHHS cTaleBUX KOoHCTpykuidd. Yactmra 4-1. Cumocu
(EN 1993-4-1:2007, IDT)»

JACTY-H b EN 1993-4-2:20XX «EBpoxoz 3. ITpoexTty-
BaHHS CTaJIEBUX KOHCTpyKuii. Yactuna 4-2. Pesepya-
pu (EN 1993-4-2:2007, IDT)»

JACTY-H b EN 1994 «Espoxon 4. [IpoexTyBaHHs cTa-
Ne3aMi300€TOHHNX KOHCTPYKIIH, BCl YaCTHHU

JACTY-H b EN 1995 «€EBpokon 5. IlpoekryBanus ne-
PEB’SIHUX KOHCTPYKIii», BC1 9aCTHHU

JACTY-H B EN 1996 «EBpokon 6. IIpoexTyBaHHS
KaM’SIHUX KOHCTPYKLii», BCl YaCTHHU

JCTY-H b EN 1997 «€Bpoxon 7. I'eoTexHiuHEe pOEK-
TYBaHHS», BC1 YaCTUHU

JACTY-H b EN 1998 «€Bpoxon 8. [IpoexTyBaHHs cell-
CMOCTIHKHX KOHCTPYKIii1», BCI YaCTUHU

JACTY-H B EN 1999 «€EBpokox 9. IlpoexryBaHHS
AIFOMiHI€BUX KOHCTPYKIIi», BCl YaCTHHU

1.3 IlepeaymoBu

(1)P 3acTtocoByroThCsi 3arajibHI MEepeayMOBH,
3asznaveni B 1.3 ICTY-H b EN 1990.

1.4 BiaMiHHOCTI MiK IPUHIMIAMY i
NMpaBUJIaMH, 110 3aCTOCOBYIOThCS

(1) B 3anmexxHOCTI Bij 3MicTy OKpemux ab3a-
I[iB, y LI YacCTHHI CTaHIAPTy PO3PI3HSIIOTH
NPUHIAIHN 1 32CTOCOBYBaHI IMpaBuIa.

(2) ITpuHIMTIN BKITFOYAIOTH:

—  3araJibHi TBEp/UKECHHS 1 BU3HAYEHHS, JUIS
SKUX HE ICHY€ allbTepHATHUBY;

— BHMOTH Ta pO3pPaxyHKOBI MoJemi, s
AKX aJIbTCPHATHBA HC JO3BOJICHA, 3a BU-
HSITKOM SIBHO 3a3HaU€HHUX BHUITA]IKIB.

(3) [Ipunuunu mo3HavyaroThcsi OykBoOIO P, ska
CITiTye 3a HOMEpoM ab3arry.

(4) 3acrocoByBaHi TpaBWia SBISIIOTH COOOIO
3araJbHOBU3HAHI MOJIOKEHHS, Kl BUXOIITH 3
MIPUHITUIIIB 1 3JJ0BOJILHSIOTH 1X BUMOTaM.
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EN 1992-4 Eurocode 2: Design of concrete structures:
Part 4: Liquid retaining and containment structures

EN 1993 Eurocode 3: Design of steel structures

EN 1993-1-6 Eurocode 3: Design of steel structures:
General rules: Part 1.6: Supplementary rules for the
strength and stability of shell structures

EN 1993-4-1 Eurocode 3: Design of steel structures:
Part 4.1: Silos

EN 1993-4-2 Eurocode 3: Design of steel structures:
Part 4.2: Tanks

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 earth-
quake resistance

EN 1999 Eurocode 9: Design of aluminium alloy struc-
tures

1.3 Assumptions

(1)P The general assumptions given in EN 1990,
1.3 apply.

1.4 Distinction between principles and
application rules

(1) Depending on the character of the individual
paragraphs, distinction is made in this part be-
tween principles and application rules.

2) The principles comprise:
(2) The princip p
—  general statements and definitions for

which there is no alternative, as well as

—  requirements and analytical models for
which no alternative is permitted unless
specifically stated.

(3) The principles are identified by the letter P
following the paragraph number.

(4) The application rules are generally recog-
nized rules which follow the principles and sat-
1sfy their requirements.



(5) JomyckaeTbcss BUKOPUCTOBYBATH allbTep-
HATHBHI MpaBWJa Ha BiAMiHY BiJl 3aCTOCOBY-
BaHUX TPABWI IIbOTO CTAHAAPTY, SKIIO AJIbTe-
pHATHBHI MpaBWJIa BiANOBIIAIOTh MPUHIIUIIAM
1 3a0€3MeYy0Th HE MEHIITUHN PIBEHb HAIHHOC-
Ti.

(6) Y upoMy cTaHmapTi 3aCTOCOBYBaH1 MpaBH-
Ja TO3HAYAIOTHCS YHCIOM B JTY)KKaxX, HarpH-
KJ1aJ, K JaHWi a03all.

1.5 Buznauenus

Ha meit CranmapT mommprorThCsS BHU3HAUYCH-
Hs, HaBeneHi B 1.5 JICTY-H b EN 1990. Ha-
CTYMHI JOJATKOBI BHU3HAYEHHS BIIHOCATHCS
CHEIaIbHO JI0 IIbOTO CTaHAaPTY.

1.5.1

AHUIIe OyHKepa 3 aepauicio

mijgctaBa OyHKepa, B SKOMY IPOXOAHWTH abo
HarHITA€ThCS TOBITPS AJIA aKTUBI3ALIi PyXy
MMOTOKY Marepiany Ha JgHUIe OyHKepa (IuB.
pucyHok 3.5, b).

1.5.2

XapaKTepUCTHYHHUN PO3Mip BHYTPIIIHBOIO
NoNepPeyYHoro nepepizy OyHkepa
XapaKTEPUCTHYHUM PO3MIpOM d,. € aiamerp
HaOIIBIIOr0 BMMCAHOTO KOJa BCEPEAMHI IO-
nepevyHoro mnepepizy OyHKepa (OuUB. pHUCY-
HoK 1.1, d).

1.5.3

KpyrJmii OyHkep

OyHKep, MmomnepedHuil mepepi3 axoro mMae ¢op-
My Kouna (nuB. pucyHok 1.1, d).

1.54

34ernuieHHs (Kore3is)

3CyBHA MIIHICTh MaTepiaiy, o 30epiraeTbces,
KOJIU HOpMallbHI HAaNpy>XXeHHS MO0 IJIOLIMHI
3CyBY JOPIBHIOIOTH HYJTIO.

1.5.5

KOHIYHA BOPOHKA

BOpOHKa, Yy SKil moxmiaa OOKOBa IMOBEpPXHS
30iraeThCsi B HANPSIMKY JI0 OJIHI€T TOYKH, 3 Me-
TOIO 3a0€3MeYeHHsI OCECUMETPUYHOIO MOTOKY .

np. ACTY-H b EN 1991-4:20XX

(5) It is permissible to use alternative rules dif-
ferent from the application rules given in this
Eurocode, provided it is shown that the alterna-
tive rules accord with the relevant principles and
have at least the same reliability.

(6) In this part the application rules are identi-
fied by a number in parentheses, e.g. as this par-
agraph.

1.5 Definitions

For the purposes of this standard, a basic list of
definitions is provided in EN 1990, 1.5 and the
additional definitions given below are specific to
this part.

1.5.1

aerated silo bottom

a silo base in which air slides or air injection is
used to activate flow in the bottom of the silo
(see figure 3.5b)

1.5.2

characteristic dimension of inside

of silo cross-section

the characteristic dimension d,. is the diameter

of the largest inscribed circle within the silo
cross-section (see Figure 1.1d)

1.5.3

circular silo

a silo whose plan cross-section is circular (see
Figure 1.1d)

1.54

cohesion

the shear strength of the stored solid when the
normal stress on the failure plane is zero

1.5.5

conical hopper

a hopper in which the sloping sides converge
towards a single point intended to produce ax-
isymmetric flow in the stored solid

13
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1.5.6

BHBAHTAKEHHA 3 eKCIEHTPUCHUTETOM
po(d Tk TOTOKY B MaTepiai mo 30epiraerscs,
BUHHUKAIOUYMHA MIPU pycCl MaTepiany 3 HECUMET-
PUYHUM  PO3IMOJIIOM HIOJ0 BEPTHKAIBHOL
LIEHTpaJIbHOI Bici OyHKepa. 3a3BHuail Lie € Ha-
CJIIIKOM pO3TallyBaHHS BHUXIJHOTO OTBODPY 3
EKCIICHTPUCUTETOM (IUB. pucyHku 3.2, ¢), d) i
3.3, b), ¢), ane e MOXKe BUKIUKATHUCS 1 1HIIH-
MU HECUMETPUYHUMH SIBUIAMH (AMB. PUCY-
HOK 3.4, d).

1.5.7

3alOBHEHHS 3 eKCIEHTPHCUTETOM

CTaH, ITPH SKOMY BEpIIMHA HACUITHOI MOBEPXHI
CHUIIKOTO MaTtepiairy IMicis 3allOBHEHHS OyHKe-
pa abo B mpolieci 3aNOBHEHHSI HE PO3TaIIOBY-
€TBCA 110 BEPTUKAJIBHIA IEHTpalbHIN Bici Oy-
HKepa (IuB. pucyHok 1.1, b).

1.5.8

eKBiBAJIECHTHA MOBEPXHS

TOPU3OHTAJIBLHUN PIBEHb IOBEPXHI, IO A€
TOM camuii 00’ €M 30epeKEHOr0 MaTepialy, 0
1 aificHa (hopma MOBEPXHI.

1.5.9

BOPOHKA 3 PO3IIMPEHUM MOTOKOM

BOPOHKA, y SIKOi OOKOBa MOBEPXHS B HIDKHIN
YaCTUHI € JOCUTh KPYTOIO Uil YTBOPEHHS Ma-
COBOTO TOTOKY, TOXI SIK BOPOHKA Y BEpXHIH
YaCTHHI Ma€ MOJIOTy OiYHy MOBEPXHIO, 33 pa-
XYHOK 4YOro TaM TIOBUHEH OYIKyBaTHCSA
HEHTpadbHUI MOTIK (OuUB. pucyHok 3.5, d).
Take po3MILIECHHS 3MEHILYE BUCOTY BOPOHKHU
Ipy OJHOYACHOMY 3a0e3ledyeHHl HaliiHOTO
PO3BaHTAKCHHSI.

1.5.10

IJIOCKe JTHHIIE

BHYTpIIIHS TijcTaBa OyHKEpa 3 HAaXHJIOM [0
TOPU30HTaJI MeHIIe 5°.

1.5.11

¢popma noroxy

¢dopMa cTasoro MoTOKy MaTepiaiy, 10 BUTI-
kae (muB. pucynku 3.1 - 3.4). ByHkep npu
[IbOMY 3HAXOJUTHCS MPAKTUYHO B IOBHICTIO
3alIOBHEHOMY CTaHi.
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1.5.6

eccentric discharge

flow pattern in the stored solid arising from
moving solid being unsymmetrically distributed
relative to the vertical centreline of the silo. This
normally arises as a result of an eccentrically
located outlet (see Figures 3.2¢ and d, 3.3b and
c¢), but can be caused by other unsymmetrical
phenomena (see Figure 3.4d)

1.5.7

eccentric filling

a condition in which the top of the heap at the
top of the stored solids at any stage of the filling
process is not located on the vertical centreline
of the silo (see Figure 1.1b)

1.5.8

equivalent surface

level surface giving the same volume of stored
solid as the actual surface (see Figure 1.1a)

1.5.9

expanded flow hopper

a hopper in which the lower section of the hop-
per has sides sufficiently steep to cause mass
flow, while the upper section of the hopper has
shallow sides and funnel flow is expected (see
Figure 3.5d). This expedient arrangement reduc-
es the hopper height whilst assuring reliable dis-
charge

1.5.10

flat bottom

the internal base of a silo, when it has an incli-
nation to the horizontal less than 5°

1.5.11

flow pattern

the form of flowing solid in the silo when flow
is well established (see Figures 3.1-3.4). The
silo is close to the full condition



1.5.12

Marepiaj B miABillIeHOMY CTaHi

cTaH 30epeKeHoro NpiOHO MOAPIOHEHOTO Ma-
Tepiay, KOJIM B Horo 00'eMi IpUCYTHS BEJIHKA
KUIBKICTh TIOpP TIOBITPS, TUCK SIKOTO KOMIICH-
Cye Bary uacTok Matepiamy. [loBiTps Moxe
BHOCHUTHCS IIJITXOM HAarHITaHHs abo B mporieci
3amoBHeHHs. CHUIy4nii MaTepiall BBa)Ka€ThCS
YaCTKOBO IMiABIIIEHUM, SKIIO TIJIbKHA YacTHHA
BarM YacTOK CHUIIKOTO MaTepiary KOMIIEHCY-
€THCSl BHYTPIIIHIM THCKOM TIOBITPSI.

1.5.13

BiJIbHO MOTOYHMI TPaAHyIbOBAHMI
Marepiaj

rpaHyJbOBaHUI CHUIyuuil MaTepiai, MOBEIiH-
Ka SIKOTO IpHU TeYil HE MAa€ CYTTEBOI 3aJIEKHO-
CTI BiJ] CHJI 3YEIUJICHHS.

1.5.14

MOBHICTIO 3aIIOBHEHHU I CTaH

OYHKEp 3HAaXOJWUTHCS B TMOBHICTIO 3aITOBHEHO-
My CTaHi, SIKIIO MMOBEPXHS MaTepiainy, 1o 30e-
piraerbcs, 3HAXOJUTHCSI B CBOEMY MaKCHMa-
JTHFHO BEPXHBOMY TIOJIOKEHHI, SIKE MOXKIIMBE
MPOTSITOM PO3PAXyHKOBOTO TEPMIHY CIYKOH
OyHkepa. Lle npuiiMaeTbCst B SIKOCTI pO3paxy-
HKOBOTO CTaHy OyHKepa.

1.5.15

MOTIK, 110 3BYKY€ThCHA

¢dbopma MOTOKY, TPU SIKOMY YTBOPIOETHCS Ka-
HaJ Teyil MaTepiany B Mexax 0OMexXeHOl 30HU
BUIIIE BUXITHOTO OTBOPY 1 MaTepiai, 10 MpH-
MHUKAa€ 10 CTIHKH OiJi1 BUXITHOTO OTBOpY, 3a-
JIMIIAETHCS HEPYXOMUM (JMB. PHUCYHOK 3.1).
Kanan Ttedii MO)ke KOHTAaKTyBaTH 3 BEpTHKa-
JHHOIO CTIHKOIO OyHKepa (3MiIIaHWH IOTIK)
abo BIH MOXXE MOLIMPIOBATUCS 10 BEPXHHOT
MOBEpXHI 0€3 KOHTAKTy 31 CTIHKaMm# (TOTIK B

TpyOi).

1.5.16

rpanyJ/JbOBaHUii MaTepiaj

nopiOHeHWH MaTepiall, B SIKOMY YacTKH JI0-
CUTH BEJHKIi, 1100 BHYTPIIIHE MOBITPS YHHHIIO
HE3HAYHWH BIUIMB HA THCK 1 BUTIKaHHS BEJH-
KHX Mac Marepiaiy.

np. ACTY-H b EN 1991-4:20XX

1.5.12

fluidized solid

a state of a stored fine particulate solid when its
bulk contains a high proportion of interstitial air,
with a pressure gradient that supports the weight
of the particles. The air may be introduced either
by aeration or by the filling process. A solid
may be said to be partially fluidized when only
part of the weight of particles is supported by
the interstitial air pressure gradient

1.5.13

free flowing granular solid

a granular solid whose flowing behaviour is not
significantly affected by cohesion

1.5.14

full condition

a silo is said to be in the full condition when the
top surface of the stored solid is at the highest
position considered possible under operating
conditions during the design life-time of the
structure. This is the assumed design condition
for the silo

1.5.15

funnel flow

a flow pattern in which a channel of flowing sol-
id develops within a confined zone above the
outlet, and the solid adjacent to the wall near the
outlet remains stationary (see Figure 3.1). The
flow channel can intersect the vertical walled
segment (mixed flow) or extend to the surface of
the stored solid (pipe flow)

1.5.16

granular solid

a particulate solid in which all the particles are
so large that interstitial air plays a small role in
determining the pressures and flow of large
masses of the solid

15
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1.5.17

BHCOKA IIBUAKICTH 3alI0BHEHHA

cTaH B OyHKepi, KOJIM IIBUJIKICTh 3alIOBHCHHS
BUKIIMKA€ 3aTSATHEHHS MOBITPS BCEpEIUHY Ma-
Tepiary, Mo 30epiraeTscs, B Takid KUTBKOCTI,
IO 1€ MPHU3BOAUTH 0 3HAYHOI 3MIHU THUCKIB
Ha CTIHKM OyHKepa B IOpIBHSIHHI 3 Marepia-
J0M 6€3 TOBITpSI.

1.5.18

OyHKep AJis1 MaTepiagy B OTHOPIAHOMY
niaBilIeHoOMYy CcTaHi

OyHKep, B SIKOMY NOJIpIOHEHU MaTepiaj 3Ha-
XOJUTHCS B MIABIIICHOMY CTaHI sl TOJer-
ICHHS TIEPEMIITyBaHHSI.

1.5.19
BOPOHKA
THUIIE OYHKepa 3 MOXUIMMH CTIHKAMHU.

1.5.20
Koe(dilieHT TUCKY BOPOHKH F
BIJIHOILICHHS HOPMAJIbHOIO TUCKY p, Ha IO-

XWITy CTIHKY BOPOHKH JI0 CEpEIHBOIO BEPTH-
KaJbHOTO THUCKY p, B Marepiani Ha TOMY X

pIBHI.

1.5.21

OyHKep cepeIHbOI THYYKOCTI

OyHKep, A SKOr0 BHUKOHYETbCS YMOBa
1,0<h./d,.<2,0 (BUKIIOYEHHS BH3HAuYCHI B

3.3).

1.5.22

BHYTPIilIHii noTik B TPYOi

¢opMa oToKy B TpyOl, B IKOMY MeKa KaHAITy
BUTIKAHHS TOIIUPIOETHCS 10 MOBEPXHI MaTe-
piamy 0e3 KOHTaKkTy 3i CTiHKamMH OyHKepa
(nuB. pucynku 3.11 3.2).

1.5.23

Koe@inieHT 00K0BOro THCKY K

BIJTHOILIEHHSI CEPEJAHBOI0 TOPU3OHTAILHOTO
TUCKY Ha BEpTHKAJIbHY CTIHKY OyHKepa JI0 ce-
PEIHBOTO BEPTUKAIBHOTO THUCKY B Martepiaii
Ha TOMY K PiBHI.
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1.5.17

high filling velocity

the condition in a silo where the rapidity of fill-
ing can lead to entrainment of air within the
stored solid to such an extent that the pressures
applied to the walls are substantially changed
from those without air entrainment

1.5.18

homogenizing fluidized silo

a silo in which the particulate solid is fluidized
to assist blending

1.5.19
hopper
a silo bottom with inclined walls

1.5.20
hopper pressure ratio ~
the ratio of the normal pressure p, on the slop-

ing wall of a hopper to the mean vertical stress
p, in the solid at the same level

1.5.21
intermediate slenderness silo
a silo where 1,0<h,./d.<2,0 (except as de-

fined in 3.3)

1.5.22

internal pipe flow

a pipe flow pattern in which the flow channel
boundary extends to the surface of the stored

solid without contact with the wall (see Figures
3.1and 3.2)

1.5.23

lateral pressure ratio K

the ratio of the mean horizontal pressure on the
vertical wall of a silo to the mean vertical stress
in the solid at the same level



1.5.24

HHM3bKe 3YellJIeHHS

mpo0a CHUIIKOTO MaTepialy Ma€e HU3bKE 3Yell-
JIEHHS, SIKIO KOe(IIi€HT 34EIUICHHS ¢ CTaHO-
BUTH MeHIIEe HiX 4 % BiJl THCKY ITOYaTKOBOTO
YIIUIBHEHHS G, (METOJ BU3HAYEHHS 34el-

neHHs 3a3HaueHuii y C.9).

1.5.25

MacCOBHMH NMOTIK

¢dopma MOTOKY, IpU SKOMY BCi YaCTKH Mare-
piay, mo 30epiraerscsi, PU BUBAHTAXKCHHI
pYyXaroTbCs OAHOYACHO (TiIpaBiiuHe BUTIKaH-
Hs) (AuB. pucyHok 3.1, a).

1.5.26

3MilIAHMI MOTiK

¢dbopmMa MOTOKY IO 3BYXKYETbCS, IPU SKOMY
KaHaJl 3aKIHYEHHS CTUKA€ThCA 3 BEPTUKAIIb-
HOIO CTIHKOIO OyHKepa HUXK4e MOBEPXHI CHUII-
Koro marepiany (nuB. pucyHku 3.1, c 1 3.3).

1.5.27

He Kpyr/uii OyHkep

OyHKep 3 TONEPEYHUM MEepepi3oM HE KPYTIIoi
¢dbopmu (nuB. pucyHnok 1.1, d).

1.5.28

cuny4ui (moapioHeHmnit) marepiana

TBEpJUK MaTepial, IO CKJIAJaeThes 3 0e3mivl
OKPEeMHUX HE3AJICKHUX YACTOK.

1.5.29

MicLeBe po3nojijiecHe HABAHTAKEHHS
JIOKAJIbHUH THCK, L0 JIi€ B MeKaX NEBHOI 30HU
Ha JIOBUIbHY YaCTHHY BEPTHKAJIbHOI CTIHKH
OyHKepa.

1.5.30

NMOTIK B TPYOi

dhopma MOTOKyY, pH STKOMY CHUITYIHI MaTepiai
PYXa€EThCsl Y BEPTHKAIBHOMY a00 Maiike Bep-
TUKAJIHbHOMY KaHaJl HaJ BUXITHUM OTBOPOM,
ayie OJIM3HKO KaHAITy BUTIKAHHS 3HAXOIUTHCS B
HEepyXxoMoMy cTaHi (muB. pucyHku 3.1,b 1
3.2). TIoTik MOXK€ 3HAXOAMTHCS OIS CTIHKH
OyHKepa, SIKIIO BUXIJTHUHN OTBIp pO3TAIIOBaHO
3 eKCUEHTPUCUTETOM (JIMB. PUCYHKH 3.2,¢C) 1
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1.5.24

low cohesion

a particulate solid sample has low cohesion if
the cohesion c is less than 4% of the preconsol-
idation stress &, (a method for determining co-

hesion is given in C.9)

1.5.25

mass flow

a flow pattern in which all the stored particles
are simultaneously in motion during discharge
(see Figure 3.1a)

1.5.26

mixed flow

a funnel flow pattern in which the flow channel
intersects the vertical wall of the silo at a point

below the solid surface (see Figures 3.lc and
3.3)

1.5.27

non-circular silo

a silo whose plan cross-section is in any shape
that is not circular (see Figure 1.1d)

1.5.28

particulate solid

a solid in the form of many discrete and inde-
pendent particles

1.5.29

patch load

a local load taken to act over a specified zone on
any part of the vertical wall of a silo

1.5.30

pipe flow

a flow pattern in which the particulate solid in a
vertical or nearly vertical channel above the out-
let is in motion, but is surrounded by stationary
solid (see Figures 3.1b and 3.2). Flow may oc-
cur against the silo wall if the outlet is eccentric
(see Figures 3.2¢ and d) or if specific factors
cause the channel location to move from above
the outlet (see Figure 3.4d)

17
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d) abo sxmo cnemianbHi GaKTOPH MPU3BOAATH
JI0 TOro, L0 KaHajJ BUTIKaHHSA BIIAXWISETbCA
BiJl BEPTHKAJIBHOI BiCl HaJ OTBOPOM (IUB. PH-
cyHok 3.4, d).

1.5.31

IJIOCKHH MOTIK

¢dopma TOTOKY B OyHKEpi MPSMOKYTHOTO a00
KBaJPaTHOTO MEPETUHY 3 BOPOHKOIO, III0 MAa€
NIUIMHAWUA BUXigHUE oTBip. IllinmuHHEMN OTBIp
PO3TaIIOBAHO MapajiesibHO IBOM CTiHKaMm OyH-
Kepa i JOPIBHIOE JOBXKHHI ITUX CTIHOK.

1.5.32

NOPOLIKONOAIOHNI MaTepian

y IIbOMY CTaHJApTi TaK Ha3MBAETHCS MaTepial,
CepedHiii po3Mip YACTOK SKOTO MEHIIUH
0,05 Mm.

1.5.33

THCK

BiJTHOIICHHSI CWJIH, IIO i€ MEPICHIAUKYISIPHO
CTIiHIII OyHKEepa, 10 OJMHUIII TUTOIIII.

1.5.34
nianipHuii OyHkep
OyHKep 3 IUIOCKUM AHUILEeM pu h,./d, < 0,4.

1.5.35

MOJIOTa BOPOHKA

BOPOHKA, B SIKOT MICJIS 3allOBHEHHsS OyHKepa
HE peali3yeThCs MOBHE 3HAYCHHS TEPTS 00
CTIHKH.

1.5.36

OyHKep

yTpUMYyHO4a KOHCTPYKIliSA IJisi 30€piraHHs Io-
npiGHEHoTo TBepAoro Matepiany (Tob6to OyH-
Kep, KopoO abo cuitoc).

1.5.37

THy4YKkHii OyHKep

OyHKEp 3 BIJIHOIIEHHSM BHUCOTH /10 XapakTe-
pucTHYHOro posmipy h./d.>2,0 abo OyH-

Kep, SKUU BIAMOBIZa€ JOAATKOBUM YMOBaM
(muB. 3.3).
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1.5.31

plane flow

a flow profile in a rectangular or a square cross-
section silo with a slot outlet. The slot is parallel
with two of the silo walls and its length is equal
to the length of these walls

1.5.32

powder

for the purposes of this standard, a solid whose
mean particle size is less than 0,05 mm is
classed as a powder

1.5.33
pressure
force per unit area normal to a wall of the silo

1.5.34

retaining silo

a silo whose bottom is flat and where
h./ld.<04

1.5.35

shallow hopper

a hopper in which the full value of wall friction
is not mobilized after filling the silo

1.5.36

silo

containment structure used to store particulate
solids (i.e. bunker, bin or silo)

1.5.37
slender silo
a silo where h,./d_. > 2,0 or that meets the addi-

tional conditions defined in 3.3



1.5.38
THYYKIiCTh
BIJTHOLIEHHSI BUCOTH 110 aiamerpa h,/d, Bep-

TUKAJIBHOTO Tepepizy OyHKepa.

1.5.39

OyHKep MaJI0i THYYKOCTIi

OyHKep 3 BiIJHOIICHHSM BHCOTH JI0 XapakTe-
puctuuHoro posmipy 0,4 <h,./d.<1,0 abo
OyHKep, SKUH BIANOBIJAa€ JOJATKOBUM YMO-
BaMm (auB. 3.3). Sxmo 4. /d,. < 0,4, 10 OyHKEp

€ OyHKEepOM MaJioi THYYKOCTI NP HasBHOCTI
BOPOHKH 1 MAMPHUM OYHKEPOM MPH IJIOCKO-
MY JTHHMIIIL.

1.5.40

KPYyTa BOPOHKA

BOPOHKa, B SIKOI IICJIA 3allOBHEHHsS OyHKepa
peanizyeThCsl TIOBHE 3HAYEHHS TepTA 00 CTiH-
KH.

1.5.41

THCK B CHIIKOMY MatepiaJi

CHJla Ha OJMHHUIIO IUIOII BCEPEIMHI CHIIKOTO
MaTepiay 1o 30epiraerbces.

1.5.42

pe3epByap

yTpUMYIO4a KOHCTPYKIIisl i 30epiraHHs pi-
TIVH.

1.5.43

TOBCTOCTIHHMI OyHKep

OyHKEp 3 BiJHOLICHHSM XapaKTEPUCTHIHOTO
pO3Mipy 10 TOBIIMHU CTiHKM MEHBIIUM HIXK
d./t=200.

1.5.44

TOHKOCTIHHUN WIIHAPUYHUI OyHKep
KpyTJnid OYHKEp 3 BiTHOIICHHSIM XapaKTepHUC-
TUYHOTO PO3MIPY 10 TOBLIMHU CTIHKHU OiJib-
muM Hix d,/t =200 .

1.5.45

JDOTHYHHH THCK

BiJIHOILIEHHS CHJIU, IIIO JIi€ TapanelbHO CTIHII
OyHkepa (BepTHKaIbHOI ab0 MOXWIIOi), [0
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1.5.38
slenderness
the aspect ratio 4,./d_. of the silo vertical section

1.5.39

squat silo

a silo where 0,4 <h,/d. < 1,0 or that meets the
additional conditions defined in 3.3. Where
h./d.<0,4 the silo is squat if there is a hopper,

but a retaining silo if the bottom is flat

1.5.40

steep hopper

a hopper in which the full value of wall friction
is mobilized after filling the silo

1.5.41
stress in the stored solid
force per unit area within the stored solid

1.5.42
tank
containment structure used to store liquids

1.5.43

thick-walled silo

a silo with a characteristic dimension to wall
thickness ratio less than d ./t = 200

1.5.44

thin-walled circular silo

a circular silo with a diameter to wall thickness
ratio greater than d_./t =200

1.5.45

traction

force per unit area parallel to the wall of the silo
(vertical or inclined)

19
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OJIMHULI TUIOLL.

1.5.46

nepexiiHuii By30.1

NEPEeTHH BOPOHKHU 1 BEPTHKAIBHOI CTIHKU Oy-
HKepa.

1.5.47

BEPTUKAJIbHUH CTBOJI

yacTuHa OyHKepa abo pe3epByapa 3 BEpTHKa-
JbHAMH CTIHKaMHU.

1.5.48

KJIMHONOAI0HA BOPOHKA

BOPOHKA, Yy SIKOT MOXHJII TOBEPXHI CXOASATHCS B
ONHIN TIOMMHI (3 BEPTHKAIBHIUMH TOPIICBH-
MU CTIHKaMH) JAJisi CTBOPEHHS TIOCKOTO BUTI-
KaHHS B CUIIKOMY MarepiaJli.

1.6 Ilo3Hauku

[lepenik OCHOBHUX CHMBOJIIB MICTUTBCA B
JACTY-H b EN 1990. [/lani Bka3yroTbcs q0/1a-
TKOBI CUMBOJIM JJIsl LIbOTO CTAaHAApTy. 3acTo-

COBYBaHI CHMBOJIM TPYHTYIOThCcs Ha Ha ISO
3898:1997.

1.6.1 Bestuki 1aTHHCHKI JiTepn

A IUIOIIAa TOPU3OHTAIBHOIO IIONEpey-
HOT'O Tepepi3y BEepTUKAIbHOTO CTBO-
na;

A, IUIOIA TOPU3OHTAIBHOIO IONepey-

HOTO Tiepepi3y KaHally BHTIKaHHS
IpU BUBAHTAKCHHI 3 EKCICHTPUCH-

TETOM;

B napameTrp TAHOWHH Uit OyHKepiB
MaJIoi THYYKOCTI, 3alIOBHEHHUX 3 €KC-
LEHTPUCUTETOM;

C Koe(irieHT 30UIBIICHHS HaBaHTa-
KEHHS;

Koe]ilieHT BUBaHTaXeHHs (Koediri-
€HT 30UIbLICHHS HaBaHTAXXCHHS MpPHU
BHUBAHTAXEHHI1) JUIsl CUIIKOTO MaTepi-
ay,
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1.5.46

transition

the intersection of the hopper and the vertical
wall

1.5.47
vertical walled segment
the part of a silo or a tank with vertical walls

1.5.48

wedge hopper

a hopper in which the sloping sides converge
only in one plane (with vertical ends) intended
to produce plane flow in the stored solids

1.6 Symbols used in Part 4 of Eurocode 1

A list of elementary symbols is provided in
EN 1990. The following additional symbols are
specific to this part. The symbols used are based
on ISO 3898:1997.

1.6.1 Roman upper case letters

A plan cross-sectional area of vertical
walled segment

A, plan cross-sectional area of flow chan-
nel during eccentric discharge

B depth parameter for eccentrically filled
squat silos

C load magnifying factor

C, discharge factor (load magnifying fac-

tor) for the solid



op

pe

P

P

Koe(iIieHT MICIEBOTO HAaBAHTAKEH-
Hs (KoedilieHT 30iTbIICHHS HaBaH-
Ta)XEHHS) JUIsl CUIIKOTO MaTepiaiy;

KoeQilieHT 301TbIICHHS HaBaHTa-
JKCHHS JIJIsl HaBaHTaXCHb B OCHOBI
(BepTUKAIBHOTO CTBOJIA OyHKEpa);

KOE(IIIEHT TOPU30HTAIBHOTO THCKY
MIpU BUBAaHTaKEHHI (KoedilieHT 30i-
JIbIICHHS HABAaHTAKEHHS);

KOoe(Illi€eHT MICIIEBOIO HaBaHTaXKCH-
HS TpU BHUBaHTaXeHHI (koedimieHT
301IbIIEHHS HABAaHTAXXECHHS);

Koe(iIlieHT MICIIEBOTO HABAHTAKEH-
HS TIpY 3aloBHEHHI (koediieHT 30i-
JIBIICHHS HAaBaHTAXCHHS);

MOMPABKOBUN KOE(IIiEHT A0 THYY-
KOCTI Jsi OyHKepa 3 MPOMIXKHOIO
THYYKICTIO;

KoeQilieHT 30iTIbIICHHS HaBaHTa-
KEHHS Il ypaxXyBaHHS PI3HUII Te-
MIIeparyp;

KoeilieHT 30UTbIICHHS CHII TEpTS
IPY BUBAaHTAXXCHHI;

BiJTHOIIICHHSI €KCIEHTPUCUTETY KaHa-
7y BUTIKaHHS JI0 pajiycy OyHKepa;

edeKTUBHUN MOJIYIb MPY>KHOCTI CH-
IKOTO MaTepiary, mo 30epiraerbces,
MIPY BiJATIOBITHOMY PiBHI THUCKY;

MOJTyJIb TIPY>KHOCTI CTIHKU OyHKepa;

BiJIHOILICHHS HOPMAJIbHOTO THUCKY Ha
CTIHKY OYHKepa 10 CepeHBOrO Bep-
TUKaJIbHOTO TUCKY B MaTepiai;

KOe(II[iEeHT THUCKYy Ha BOPOHKY B
MpoIIeCci BUBAHTAKEHHS,

Koe(illieHT TUCKY Ha BOPOHKY MicCIs
3aITIOBHEHHS;

MOBHA TOPU30HTAIbHA CHJIA Bij MiC-
[[EBOTO HABAHTAXKEHHS JJII TOHKOC-
TIHHOTO IWJIIHJIPUYHOTO OyHKepa
NpY BUBAHTAXKCHHI;

MOBHA TOPU30HTAJbHA CHJIA BiJ MicC-
[ICBOI0 HABAHTAXXCHHS JJISI TOHKOC-
TIHHOTO MHWJIIHAPUYIHOTO OyHKepa
MICJIsl 3aBaHTAKCHHS,

np. ACTY-H b EN 1991-4:20XX

patch load solid reference factor (load
magnifying factor) for the stored solid

bottom load magnifying factor

horizontal pressure discharge factor
(load magnifying factor)

discharge patch load factor (load mag-
nifying factor)

filling patch load factor (load magnify-
ing factor)

slenderness adjustment factor for in-
termediate slenderness silos

load multiplier for temperature differ-
entials

wall frictional traction discharge factor
(load magnifying factor)

flow channel eccentricity to silo radius
ratio

effective elastic modulus of stored sol-
id at relevant stress level

elastic modulus of silo wall

ratio of normal pressure on hopper wall
to mean vertical stress in the solid

hopper pressure ratio during discharge

hopper pressure ratio after filling

total horizontal force due to patch load
on thin walled circular silo during dis-
charge

total horizontal force due to patch load
on thin walled circular silo after filling
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G

N&

wc

BIJTHOIICHHS pajiyca KaHaly BHTI-
KaHHA 70 paliycy UWIIHIPUIHOTO
OyHKepa;

XapaKTePUCTUYHE 3HA4YeHHS Koedi-
ieHTa 60KOBOTO THUCKY;

cepenHe 3Ha4YCHHS KoedimieHTta 0o-
KOBOT'O THCKY;

3HaueHHs K , BUMIpsHE TPH HYJbO-
BUX TOPU3OHTAIBHUX JehopMariisx,
npu il TOJOBHUX BEPTHUKAIBHHUX 1
TOPU30HTAILHUX HANpPYKECHb;

koe(dimieHT TeomeTpuuHOi  popmu
BOPOHKHU (S = 2 - 11si KOHIYHUX BO-
poHOK; S = 1 - M1 KIMHOMOIIOHUX
BOPOHOK);

TeMIEepaTypa;

BHYTPIIIHIN TIEPUMETP MOTEPEUHOTO
nepepisy BepTHKAJIBLHOIO CTBOJIA OY-
HKEpa;

BHYTPILIHIN MEepUMETp KaHaldy BUTI-
KaHHS JI0 MiCllsl KOHTaKTy 3 HEpyXo-
MHM MaTepiajoM NpH BHBAaHTAXKCHHI
3 eKCLEHTPUCHTETOM;

BHYTPIIIHIN TIEpUMETp KaHATy BHTI-
KaHHS JIO MICIISI KOHTAKTY 31 CTIHKOIO

OyHKepa Mpu BUBAHTAKEHHI 3 €KCIIe-
HTPUCUTCTOM,

3MiHHa (YHKIIS TTTHOUHY;

3MiHHA (QYHKIISI TUCKY BiJ TIMOWHU
3a Teopiero SIHCceHa;

3MiHHa (DYHKIiSI TUCKY BiJl TIHOMHU
JUTst OyHKEpa Majioi THYYKOCTI.

1.6.2 Mauii 1aTHHCBKI JiTepn

a

ag

JOBXXKMHA CTOPOHH HPSMOKYTHOTO
abo IecTHKyTHOrO OyHKepa (auB.
pucyHnok 1.1, d);

NONIPABKOBUN KOE(DILieHT uid pPO3-
paxyHKy BEpXHBOTO Ta HIKHBOTO
XapaKTEepUCTHYHUX 3HAUYEHB 3a cepe-
IHIM 3HAYE€HHSIM;

MOMPABKOBUN KOEQIIEHT ISl Koe-
¢iieHTa 60KOBOTO TUCKY;
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sc

wc

ratio of radius of flow channel to radius
of circular silo

characteristic value of lateral pressure
ratio

mean value of lateral pressure ratio

value of K measured for zero horizon-
tal strain, under horizontal and vertical
principal stresses

hopper geometry factor (=2 for conical,
=1 for wedge)

temperature

internal perimeter of the plan cross-
section of the vertical walled segment

internal perimeter of flow channel to
static solid contact under eccentric dis-
charge

internal perimeter of flow channel wall
contact under eccentric discharge

depth variation function

Janssen pressure depth variation func-
tion

squat silo pressure depth variation
function

1.6.2 Roman lower case letters

a

ag

side length of a rectangular or hexago-
nal silo (see Figure 1.1d)

property modification coefficient to
give upper and lower characteristic
values from mean values

modification coefficient for lateral

pressure ratio



ef

ef.cr

o.cr

€ cr

MONIPABKOBUM KOE(MIIIEHT NJIs1 TTUTO-
MoOi Baru CUIKOTO MaTepiaiy;

MIOTIPAaBKOBHU KOEQIIIEHT I KyTa
BHYTPILIHBOTO TEPTS;

MOTPABKOBUN KOE(ILIEHT IS CHII
TepTst 00 CTIHKH;

IIUPUHA  NPIMOKYTHOTO
(muB. pucyHok 1.1, d);

OyHKepa

EMIIIPUIHUN KOe(IIiEHT ISl THUCKIB
Ha BOPOHKY;

KOC(IIIEHT 3YETUICHHS CHUIIKOTO Ma-
Tepiany;

XapaKTepUCTUYHUIA PO3MIp BHYTpI-
ITHBOTO TOTIEPEYHOTO Tepepizy OyH-
kepa (auB. pucyHok 1.1, d);

HaNOUIbLIE 3HAYEHHS EKCLEHTPUCHU-
TeTy €y 1 €}

eKCIIEHTPHCUTET CEepeHbOI BiCl Ka-
HaJly BUTIKAHHS TIPU BEIUKOMY €KC-
HEHTPUCUTETI TOTOKY (HIMB. PHUCY-
HOK 5.5)

HaWOIBIINI EKCIICHTPUCUTET HACH-
ITHOTO KOHYycCa IpH 3aloBHEHHI (JIUB.
pucyHok 1.1, b);

HANOIMBIINI EKCIIEHTPUCUTET 3aro-
BHCHHS, NPU SKOMY MOXYTbh 3aCTO-
COBYBAaTHCS  CIPONICHI  IMpaBHiIa
(ef.cr =0,25d,.);

eKCIICHTPUCUTET LEHTPY BHXIiJAHOTO
oTBOpY (muB. pucyHok 1.1, b);

HANOITBIINI eKCHEHTPUCUTET BUXIJI-
HOTO OTBOPY, JUISL IKOTO MOXKYTh 3a-
CTOCOBYBATHCS CIPOILEHI TMpaBHiia
(eo.cr = 0’25d6 );

CKCLIEHTPUCUTET BEPIIUHH HACHITHO-
ro KOHyca IpH 3allOBHEHOMY OyHKe-
pi (nuB. pucyHok 1.1, b);

HAHOUTBIINI SKCIICHTPUCUTET HACH-
IHOTO KOHYyCa, IPHU SIKOMY MOXYThb
3aCTOCOBYBATHCS CIIPOLICHI MpaBHIIa
(e . =0,25d,);

3arajJpHa BHCOTa OYHKepa BiJl Bep-
IIMHA BOPOHKH JI0 €KBIBaJCHTHOI
MOBEPXHI CHIIKOTO Martepiany (IuB.

€r

ef.cr

o.cr

€ cr
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modification coefficient for bulk unit
weight

modification coefficient for internal
friction angle

modification coefficient for wall fric-
tion coefficient

width of a rectangular silo (see Figure
1.1d)

empirical coefficient for hopper pres-
sures

cohesion of the solid

characteristic dimension of inside of
silo cross-section (see Figure 1.1d)

the larger of e, and e,

eccentricity of the centre of the flow
channel in highly eccentric flow (see
Figure 5.5)

maximum eccentricity of the surface
pile during the filling process (see Fig-
ure 1.1b)

maximum filling eccentricity for which
simple rules may be  used
(efcr=0,25d,)

eccentricity of the centre of the outlet
(see Figure 1.1b)

maximum outlet eccentricity for which
simple rules may be  used
(eo.cr = 0,25dc)

eccentricity of the centre of the top sur-
face pile when the silo is full (see Fig-
ure 1.1b)

maximum top surface eccentricity for
which simple rules may be used
(ecr =0,25d,)

overall height of silo from the hopper
apex to the equivalent surface (see Fig-
ure 1.1a)
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P

N

Ph

Phae

Phee

Phco

Phe

Phe.u

pucyHok 1.1, a);

BHCOTAa BEPTHUKAJILHOTO CTBOJIA OYH-
Kepa BiJl MepeXiTHOTO By37a J0 €KBi-
BaJICHTHOI TOBEPXHI CHIIKOTO Mare-
piany (auB. pucyHok 1.1, a);

BHCOTA BOPOHKH BiJI BEpPIIIHHA BOPO-
HKU 0 TIePEeXiIHOTO By3a (JIUB. pU-
cyHok 1.1, a);

BIJICTAHb MK €KBIBAJIEHTHOIO IIOBE-
PXHEI0 CHUIIKOTO MaTepialy 1 HIX-
HBOIO TOYKOIO HACHITHOTO KOHYyca
(HIDKHBOIO TOYKOIO CTIHKHM OYHKepa,
gKa HE CTUKAEThCA 3 30epeKeHUM
MmatepianoMm (muB. pucyHku 1.1, a,
5.6 Ta 6.3);

3arajibHa BHCOTa HACHITHOTO KOHYycCa
Ha MOBEPXHI CUIKOro Matepiany (Bi-
JCTaHb TIO BEPTHUKAIl BiJ] HWKHBOL
TOYKU CTIHKM OyHKepa, sika HE CTH-
KAa€ThCsl 3 30EPEKECHUM MaTepianioM,
70 BEpUIMHM HACHIIHOTO KOHYycCa
(muB. pucynku 1.1, a1 6.3);

CTYMiHb Y opMylax TUCKY Ha BOPO-
HKY;

XapaKTePUCTHYHE 3HAYCHHS PE3yJib-
TYIOYOI TUCKIB Ha OJMHUIIIO JTOBKH-
HH TIEpUMETpa BEPTHKAIBHOI CTIHKH
OyHKepa;

THUCK;

TOPU3OHTAIBHUNA THUCK BiJl CHIIKOTO
matepiasly mo 30epiraeTbcs (AuB.
pucyHok 1.1, ¢);

TOPU3OHTAILHUIA TUCK B HEPYXOMO-
My Mmarepiani OJM3bKO KaHaly BHTI-
KaHHS NPH BUBAHTAXKCHHI 3 €KCLIEHT-
pPHUCHTETOM;

TOPU3OHTAJILHUNA TUCK B KaHaJl BHTI-
KaHHS 3 €KCIICHTPUCHTETOM;

ACUMIITOTUYHUN  TOPU3OHTAJIbHUMN
TUCK Ha BEJIMKIM IHOWHI B KaHaui
BUTIKAHHS NPH BHUBAHTAXXECHHI 3 €KC-
LEHTPUCUTETOM;

TOPU3OHTAIIBHUNA TUCK IIPU BUBAHTA-
JKEHHI;

TOPU30HTAIBHUIM THCK NMPU BUBAHTA-
JKEHH1, pO3paxoBaHUIl 3a CHpoIle-
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1%

N

P

Phae

Phce

Pheo

Phe

Phe.u

height of vertical-walled segment of
silo from the transition to the equiva-
lent surface (see Figure 1.1a)

height of hopper from the apex to the
transition (see Figure 1.1a)

depth below the equivalent surface of
the base of the top pile (lowest point on
the wall that is not in contact with the
stored solid (see Figures 1.1a, 5.6 and
6.3)

total height of the top pile of solid (ver-
tical distance from lowest point on the
wall that is not in contact with the
stored solid to the highest stored parti-
cle (see Figures 1.1a and 6.3)

power in hopper pressure relationship

characteristic value of vertical stress
resultant per unit perimeter in the verti-
cal walled segment

pressure

horizontal pressure due to stored par-
ticulate solid (see Figure 1.1¢)

horizontal pressure in static solid adja-
cent to the flow channel during eccen-
tric discharge

horizontal pressure in flow channel
during eccentric discharge

asymptotic horizontal pressure at great
depth in flow channel during eccentric
discharge

horizontal pressure during discharge

horizontal pressure during discharge
calculated using the simplified method



Py

Py

Phf u

Pho

Phse

Pnr

Pn

Pre

Puf

Ppe

p pei

Ppe,nc

Ppf

Ppfi

ppf,nc

Pp.sq

HOIO MCTOJUKOIO,

TOPU30HTATBLHUI TUCK MICHS 3aroB-
HCHHSI,

TOPU3OHTAIBHUA THCK TICJS 3aIOB-
HCEHHA B OCHOBi BCPTUKAJIBHOT'O
cTBOJIa OyHKepa;

TOPU3OHTAJIBHUM THCK IICJIS 3alOB-
HEHHs, pO3paxOBaHMM 3a CIpOILe-
HOIO METOJIMKOIO;

ACUMIITOTUYHUM  TOPU30HTAJIbHUMN
THUCK HAa BEJMKIN ITIMOWHI BiJ CHUIIKO-
ro MaTepiany 1o 30epiraerbces;

TOPU30HTAIBHUA THCK B HEPYXOMO-
My CHIIKOMY MaTepiaii, BiJaaleHOMY
BiJl KaHAJIy BUTIKaHHSA NPU BUBAHTa-
KEHHI 3 eKCLIEHTPUCUTETOM;

TOPU3OHTAJIbHE 3pPOCTaHHS  THUCKY
BHACJI/IOK Mepernay TeMIepaTypu;

HOPMaJIbHUH THCK, TOOTO NEpHEeHIN-
KYJIIPHHUIA CTiHIII BOPOHKH, BiJ CHII-
KOro wmarepiany 1o 30epiraerscs
(nuB. pucyHok 1.1, ¢);

HOpMaJbHUM THCK B MpOIECi BUBAH-
TaXXCHHS;

HOPMAaJIBHHI THUCK BiJl 3aIIOBHEHHS;

MICLIEBUH THUCK;
MICIIEBUN TUCK MPU BUBAHTAXECHHI;

MPOTUIICKHUHN JOJATKOBUI MiCIEBUI
TUCK TIPY BUBAHTAKCHHI;

PIBHOMIpHUN THUCK HAa HE HWJIIHIPH-
yHUN OyHKep, BIAIOBITHHM 10 edek-
Ty MICIIEBOTO OOKOBOT'O THICKY NPH
BHBaHTa)KCHHI,

MICLIEBAM THCK Bij 3aIIOBHEHHS;

MIPOTWIICIKHUHN JOJATKOBUH MiCIEBUI
THUCK BiJI 3aIIOBHEHHS;

PIBHOMIpHMH THCK Ha HE IMJIIHAPH-
yHUN OyHKEp, BIAMOBIIHHUMA €(EeKTy
MICIIEBOTO OOKOBOTO THUCKY BiJI 3am0-
BHECHHS,

MICIIEBUN THUCK B OyHKEpi Masioi THY-
YKOCTI;

Phf

Py

Phf u

Pho

Phse

Pnr

Pn

Pre

Pnf

Ppe

p pei

Ppe,nc

Ppf

Ppfi

ppf,nc

Pp.sq
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horizontal pressure after filling

horizontal pressure after filling at the
base of the vertical walled segment

horizontal pressure after filling calcu-
lated using the simplified method

asymptotic horizontal pressure at great
depth due to stored particulate solid

horizontal pressure in static solid dis-
tant from the flow channel during ec-
centric discharge

horizontal increase in pressure due to a
temperature differential

pressure normal to hopper wall due to
stored particulate solid  (see  Figure
1.1c)

pressure normal to hopper wall during
discharge

pressure normal to hopper wall after
filling

patch pressure
patch pressure during discharge

inverse complementary patch pressure
during discharge

uniform pressure on non-circular silo to
represent patch load effects during dis-
charge

patch pressure after filling

inverse complementary patch pressure
after fillin

uniform pressure on non-circular silo to
represent patch load effects after filling

patch pressure in squat silos

25



np. ICTY-H b EN 1991-4:20XX

Ppes

p pIs

p te

Py

Py

Dvp

Pvf

Pt

Pvho

Pysq

pvtp

Pw

pwae

MICIIEBUH THCK B TOYINl 3 KYTOBOIO
KOOPAMHATOK & ISl TOHKOCTIHHOTO
WIHIPUYHOTO OyHKepa B Mpoleci
BUBAHTAKCHHS,

MICIICBUH THCK B TOYIll 3 KyTOBOIO
KOOPJIUHATOI € JIsi TOHKOCTIHHOTO
ITIHAPUIHOTO OyHKEpa IMICHs 3a10-
BHEHHS,

JOTUYHUN THCK TEpPTS y BOPOHILII
(muB. pucyHoxk 1.1, ¢);

JOTUYHHUI TUCK TEPTS Y BOPOHIII MpHU
BUBAHTAKCHHI,

JOTUYHHUA THUCK TEPTS Y BOPOHIII ITiC-
JIs1 3alIOBHCHHSA

BEPTUKAJIBHUNA THUCK B CHIIKOMY Ma-
Tepiaii 1o 30epiraeTbest (IUB. pUCY-
HOK 1.1, ¢);

BEPTUKAJILHUIM TUCK Ha PIBHI OCHOBHU
OyHKepa MaJioi THYYKOCTI MPU BHKO-
puctanHi Gopmynu (6.2);

BEPTUKAIPHUN THUCK B CHUIIKOMY Ma-
Tepiaji mo 30epiraeTscs, Mics 3a-
HOBHCHHS,

BEPTHKAIBHUNA THUCK B CUIIKOMY Ma-
Tepiaii 1o 30epiraeTbes, B Mepexii-
HOMY BY3Ji Micisl 3amoOBHEHHs (Oc-
HOBI BEPTUKAJIBHOTO CTBOJA OyHKE-

pa);

BEPTUKAJIbHUI THCK, BHU3HAYEHUU B
OCHOBI HACHITHOTO KOHyca To ¢op-
My (5.78) 3 rmubuHoI0 Z = Ay

BEePTHKAIBHUIA THCK HA IJIOCKE JTHH-
me OyHkepa Majoi abo TPOMIKHOI
THYYKOCTI;

reOCTaTUYHUA BEPTUKAIBHUN THUCK B
OCHOB1 HACUITHOTO KOHYCAa;

JOTUYHHUI THUCK TepTs 00 CTIHKH Ha
BEPTHKAIBHY CTIHKY (IJOTHYHE 3Y-
CWJUISL TepTs Ha OJWHUIIO TILIOIII)
(nuB. pucyHok 1.1, c);

JOTUYHHUA THCK TEPTSA 00 CTIHKH He-
PYXOMOT'O CHIIKOTO Matepiainy Oins
KaHaJIy BUTIKaHHS B MPOIIECI PO3BaH-
TaXCHHSI 3 EKCIICHTPUCUTETOM;
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Ppes

p pfs

Dy

P te

Py

Py

DPvb

Py

Py

DPvho

Pysq

Pvip

Pw

pwae

patch pressure at circumferential coor-
dinate 6 (thin walled circular silos)
during discharge

patch pressure at circumferential coor-
dinate @ (thin walled circular silos)
after filling

hopper frictional traction (see Figure
1.1¢)

hopper frictional traction during dis-
charge

hopper frictional traction after filling

vertical stress in stored solid (see Fig-
ure 1.1¢)

vertical pressure evaluated at the level
of the base in a squat silo using Ex-
pression (6.2)

vertical stress in stored solid after fill-
ing

vertical stress in the stored solid at the
transition after filling (base of the ver-
tical walled segment)

vertical pressure evaluated at the base
of the top pile using Expression (5.79)
with z =k

vertical pressure acting on the flat bot-
tom of a squat or intermediate slender-
ness silo

geostatic vertical pressure at the base
of the top pile

wall frictional traction on the vertical
wall (frictional shear force per unit ar-
ea) (see Figure 1.1c)

wall frictional traction in static solid
adjacent to the flow channel during ec-
centric discharge



pwce

Pwe

p we,u

Pws

pwf,u

pWS€
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Z0¢

JOTUYHHK THCK TEpTs 00 CTIHKU B
KaHaJi BUTIKaHHS B MPOILIECI BUBaH-
TaXXCHHS 3 CKCIICHTPUCUTETOM;

JOTUYHUI THCK TepTs 00 CTIHKU B
MPOIIeCi BUBAHTAKCHHS,

JOTUYHHA THCK TEpTs 00 CTIHKU B
MpoIeCi BUBAHTAKCHHSI, BU3HAYCHUI
3a CITPOIICHOI0 METOJINKOIO;

JOTUYHUI TUCK TepTS 00 CTIHKHU Tic-
JIsI 3aIIOBHEHHS,

JOTUYHHUKA TUCK TEPTS 00 CTIHKH TiC-
JIA 3aII0BHCHHA, BI/IBHa‘ICHI/Iﬁ 3a
CIIPOIIICHOIO METOIUKOIO;

JOTUYHUI THCK TepTs 00 CTIHKH He-
PYXOMOTO CHIIKOTO Marepiaiy, Bif-
JAJICHOTO BiJl KaHAIIy Tedii B mpoiieci
BHUBAHTAXXCHHS 3 CKCIICHTPUCUTETOM;

€KBIBAJICHTHUI
(r=0,5d,);

pamiyc  OyHKepa

paziyc MO3aleHTPOBOTO KaHaly BH-
TIKAHHS;

pO3Mip IUISSHKA TPUKIIAJICHHS MicC-
LIEBOTO HABaHTa)XCHHS

(s=7d./16=0,2d,);
TOBIIIMHA CTIHKHA OYHKeEpa;

BEpTHKAJIbHA KOOPAMHATA Y BOPOHII
3 MOYAaTKOM Yy BEpUIMHI KOHyca abo
nipamiay (IUB. pUCYHOK 6.2);

rMOMHA BiJl €KBIBaJICHTHOI MOBEPXHI
CUIIKOTO MaTepialy B 3allOBHEHOMY
cTaHi (auB. pucyHok 1.1, a);

XapaKTepUCTUYHA TIIMOMHA 32 TEopi-
€1o SlHCccena;

XapaKTepUCTUYHA TTHOMHA 33 Teopi-
€ro SlHCCeHa Ul KaHaly BHTIKaHHS
Npy BUBAHTKCHHI 3 EKCICHTPUCH-
TETOM;

rIMOWHA CepeIMHU TIISTHKHA MPUKIIa-
JIEHHS MICLIEBOTO HABAHTAXXEHHS B
€KBIBAJICHTHOI TIOBEPXHI CHITKOTO
MaTepially B TOHKOCTIHHOMY OyHKe-
pi;

rJIMOWHA Bl HANOUIBII BHCOKOI TOY-
KA KOHTaKTy CHUIIKOTO Mmarepianmy i
cTinku OyHKepa (AuB. puUCyHKH 5.7 1

pWC@

Pwe

pwe,u

Pwr

pwf,u

pWSE

)

Z0¢
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wall frictional traction in flow channel
during eccentric discharge

wall frictional traction during discharge

wall frictional traction during discharge
calculated using the simplified method

wall frictional traction after filling

wall frictional traction after filling cal-
culated using the simplified method

wall frictional traction in static solid
adjacent to the flow channel during ec-
centric discharge

equivalent radius of silo (7 =0,5d )

radius of eccentric flow channel

dimension of the zone affected by the
patch load (s =7d . /16=0,2d,.)

silo wall thickness

vertical coordinate in hopper with
origin at cone or pyramidal apex (see
Figure 6.2)

depth below the equivalent surface of
the solid in the full condition (see Fig-
ure 1.1a)

Janssen characteristic depth

Janssen characteristic depth for flow
channel under eccentric discharge

depth below the equivalent surface of
the centre of the thin-walled silo patch
load

depth below the highest solid-wall con-
tact (see Figures 5.7 and 5.8)
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Zy

5.8);

Mipa TITMOWHHM, 0 BUKOPHUCTOBYETh-
Cad Ui BU3HAYCHHA BCPTUKAJIBHOI'O
THUCKY B OyHKEp Majioi THy4YKOCTI.

1.6.3 Besuki rpeubki Jgirepu

A

A

Ap,

AT

Av

Ao

TOPU30HTAJIbHE 3MIIIEHHS BEPXHBOI
YaCTHHHU 3P13HOI KOPOOKH;

oIrepaTop MPUPOILEHHS, KU 3aCTO-
COBYETbCA B HACTYIHHUX CKJIaJ0BHX
CUMBOJIAX:

PI3HUI MK BEPTUKAJIbHUMHU THCKa-
MH, BU3HAUYCHUMH 3a JBOMAa METOJa-
MU, [T OyHKEpa Masioi THY4YKOCTI;

PI3HHUIL TEMIEpaTyp MK CHIKHM
marepiaiom, 1o 30epiraerbes, i CTi-
HKOIO OyHKepa;

NPUPOIICHHS BEPTHKAIBHOTO TIEpe-
MIIIEHHS, SIKE BUMIPIOETHCS TIPU BU-
npoOyBaHHI MaTepiany;

NPUPOILECHHST HANpPyXEeHb, MPHUKIIA-
JIEHUX JI0 3pa3Ka Mpu BUIPOOYBaHHI
marepiainy.

1.6.4 Maui rpeuski jgitepu

a

N

CepeAHii KyT HaxWiy CTIHKHM BOPOH-
KA [0 TOPH30HTAIBHOI IUIOLIMHU
(muB. pucyHok 1.1, b);

KOE(IIIEHT TeMIIEpaTypHOTrO PO3IIH-
PEHHsI CTIHKH OyHKepa;

KyT HaXWIy CTIHKM BOPOHKH J0 Bep-
tukam (auB. pucynku 1.1,a 1 1.1, b)
a00 HaWOLIBIINI KyT HaXWIy CTIHKU
KBaJpaTHOI ab0 MPSMOKYTHOI BOpPO-
HKH;

BEPXHE XAPAKTEPUCTUYHE 3HAYCHHS
MUTOMOI1 Baru piAMHU ab0 CUIKOTO
Martepiainy;

IMUTOMAa Bara CHIIKOTO MaTepialy B
MiBIIIICHOMY CTaHi;

CTaHJApTHE BiAXWICHHS Oynb SKOT
BEIINYMHU;

OKpY’KHa KyTOBa KOOpAMHATA,

KyT TOYKH IOOTHKY II03alICHTPOBOI'O
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v

depth measure used for vertical stress
assessment in squat silos

1.6.3 Greek upper case letters

A

A

Apy,

AT

Av

Ao

horizontal displacement of the upper
part of a shear cell

incremental operator, which appears in
the following composite symbols:

difference between vertical pressures
assessed by two methods for squat silos

difference between temperature of the
stored solid and the silo wall

increment of vertical displacement
measured during materials testing

increment of stress applied to a cell
during materials testing

1.6.4 Greek lower case letters

(24

4

mean angle of inclination of hopper
wall measured from the horizontal
(see Figure 1.1b)

thermal expansion coefficient for silo
wall

angle of inclination of hopper wall
measured from the vertical (see Fig-
ures 1.1a and 1.1b), or the steepest
slope on a square or rectangular py-
ramidal hopper

upper characteristic value of the bulk
unit weight of liquid or particulate sol-
id

bulk unit weight of fluidized stored
particulate solid

standard deviation of a property

circumferential angular coordinate

eccentric flow channel wall contact



/uheﬁ'

Hy

Hm
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B

¢wh

KaHaJIy BHUTIKAHHA 3 CTIHKOIO (KiJIb-
[[eBa KOOpJIWHATa Kparw 30HH HU3b-
KOTO THUCKY TPU BHUBAHTaXXCHHI 3 €K-
CIEHTPUCUTETOM (JIMB. PUCYHOK 5.5);

KyT TOYKH JIOTHKY IT03al[EHTPOBOTO
KaHaJy BHTIKaHHs 31 CTIHKOIO, BiJI-
HOCHO IEHTPAJIbHOI Bici KaHAIly BH-
TIKaHHS;

XapaKTepUCTUYHE 3HAYECHHS Koedi-
II€EHTA TEPTSA 00 CTIHKH JJIs1 BEPTH-
KaJbHOT CTIHKU OYHKEpa;

PO3paxyHKOBHI YW MOOLTI30BaHHIA
Koe(ilieHT TepTs 00 CTIHKH B MOXHU-
T BOpOHIIi;

KoeirieHT TepTss 00 CTIHKH JJIS BO-
POHKH;

CepelHe 3HAYCHHS KoediIlieHTa Tep-
T 00 CTIHKM MK CHUIIKUM Marepia-
JIOM 1 cTiHKOIO OyHKepa;

koedimient IlyaccoHa myis CUIKOTO
MmaTtepiainy;
XapaKTepUCTUYHE 3HAYCHHS BUIBHO-

ro KyTa BHYTPIIIHBOTO TE€PTS CHUITKO-
ro matepiany (qus. C.9);

XapaKTEepPUCTHYHE 3HAYCHHS KyTa
BHYTPIIIHBOTO TEPTSI CUIIKOTO MaTe-
piany npu HaBaHTakeHHI (quB. C.9);

CepelIHE 3HAYCHHS KyTa BHYTpIII-
Hboro Tepts (aus. C.9);

KyT IPUPOTHOTO YKOCY CHIKOTO Ma-
Tepiany (KoHiuHOI (opMu) (IUB. pH-
cyHok 1.1, a);

KyT TepTsd 00 CTIHKHU (=arctan(,u))
MDK CHIIKUM MaTepiajioM 1 CTIHKOIO
BOPOHKH;

KyT TepTs 00 CTIHKH IJIsl BOPOHKH
(=arctan(y,)) Mix cumKuM Mmatepi-
aJIoM 1 CTIHKOIO BOPOHKH;
CTaHJapTHE HANPY>KEHHS JUIsl BU3HA-

YEHHs MMapaMeTPiB CUIIKOTO MaTepia-
Jy Tpy BUIPOOYBAHHSX.

;uheﬁ

Hy,

Him

22

P

¢wh
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angle (circumferential coordinate of
the edge of the low pressure zone un-
der eccentric discharge (see Figure
5.5)

eccentric flow channel wall contact
angle measured from flow channel
centre

characteristic value of coefficient of
wall friction for a vertical wall

effective or mobilized friction in a
shallow hopper

coefficient of wall friction for hopper

mean value of coefficient of wall fric-
tion between a particulate solid and
the wall

Poisson's ratio for the stored solid

characteristic value of unloading angle
of internal friction of a particulate sol-
id (see C.9)

characteristic value of loading angle
of internal friction of a particulate sol-
id (see C.9)

mean value of the loading angle of
internal friction (see C.9)

angle of repose of a particulate solid
(conical pile) (see Figure 1.1a)

wall friction angle (=arctan(,u)) be-

tween a particulate solid and the silo
wall

hopper wall friction angle
(=arctan(uy,)) between a particulate

solid and the hopper wall

reference stress level for solids testing
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1.6.5 Ingexcu

d

<

® S XN =

PO3paxyHKOBE 3HAYCHHS (CKOPHUTO-
BaHE YACTKOBUMHU KoedimieHTaMu
HAJIHHOCTI);

BUBAHTA)KEHHS (CIIOPOYKHEHHS) CHII-
KOro MaTepiaiy;

3aMoOBHEHHS Ta 30epiraHHs CHUIIKOTO
MaTepiany;

BOPOHKA;
TOPU3OHTAIILHUN;

KoedilieHT OOKOBOTO THUCKY;
CepeHe 3HAUYCHHS;
NEePIEHINKYIISPHO 10 CTIHKH;
HEUWJIHAPUYHUAN OyHKED;
MiCIIeBe HaBaHTAXEHHS;
BIZHOCHO [I0 CTIHKH;
PIBHOMIpHMIA;

BEPTHUKAJIbHUIA;

TEpTs 00 CTIHKY;

UTOMa Bara;

KyT BHYTPIIIHBOTO TEPTS;

KOoe(ILi€HT TepTS 00 CTIHKY.
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1.6.5 Subscripts

d

~

I x>

N

<

" S R =

design value (adjusted by partial fac-
tor)

discharge (emptying) of solids
filling and storing of solids

hopper

horizontal

lateral pressure ratio
mean value

normal to the wall
non-circular silo
patch load
tangential to the wall
uniform

vertical

wall frictional

bulk unit weight

angle of internal friction

wall friction coefficient



2 Ilopanus Ta kiaacudikauis BNJIMBIB

2.1 IlpeacraB/ieHHs BIUIMBIB Ha OyHKepH

(1)P BrmuBu Ha OyHKEpW MOBHUHHI BHU3HAYaTH-
Ccsl 3 ypaxyBaHHSIM KOHCTPYKIIii OyHKepa, Biac-
TUBOCTEH CHUIIKOTO Matepiaiy, 1o 30epiraeTbes
1 (hopM TOTOKY B MpOIECi BUBAHTAXKCHHS OYyH-
Kepa.

(2)P IloBuHHI BpaxOBYBaTHUCSI HEBU3HAYECHOCTI,
10 BIJHOCATHCS A0 (POPMHU IMOTOKY, BIUTUBY
EKCIICHTPHUCUTETIB BXITHUX 1 BUX1THUX OTBOPIB
Ha TPOLIECH 3allOBHEHHS 1 BUBAaHTAXKCHHS,
BIUIMBY (hopmu OyHKepa Ha (OpPMH TOTOKY i
3MiHH THCKIB Yy 4Yaci MpH 3all0BHEHHI Ta BUBaH-
Ta)KCHHI.

[pumirka. 3Ha4eHHS 1 pO3NOILT PO3PaXyHKOBUX HaBa-
HTa)XEHb 3aJIeXaTh BiJl KOHCTPYKLii OyHKepa, BiJ mapa-
METpiB CHIIKOTO MaTtepiaiy, mo 30epiraeTscs i Bix Gopm
MOTOKY, IO YTBOPIOIOTHCS B MPOLECI BUBAHTAXKEHHS.
HeBin'eMHa MiHIUBICTh BIIACTUBOCTEH CHITIKOTO MaTepia-
JIy, 10 30epiraeThCs 1 CIPOIICHHS B MOJECISIX HaBaHTa-
KEHb MPHU3BOAATH JI0 PI3HMLI MDK AIHCHUMH HaBaHTa-
KEHHSIMU B OyHKepi 1 HaBaHTa)KEHHSMH, BH3HAaYEHHUMH
3a pO3paxyHKOBHUMH ITpaBWIaM B po3aiinax 5 i 6. Hanpu-
KJIaJ,, pPO3MOALT THUCKY NPH BHBAaHTXEHHI 3MIHIOETHCS
Y3IOBXK CTiHOK OyHKepa B 3aJIKHOCTI BiJl 9acy i HEMO-
JKIIMBO TOYHO TepenadadnTH CepeiHiii THCK abo iHoro
KoediIieHT Bapiallii B KOHKPETHHII Yac.

(3)P HaBaHTakeHHS HAa BEpPTUKAIbHI CTIHKU
OyHKepa B 3alIOBHEHOMY CTaHi 1 B MPOIIECI BU-
BAaHTAXCHHS 3 MaJlUMU EKCIICHTPUCHTETAMHU
MMOBUHHI OYTH TIPEICTABJICHI CHMETPUIHUM Ha-
BaHTAXXCHHSIM 1 HECUMETPUYHUM MICIIEBUM Ha-
BaHTOKEHHsM. [Ipy BETMKUX EKCIICHTPHCHUTE-
TaX HAaBAaHTAXKCHHS MOBHHHI OyTH Ipe/cTaBlie-
HI HECUMETPUYHUM PO3IOJILJIOM THUCKY.

(4) XapakTepucTUYHI 3HAYEHHS BIUTMBIB Ha
OyHKepH, BU3HAUYCHI TaHUM CTaHIApPTOM, BiJI-
MOBIAAIOTh 3HAYEHHSM 3 WMOBIPHICTIO Mepe-
BUILIEHHS 2 % MPOTITOM OJTHOTO POKY.

MpumiTka. XapakrepucTuuHi 3HaueHHS HE 0a3ylOThCs
Ha CTaTHCTHYHMX PO3paxyHKax, TaK K JaHHI JUIs [bOTO
Hapasi BiJCyTHi. 3aMiCTh LIbOTO, BOHU I'PYHTYIOThCS Ha
ICTOPUYHUX 3HAYECHHSX, M[I0 BHKOPUCTOBYBAJIHUCS B
OinpII paHHIX craHgapTax. HaBeneHe BUIle BU3HAYCHHS
Biamosinae Bu3HaueHHo 3a JICTY-H b EN 1990.

(5) Skmo BuOpaHa KOHCTPYKTUBHA dopMa Oy-
HKepa YyTJiHBa JO BIAXWICHb y MPHUKIaJICHHI
HAaBaHTAXXEHb, TO 11€ MMOBUHHO BPAaXOBYBATHUCS

np. ACTY-H b EN 1991-4:20XX

Section 2 Representation and classification
of actions

2.1 Representation of actions on silos

(1)P Actions on silos shall be determined tak-
ing account of the silo structure, the stored sol-
id properties, and the discharge flow patterns
that arise during the process of emptying.

(2)P Uncertainties concerning the flow pat-
terns, the influence of the eccentricities of inlet
and outlet on the filling and discharge process-
es, the influence of the form of the silo on the
type of flow pattern, and the timedependent
filling and discharge pressures shall be taken
into account.

NOTE: The magnitude and distribution of the design
loads depend on the silo structure, the stored solid prop-
erties, and the discharge flow patterns that arise during
the process of emptying. The inherent variability of
stored solids and simplifications in the load models lead
to differences between actual silo loads and loads given
by the design rules in Sections 5 and 6. For example, the
distribution of discharge pressures varies around the wall
as a function of time and no accurate prediction of the
mean pressure or its variance is possible at this time.

(3)P Loads on the vertical walls of silos due to
filling and discharge of particulate solids with
small eccentricities shall be represented by a
symmetrical load and an unsymmetrical patch
load. Where larger eccentricities occur, the
loads shall be represented by unsymmetrical
pressure distributions.

(4) The characteristic value of actions on silos
defined in this standard are intended to corre-
spond to values that have a probability of 2%
that they will be exceeded within a reference
period of 1 year.

NOTE: The characteristic values are not based on a for-
mal statistical analysis because such data is not currently
available. Instead they are based on historical values

used in earlier standards. The above definition corre-
sponds to that given in EN 1990.

(5) If the structural form selected for the silo is
likely to be sensitive to deviations in load pat-
terns, a sensitivity analysis should be per-
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BiJITIOBITHIMH PO3pPaxXyHKaMHU.

(6) CumeTpryHi HaBaHTKEHHS Ha OYHKEp IO-
BUHHI BCTAHOBJIIOBAaTUCS Y BUIJIAII TOPU30HTA-
JBHOTO THUCKY p; Ha BHYTPIIIHIO MOBEPXHIO

BEPTUKAIBHUX CTIHOK OYHKEpa, HOPMaJbHOTO
TUCKY Ha HOXWJI CTIHKU p, , JOTUYHOTO THCKY

TEpPTs HAa CTIHKU p,, 1 p, 1 BEpTUKAIBHOIO THU-

CKy p, B Marepiai, o 30epiracTbesl.

(7) HecumeTpuuHi HaBaHTaXEHHsI Ha BEPTHKa-
JbHI CTIHKHM OyHKepa NPy MaJIUX eKCIICHTPHUCH-
TeTaX 3allOBHEHHS 1 BHBAHTAXXCHHS IOBHHHI
OyTH MpeCTaBeH] y BUTIISIIL MICIIEBOTO HaBa-
HTaxeHHs. 1[i MiclieBl HaBaHTa)KCHHS ITOBHHHI
BCTAHOBJIIOBATUCS Y BUIJISAI JIOKQJIBHOTO FOPH-
30HTAJILHOTO TUCKY p; Ha BHYTPIIIHIO TIOBEp-

XHIO CTIHKH OYHKepa.

(8) HecumeTpuuHi HaBaHTaKEHHsI HA BEPTHKa-
JbHI CTIHKM OyHKEpa MPH BEIMKHX €KCLIEHTPH-
CHTETax 3allOBHEHHS 1 BUBAaHTA)XECHHS MOBHHHI
NPEJCTABIATHCA Y BHUIJISIII HECUMETPUYHHUX
PO3MOJUIIB TOPU3OHTAIBHOIO THCKY p; 1 JO-

THUYHOT'O TUCKY TEPTA P, .

(9) Koedimientn 30UTbIIEHHS HaBaHTaKCHHS
C TIOBMHHI BHKOPHCTOBYBATHCS MIJIsi Bpaxy-
BaHHS HCCHOPUATIMBUX JOAATKOBUX HAaBaHTA-
JKCHb.

(10) Koedimientr 30iMbIIICHHS HaBaHTAKEHHS
C s OyHKepiB KjaciB BIUIMBIB 2 1 3 (OuB.
2.5) NMOBHMHHI BUKOPHCTOBYBATHUCSI BHKIIIOYHO
JUI BpaxyBaHHS HECHPHUSTINBUX IOAATKOBUX
HABaHTa)XEHb BiJl IOTOKY MaTepialy B Mpoleci
BHUBaHTAKEHHS.

(11) KoedirmienTn 301abIIEHHST HaBaHTaKCHHS
C st OyHKEpiB Kjacy BIUIMBIB | MMOBUHHI BH-
KOPHCTOBYBATHCS I BpPaxXyBaHHS HECIPHST-
JMBHUX JOJATKOBUX HAaBaHTa)XCHb TPU BHBaH-
Ta)XEHH1 1 BIUIMBY MIHJIHMBOCTI IapaMeTpiB CH-
MKOTO MaTepiany.

IMpumitka. Koedirientn 36inpmenns HaBautaxens C
BPaxOBYIOTh HEBH3HAYEHOCTI, MOB'A3aHi 3 (HOPMOIO I0o-
TOKY, BIUIMBOM €KCIIEHTPHCHUTETIB BITyCKHOT'O i BHITYCK-
HOTO OTBOPIB Ha NPOIECH HANOBHEHHS Ta BUBAHTaKCH-
Hs, BIDIMBOM (popmu OyHKepa Ha THUI (OPMH TOTOKY, 1
CIPOIIEHHSI, BUKOPHCTOBYBaHI P TIEPETBOPEHHI 3aie-
JKHUX BIJl 4acy THCKIB HallOBHEHHS Ta BHBaHTa)KCHHS B
He3aJeXHy Bil yacy mozaenb. s OyHKepiB ki1acy | ko-
edilieHT 30UIbIICHHS HaBaHTAXXEHHsS BPaxoBye 1 Biiac-
THUBY MIHJIMBICTh BJIACTHBOCTEH Marepiamy. mo 36epira-

32

formed.

(6) Symmetrical loads on silos should be ex-
pressed in terms of a horizontal pressure p;, on

the inner surface of the vertical silo wall, a
normal pressure p, on an inclined wall, tan-

gential frictional tractions on the walls p,, and

p,, and a vertical pressure p,, in the stored sol-
id.

(7) Unsymmetrical loads on the vertical walls
of silos with small eccentricities of filling and
discharge should be represented by patch loads.
These patch loads should be expressed in terms
of a local horizontal pressure p, on the inner

surface of the silo.

(8) Unsymmetrical loads on the vertical walls
of silos with larger eccentricities of filling and
discharge should be represented by unsymmet-
rical distributions of horizontal pressure p,

and wall frictional traction p,, .

(9) Load magnifiers C should be used to repre-
sent unfavourable additional loads.

(10) For silos in Action Assessment Classes 2
and 3 (see 2.5), the load magnifiers C should
be used to represent only unfavourable addi-
tional loads associated with solids flow during
discharge.

(11) For silos in Action Assessment Class 1,
load magnifiers C should be used to represent
both unfavourable additional loads associated
discharge flow and the effects of variability of
the stored solid.

NOTE: The load magnifiers C are intended to account
for uncertainties concerning the flow patterns, the influ-
ence of the eccentricities of inlet and outlet on the filling
and discharge processes, the influence of the form of the
silo on the type of flow pattern, and the approximations
used in transforming the time-dependent filling and dis-
charge pressures into time-independent models. For silos
in Action Assessment Class 1, the load magnifier also
accounts for the inherent variability of the properties of
the stored solid. For silos in Action Assessment Clas-



etbest s OyHKepiB KiaaciB 2 1 3 MIHIMBICTh pO3paxyH-
KOBHX IIapaMeTpiB, BAKOPHCTOBYBAHHX JUIS OIIHCY Mate-
piay mo 30epiraeThcs, BPaXOBYEThCS NMpPU BU3HAYCHHI
XapaKTepUCTUYHUX 3HA4YeHb LUX [apaMerpiB ), [,

K i ¢1 , @ He B KOeiIlieHTI 30UTBIICHHS HaBaHTAXXCHHS

C.

(12) Onst OyHkepiB knacy | HeCUMETpUYHI Ha-
BaHT)KEHHs MTOBHHHI BPaXOBYBAaTHCS ILISIXOM
30UIBIIEHHS CUMETPUYHUX HAaBAaHTA)XXEHb 3 BU-
KOPUCTaHHSAM KoeimieHTa 3011bIIeHHS] HaBaH-
Ta)XeHb TpU BUBaHTaXeHHI C .

(13) Inst OyHKepiB Kjacy 2 HECUMETPUYHI Mic-
[[EBl HABAaHTAKEHHS AJIIbTEPHATHBHO MOXYTh
BpPaxOBYBaTHUCs LUIAXOM 30UIbLICHHS CHMET-
pPUYHOI CKJIAI0BOi HECUMETPUYHOTO MiCIIEBOTO
HaBaHTaXXEHHS.

2.2 IlpeacraB/ieHHs BILUIMBIB Ha pe3epByapu

(1)P HaBanTaxeHHs Ha pe3epByapH Bij piIUHU
MOBHMHHI OyTH TpEeACTaBJICHI Y BUTIISAL T1IpoC-
TaTUYHOTO PO3MOIIICHOTO HaBAHTA)KECHHS.

(2) XapakTepucTU4HI 3HAYEHHS BIUTMBIB Ha
pe3epByapu, 10 BU3HAYAIOTHCS 3a JAHUM CTa-
HIApTOM, BIINOBIIAalOTh 3HAYEHHSIM 3 WMOBIp-
HICTIO MEpEeBUILEHHA 2 % MpOTArOM OJHOIO
POKY.

MpumiTka. XapakrepucTuyHi 3HaueHHs HE 0a3ylOThCs
Ha (OpMaTbHUX CTATHCTUYHHX pPO3PAXyHKaxX, TaK sK
JlaHi JyIsl bOro Hapasi BIJICYTHI. 3amiCTh LIOTO, BOHH
IPYHTYIOTBCS Ha iCTOPUYHHMX 3HAYCHHSX, IO BUKOPHUC-
TOBYBaJIMCS B OiIbII paHHIX cTaHaaprax. HaBenene Bu-

e BU3HA4YCHHA Bimmosimae pu3HadeHHto 3a JJCTY-H b
EN 1990.

2.3 Kuacugikanisa BIiinBiB Ha OyHKepH

(1)P HaBaHTa)xeHHs BiJ CHUIIKOTO MaTepiany,
mo 30epiraeTbcsi B OyHKepi, KIacU(iKyIOThCS
sk 3MiHHI BruuBy (auB. JJCTY-H B EN 1990).

(2)P CumerpuuHi HaBaHTa)K€HHs Ha OyHKep
KIacu(]iKyroThCs K 3MiHHI (ikcoBaHi il (JHB.
JCTVY-H b EN 1990).

(3)P MicuieBi HaBaHTa)KEHHSI, 1110 BUHUKAIOTh B
nporecax HAIOBHEHHS Ta BUBAaHTa)KEHHs OyH-
Kepa, KIacu(ikyroThCs sIK 3MiHHI BUTbHI BIUIH-
Bu (muB. JICTY-H b EN 1990).

(4)P HaBaHTa)keHHS 3 €KCIICHTPUCHUTETOM, III0
BHUHUKAKOTH B Hpoueci HAIIOBHCHHA Ta BHUBAH-
TaXeHHs1 OyHKepa 3 eKCIEHTPHUCHTETOM, KJia-
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ses 2 and 3, the variability of the design parameters used
to represent the stored solid is taken into account in the
adopted characteristic values for the stored material

properties ¥, 4, K and ¢ and not in the load magni-
fiers C.

(12) For silos in Action Assessment Class 1,
unsymmetrical loads should be represented by
an increase in the symmetrical load, using a
discharge load magnifying factor C.

(13) For silos in Action Assessment Class 2,
unsymmetrical patch loads may be alternatively
represented by a substitute increase in the
symmetrical load that is related to the unsym-
metrical patch load magnitude.

2.2 Representation of actions on tanks

(1)P Loads on tanks due to liquids shall be rep-
resented by a hydrostatic distributed load.

(2) The characteristic value of actions on tanks
defined in this standard are intended to corre-
spond to values that have a probability of 2%
that they will be exceeded within a reference
period of 1 year.

NOTE: The characteristic values are not based on a for-
mal statistical analysis because such data is not currently
available. Instead they are based on historical values

used in earlier standards. The above definition corre-
sponds to that given in EN 1990.

2.3 Classification of actions on silos

(1)P Loads due to stored particulate solids in
silos shall be classified as variable actions, see
EN 1990.

(2)P Symmetrical loads on silos shall be classi-
fied as variable fixed actions, see EN 1990.

(3)P Patch loads associated with filling and
discharging processes in silos shall be classi-
fied as variable free actions.

(4)P Eccentric loads associated with eccentric
filling or discharge processes in silos shall be
classified as variable fixed actions.
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cU(IKYIOThCS K 3MiHHI ()iIKCOBaHI BITUBH.

(5)P HaBaHTa)xeHHs BiJ TUCKY Ta3y, IO BiJHO-
CATBCA OO0 IMHEBMAaTUYHHUX IIOJaBaJIbHUX CHUC-
TeM, KIacH(IKyIOThCS SK 3MiHHI (DiKCOBaHI
BIIJIMBH.

(6)P HaBanTaskeHHs Bin BHOYXy NMHIIY KIIacH-
Gbiky0TbCA K aBapiiiHi HAaBAaHTAXKEHHS.

2.4 Knacudikanisa BIUIMBIB HA pe3epByapu

(1)P HaBanTa)keHHs Ha pe3epByapu Kiacudi-
KYIOTbCSI SIK 3MiHHI (DiIKCOBaHi BIUIMBU (IHB.

JACTY-H b EN 1990).

2.5 Kitacu OyHKepiB 111010 BIUIUBIB

(1) B 3anexxHocT! Bii HaIIMHOCTI KOHCTPYKTH-
BHOTO BHMKOHAHHS 1 YYTJIMBOCTI JI0 pi3HHUX
dbopM BIAMOB MpU PO3PAXyHKY KOHCTPYKIIIH
OyHKEpiB TMOBMHHI BHKOPHCTOBYBATHCS pi3Hi
PiBHI HaIIMHOCTI.

(2)Po3paxyHok OyHKepa MOBHHEH BUKOHYBATH-
Cs BIONOBITHO 1O BHMOT HACTYITHHX TpPbOX
KJIaciB 3a BIUIMBAMH $IKi 3aCTOCOBYIOTHCS B
IbOMY CTaHAapTi. BukopucranHs kiaciB no-
3BOJISIE CTBOPIOBATU MPOEKTH 3 OJHAKOBUM pi-
BHEM HAJIHHOCTI MPU BUKOHAHHI pO3PaxyHKIB 1
3 ypaxyBaHHSM BUTpaT i 3aXOiB LIOAO 3HU-
JKEHHS PU3HUKY BiIMOBH JISl PI3HUX KOHCTPYK-
uiit (muB. 2.2(3) 1 2.2(4) ACTY-H b EN 1990).
Po3pi3HAIOTH Taki KJIacH 3a BILTMBAMMU:

— Knac BmmuBiB 1 (AAC 1);
— Knac BmmuBiB 2 (AAC 2);
— Knac BmmusiB 3 (AAC 3).

(3) HAnsa OyHkepa 3aBXAM MOXE BUOMpATUCS
O1IbII BUCOKHUI KJIaC BILIMBIB, HI)K BUMAara€Thb-
cs 3a myHkToM 2.5(2). Bynp-sika BiamoBinHa
JaCTHHA METOIUKH PO3PAXyHKY IS OUTBIN BH-
COKOTO KJIaCy BIUIMBIB MOXE OyTH TpUHHSTA
JUTSL PO3PAXYHKY.

(4) Ins OyHKepiB Kj1acy BIUIMBIB 1 MOXYTb 3a-
CTOCOBYBATHCS CHPOIICHI pEKOMEHAAII] IIHOTO
CTaHIAPTY.

(5) Knac BruIMBIB MOBHHEH BU3HAYATHCS KOHK-
PETHO UTSI KOXKHOTO OKPEMO B3STOr0 OyHKepa,
a He JUIs BChOTO OJIOKy OyHKepiB abo rpymu
OyHKepiB, SKIi MOXYTb PO3TAIIOBYBATHCS SK
€IMHa KOHCTPYKTHBHA CUCTEMA.
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(5)P Gas pressure loads attributable to pneu-
matic conveying systems shall be classified as
variable fixed actions.

(6)P Loads due to dust explosions shall be clas-
sified as accidental actions.

2.4 Classification of actions on tanks

(1)P Loads on tanks shall be classified as vari-
able fixed actions, see EN 1990.

2.5 Action assessment classification

(1) Difterent levels of rigour should be used in
the design of silo structures, depending on the
reliability of the structural arrangement and the
susceptibility to different failure modes.

(2) The silo design should be carried out ac-
cording to the requirements of the following
three Action Assessment Classes used in this
part, which produce designs with essentially
equal risk in the design assessment and consid-
ering the expense and procedures necessary to
reduce the risk of failure for different structures
(see EN 1990, 2.2(3) and (4):

— Action Assessment Class 1 (AAC 1);
— Action Assessment Class 2 (AAC 2);
— Action Assessment Class 3 (AAC 3).

(3) A higher Action Assessment Class than that
required in 2.5(2) may always be adopted. Any
part of the procedures for a higher Action As-
sessment Class may be adopted whenever it is
appropriate.

(4) For silos in Action Assessment Class 1, the
simplified provisions of this standard for that
class may be adopted.

(5) The Action Assessment Class for a silo
should be determined by the conditions of the
individual storage unit, not on those of an en-
tire silos battery or group of silos that may be
situated in a complete facility.



Hpumirka 1. HamionanpHUN MOJATOK MOKE BCTAHOB-
JIOBAaTH MEXi MK kimacamu. Y Tabmummi 2.1 BKkazaHi pe-
KOMEHIOBaHI 3HAYE€HHS.

Tabauus 2.1
Table 2.1
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NOTE 1: The National Annex may define the class
boundaries. Table 2.1 shows recommended values.

— PexoMenioBaHa knacudikarisi OyHKepiB AJs OLIHKU BIUIMBIB
— Recommended classification of silos for action assessments

Knac BrumBiB
Action Assessment Class

Onuc
Description

Knac BrmmsiB 3
HKOBHUX CHTYaIli:
b) OyHkepu Mmaioi

e /d,>0,25

Action Assessment Class 3

situations occur:

Bynkepu emkictio 6inmpmre 10 000 T
bynkepu emkictio 6inbine 1000 T, B KOTpEX Mae Miclie 0JlHa 3 HACTYITHHUX pO3paxy-

a) BUBAHTAKEHHS 3 EKCLIEHTPUCUTETOM IIPHU € /d c > 0,25 (nuB. pucynok 1.1, b);

THYYKOCTI 13 3allOBHEHHSM 3 EKCIEHTPUCHUTETOM IIpU

Silos with capacity in excess of 10 000 tonnes
Silos with capacity in excess of 1000 tonnes in which any of the following design

a) eccentric discharge with eq/d, > 0,25 (see figure 1.1b)

b) squat silos with top surface eccentricity with e, /d, > 0,25

Knac Brummsis 2
Action Assessment Class 2

Bci OyHKepH, siKi OXOIUTIOIOTHCS MM CTAHJAPTOM 1 He BKIIFOUCHI B 1HIII KJIACH
All silos covered by this standard and not placed in another class

Knac Brummsis 1
Action Assessment Class 1

Bynkepu emkictio meHme 100 T
Silos with capacity below 100 tonnes

Hpumitka 2. BumenaBenena nudepeHtiiamis 3a pi3HU-
MH KJIaCAMH BHKOHaHa Ha IiJICTaBl HasBHOCTI HEBU3Ha-
YeHOCTE! IPH PO3paxyHKY BIUIUBIB 3 MPUHHATHOIO TOY-
HicTro. [IpaBuna it mManux OYHKEpIiB MPOCTi i JArOTh
3amac 3a HeCyd4oi 3/aTHOCTi, TOMY BHCOKi BHUTpaTH Ha
BH3HAYCHHS MapaMeTPiB CHIKOTO MaTepiay € He BHIIpa-
BIaHUMH. HacniJiki KOHCTPYKTHBHOI BiJ]MOBH 1 PH3HMKU
JUISL XKUTTS 1 BJIACHOCTI BPaxOBYIOThCS B Kiacudikamisx
3a JICTY-H b EN 1992 i ICTY-H B EN 1993.

IpumiTka 3. BuOip kiacy BIUIMBIB MOBUHEH 31HCHIO-
BaTHCSl OKPEMO JIJISI KOJKHOTO MTPOEKTY.

NOTE 2: The above differentiation has been made in
relation to the uncertainty in determining actions with
appropriate precision. Rules for small silos are simple
and conservative because they have an inherent robust-
ness and the high cost of materials testing of stored sol-
ids is not justifiable. The consequences of structural fail-
ure and the risk to life and property are covered by the
Action Assessment Classification of EN 1992 and
EN 1993.

NOTE 3: The choice of Action Assessment Class should
be agreed for the individual project.
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3 Po3paxyHkoBi curyamii
3.1 3araJbHi MOJI0KEHHS

(1)P BrnnmuBu Ha OyHKepu Ta pe3epByapH IO-
BUHHI BU3HAYaTHCS 3 BUKOPHCTAHHSM 3aralib-
HOTrO (opMary it KOXKHOI BIAMOBIIHOT po3pa-
XyHKoBoi cutyaii BianosigHo 1o JACTY-H b
EN 1990.

Ipumirka. [{e He o3Hayae, MO MpaBWIa 1 3HAYCHHS Be-
ymmauH a8 Oyaisens 1 mocTiB 3 A.1 ta A2 JICTY-H b
EN 1990 moxyTh 3acTocoBYBaTHCS UIst OyHKEpIB 1 pese-

pBYyapiB.

(2)P [ToBuHHI OyTH pO3TIsSHYTI BUOpaHi po3pa-
XYHKOBI CHTYyallii Ta BH3HAUYE€HO KPUTUYHI BH-
najku HaBaHTaxyBaHHs [lng OyHKepiB po3pa-
XYHKOBI CHTyallii TIOBUHHI TIPYHTYBAaTHCSl Ha
XapaKTepUCTUKAX MOTOKY JUIsl CUIIKOTO MaTtepi-
airy, sIKi BU3HAYAIOTHCS BIAMOBIIHO JO JTOAAT-
ka C.

(3)P [Inst KOXKHOIO KpUTHYHOI'O BUIIAJKy HaBa-
HTa)XyBaHHs TMOBUHHI BHU3HAYATHUCS PO3pPaxyH-
KOBI 3HaueHHs e(DeKTiB BILIMBIB BiJ KOMOiHAIII{
BILIMBIB.

(4)P IlpaBuna koMOiHYBaHHS 3aj1eXaTh BijJ BU-
JIy PO3PaxyHKOBOI MEPEBIPKH 1 TIOBUHHI MTPHIA-
marucs 3rigHo JJCTY-H b EN 1990.

IMpumirka. BuznauanpHi npaBuia KOMOIHYBaHHSI BKa-
3aHi B JIOJATKy A.

(5) IloBuHH1 OyTH BpaxoBaHi BIUIUBH, IO TIe-
PeNaroThCs BiJl IPUMHUKAIOYUX KOHCTPYKITiH.

(6) IToBuHHI OyTH BpaxoBaHi BIUTUBH Bif MOAA-
BaJIbHUX 1 3akpuBarounx cucreM. OcoOiauBy
yBary HeoOXiJHO MPUAUTUTH NOJaBAILHUM CH-
cTeMaM, HE BCTaHOBIICHHM CTalliOHApHO, SKi
MOXYTh T€peJaBaTH HABaHTA)KEHHS Ha KOHC-
TpyKIii OyHKepa uepe3 maTepiai mo 30epira-
€THCAL.

(7) He neoOximHO, MOBHHHI OyTH BpaxoBaHi
HACTYIIHI aBapiifHi BIUIMBHU 1 CUTYaIlii:

—  BIUTUBH BiJ] BUOYXY;
—  BIUIMBH BiJl y1apy aBTOMOOLIIS;

—  BIUIMBH BiJ 3eMJIETPYCY;

PO3PaxXyHKOBA CUTYAIIisl IPU TIOKEKI.
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Section 3 Design situations
3.1 General

(1)P Actions on silos and tanks shall be deter-
mined using the general format for each rele-

vant design situation identified in accordance
with EN 1990.

NOTE: This does not mean that the paragraphs and val-
ues specified for buildings and bridges in EN 1990, A.1
and A.2 are applicable to silos and tanks.

(2)P Selected design situations shall be consid-
ered and critical load cases identified. For silos,
the design situations shall be based on the flow
characteristics of the stored particulate solid, as
determined in accordance with Annex C.

(3)P For each critical load case the design val-
ues of the effects of actions in combination
shall be determined.

(4)P The combination rules depend on the veri-
fication under consideration and shall be identi-
fied in accordance with EN 1990.

NOTE: Relevant combination rules are given in An-
nex A.

(5) The actions transferred from adjoining
structures should be considered.

(6) The actions from feeders and gates should
be considered. Special attention should be paid
to unattached feeders that may transfer loads to
the silo structure through the stored solid.

(7) The following accidental actions and situa-
tions should be considered where appropriate:

— actions due to explosions;
— actions due to vehicle impact;
—  seismic actions;

—  fire design situations.



3.2 Po3paxyHkoBi curyanii Bi1 martepiany,
0 30epiraerbcs B OyHKepax

(1)P HaBantaxxeHHsI Ha OyHKEpH Bij Marepia-
Jay, o 30epiraeTbcs, MOBUHHI BHU3HAYATHUCH,
KOJIM OyHKEp 3HaXOJUTHCS B MOBHICTIO 3aIOB-
HEHOMY CTaHi.

(2)P CxemMu HaBaHTa)XEHb BiJ 3alOBHCHHS 1
NpU BUBAHTAXXCHHI TOBUHHI BUKOPUCTOBYBa-
TUCS JUIS TIPEIICTABJICHHS PO3PaXyHKOBUX CH-
Tyanii B TPaHUYHHX CTaHaX 1O HECydid 3iar-
HOCTI Ta eKCIUTyaTaliiHiil MPUIaTHOCTI.

(3) Po3paxynku ayis 3aliOBHEHHsI 1 BUBaHTa-
KEHHSI CUTIKOTO MaTepialy MOBUHHI BiJIIOBiAa-
TH OCHOBHHM BHIIaJIKaM HaBaHTAKyBaHHS, SKi
OPU3BOAATH O PI3HUX TPAaHUYHUX CTaHIB
KOHCTPYKIII:

—  MaKCHMaJbHUI HOPMAaJbHUI THUCK Ha Bep-
TUKAJbHY CTIHKY OyHKepa;

—  MaKCHUMAQJIbHUN BEPTUKAIBHUN THUCK TEPTS
Ha BEPTHKAJIBHY CTIHKY OyHKepa;

—  MAaKCHMQJIbHMM BEPTUKAJIbHUKA THCK Ha
IHUIIE OyHKepa;

- MAaKCUMAJIbHC HABAHTAXXCHHS Ha BOPOHKY
OyHKepa.

(4) IIpu Bcix OOYMCICHHSX HAaBaHTaXEHb IO-
BHHHE BUKOPHCTOBYBATHCSI BEPXHE XapaKTEPH-
CTHYHE 3HaYCHHS TUTOMOI Baru MaTepiaiy y .

(5) Po3paxyHOK AJi KOKHOTO BUNAAKy HaBaH-
Ta)KyBaHHs TIOBUHEH BUKOHYBATHCS 3 BUKOPH-
CTaHHSM €JIMHOTO HAOOpy Y3rOKEHHX 3Ha-
YeHb NapaMeTpiB Matepiany u, K 1 ¢, Tak
mo0 KOXHHA TpaHWYHUN CTaH BIATOBIIaB
€IMHOMY BH3HAUECHOMY CTaHy Marepiaiay Mo
30epiraeTncs.

(6) OCkiUTbKM KOXKEH 13 IIMX BHUIIAJIKIB HaBaH-
Ta)XyBaHHs JOCSTa€ CBOTO HAWOLIBLIOrO MOII-
KOJ/DKYI0Uoro e(ekTy, Ko napamerpu 4, K i

¢, npuilMarOTh KpaiiHi XapaKTepHCTUYHI 3Ha-

YEeHHsSI CBOI'O CTATUCTHYHOTO PO3MOJITY, Pi3HI
KpaifHi 3Ha4YeHHsS MapaMeTpiB TMOBHHHI OyTH
PO3TISHYTI, 1711 TOTO 100 3a0€3MeYnTH 10CTa-
THIO HQIIMHICTh IS BCIX TPAHUYHUX CTaHIB.
3Ha4yeHHs MapaMeTpiB, sIKi MOBUHHI MPUIMaTH-
Csl ISl KO)KHOTO BHITAJKy HABAaHTA)XCHHS HABO-
ISAThCs B Ta0u 3.1.
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3.2 Design situations for stored solids in silos

(1)P Loads on silos from the stored solid shall
be considered when the silo is in the full condi-
tion.

(2)P Load patterns for filling and discharge
shall be used to represent design situations at
the ultimate and serviceability limit states.

(3) The design for particulate solids filling and
discharge should address the principal load
cases that lead to different limit states for the
structure:

— maximum normal pressure on the silo ver-
tical wall;

— maximum vertical frictional drag (traction)
on the silo vertical wall;

— maximum vertical pressure on a silo bot-
tom;

— maximum load on a silo hopper.

(4) The upper characteristic value of the bulk
unit weight y should be used in all load calcu-

lations.

(5) The evaluation of each load case should be
made using a single set of consistent values of
the solids properties x, K and ¢, so that each
limit state corresponds to a single defined
stored solid condition.

(6) Because these load cases each attain their
most damaging extreme values when the stored
solid properties x#, K and ¢ take characteris-

tic values at different extremes of their statisti-
cal range, different property extremes should
be considered to ensure that the design is ap-
propriately safe for all limit states. The value of
each property that should be adopted for each
load case is given in Table 3.1.
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Tabmuus 3.1 — 3HadyeHHs napaMeTpiB Js pI3HUX BUIB HABAHTA)KEHHS Ha CTIHKY
Table 3.1 —Values of properties to be used for different wall loading assessments
[IpuiinsATe XapakTepUCTUYHE 3HAUEHHS
Characteristic value to be adopted
Hinb: Koediuient Koedirmient Kyt
TepTs 00 CTIHKU OOKOBOTO BHYTPIIIHBOTO
H TUCKY K TEPTS ¢
Purpose: Wall friction Lateral pressure | Angle of internal

coefficient u ratio K friction ¢

s BepTUKAJIBLHOI CTIHKM 200 UM-

JiHApa

For the vertical wall or barrel

MakcumanbHUid HOpMaJIbHUM THUCK HA Hwxne Bepxne Hwxne

BEPTUKAJIbHY CTIHKY

Maximum normal pressure on vertical Lower Upper Lower

wall

MakcumanbHU JOTUYHUN THUCK TEPTA Bepxne Bepxne Hwxne

Ha BEPTHKAJIbHY CTIHKY

Maximum frictional traction on verti- Upper Upper Lower

cal wall

MakcumanbHl BEpTHKAJIbHI HaBaHTa- Hwxne Hwxne Bepxne

JKCHHS Ha BOPOHKY 1 AHUIIE OyHKepa

Maximum vertical load on hopper or

silo bottom Lower Lower Upper

Hinb: Koedirient Koediuient Kyt
TepTs 00 CTIHKH | THCKY Ha BOPOH- BHYTPILIHBOTO
H Ky K TEPTA ¢
Purpose: Wall friction Hopper pressure | Angle of internal

coefficient u ratio K friction ¢

JlJ1sl CTIHKM BOPOHKH

For the hopper wall

MakcumanbHui THCK Ha BOPOHKY npu | HukHe 3HaUYeHHs Hwuxne Hwnxne

3allOBHEHHI ISl BODOHKH

Maximum hopper pressures on filling Lower value for Lower Lower

hopper

MakcumanbHui THCK Ha BOPOHKY npu | HukHe 3HaUYeHHS Bepxne Bepxne

BUBaHTa)KCHHI ISl BODOHKH

Maximum hopper pressures on dis- [ Lower value for Upper Upper

charge

hopper

Mpumirka 1. Ciig 3a3HaYKTH, 110 3aBKIN ¢wh < ¢i , OCKUIBKH MaTepias Oyze po3puBaTHCS YCepPEanHi, SIKIIO KOB3aH-

HS B 30HI KOHTaKTy 31 CTIHKOIO MOTpeOye OUIBIINX HAIMPY)KeHb 3CYyBY, HUK BHYTPIIIHE TepTs Moxke 3abe3neuntn. Lle

O3HayYae, 110 Y BCIX BUMaAKax KoeilieHT TepTs 00 CTIHKM He HMOBUHEH NpuiimMaTHcs Outbil Hix tan ¢i (ToOTO 3aBXNKIHM

pn=tand, <tang,).

NOTE 1: It should be noted that (I)Wh < ¢i always, since the material will rupture internally if slip at the wall contact

demands a greater shear stress than the internal friction can sustain. This means that, in all evaluations, the wall friction
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coefficient should not be taken as greater than tan¢; (i.e. L = tan@,, < tan¢, always).
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Kineup Tabauui 3.1

IIpumirTka 2. HopManbHuii THCK Ha BOPOHKY P, , K IIPAaBUIIO, MA€ HAWOLIbIIE 3HAYEHHS, AKIIO TEPTSA 00 CTIHKU BOPO-

HKHM HEBEJIMKE, TaK SK MEHIIA YacTHHA MOBHUX HaBaHTa)KCHb HAa BOPOHKY BHKIHMKA€TbCS TEPTAM 00 cTiHKH. [ToTpiOHO
peTesibHO BUOMpATH KpaiiHi 3HaYeHHS IapaMeTpiB TepTsl 00 CTIHKK BOPOHKH ISl BUSBJICHHS BCIX KOHCTPYKTHBHHUX Hac-
JKIB (YU MOBUHHO OyTH OTPUMAaHO HaWOUIBIINKA HOPMAJILHUN THCK 200 THCK TEPTsl, 3aJIeXKNTh BiJl OPMHU KOHCTPYKTH-

BHOI BiIMOBH, IIIO PO3TIIAAETHCS).

NOTE 2: Hopper normal pressure p,, is usually maximized if the hopper wall friction is low because less of the total

hopper load is then carried by wall friction. Care should be taken when choosing which property extreme to use for the
hopper wall friction to ensure that the structural consequences are fully explored (i.e. whether friction or normal pres-
sures should be maximized depends on the kind of structural failure mode that is being considered).

(7) HesBaxaroun Ha BuUIe3a3HA4YCHE, OyH-
Kepu KJacy BIUIHBIB 1 MOXYTh pO3paxoBy-
BaTHUCS TIILKM HA CEepeHl 3HAYeHHS Koedi-
IieHTa TepTs 00 CTiHKM [, , KoedilieHTa

OokoBoro THcKy K, 1 KyTa BHYTpPIIIHBOI'O
Tepra ¢, Ul CHIIKOrO MaTepiady 1o 30e-

piraerbcs.

(8) OcHoBHI popmynu ISl PO3paxyHKy Ha-
BaHTa)XCHb HA CTIHKKA OyHKepa HaBOIATHCS B
po3aiax 5 1 6. BoHM TOBHHHI BUKOPHCTO-
BYBATHUCS SIK OCHOBA JJISl PO3PaXyHKY HACTy-
[THUX XapaKTePUCTUIHUX HABAHTAKCHb:

— HaABaHTAXXCHHS BiJ 3allOBHEHHS Ha Bep-
TUKAJbHI JUISTHKH CTIHU (IUB. PO3.Iia 5);

— HABAaHTAXKEHHS TNPU BUBAHTAKCHHI Ha
BEePTHUKANbHI AUISHKH CTIHH (AMB. pO3-
ain 5);

— HABAaHTAXCHHS BiJ| 3allOBHCHHS 1 TpH

BHBaHTa)XCHHI Ha IUIOCKI JHHMINA (JIUB.
po3main 6);

— HABaHTAXCHHs BiJ 3allOBHEHHS Ha BO-
POHKY (IHB. pO3.ii 6);

— HABaHT@XCHHS IPH BUBAHTAXXCHHI Ha
BOPOHKY (IIUB. po3/ii 6).

3.3 Po3paxyHkoBi cuTyanii 1yist pisHUX
reoMeTpMYHUX KOH}irypaunii OyHkepa

(1)P Pi3Hi cmiBBiTHOIIEHHS pO3MIpiB OyHKe-
pa (THyuKicTh), (POPMHU BOPOHKH 1 poO3Tally-
BaHHA NPHUCTPOIB BUBAHTAKEHHS IPU3BO-
ISTh 10 PI3HUX PO3PaxXyHKOBUX CHUTYaLiH,
SIK1 TIOBUHHI OyTH PO3TJISIHYTI.

(2) Sxio TpaekTOpis MaTepiaiy, 110 Maaae B
OyHKep, IPU3BOANTH 0 YTBOPEHHS IO3a1e-
HTPOBOTO HACUITHOTO KOHYyCa Ha JESIKOMY
piBHi (auB. pucynok 1.1,b), TO Marepian
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(7) Notwithstanding the above, silos in Action As-
sessment Class 1 may be designed for the single
value of the mean wall friction coefficient p,,, the

mean lateral pressure ratio K,, and the mean in-

ternal friction angle ¢,, for the stored particulate
solid.

(8) General expressions for the calculation of silo
wall loads are given in Sections 5 and 6. They
should be used as a basis for the calculation of the
following characteristic loads:

—  filling loads on vertical walled segments
(Section 5);

—  discharge loads on vertical walled segments
(Section 5);

—  filling and discharge loads on flat bottoms
(Section 6);

—  filling loads on hoppers (Section 6);

—  discharge loads on hoppers (Section 6).

3.3 Design situations for different silo
geometrical arrangements

(1)P Different silo aspect ratios (slendernesses),
hopper geometries and discharge arrangements
lead to different design situations that shall be
considered.

(2) Where the trajectory of the solid falling into a
silo leads to an eccentric pile at some level (see
Figure 1.1b), different packing densities can occur
in different parts of the silo that induce unsym-




MOXE OTPUMATH Pi3HY MIUIBHICTh B PI3HHUX
yacTuHaX OyHKepa 1 BUKIMKATH HECUMETpPU-
9HUA THCK. JIJIS OLIIHKKM 3HAYeHb TAKOTO TH-
CKy HEOOXIJHO BMKOPHCTOBYBAaTH HaHOiIb-
IIUH eKCIIEHTPUCHUTET TPAEKTOpli MaTepiary
e, (muB. 5.2.1.215.3.1.2).

(3) IIpu po3paxyHKy HEOOXiJHO BpaxOBYyBa-
TH BIUTUB ()OPMHU IMOTOKY IMPU BUBAHTAKEH-
Hi, sKa MOke OyTH HACTyMHHUX THUIIB (IUB.
pucyHok 3.1):

MAacOBHH IOTIK;

MOTIK B TPYOi;

3MIILIAHUN TIOTIK.
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metrical pressures.
The largest eccentricity in the solids trajectory e

should be used to assess the magnitudes of these
pressures (see 5.2.1.2 and 5.3.1.2).

(3) The design should consider the consequences
of the flow pattern during discharge, which may
be described in terms of the following categories
(see Figure 3.1):

mass flow;
pipe flow;

mixed flow.

(5]

5

- HIHUHI'HA‘ '

2 I

a - MacoOBHH TOTIK
a) Mass flow
Po3’sacuenns
MAacOBUH MOTIK
KOHIYHMI MOTIK
BeChb MaTepial B pyci

TEKy4ui mMarepiai

HEPYXOMUI MaTepian

1

2

3

4

5 MEXI1 KaHaITy TIOTOKY
6

7 edeKTUBHUN TIepexiy
8

e(eKTUBHA BOPOHKA

b - moTik B TpyOi1
b) Pipe flow

C - 3MINIAHWUHI TOTIK

¢) Mixed flow

Mass flow

Funnel flow

All solids in motion
Flowing

Flow channel boundary
Stationary

Effective transmission

Effective hopper

Pucynok 3.1 - OcHoBHI (OpMH TOTOKY

Figure 3.1: Basic flow patterns
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(4) Sxmo moTik B TpyOi 3aBXKAM 3HAXOIUTH-
Csl BCEpeIUHI CUIIKOrO Marepiany (IuB. pH-
cyHku 3.2, a1 b), TO TUCK NIpH BUBaHTAKEHHI
JIOTYCKA€ThCS HE BpPaxoByBaTU. byHKepu
MaJiol THYYKOCTiI 3 CHMETPHYHHM BHBAHTAa-
JKEHHSIM BiA A1 CUIU TSOKIHHA 1 OyHKEepH 3
MEXaHIYHOI0 CHCTEMOI0 BUBAHTAXCHHS Ha
MOBEPXHI Martepiay, ska 3a0e3rneuye BHYT-
pilHiA moTik B TpyOi (AMB. pHUCYH-
ku3.4,a,b 1 3.5,a), BIANOBIZAIOTH ITUM
ymoBaMm (muB. 5.1(7 )1 5.3.2.1(2) i (4).

MpumiTtka. AuHTHaMHaMivHA TpyOa BiXHOBIAHOT

KOHCTPYKIIIi TaKOXK MOXKe 3a0e3redyBaTi YMOBHU JUIs
BHYTPILIHBOTO MIOTOKY B TPYOI.

(4) Where pipe flow occurs and is always internal
to the solid, (see Figures 3.2a and b) discharge
pressures can be ignored. Squat silos with concen-
tric gravity discharge and silos with top-surface
mechanical discharge systems that ensure internal
pipe flow (see Figures 3.4a and b and 3.5a) satisfy
these conditions (see 5.1(7) and 5.3.2.1(2) and (4).

NOTE: An anti-dynamic tube of appropriate design may
also satisfy the conditions for internal pipe flow.

) ( — )

a - mapaienb- b - IOTIK 3MiH- € - O3alleHTpo-  d - mo3aleHTpoBuit
HUW TIOTIK B HOTO Nepepizy B BUH MapajieIbHUN MOTIK 3MiHHOTO
TpyOi TpyOi MOTIK B TPYyOi nepepizy B TpyOi

a) Parallel pipe  b) Taper pipe

flow flow
Poz’sacuenns
BHYTpIIIHI{ MOTIK B TpYOi
MO3alleHTPOBUH TOTIK B TPYyOi
TEKy4Yuil MaTepian

1
2
3
4 Mexi KaHaly MOTOKY
5 TpyOa TeKydJoro marepiary
6

HEPYXOMUH MaTepian

c¢) Eccentric paral-  d) Eccentric taper
lel pipe flow pipe flow

Key
1 Internal pipe flow

2 Eccentric pipe flow

3 Flowing

4  Flow channel boundary
5 Flowing pipe

6 Stationary

Pucynoxk 3.2 - ®opmu notoky B Tpy6i

Figure 3.2: Pipe flow patterns
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(5) IIpu cumerpuyHOMY MacoBOMy abo 3Mi- (5) Under symmetrical mass or mixed flow (see
[IaHOMY ToTomli (IuB. pUCyHOK 3.1) B po3- Figure 3.1), the design should consider the un-
paxyHKax IMOBHHHA BPAaXOBYBAaTHUCS MOYIIH- symmetrical pressures that may develop (see
BE BHHUKHEHHS HECHUMETPHUYHUX THUCKIB 5.2.2.2 and 5.3.2.2).

(muB. 5.2.2.215.3.2.2).

(6) Skuo npu noroui B Tpy6i abo 3MilIaHo- (6) Where pipe flow or mixed flow occurs with
My TIOTOIlI Ma€ Miclle KOHTaKT IOTOKY 3i partial contact with the silo wall, the design
CTIHKOIO OyHKepa, IpHU pO3paxyHKax HeE0O- should consider special provisions for the un-
X1JIHO BpaxOBYBAaTH CIICIiabHI TOJOKEHHS symmetrical pressures that may arise (see Figure
JUIS HECUMETPUYHOTO THCKY, SKHA MOXe 3.2c and d and Figure 3.3b and c) (see also 5.2.4).

BUHUKHYTH B I[bOMY BUTQJKY (IHB. pUCYH-
ku3.2,c,d, a Takox pucynku 3.3,b,c)
(muB. Takox 5.2.4).

3

i

Wi,

4
_.|||

4

(IO
I Ti:

1
LI
2

a - CAMETPUYHHIA 3MIIAaHUK b - TIOBHICTIO HECUMETPUIHUI C - YaCTKOBO HECUMETPUYHUI
HOTIK 3MIIIaHUN TOTIK 3MILIaHUHA TOTIK
a) Concentric mixed flow b) Fully eccentric mixed flow  c) Partially eccentric mixed flow
Po3’scuenns Key
1  Mexi KaHaTy MOTOKY 1 Flow channel boundary
2 30Ha NOTOKY 2 Flow zone
3 edekTuBHHII IEpexXiy 3 Effective transition
4  edexkTHBHUI Tepexia: 3MiHA MO OKPYX- 4  Effective transition: varies around silo cir-
HOCTi OyHKepa cumference
5 HepyxoMui matepian 5  Stationary
6 HepyxoMHui MaTepiai 6  Stationary
7  edexTUBHA BOPOHKA 7  Effective hopper
Pucynoxk 3.3 - ®opmu 3MiIIaHOTO MOTOKY
Figure 3.3: Mixed flow patterns
(7) Sxmo OyHKep Mae KilbKa BHXIIHHUX (7) Where a silo has multiple outlets, the design
OTBOpIB, TIPU PO3PAaXyHKAX CIiJ PO3TIISIATH should consider the possibility that either any out-
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MOJKJIMBICTH TOTO, IO OJJUH OTBip a00 KiJb-
Ka BUXIJTHUX OTBOPIB MOXKYTh OyTH BIAKPUTI
OJIHOYACHO TPHU TOBHICTIO 3alIOBHEHOMY OYy-
HKepi.

(8) Sxmo OyHKep Mae KigbKa BUXITHHX
OTBOPIB 1 32 TEXHOJIOTIEI0 BOHU KEPYIOTHCS
KOHKPETHHM CIOCOOOM, Iei crocid moBH-
HEH pO3TJsJaTUCs SK 3BUYAiiHA pO3paxyH-
KOBa cutyarlis. [Hii cnocoOu BIAKPUTTS BU-
X1JIHUX OTBOPIB TIOBHHHI PO3TJISAIATHCS SIK
aBapiiiHi curtyarii.

IIpumitka. TIoHATTA «3BUYaiiHa po3paxyHKOBa CH-
Tyalis;» B HaBelIeHOMY BHIIe ab3all HaJIEXKUTh 10
ocHoBHOI kombOiHamii 3rimno JCTY-H B EN 1990,
6.4.3.2. TlonaTTs «aBapiitHa po3paxyHKOBa CUTYaIlish»

BIZTHOCUTBCS JI0 aBapiifiHUX pO3paxyHKOBHX CHTYaIlii
3rigao 6.4.3.3EN 1990.

(9) Sxkwmo nyxe rHyuykuil OyHKEp 3amoOBHE-
HUH 3 eKCLEHTPUCUTETOM, a00 SKILO po3Ila-
pyBaHHS MaTepially B JAyXe THy4YKOMy OyH-
Kepl MPU3BOJIUTH 10 Pi3HOI MIUTLHOCTI MaTe-
piamy B pi3HUX uYacTHHax OyHKepa abo 10
3YEIJICHHsSI CHUIIKOIO MaTepianly, acHUMeTpis
pO3TalIyBaHHS YaCTOK MOKE BHKJIMKATH He-
CUMETPUYHUI TOTIK B TpyOi abo HecumeT-
PUYHUI 3MIIIAHUKA TOTIK 3 BUTIKAHHAM O1J1s1
CTIHKM OyHKepa, L0 MOXXE IMPHU3BECTH [0
HECUMETPUYHOTO  THCKY  (IUB.  pHCY-
HOK 3.4,d). YV upomy BuUINAAKy HEOOXiTHO
BUKOPUCTOBYBATH CIICI[iAJIbHI TTOJIOKEHHS
(muB. 5.2.4.1(2).

(10) st OyHKEPIB 3 TOPOIIKONOIIOHUM Ma-
TEpiajoM, IO MOJAETHCS MTHEBMATUYHO, TIPU
MaKCUMaJbHOMY 3allOBHEHHI MOBHWHHI PO3T-
JsiIaTUCS Bl po3paxyHKoBi cutyamii. Ilep-
ma: mMarepiaj mo 30epiracTbCsi MOXKE YTBO-
PUTH KyT MPUPOIHOTO YKOCY, SIK 1 NpH iH-
IUX BUJAX CUIIKOTo Matepiamy. [pyra: ciin
PO3IIISIHYTH MOKJIMBICTB TOTO, 1110 TIOBEPXHS
Marepiaqy TOpPU3OHTajdbHA (IMB. PHCY-
HOK 3.5, ¢), He3aJIe)KHO BiJ KyTa MPUPOIHO-
ro YKOCY Ta €KCIEHTPUCHUTETY 3allOBHEHHS.
VY 11b0My BHUIAAKY €KCUEHTPHUCHUTETH 3aroB-
HCHHS €, 1 ¢, MOXyTb OyTH NPUHHATI PiB-

HUMH HYJIIO, & PIBE€Hb 3alIOBHEHHS Ma€ OyTH
MIPUIHATUNA MaKCUMaJIbHO MOYKJIUBUM.
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let alone, or any combination of outlets simulta-
neously, may be opened when the silo is in the
full condition.

(8) Where a silo has multiple outlets and the oper-
ational design has arranged for it to operate in a
particular manner, this manner should be treated
as an ordinary design situation. Other outlet open-
ing conditions should be treated as accidental de-
sign situations.

NOTE: The term «ordinary design situation» above refers to
a Fundamental Combination in EN 1990, 6.4.3.2. The term
«accidental load case» refers to an Accidental Design Situa-
tion in EN 1990, 6.4.3.3.

(9) Where a very slender silo is filled eccentrical-
ly, or where segregation in a very slender silo can
lead either to different packing densities in differ-
ent parts of the silo or to cohesiveness in the solid,
the asymmetry of the arrangement of particles
may induce unsymmetrical pipe or mixed flow
(see Figure 3.4d), with flow against the silo wall
that may cause unsymmetrical pressures. The spe-
cial provisions that are required for this case (see
5.2.4.1(2) should be used.

(10) Where a silo is filled with powder that has
been pneumatically conveyed, two design situa-
tions for the full condition should be considered.
First, the stored solid may form an angle of re-
pose, as for other solids. Second, consideration
should be given to the possibility that the top sur-
face may be horizontal (see Figure 3.5¢), irrespec-
tive of the angle of repose and the eccentricity of
filling. If this is the case, the eccentricities associ-
ated with filling e, and ¢, may be taken to be

zero, and the filling level should be taken at its
maximum possible value.
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a - OMOPHHM OyHKEp b — OyHkep maiol

THYYKOCTI1

b) Squat silo

C - THy4YKui OyHKep

a) Retaining silo ¢) Slender silo

d - my>xe rHyuKkuit OyH-
Kep

d) Very slender silo

Po3’scuenns Key

1  Texkyuwmii MmaTepiain 1  Flowing

2 MeXIi KaHaly MOTOKY 2 Flow channel boundary
3 HepyxoMui maTepian 3 Stationary

4  edekTHBHUI Tepexi 4  Effective transition

5 edekTuBHA BOPOHKA 5 Effective hopper

Pucynok 3.4 - BruiuB rHydkocTi (BIJHOIIEHHS BUCOTH [0 AlaMeTpa)Ha (popMy 3MiIIaHOTO MOTOKY 1

MOTOKY B TpyOi

Figure 3.4: Aspect ratio (slenderness) effects in mixed and pipe flow patterns
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| v
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C - THEBMATUYHE 3aI10B-
HEHHS TOPOLIKOINO/i0-
HOTO MaTepiairy yTBO-

proe

MPAaKTUYIHO TUIOCKY BEp-

XHIO TTOBEPXHIO

b - HarHiTaHHS MOBI-

TpA 1 HOro pyX CTBO-

PIOIOTh MaCOBHUI MO-
TIK

a - MEXaHIYHe BUBaH-
TAXCHHIA 3 CI/IMeTpI/I-
YHUM TUCKOM

a) mechanical dis-
charge with concen-
tric pressures

b) air injection and
air slides promote
mass flow

¢) pneumatic filling of
powders causes almost
flat top surface

d - BopoHKa 3 po3mmpe-

HUM TIOTOKOM BUKJITHKAE

MAaCOBHH MOTIK TUIBKH B
HUKHIN BOPOHIII

d) expanded flow hop-
per gives mass flow on-
ly in bottom hopper

Pucynok 3.5 — CriertiaibHi criocoOu 3aITOBHEHHS 1 BABAaHTAKCHHS

Figure 3.5: Special filling and discharge arrangements
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(11) ¥V Oynkepax nmmst 30epiraHHs MOPOIIKO-
no/i0HOrO Martepiany 3 HarHITaHHSIM TOBIT-
ps B 30HI JHHINA (TUB. pUCYHOK 3.5, b) Bech
MaTepiai moOiau3y THUIIA MOXe mepedyBaTu
B ITIJBIIIICHOMY CTaHi, BUKIMKAIOUU e(heKTu-
BHUI MacOBHI MOTIK HaBiTh Y OyYHKepi Maioi
rHydkocTi. Taki OyHKepH, HE3aJeXKHO Bij
(dakTH4HOI THYYKOCTi /./d,., NIOBUHHI pO3-

paxoByBaTUCS 3a MPAaBUIAMH Ul THYYKOTO
OyHKepa.

(12) V Oynkepax nmmst 30epiraHHs MOPOIIKO-
noi0HOro Martepiany 3 HarHITaHHSIM TOBIT-
ps B 30H1 AHMIIA (AMB. pUCYHOK 3.5, b) Mo-
K€ CTaTUCs, L0 TIIbKM YacTHHA MaTepiany
3HAXOJIUTHCS B MIABINICHOMY CTaHi, BUKJIH-
Kalo4yd HECUMETPUYHHM MOTIK B TPpyOi (IUB.
pucyHok 3.3, b). ExcueHTpucuTer pe3yiib-
TYIOUOTO0 KaHaldy IIOTOKY 1 pe3yJbTyloue
3HAYECHHS e) HEeOOXiJAHO BU3HAYaTH BiIHOC-

HO 30HM MaTepialy B IiJBIIIEHOMY CTaHi,
HE3aJISKHO BiJ] TIOJIOKEHHS BUX1THOTO OTBO-

py.

(13) BeprukanbHi cTiHKA OyHKepa 3 BOPOH-
KOI0, II0 Ma€ PO3LIMPEHHH MOTIK (IHUB. pu-
cyHOK 3.5, d), MOXyTh BIAMOBIAATH yMOBaM
3MIIIAHOTO TMOTOKY, 110 BHUKJIMKA€ HECHMET-
pUYHUI TUCK TpU BHUBaHTa)XeHHi. BusHa-
YEeHHSI THYYKOCTI /i1 OYHKEpiB LbOTO TUITY
MOBUHHO 0a3yBaTUCS Ha CIIBBIIHOIICHHI
hy/d, 3amicts h,/d,. (nuB. pucyHok 1.1, a).

(14) SAxmo OyHkep 3 rHyukictio h./d, Me-
Hie 0,4 Mae BOPOHKY, BiH IOBHHEH KIJIACH-
¢ikyBatucs sk OyHKep Majoi THYYKOCTI,
NpY TOPU3OHTAILHOMY JHUILI TaKUi OyHKEp
MOBHHEH KJacu(iKyBaTHCs SIK OTMIOpHUH Oy-
HKEp.

(15) dnst 6yHkepa, 1m0 Ma€ BOPOHKY HE KO-
HIYHOT, HE MipaMiJIaJbHOI 1 HE KIMHOMO10-
HOi (popMH, TOBUHHI 3aCTOCOBYBATHCS BiJl-
MOBITHI PAIiOHAIbHI METOAM sl pO3paxyH-
Ky THUCKIB. SIKIIIO BOpOHKa MICTUTh BHYTpI-
ITHI KOHCTPYKIIii, TUCKA HAa BOPOHKY 1 I
KOHCTPYKIIii TTOBHHHI BU3HAYATHCS BIIIOBI-
JTHUMU pallioOHAIbHUMU METOJaMHU.

(16) dna umninapuvyHoro OyHkepa 3 KIMHO-
NOiIOHOI0 BOPOHKOIO MTOBHHHI 3aCTOCOBYBa-
TUCS BIAMOBIIHI palliOHATbHI METOIN IS
PO3paxyHKY THCKIB.
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(11) Where a silo storing powder has an aerated
bottom (see Figure 3.5b), the whole bottom may
be fluidized, causing an effective mass flow even
in a squat silo geometry. Such a silo should be
designed according to the provisions for slender
silos, irrespective of the actual slenderness 4,./d.. .

(12) Where a silo storing powder has an aerated
bottom (see Figure 3.5b), it may be that only a
limited zone of powder is fluidized, causing an
eccentric pipe flow (see Figure 3.3b) which
should also be considered. The eccentricity of the
resulting flow channel and the resulting value of
ey should be evaluated with respect to the fluid-

ized zone, and not relative to the location of the
outlet.

(13) The vertical walls of a silo with an expanded
flow discharge hopper (see Figure 3.5d) may be
subject to mixed flow conditions that may cause
unsymmetrical pressures during discharge. The
evaluation of the slenderness of a silo of this type
should be based on 4, /d, in place of h, /d,. (see

Figure 1.1a).

(14) Where a silo has a slenderness A./d. less

than 0,4, it should be classified as squat if it has a
hopper at its base, but classed as a retaining silo if
it has a flat bottom.

(15) Where the silo has a hopper that is not coni-
cal, pyramidal or wedge shaped, a rational method
of analysis of the pressures should be used. Where
a hopper contains internal structures, the pressures
on both the hopper and the internal structure
should be evaluated using a rational method.

(16) Where the silo has a chisel hopper (a wedge
shaped hopper beneath a circular cylinder), a ra-
tional method of analysis of the pressures should
be used.



Hpumirka. [TogoBxeHi BUXiTHI OTBOPU CTAHOBIATH
0co0IUBY mpoOsIeMy. SIKIIO BUKOPHCTOBYIOTHCS JKH-
BWJIBHUKH JUTSL YIIPABJIiHHS BUBaHTA)XEHHAM MaTepia-
my 3 OyHKepa, iX KOHCTPYKIisS MOXe BIUIMBAaTH Ha
¢dbopmy motoky B Oynkepi. Lle moxe mpusBecTH 10
MacoBOro IIOTOKY, O IIOBHICTIO HECHMETPUYHOTO
3MIIIAHOTO OTOKY a00 JI0 MOBHICTIO HECUMETPHUYHO-
r'o IOTOKY B TPYOI.

3.4 Po3paxyHkoBi cutyauii 1/
cneniaJgbHUX GopM KOHCTPYKILI

(1) IIpu po3paxyHKy 3ani300€TOHHUX OYH-
KepiB 3a IPAaHUYHUM CTAaHOM EKCILTyaTalliii-
HOI TPHUAATHOCTI TOsBa TPIIIUH TOBHUHHA
OyTu oOMexxeHa B Oylb-sSIKUI Yac JUIsl 3amo-
OiraHHs TPOHWKHEHHsS BOIU. Bumorm 10
TPIIIMH TOBUHHI BIiAMOBIIATH OOMEKEHHSIM
Ha [IMPUHY PO3KPUTTS TPIIIUH 3TiAHO 3
JACTY-H b EN 1992 nns HaBKOJIHMIIHBOTO
CepeIoBHINA eKCILTyaTallii OyHkepa.

(2) Ons metaneBux OyHKEpiB Ha OOJTOBUX
a00 KJernaHuXx 3'€THAaHHAX PO3PaxXyHKOBI I10-
JIOXKCHHS JIJISl HECUMETPHYHUX HAaBaHTaKEHb
(MiciieBi HaBaHTa)XCHHsI) TIOBHHHI TpHiiMa-
THUCS 3 ypaxyBaHHSM TOTO, III0 HECUMETPHY-
HE HAaBaHTAXCHHS MOXE JIATH Ha Oyab-iKY
TISTHKY CTIHKHM OyHKepa.

(3) Ana meraneBux OYHKEpiB 3 MPSMOKYT-
HUM TIONIEPEYHUM TIepepi3oM, M0 MAaioTh
BHYTPIIIHI 3aTSKKWA AJI1 3HIKEHHS 3THHa-
JHHUX MOMCHTIB B CTiHIII, IOBHHHI BUKOPH-
CTOBYBATHUCS IMOJOKEHHSA J.7.

(4) BromHi edexTu MOBUHHI BPaxOBYBaTHCS
uIs OYHKEpIB 1 pe3epByapiB, SKIIO BOHU
MiJIaI0ThCS A1l B CEpeAHBOMY O1NIbIIE OJIHO-
r0 IIUKJTY HABaHTAXXEHHS B JeHb. OMH UK
HABAaHTA)XCHHSI BIAMOBIJA€ TIOBHOMY 3aIlOB-
HEHHIO Ta CIOpPOXHEHHIO OyHKepa abo, B
pa3i OyHKepa 3 TOBITPSM IO HATHITAETHCS
(mmB. pucyHok 3.5, b), mOBHOT TOCITITIOBHOC-
Ti (porarii) AUISHOK HarHiTaHHsI. BTomHi
e(eKTH TOBHUHHI BPaxOBYBAaTHCS 1 y OyHKe-
piB, SKi MIJAIOTHCS BIOpAIiiHUM BIUIMBAM
BiJ 00JTaHAHHA.

(5) ByHkepw 3aBOJICBKOTO BHTOTOBJICHHS
MOBHMHHI OyTH pO3paxoBaHi Ha BIUIMBH, IO
BUHMKAIOTh IIPU BHUTOTOBJICHHI, TPaHCHOP-
TYBaHHI Ta MOHTaXI.

(6) Sxmo B criHmi OyHKepa mependayeHi
Jr0KH a00 OTBOPH Uil JOCTYIY, THUCK Ha

np. ACTY-H b EN 1991-4:20XX

NOTE: Elongated outlets present special problems. Where a
feeder is used to control the discharge of the solid from the
silo, its design may affect the solids flow pattern in the silo.
This may produce either mass flow or fully eccentric mixed
flow, or fully eccentric pipe flow in the silo.

3.4 Design situations for specific
construction forms

(1) In concrete silos being designed for the ser-
viceability limit state, cracking should be limited
to prevent water ingress at any time. The crack
control should comply with the crack width limi-
tations of EN 1992 appropriate for the environ-
ment in which the silo is situated.

(2) In metal silos that are assembled using bolted
or riveted construction, the provision for unsym-
metrical loads (patch loads) should be interpreted
in a manner that recognizes that the unsymmet-
rical loads may occur anywhere on the silo wall
(see 5.2.1.4(4).

(3) In metal silos that have a rectangular planform
and contain internal ties to reduce the bending
moments in the walls, the provisions of 5.7 should
be used.

(4) The effects of fatigue should be considered in
silos or tanks that are subjected to an average of
more than one load cycle a day. One load cycle is
equal to a single complete filling and emptying, or
in an aerated silo (see Figure 3.5b), a complete
sequence (rotation) of aerated sectors. The effects
of fatigue should also be considered in silos af-
fected by vibrating machinery.

(5) Prefabricated silos should be designed for ac-
tions arising during handling, transport and erec-
tion.

(6) Where a manhole or access opening is made in
the wall of a silo structure, the pressure acting on
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KPHUILIKYA TMOBHHEH NMPHUHMATUCS B J[Ba Pa3H
OLTBIIIE PO3PAXyHKOBOTO JIOKAJIBHOTO THUCKY
Ha mpwierii crinkd. L{ei Tuck moBUHEH BU-
KOPUCTOBYBATHCSI TUIBKH JUISI PO3PaXyHKY
KPHILOK Ta iX KPIIUICHB.

(7) Sxmo max OyHKepa MIATPUMYE CHCTEMH
¢inpTpanii, MUKIOHU, KOHBEEPHUH TPHUBIA
a00 moaiOHe oOnagHAHHS, BOHM IIOBHHHI
PO3IIISIATHCS SIK THMYACOBI HABAHTAXKCHHSI.

(8) SIkmo s 3amoBHEHHS a00 BHBaHTa-
KCHHSI OyHKEpa BUKOPHCTOBYIOTHCS ITHEB-
MaTU4YHI TOJaBaJbHI CHCTEMH, TO TTOBHHHA
BpPaxOBYBATHUCS PE3yJIbTyI04Ya PI3HHUIS THC-
KiB rasy.

Mpumirka. [leli Tuck, K mpaBuio, cTaHOBHTH <10
klla, ame Mo)ke BHHMKATH 1 3HaYHHH THCK BaKyyMy
(manpuknan, 40 kPa = (0,4 bar) 3asuuaii B Ha-

CJIIJTOK TMOMHJIOK MTPOEKTYBaHHS a00 MpU HECIPaBHO-
cTsX y poboti. byHKepy MOBHHHI MaTH BiIIOBITHHIMA
3aXMCT BiJl TaKMX HemependauyeHux Iofii, abo mpoe-
KTYBaJIbHUK OyHKepa MOBHHEH BHKIIOYUTH MOKIIHU-
BICTB 1X MOSIBH.

(9) IIpu BukopucTaHHi BiOpaTopiB, HarHiTa-
4iB MOBITPsi a00 00EpTOBUX PO3BAHTAXKYBa-
JHHUX TPUCTPOIB HA JHUINE 3MiHHI HaBaH-
Ta)XCHHsI BiJ] HUX TIOBUHHI OyTH BpaxoBaHi B
rpaHMYHOMY CTaHi 3a BuTpuBamictio. Konu-
BaHHS BiJ] THEBMATUYHUX MOJABATBHUX CHUC-
TEM TaKO>X MOBHHHI BPaxOBYBaTHCH.

(10) Ilpn mommdikamii icHyrouoro OyHKepa
[UIIXOM YCTaHOBKH (DyTEpOBKH HEOOX1THO
BU3HAYHUTHU BIUIUB 3MiHU CHJI TEPTs 00 CTiH-
KA Ha pPOOOTYy KOHCTPYKIIH, BKIIOYAIOYH
MOJKJIMBI KOHCTPYKTHBHI HACTIJKH 3MiHH
dbopMu OTOKY MaTepiaity.

3.5 Po3paxyHkoBi cutyauii Bix piaus,
110 30epiraThesi B pe3epByapax

(1)P HaBanTaxkeHHs Ha pe3epByapu Big pi-
JIUH, 110 30epiraroThCsi, IOBHHHI BU3HAYATH-
Csl TIPY TIPAIIOI0YOTO pe3epByapa i Jisl Mak-
CUMAaJILHOTO PiBHS 3aITOBHCHHSI.

(2) Sxmo piBeHb PIAMHM B TPAIOIOYOMY
CTaHl BIAPI3HAETHCS BiJl PIBHS MaKCHMallb-
HOTO 3allOBHEHHS, TO MaKCHMaJbHE 3aroB-
HEHHS TIOBMHHO DPO3IJISIaTHCA SIK aBapiifHa
pPO3paxyHKOBa CUTYaIlisl.
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the cover should be assessed as two times the
highest value of the local design pressure on the
adjacent wall. This pressure should be used only
for the design of the opening cover and its sup-
ports.

(7) Where the roof supports dust filter assemblies,
cyclones, mechanical conveying equipment or
other similar items, these should be treated as im-
posed loads.

(8) Where pneumatic conveying systems are used
to fill or empty the silo, the resulting gas pressure
differentials should be considered.

NOTE: These pressures are usually <10 kPa, but significant
vacuum (e.g. 40 kPa = 0,4 bar ) can be applied, usually

where a conveying process design or operational error oc-
curs. Silos should have appropriate relief protection for such
unexpected events, or the silo designer should ensure that
they cannot occur.

(9) Where vibrators, air cannons or gyrating live
bottoms form part of the silo installation, the al-
ternating loads caused by them should be consid-
ered with respect to the limit state of fatigue. The
vibrations caused by pneumatic conveying sys-
tems should also be considered.

(10) Where it is proposed to modify an existing
silo by the insertion of a wall liner, the conse-
quences of the modified wall friction for the struc-
tural design should be investigated, including pos-
sible structural consequences of changes in the
solids flow patterns.

3.5 Design situations for stored liquids in tanks

(1)P Loads on tanks from the stored liquid shall
be considered both when the tank is in operation
and when it is full.

(2) Where the operational liquid level is different
from the level when the tank is full, the latter
should be considered as an accidental design sit-
uation.



3.6 IlpyHnunmu po3paxyHkKy BUOyXiB

(1) Axuo moxnuBuil BUOYX piauH abo curi-
KHX MartepiaiiB, 10 30epiraroThCs B pe3ep-
Byapax abo OyHKepax, MOTEHIiiHI MOIIKO-
JDKCHHS TIOBHHHI OyTH 0OMeXeHi abo BiiBe-
pHEH1 BIAMOBIIHUM BHOOPOM OJHOTO abo
JEKUTBKOX 3 HACTYITHHUX 3aXO0/IiB:

— yCTpii o0macTi Jjig IOCTaTHHOTO 3HH-
JKEHHS TUCKY;

—  BCTAHOBJIEHHA  BIAIIOBIIHUX
MPUIYLICHHS BUOYXY;

CHUCTEM

—  PO3paxyHOK KOHCTPYKUiH Ha CIPUHHAT-
TS TUCKY BHOYXOBO{ XBHIJII.

Jlesiki BUIU MaTepiaiiB, CXWIbHI 10 BUOYXY
nuTy, BKasasi B Tabmwmi E. 1.

Hpumirka. PexoMeHnarii o010 BH3HAYCHHS THCKIB
BHOYXY HaBeeHi B JoaaTtky H.

(2) TloBuHHO BpaxoOByBaTH THUCK Ha KOHC-
TPpyKuii, po3ramoBaHi Ouls OyHKepa, Mpu
BUOYXY BCEepeINHI HHOTO.

Mpumirka. HamioHanbHHN TOMATOK MOXE JaBaTH

BKa3iBKM IIO/I0 THCKY Ha KOHCTPYKILIi mo0nm3y OyH-
Kepa Ipu BUOYXY BCepearHi HbOTO.

np. ACTY-H b EN 1991-4:20XX

3.6 Principles for design for explosions

(1) Where tanks or silos are used to store liquids
or particulate solids that are susceptible to explo-
sion, potential damage should be limited or avoid-
ed by appropriate choice of one or more of the
following:

—  incorporating sufficient pressure relief area;

—  incorporating appropriate explosion suppres-
sion systems;

—  designing the structure to resist the explosion
pressure.

Some of the solids that are prone to dust explo-
sions are identified in Table E.1.

NOTE: Advice on the determination of explosion pressures
is given in Annex H.

(2)The pressure exerted on structures near a silo
as a result of an explosion within it should be de-
termined.

NOTE: The National Annex may give guidance on the pres-

sure exerted on structures near the silo as a result of an ex-
plosion within it.
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4 XapaKkTepucTHKH CUIIKOT0 MaTepiaixy Section 4 Properties of particulate
solids

4.1 3aranbHi M0JIOKEHHSA 4.1 General

(1)P Ilpu Bu3HaueHHi Aiii Ha OyHKep HEOOXiAHO Bpa- (1)P The evaluation of actions on a silo

XOBYBATH: shall take account of:

— JIlara30H XapaKTePUCTUK CUIIKOTO MaTepiay; the range of particulate solid prop-
erties;

— MIHJIUBICTh YMOB TEpPTS O TIOBEPXHi; the variation in the surface friction
conditions;

— reoMeTpuuHy Gopmy OyHKepa; the geometry of the silo;

- METO/T! 3aITOBHEHHS 1 PO3BAHTAKEHHSI. the methods of filling and dis-
charge.

(2) KopcTkicTh CHUNKOTO MaTepially He MiIBUIILYE (2) The stiffness of the particulate solid

CTIMKICTh CTIHKM Ta HE 3MIHIOE HABaHTA)KEHHS, BU3HA- should not be assumed to provide addi-

YeHi 3a [IUM cTaHAapToM. Bimus gedopmariiit CTiHKY B tional stability to the silo wall or to

mporeci poOOTH Ha THCK B MaTepiai, mo 30epiraerb- modify the loads defined within this

s, BpaxOBYBaTH HE CIiJI, SIKIIO HE BUKOPUCTOBYETHCS standard. The effects of in-service wall

Bi/ITIOBITHHI NIEPEBIPEHUN METO/I PO3PAXyHKY. deformations on the pressures devel-

oped in the stored solid should be ig-
nored unless a rational verified method
of analysis can be applied.

1.0
0.9 1 1.0

0.8
07 N 0.8 4 -
W 067 \ 4 \
0.5 1 0.6
0.4 o
04 \ 0.4 3

0.2 3
011 02

0.0 T 0.0 !
0 20 40 60 0 10 20 30 40 50 60 70 80 90
: 1
a — KOHIYHA BOPOHKa b — kIMHONOIOHA BOPOHKA
a) Conical hoppers b) Wedge hoppers
Po3’sicHenHs Key
1 MOJIOBUHA KyTa B BEpIIMHI [ BOPOHKH (B Ipa- 1 Hopper apex half angle £ (de-
JIycax) grees)
2 KOE(ILIEHT TepTs 00 CTIHKM BOPOHKH L1, ; 2 Hopper wall friction coefficient g,
3 PHU3UK THCKIB MacOBOT'O TIOTOKY B I1iif 00macTi 3 Risk of mass flow pressure in this
zone
4 JIOCTOBipHA 00J1aCTh KOHIYHOTO MTOTOKY 4 Funnel flow certain

Pucynok 4.1 — YMOBY BUHUKHEHHS THCKIB MAaCOBOTO ITOTOKY

Figure 4.1: Conditions in which mass flow pressures may arise
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(3) Komu e HeoOxigHO, THIT POPMU TTOTOKY
(MacoBuii a00 KOHIYHUHN MOTIK) TOBUHEH BH-
3HayaTucd no pucyHky 4.1. PucyHok 4.1 He
MMOBUHEH BUKOPUCTOBYBATHUCS IJISI TEXHOJIOT-
YHOI'O MPOEKTYBaHHs OyHKepa 3 MacOBUM I10-
TOKOM, OCKUIBKM HE BpaXOBYETHCS BIUIUB
BHYTPIIITHBOTO TEPTH.

Ipumirka. Po3paxyHok i rapaHTOBaHOIO MacOBOI'0
MOTOKY 3HAaXOAUTHCA I103a 00J1acTIO Oboro craHaapTy
(muB. 1.1.2(5). Jnsa mporo MOBHHHI 3aCTOCOBYBATHCS
CIIeliaJIbHl METOAM, IO BHKOPHCTOBYIOTBCS B pO3pa-

XYHKaX TepeMilleHHs] MOPOIIKOMOIIOHNX CUIIKUX Ma-
Tepiamis.

4.2 XapaKkTepuCTHKH CUIIKOT0 MaTepiaxy
4.2.1 3arajbHi N0JIOKEHHS

(1)P KinpkicHI XapaKTepUCTUKH CHUITKOTO Ma-
Tepiay, 1o 30epiraeThCs, AN BU3HAUCHHS
HaBaHTaXCHb 3a MapaMeTpaMu MaTepiary mo-
BHUHHI MPUAMATHUCA 32 pEe3yJbTaTaMu BUIIPO-
OyBaHb a00 3 IHIINUX BIAMOBITHUX JTaHUX.

(2)P 3HaueHHs, oTpuMaHi 3 pe3yJbTaTiB BU-
npoOyBaHb, I1HIINI JaHI MAIOTh BiJIIMOBIIHHM
YHUHOM OyTH 00pOOJIeH1 IpU OILIHIII KOHKpET-
HOTO HAaBaHTAXKCHH.

(3)P Cnin BpaxoByBaTH MOXKJIUBY PI3HHIIIO
MDK THapaMmeTpaMH MaTepiaiy, OTPUMAaHUMH 3
pe3ynbTaTiB BUIPOOyBaHb, 1 THX, SIKi BH3HA-
YaroTh MOBEMIHKY MaTepiaiy, 1o 30epiraeTh-
csi B OyHKepi.

(4)P Tlpu Bu3HaueHHI 3HAYECHHS PI3HUII TMa-
pameTpiB Marepiaiy, BkazaHoi B (3)P, HeoO-
X17HO BpaxOBYBaTH HACTYIHI YNHHUKHU:

— Oarato mapameTpiB HE € KOHCTaHTaMH,
a 3aJeXarb BiJl PIBHS THUCKY 1 dopmu
nedopmMartii;

— ¢dopma yacTok , X po3mipu 1 pO3MOILT
0 po3Mipax MOXKYTh TpaTH Pi3HY POJIb
B EKCIIEPUMEHTI 1 y OyHKepi;

— THMYAaCOBI YNHHUKH;

— 3MiHY BOJIOTH;

— BIUIMB JUHAMIYHHX Jiii;

— KPUXKICTh 200 B'S3KICTh BUIIPOOOBYBa-
HOTO MaTepiany;

— croci0 BHECEHHs1 MaTepiainy y OyHKep 1
y BHNPOOYBaJIbHUNA PUCTPIH.
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(3) Where necessary, the type of flow pattern
(mass flow or funnel flow) should be deter-
mined from Figure 4.1. Figure 4.1 should not
be used for the functional design of a silo to
achieve a mass flow pattern, because the influ-
ence of the internal friction angle is ignored.

NOTE: Design for guaranteed mass flow is outside the
scope of this standard (see 1.1.2(5). Powder and bulk
solids handling procedures should be used for this pur-
pose.

4.2 Particulate solids properties
4.2.1 General

(1)P Properties of stored particulate solids, as
quantified for load calculations by material pa-
rameters, shall be obtained either from test re-
sults or from other relevant data.

(2)P Values obtained from test results and other
data shall be interpreted appropriately for the
load assessment considered.

(3)P Account shall be taken of the possible dif-
ferences between the material parameters ob-
tained from test results and those governing the
behaviour of the solids stored in silos.

(4P In evaluating the differences in solids
properties indicated in (3)P, the following fac-
tors shall be considered:

- many parameters are not true con-
stants but depend on the stress level
and mode of deformation;

— particle shape, size and size distri-
bution can play different roles in
the test and in the silo;

— time effects;
- moisture content variations;
— effect of dynamic actions;

— the brittleness or ductility of the
stored solid tested;

— the method of filling into the silo
and into the test apparatus.
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(5)P Ilpu BW3HAYCHHI 3HAYCHHS PI3HUII Xa-
PAaKTEPUCTHK TEPTS OO CTIHKH, BKa3aHOIO B
(3)P, HeoOXigHO BpaxoByBaTH HACTYITHI YHH-
HUKH:

— KOpO3iI0 1 XIMIUHY peaklis MK mare-
piajiom, BOJIOTOIO 1 CTIHKOIO;

— CTHpaHHA 1 3HOC, SIKI MOXXYTb 3pOOUTH
CTIHKHM OyHKepa MIOPCTKIIINMHU;

— 3rJa/KyBaHHs OBEPXHI CTIHKU;

— HAKOMMYCHHS XUPHUX BIKIAJEHb HA
CTIHII;
— YacTKH Matepiaiy, 0 BKparvieHi B Mo-

BEPXHIO CTIHKHU (3a3BUYail 30UTBIIYIOTH
HIOPCTKICTB).

(6)P Ilpu mpu3HaYeHHI KUTbKICHMX 3HAYCHb
nmapamMeTpiB matepialy HEOOXiJIHO BpPaxoBY-
BaTH:

— OITyOJTIKOBaHI 3arajJbHOBH3HAHI JaHi 110
3aCTOCYBAaHHIO KOXXHOTO THITY BHIIPO-
OyBaHb;

- 3HAYCHHS KOXKHOTO IapameTpa IOopiB-
HSTHO 3 BiJIMOBIAHAMH OITyOJIIKOBAaHUMU
JAHUMH 1 TOCBIJIOM MPOEKTYBAaHHS;

— MIHJIMBICTh MapaMeTpiB, I PO3paxy-
HKY;

- pe3yibTaTi OyJb-KHX HATYpPHHUX BH-
MipiB y OyHKepax aHaJOTi4HOi KOHC-
TPYKUi;

— OyIb-sIKy KOPEJSAIio MiX pe3yjbTara-
MU, OTPUMaHHUMH i3 TIOHAJ OJHOTO TH-
Iy BUNPOOYBaHb;

— OyIb-SKy 1CTOTHY MiHJIUBICTH Napame-
TpiB Marepiaiy, Ky MOKHA MPUITyCKa-
TH BIIPOAOBXK TEPMiHY CIy*)Ou OyHKe-
pa.

(7)P Bubip xapakTepUCTUYHHX 3HAYECHb Ma-
paMeTpiB MaTepiany MOBHHEH IPyHTYBaTHCS
Ha 3HAYEHHSX, OTPUMAHHUX B PE3yJIbTATi BH-
npoOyBaHb, 3 ypaxyBaHHIM JIOCTOBIPHUX, IIe-
PEBIPEHMX JOCBIIOM JaHUX.

(8) XapakrepucTUYHE 3HAUEHHS MapaMeTpa
Marepiajay MOBHHHE BHOUpATHCS SIK 00epex-
Ha OLIIHKa BIJAIMOBIIHOTO HWXHBOTO 200 BEpX-
HBOI'O XAapaKTEPUCTHUYHOIO 3HAYEHHS 3aJICK-
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(5)P In evaluating the differences in wall fric-
tional properties indicated in (3)P, the follow-
ing factors shall be considered:

corrosion and chemical reaction
between the particles, moisture and
the wall;

abrasion and wear that may rough-
en the wall;

polishing of the wall;

accumulation of greasy deposits on
the wall;

particles of solid being impressed
into the wall surface (usually a
roughening effect).

(6)P When establishing values of material pa-
rameters, the following shall be considered:

- published as well as recognized
information relevant to the use of
each type of test;

— the value of each parameter com-
pared with relevant published data
and general experience;

— the variation of the parameters that
are relevant to the design;

— the results of any large scale field
measurements from similar silos;

— any correlation between the results
from more than one type of test;

— any significant variation in material
properties that may be contemplat-
ed during the lifetime of the silo.

(7)P The selection of characteristic values for
material parameters shall be based on derived
values resulting from laboratory tests, comple-
mented by well-established experience.

(8) The characteristic value of a material pa-
rameter should be selected as a cautious esti-
mate of the appropriate value, either the upper
or the lower characteristic value, depending on



HO BiI[ Horo BIUIMBY Ha HaBaHTAXCHHJA, IO
BHU3HA4YaAETHCA.

(9) dnsa inTepnperariii pe3yabTaTiB BUIIPOOY-
BaHb JIOMTyCKAETHCS BUKOPHCTOBYBATH IIOJIO-
xenusa [ICTY-H b EN 1990.

Hpumirka. Jus. Takox gomarok D JICTY-H b EN
1990.

4.2.2 BunpoOyBaHHsl i BUBHAYEHHS XapaK-
TEPUCTUK
Marepiaay

(1)P 3nHayeHHs XapaKTEPHCTUK Marepiaiy,
NPUNHATI B pO3paxyHKax, NOBUHHI BpaxoBYy-
BaTH MOJKJIUBY MIHJIUBICTH BHACIIJOK 3MiH B
CKJIaJi, MeToJaXx BUPOOHUIITBA, TPAHYJIOMET-
pPUYHOMY CKJIaJli, BMICTI BOJIOTH, TEMIIEpATYy-
PH, CTapiHHA 1 €JIEKTPUYHOrO 3apsiiy B MpO-
1eci IepeMilieHHS.

(2) XapakTepuCTUKU CUIIKOTO MaTtepiaiay To-
BUHHI BHU3HAYATHUCA CIIPOLHICHUM MCTOJOM IIO
4.2.3, abo nuisxoMm BUIIPOOyBaHsb 110 4.3.

(3) Hdns OyHkepiB kiacy miil 3 xapakTepuCTH-
KU CHITKOTO MaTtepiaiy IMOBHHHI BH3HAYaTUCS
LUIIXOM BUIIpoOyBaHb 1o 4.3.

(4) XapakTepucTuku sl OyIb-sIKOTO KOHK-
PETHOTO CHUIIKOTO Marepially JOIyCKa€eThCs
MpUAMAaTH K I MaTepiany, o 30epiracTb-
Csl, XapaKTEPUCTUKH SKOTO HABOASTHCS B TA0-
muti E. 1.

(5) 3naveHHs KoedimieHTa TEpTA 00 CTIHKH
M U JaHOTO CHUIIKOTO Matepiay, MpUHHsTEe
B PO3paxyHKy, IMOBHHHO BpPaxOBYBaTH THUII
TepTsl MOBEPXHi, MO sKid BiH KoB3ae. Pi3Hi
KaTeropii MOBEpPXHI CTIHOK, SIKIi BUKOPHUCTO-
BYIOTBCSl B JIaHOMY CTaHJapTi, BU3HAYEHI B
4.2.1 1 mepepaxoani B Tabimi 4.1.

(6) Jlnst OyHKEpiB 3 MOBEPXHSIMHU CTIHOK KaTe-
ropii D4 nmoBuHeH BU3HauaTHCA €(PEKTUBHUI
Koe(iIieHT TepTs 00 CTIHKHU 10 METOY, MPH-
BeJeHoMy B D.2.

(7) KoeoimieHT MICIIEBOTO HaBaHTAKCHHS

Cyp cmin npuiimary 1o tabimui E.1 abo pos-

paxoByBaTH 1o ¢opmyi (4.8).

np. ACTY-H b EN 1991-4:20XX

its influence on the load being evaluated.

(9) Reference may be made to EN 1990, for
provisions concerning the interpretation of test
results.

NOTE: Refer also to Annex D of EN 1990.

4.2.2 Testing and evaluation of solids
properties

(1)P The values of solid properties adopted in
design shall take into account potential varia-
tions due to changes in composition, produc-
tion method, grading, moisture content, tem-
perature, age and electrical charge due to han-
dling.

(2) Particulate solid properties should be de-
termined using either the simplified approach
presented in 4.2.3 or by testing as described in
4.3.

(3) For silos in Action Assessment Class 3, par-
ticulate solids properties should be obtained by
testing as described in 4.3.

(4) The properties of any particulate solid may
be taken as represented by the default stored
solid given in Table E.1.

(5) The value adopted in design of the wall
friction coefficient x for a given particulate
solid should take account of the frictional char-
acter of the surface on which it slides. The Wall

Surface Categories used in this standard are
defined in 4.2.1 and are listed in Table 4.1.

(6) For silos with walls in Wall Surface Cate-
gory D4, the effective wall friction coefficient
should be determined as set out in D.2.

(7) The patch load solid reference factor C,,

should be obtained from Table E.1 or deter-
mined from Expression (4.8).
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Tabnuus 4.1 — Kareropii moBepxHi CTIHOK
Table 4.1 — Wall surface definitions
Kareropis Omnuc Tumosi Marepiajii CTIHKH
Category Descriptive title Typical wall materials
DI Husbke TepTsi. X oo JHOKaTaHa HeipKaBirova CTajb;
Knacudikyerses sik: | [TomipoBana Heip>kaBiroua cTajb;
«dy>xe rmagka» [ToBepxHi 3 HOKPUTTSIM, IPU3HAYCHUM JUI1 HU3BKOTO TEPTS;
[TonipoBaHmii antOMiHIH;
[NomieTnsieH 3 ay>ke BUCOKOI MOJIEKYJISIPHOIO Baroro
Dl Low friction classed | Cold-rolled stainless steel
as «Slippery» Polished stainless steel
Coated surface designed for low friction
Polished aluminium
Ultra high molecular weight polyethylene *
D2 Cepenne Teprs. ['magka manoByrienieBa ctaib (3BapHi a00 O0ATOBI KOHCTPYKIIii);
Knacudikyerbes sik: | Heipxkairoua cTanb 3 MPOKAaTHOIO MOBEPXHEIO;
«'manxay Byrnenesa ctaip 3 raqbBaHIYHUM MTOKPUTTSIM;
OxkucneHui amoMiHii
[ToBepxHi 3 MOKPUTTAM, MPU3HAYECHUM ISl 3aXUCTY BiJl KOpPO3ii
a00 abpa3uBHOrO 3HOCY
D2 Moderate  friction | Smooth mild carbon steel (welded or bolted construction)
classed as “Smooth" | Mill finish stainless steel
Galvanized carbon steel
Oxidized aluminium
Coated surface designed for corrosion resistance or abrasive wear
D3 CunbHe TepTs. beroH, OeToH B cTaieBoMy OOJIHIIOBAaHHI, CTapuil OETOH;
Knacudikyerbes sik: | Ctapa (110 Mae KOpo3it0) ByIJIelieBa CTallb;
«I'py6a» 3HOCOCTIIKA CTAJIb;
Kepamiuni nauTku
D3 High friction classed | Off form concrete, steel finished concrete or aged concrete
as «Raspy» Aged (corroded) carbon steel
Abrasion resistant steel
Ceramic tiles
D4 Heperynsapna ["opu3oHTaIBHO TOPPOBAHI CTIHKH;
[TpodinpoBaHi TUCTH 3 TOPU3OHTATHHUMH pedpamu;
HecranmapTHi CTIHKY 3 BEJIMKHUMH BiIXWICHHSIMHA
D4 Irregular Horizontally corrugated walls

Profiled sheeting with horizontal ribs
Non-standard walls with large aberrations

Hpumirka. Kimacudikaris i omucu B Tabnuili 4 OaroThCs B TEPMiHAX TEPTS, a HE MOPCTKOCTI, OCKUTBKY iCHYy€e He3HAYHA
KOpEJISIIist MiXK BUMIPSIHAM 3HAUYEHHSIM TEpTs MaTepiany o0 MOBEPXHIO ITPH HOTO KOB3aHHI i BUMIPSHOI MIOPCTKICTIO.

NOTE: The descriptive titles in this table are given in terms of friction rather than roughness because there is a poor cor-
relation between measured wall friction between a sliding granular solid and the surface and measures of roughness.

a) Jlnst MX MoBEpXOHb MOTPIOGHO OCOOIMBO PETENBHO PO3IJIISIAATH eEeKT IOPCTKOCTI BiJl YACTHHOK, 1110 BTUCHYTI B ITOBE-

PXHIO CTiHKH.

® The roughening effect of particles being impressed into the surface should be considered carefully for these surfaces.
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4.2.3 Cnpomennii miaxin

(1) 3nayenHs xapakTepHCTUK 100pe BiIOMHUX
MaTepianiB TMOBUHHI MpUAMATHCS 3TiIHO Tad-
ymmi E.1. Bkaszani tam 3HayeHHsS BIIIOBIIa-
I0Th BEPXHHOMY XapaKTEPUCTUYHOMY 3HAYCH-
HIO TIMTOMOI Baru y 1 cepeiaHiM 3HAYCHHSIM

I fhy, 5 Ky 1y,

(2) Sxmo marepian, Mo 30epiraeTbcs, HE MO-
KHA TOYHO 1ACHTU(IKYBATH SK MOMIOHHUIN 0J1-
HOMY 3 BKa3aHux B Tabmumi E.l marepianis,
HEOOXITHO BHKOHATH BHMPOOYBaHHS 3TiIHO
43.

(3) s BU3HAUYEHHS XapaKTEPUCTHUHUX 3Ha-

4yeHb 1, K u ¢ TabnuuHi 3Ha4eHHS 4, , K,

u CJTi1 TOMHOXXUTH 200 PO3ALTUTH Ha MO-

im
npaBouHi koedimienTn a 3 Ttabmuni E.1. Tlpu
PO3paxyHKy MakCHUMalbHUX HABAHTAKCHb I10-
BHHHI BHUKOPHCTOBYBAaTHUCS HACTYITHI KOMOI-

HaIl;

BEPXHE XapaKTEPUCTHYHE 3HAUCHHS
—  Upper characteristic value of

— HHWKHE XapaKTepHCTHqHC 3HA4YCHHA
—  Lower characteristic value of

—  BEPXHE XapaKTEePUCTUYHE 3HAYCHHS
—  Upper characteristic value of

—  HWKHE XapaKTePUCTHYHE 3HAYCHHS
— Lower characteristic value of

—  BEPXHE XapaKTePUCTUYHE 3HAUCHHS
—  Upper characteristic value of

—  HWKHE XapaKTePUCTUYHE 3HAYCHHS
—  Lower characteristic value of

(4) dns OynkepiB kiacy miii 1 3amicTh Bepx-
HBOTO 1 HIKHBOTO XapaKTEPHCTHYHHX 3Ha-
YEHb JIOITyCKA€ThCS BUKOPUCTOBYBATH CEPEIHI
3HaueHHs ,,, K,, u ¢, .

4.3 BunpoOyBaHHs CHUIIKOT0 MaTepiaxy
4.3.1 Meroau BUnpoO0yBaHb

(1)P BumpoOyBaHHs MOBUHHI MPOBOJUTHUCS 3
MOKa3HUMH 3pa3KaMH CHIIKOTO MaTepiaiy.
CepenHe 3HaueHHs AJI KOXKHOI XapaKTepuc-
TUKW CHUITKOTO MaTepialy MOBHHHE BH3HAYa-
TUCS 3 HAJCKHUM BPaxyBaHHSM MiHJIMBOCTI

np. ACTY-H b EN 1991-4:20XX

4.2.3 Simplified approach

(1) The values of the properties of well-known
solids should be taken from Table E.1. The val-
ues in Table 4.1 correspond to the upper charac-
teristic value for the unit weight y, but the val-

ues of x,,, K,, and ¢, are mean values.

(2) Where the solid to be stored cannot be clear-
ly identified as similar to one of the descriptors
in Table E.1, testing according to 4.3 should be
undertaken.

(3) To determine the characteristic values of 1,
K and ¢, the tabulated values of 4, , K,, and
¢, should be multiplied and divided by the

conversion factors a given in Table E.l. Thus in
calculating maximum loads the following com-
binations should be used:

K =agK,, (4.1)
K=K,/ ag (4.2)
M=yt (4.3)
M=yl ay, (4.4)
& = agbm (4.5)
b =bmla (4.6)

(4) For silos in Action Assessment Class 1, the
mean values of 4, , K, and ¢,, may be used
for design, in place of the range of values asso-

ciated with the upper and lower characteristic
values.

4.3 Testing particulate solids
4.3.1 Test procedures

(1)P Testing shall be carried out on representa-
tive samples of the particulate solid. The mean
value for each solid property shall be deter-
mined making proper allowance for variations
in secondary parameters such as composition,
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BTOPUHHUX TMapaMmeTpiB, TaKUX SK: CKIaj,
IpaHyJIOMETPUYHUHN CKJIaJl, BMICT BOJIOTH, Te-
MIepaTypa, BiK 1 eNeKTpUIHHUN 3apsi1 yHaci-
JIOK TiepeMileHHs] 800 METO1y BUPOOHHIITBA.

(2) XapakTepuCTU4HI 3HAUYEHHS BH3HAYAIOTh-
Csl IO EKCIIEPUMEHTAIbHUM CEepEIHIM 3HAYEH-
HSIM 3 BUKOpHUCTaHHAM (opmyi (4.1) — (4.6) i
BIJIMOBIAHUX MOMPABOYHUX KOE(DIIIEHTIB @ .

(3) Koxen momnpaBkoBHii KOEIIIEHT a TOBU-
HEH PETEIbHO BU3HAYATHCS 3 BPaXyBaHHAM
OYIKyBaHOI MIHJIMBOCTI XapaKTEPUCTHUK MaTe-
plajgy TmpOTATrOM TEPMIHY BUKOPHCTaHHS OyH-
Kepa, MOKJIMBOI'O BIUIMBY PO3LIApyBaHHS Ma-
Tepiady 1 HETOYHOCTEW TpH BIAOOp1 3pa3KiB
matepiaiy.

(4) Sxmo icHye 3HaYHA KUTBKICTh €KCIIepuMe-
HTAJIbHUX JaHMX JUId BU3HAUEHHsI CTaHIapT-
HOTO BIIXWJICHHS XapakTEPUCTUKU, TO BiIIO-
BiJTHUH MOTPAaBKOBUM KOCQIIIEHT @ CIiJl BU-
3Hauvartu 3a C.11.

(5) InTepBan Mix cepefHIM 1 XapaKTepUCTHY-
HUM 3HAYEHHSIMM IapaMeTpa MaTepiany BH-
PaXaAEThCS TIOMPABOYHUM Koe(DilieHTOM a .
SIKmo oguH OpyropsaHUAN mapaMmeTp BHOCHUTH
Ounbie 75 % y 3HauY€HHS MONPABOYHOTO KOe-
diienTa a, Moro 3Ha4eHHA Mae OyTH 3011b-
[IeHe NUITXOM MHOKeHHS Ha 1,10.

Ipunmitka. [IpuBeneHe BUIlEe MONOKEHHS NPU3HAUYEHE
JUTst 3a0€3IeUeHHs TOro, adM BUOpaHe 3HAYCHHS ( Ja-

BaJIO MOPIBHSHHY BIPOTiHICTh MOSIBU HABAHTAXKEHb, 1110
BU3HAYAIOTHCSL.

4.3.2 IlnToMa Bara CUNKoOro Marepiaiuy y

(1) Tlmtoma Bara cUIKOro Marepiaay y ToO-
BUHHA BHM3HAYATHCSA TpPU IIUIBHOCTI YIIUTb-
HEHHS YaCTUHOK CHIIKOIO Martepiaay 1 MpH
piBHI THCKY, SIKi BIANOBIAIOTH TUISHIN B Ma-
Tepiaii, 1o 30epiraeTbesi B OyHKepi, Je peari-
3y€TbC MAaKCUMaJbHUN BEPTUKAJIbHUN THUCK
BIJl 3allOBHEHHS. BeprukanbHuii THCK p,; B

OyHKepi JIOMyCKaeThCsl BU3HAYATH N0 (hopmy-
nax (5.3) a6o (5.79) ma rMOWHI HMKHBOTO
Kparo BEpTHKAJIbHOI YACTUHH.

(2) Jns BUMipy IUTOMOI BarW CHUIIKOTO MaTe-
plaly y TIOBUHEH 3aCTOCOBYBAaTUCS METO[

BunpoOyBanb 1o C.6.
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grading, moisture content, temperature, age,
electrical charge due to handling and production
method.

(2) The mean test values should be adjusted us-
ing Expressions (4.1) to (4.6) with the relevant
conversion factor a to derive characteristic val-
ues.

(3) Each conversion factor a should be careful-
ly evaluated, taking proper account of the ex-
pected variability of the solid properties over the
silo life, the possible consequences of segrega-
tion and of the effects of sampling inaccuracies.

(4) Where sufficient test data exists to determine
the standard deviation of a property, the relevant
conversion factor a should be determined as set
outin C.11.

(5) The margin between the mean and the char-
acteristic values for the solid property is repre-
sented by the conversion factor a. Where a sin-
gle secondary parameter alone accounts for
more than 75% of the value of a, that value
should be increased by multiplying it by 1,10.

NOTE: The above provision is made to ensure that the
value of @ is chosen to represent an appropriate probabil-
ity of occurrence for the deduced loads.

4.3.2 Bulk unit weight »

(1) The bulk unit weight y should be deter-
mined at a particle packing density and at a
stress level corresponding to the position in the
stored solid in the silo where the maximum ver-
tical stress after filling occurs. The vertical
stress p,; in the silo may be assessed using Ex-

pression (5.3) or (5.79), as appropriate, for the
depth at the bottom of the vertical section.

(2) The test method for the measurement of bulk
unit weight » described in C.6 should be used.



(3) [HonpaBkoBHiA KOSPIIIEHT 1T OTPUMAHHS
XapaKTEepPUCTUYHOI'O 3HAYEHHS 3 BUMIPSHOTO
3HAYEHHS [TOBUHEH BU3HAYATHCS 110 METOIHII,
BkazaHiii B C.11. IlompaBkoBuii koedimieHT

a, He TOBHHCH NPUHMATHCS MCHINE HIX

a, = 1,10, 3a BUHATKOM BUIAAKY, KOJIA MEHILIE

3HAYEHHS MIATBEPKYETHCS €KCIIEPUMEHTAb-
HO 3 BIJIMOBITHOIO OITiHKOMO (1uB. C.11).

4.3.3 KoegiuieHT TepTsi 00 CTIHKH 1

(1) BunpoOyBaHHs 110 BU3HAUYEHHIO KOediIrie-
HTa TepTs 00 CTIHKK 4 JUIsl PO3pPaxyHKY Ha-

BAaHTAKCHb MMOBWHHI BUKOHYBATHUCS MPHU II1Th-
HOCTI YIIIJTbHEHHS] YAaCTUHOK CHUITKOTO MaTepi-
aly 1 mpu PiBHI TUCKY, SIKI BIAMOBIAIOTH [ii-
JSHI B MaTepiani, o 30epiraeTbcst B OyHKe-
pl, e peani3yeTbCsi MaKCUMAaJIbHUI TOPU30H-
TaJIbHUN THCK HAa BEPTHKAIBHY CTIHKY ITiCIIS
3alOBHCHHS Py, . THCK BIJI 3aIIOBHCHHS g

B OCHOBI BEPTHUKAJIBHOI CTIHKH JIOIyCKA€THCSA
BHU3HauaTH 3a popmynoro (5.1) abo (5.71).

(2) Ana Bumipy koedilieHTa TEpTS O CTIHKH
M TIOBHHEH 3aCTOCOBYBAaTHCS METOJ BHIIPO-

oysanb 1o C.7.

(3) Cepenne 3HaueHHs 1, KoeQilieHTa TEPTA

O CTIHKH 1 HOT0 CTaHIapTHE BIIXWJICHHS TIO-
BHUHHI BU3HAYATHUCS 3 BUMIPOOYBaHb. SIKIIO AJs
Marepiaay Moke OyTH 3HAHACHO JIMIIE CEepe/I-
HE 3HAUEHHS, TO CTAaHIAPTHE BIAXUJICHHS IO-
BUHHE OIIHIOBATHCS TI0 METOAY, BKa3aHOMY B
C.11.

(4) MompaBkoBHiA KOEPIIIEHT 151 OTPUMAHHS
XapaKTePUCTUYHOTO 3HAYEHHS 3 BUMIPSHOTO
3HAYCHHS MOBHHEH BM3HAYATHCS 32 METOJIH-
ko, HaBeaeHow B C.11. IlompaBkoBuii koe-

(bitjieHT @, HEe MOBMHEH NPUAMATHCS MEHIIC

HIXK a p =1,10, 3a BUHATKOM BHUIAJKY, KOJH

MEHIIIC 3HAYCHHS IiITBEPKYETHCS CKCIICPH-
MEHTAJIbHO 3 BIJIMOBIIHOIO OIIIHKOK (JIUB.
C.11).

4.3.4 Kyt BHYTPillIHBOTO TepTH ¢

(1) Kyt BHyTpilIHBOrO TEpTS ¢ NpHU HaBaH-
TaXXeHHI (ApPKTaHTEHC BIAHOIICHHS 3CYBHUX
HaIpy>XeHb J0 HOPMaJbHUX HANpPY)KEHb MpHU

mp. ACTY-H b EN 1991-4:20XX

(3) The conversion factor to obtain the charac-
teristic value from the measured value should be
found using the procedure given in C.11. The
conversion factor a, should not be taken as less

than a, =1,10 unless a smaller value can be jus-

tified by testing and assessment (see C.11).

4.3.3 Coefficient of wall friction u

(1) Tests to determine the wall friction coeffi-
cient u for the calculation of loads should be
determined at a particle packing density and at a
stress level corresponding to the position in the
stored solid in the silo where the maximum as-
sessed horizontal filling pressure p,; on the

vertical wall after filling occurs. The filling
pressure p,g at the base of the vertical wall

may be assessed using Expression (5.1) or
(5.71) as appropriate.

(2) The test method for the measurement of u
described in C.7 should be used.

(3) The mean value x4, of the wall friction co-

efficient and its standard deviation should be
deduced from the tests. Where only the mean
value can be found, the standard deviation
should be assessed using the procedure given in
C.I11.

(4) The conversion factor to obtain the charac-
teristic value from the mean value should be
found using the procedure given in C.11. The

conversion factor a P should not be taken as less
than @, =1,10 unless a smaller value can be jus-

tified by testing and assessment (see C.11).

4.3.4 Angle of internal friction ¢,

(1) The loading angle of internal friction ¢

(arctan of the ratio of shear stress to normal
stress at failure during virgin loading) should be
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pyHHYBaHHI TMiJ] Yac TNEPBHHHOTO HaBaHTa-
JKEHHS) MOBUHEH BU3HAYATUCS MPHU IIUTEHOCTI
VIIUTPHEHHS YacTOK Matepialy 1 Hpu piBHI
TUCKY, SIKI BIJNOBIIAIOTh MIUTBHOCTI YII1Ib-
HEHHS 1 PIBHIO THCKY Ha JTUISHII B MaTtepiali,
o 30epiraeTbest B OyHKEpi, 1€ peani3yeTbes
MaKCUMaJIbHUM BEPTHKAILHUI THCK IiCTs 3a-
MOBHEHHS. BepTUKaTbHUI TUCK JOMYCKAETHCSA
BHU3HauUaTH 3a popmynoro (5.3) abo (5.79).

(2) ns BUMIpY ¢ TOBHHEH 3aCTOCOBYBATHUCS
MeTo]1 BunpoOysansb 1o C.9.

(3) Cepenne 3Ha4ueHHs @, KyTa BHYTPILIHbO-
ro TepTs NMPH HaBaHTa)XCHHI 1 HOTO CTaHIAPT-
HE BIOXWIECHHSI O IIOBUHHI BU3HAYATHUCS 3 BU-
npoOyBaHb. SIKImIo 11 Marepiaiy Moxke OyTH
3HAWJIEHO JIMILE CEpeIHE 3HAYEHHS, TO CTaH-
JApTHE BIJIXWUJICHHS TTOBHHHE OILIHIOBATHCS TIO
MeTony, BkazaHomy B C.11.

(4) IonpaBkoBHii KOEPIIIEHT JIsI OTPUMAHHS
XapaKTepPUCTHYHOTO 3HAYEHHS 3 BHUMIPSHOTO
3HAYEHHS TOBUHEH BU3HAYATHCS 110 METOIUII],
BkazaHiii B C.11. IlompaBkoBuii KoedilieHT
a4 HE IOBUHCH MpPHUIIMAaTHCS MCHIIC HDK

ay = 1,10, 32 BUHATKOM BHUIIAJKY, KOJIU MEHIIIE

3HAYCHHS MIATBEPIKYETHCS CKCIICPUMEHTAb-
HO 3 BIJIMTOBIIHOIO OIiHKOO (1uB. C.11).

4.3.5 KoeginienT 00k0BOro Tucky K

(1) Koedimient 6okoBoro tucky K (BigHO-
IICHHS CEePEeIHBOIO TOPU3OHTAIBHOTO THUCKY
JI0 CEPEeTHBOTO BEPTUKAILHOTO THUCKY) IOBH-
HEH BU3HAYATHUCS TPH LIUIBHOCTI YUIUTbHEHHS
YaCTUHOK MaTtepiaidy 1 MpH piBHI THUCKY, SKi
BIJIMOBIIAFOTH JIJISHII B Martepiami, mo 30epi-
raeTbCs B OYHKepl, 1€ peai3yloThCsS MaKCH-
MaJIbHI BEPTHKAJIbHI THCKH IiCIIs 3aIIOBHEHHSI.
BepruxanbHuii THCK B Marepiani p,, J0myc-
KaeThCsl BHU3HA4atu 3adopmynoro (5.3) abo
(5.79).

(2) Hdns Bu3HaueHHs K TIOBHHEH 3aCTOCOBY-
BaTHCs METOJ BUnpoOyBans 1o C.8.

(3) Cepenne 3nauenHa K, xoediumieHta 0o-

KOBOT'O THCKY 1 MOTO CTaHIAapTHE BIAXUJICHHS
MOBUHHI BU3HAYATHUCS 3 BUIPOOYBaHb. SKIIO
JUIST Marepiaay Mo)Ke OyTH 3HaWIEHO JIHIIIE
CepellHE 3HAUCHHS, TO CTaHIApTHE BiAXUIICH-

58

determined at a particle packing density and at a
stress level corresponding to the position in the
stored solid in the silo where the maximum ver-
tical stress after filling occurs. The vertical
stress may be assessed using Expression (5.3) or
(5.79) as appropriate.

(2) The test method for the measurement of ¢
described in C.9 should be used.

(3) The mean value ¢, of the loading angle of

internal friction and its standard deviation o
should be deduced from the tests. Where only
the mean value can be found, the standard de-
viation should be assessed using the procedure
given in C.11.

(4) The conversion factor to obtain the charac-
teristic value from the mean value should be
found using the procedure given in C.11. The
conversion factor ag should not be taken as less

than a4 =1,10 unless a smaller value can be jus-

tified by testing and assessment (see C.11).

4.3.5 Lateral pressure ratio X

(1) The lateral pressure ratio K (ratio of mean
horizontal to mean vertical pressure) should be
determined at a particle packing density and at a
stress level corresponding to the position in the
stored solid in the silo where the maximum ver-
tical stress after filling occurs. The vertical
stress in the solid p,, may be assessed using

Expression (5.3) or (5.79) as appropriate.

(2) The test method for the measurement of K
described in C.8 should be used.

(3) The mean value K,, of the lateral pressure

ratio and its standard deviation should be de-
duced from the tests. Where only the mean val-
ue can be found, the standard deviation should
be assessed using the procedure given in C.11.



HSl TIOBUHHE OLIHIOBAaTHCS MO METOJy, BKa3a-
Homy B C.11.
(4) HaGmmxene 3HadeHHS K,, JOIyCKaeThCS

albTEPHATUBHO BHU3HAYUTH 110 CEPEAHBOMY
3HAUCHHIO BUMIPSHOTO KyTa BHYTPIiIIHBOTO
TepTs NPH HaBaHTaXeHH1 ¢, (auB. 4.3.4) Mo

dbopmyti:

mp. ACTY-H b EN 1991-4:20XX

(4) An approximate value for K,, may alterna-

tively be obtained from the mean value of the
measured loading angle of internal friction ¢,

(see 4.3.4) as:

K, =11{1-sing,,) (4.7)

Mpumirka. Koediuienrt 1,1 y dopmymni (4.7) 3actoco-
BYETBCSA JUIS TPUOIM3HOTO BpaxyBaHHSA BiAMIHHOCTI
mik 3nadennsM K (= K()), BumipsHuM B ymoBax
MPaKTUYHO MOBHOI BiZICYyTHOCTI TE€PTS O CTIHKH, 1 3Ha-

yeHHsM K , BUMIpSHHM 3a HasiBHOCTi TepTS O CTiHKH
(muB. Takox 4.2.2(5).

(5) TompaBkoBUi KOSPIIIEAT TSI OTPUMAHHS
XapaKTEePUCTHYHOTO 3HAYCHHS 3 BUMIPSHOTO
3HAUYCHHS TOBUHEH BU3HAYATHCS 110 METOIHII],
BkaszaHii B C.11. KoeoiuieHT ay He MOBUHEH

npuiiMaTHCa MeHIIe HiX ag = 1,10, 3a BUHAT-

KOM BHITAJKy, KOJIM MEHIIIC 3HAYCHHS MiJTBE-
PIKYETHCSI €KCTIEPUMEHTAIBHO 3 BIITIOBITHOO
ominkoro (muB. C.11).

4.3.6 3uenjieHHd ¢

(1) 3ueryieHHsT ¢ CHUINKUX MaTepiaiB Bapito-
€THCSI Pa3oM 3 THUCKOM KOHCOJIJAIiil, SKW
NpUKIAJeHui 10 Matepiamy. BoHo moBuHHE
BU3HAYATHCS TPU HIUTFHOCT] YIIUIbHEHHS Jac-
TUHOK CUIIKOTO MaTepiany i Mpu piBHI THCKY,
SKi BIAMOBITAIOTH MIJSHII B Marepiali, IIo
30epiraeTbcsi B OyHKepi, [ie peani3yroThCs Ma-
KCHMaJIbHI BEPTUKAIbHI THUCKH IIICIS 3aroB-
HEHHA. BepTUKaIbHUHA THCK p,, JIOIYCKAETh-

cst Bu3Ha4atu 3a popmynoro (5.3) abdo (5.79).

(2) Jnst BUMipY 34YeIUIEHHS ¢ TIOBHHEH 3aCTO-
COBYBAaTHCS METO]T BUTIpoOyBaHb 1o C.9.

Ipumirka. AJbTepHAaTHBHE 34EIIIICHHS c
JIONYCKAETHCS BU3HAUYATH 3a pe3ysbraramu
BUIIpOOYBaHbp Ha 3pi3 mo meroxy Jhxenuke. Meron
PO3paxyHKy 34EIUICHHS 3a pe3yJIbTaTaMH BHIIPOOYBaHb
HaBoauThes B C.9.

NOTE: The factor 1,1 in Expression (4.7) is used to give
an approximate representation of the difference between

the value of K (= K()) measured under conditions of

almost zero wall friction and the value of K measured
when wall friction is present (see also 4.2.2(5).

(5) The conversion factor to obtain the charac-
teristic value from the measured value should be
found using the procedure in C.11. The conver-
sion factor ay should not be taken as less than

ax =1,10 unless a smaller value can be justified
by testing and assessment (see C.11).

4.3.6 Cohesion ¢

(1) The cohesion ¢ of the solid varies with the
consolidating stress that has been applied to the
solid. It should be determined at a particle pack-
ing density and at a stress level corresponding to
the position in the stored solid in the silo where
the maximum vertical stress occurs after filling.
The vertical stress in the solid p,, may be as-

sessed using Expression (5.3) or (5.79) as ap-
propriate.

(2) The test method for the measurement of ¢
described in C.9 should be used.

NOTE: Alternatively the cohesion ¢ may be estimated
from the results of a Jenike shear cell test (ASTM Stand-
ard D6128). A method for determining the cohesion from
the test results is given in C.9.
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4.3.7 KoedinieHT MiclIeBOro HAaBaHTAKEHHS
Bix marepiany C,,

(1)P KoedimieHT MICIIEBOrO HaBaHTAKCHHS
Bix Marepiany C,, IOBHHCH BH3HA4aTHCS Ha

MiICTaB1 BIAIOBITHUX JaHUX BUMIPOOYBAHb.

MNpumitka 1. Koediuientu usantakenns C Bpaxo-
BYIOTh PsiJ SIBUIL, IO BUHUKAIOTH IIPU PO3BAHTa)KECHHI
Oynkepa. CHMeTpUYHE 3pOCTaHHS THCKY € BiIHOCHO
HE3aJIeXHUM BiJl MaTepiamy, Mo 30epira€rbcs, mpoTe
HECHUMETPHUYHI KOMIIOHEHTH THUCKY 3aJie)KaTh BiJ Mare-
piary. 3aneXHICTP HECHUMETPHYHUX KOMIIOHEHTIB BiJ
MaTepiary BpaxOBYEThCS KOE(iIliEHTOM MiCIIEBOTO Ha-

BaHTaxeHHs Bin martepiany C op - Le#t mapamerp He
MoOJKe OyTH JIETKO BUMIpSIHAN MIPH BUKOHAHHI BHIIPOOY-
BaHb MaTepiamy.

IpumiTka 2. BignosinHuii excriepuMeHTaIbHUN METO

JUI BU3HAYEHHS IapaMeTpa Cop 3 BUNPOOyBaHb Ma-

Tepiaay caMm 1o coli 10 HUX Mip IIe He PO3POOJICHHIA.
Tomy nel koe(illieHT IPYHTY€eTbCS Ha €KCIEpUMEHTaX
10 BHUBaHTa)XEHHIO OyHKepiB 1 Ha nocBini. Bin moxe
OyTH 3aCTOCOBaHU JJIs1 OYHKEPIB 3 TPAAULIHHUMU CH-
CTeMaMH{ 3aBaHTAKCHHS 1 BHBAaHTa)XEHHS 1 moOyJoBa-
HUX B MEKaX 3BHYAWHUX IH)KEHEPHUX JOIYCKiB.

(2) 3nauenns koedilieHTa MiCIIEBOTO HaBaH-
T@XEHHS Bl MaTepiary Cop IU1st 100pe BiI0-

MHX CHUITKHX MaTepiaiiB MOBUHHO MPHUHMATHCS
3a tabnunero E. 1.

(3) Ans matepianiB, HE IPUBEICHUX B TaOIUII
E.1, ominky koedilieHTa MiCIIEBOTO HaBaHTa-
keHHst C,, BII MaTepialy JOIMyCKA€ThCs BH-

KOHYBAaTH 3aJIe)KHO BiJl KOe(DIili€EHTIB MiHJIH-
BOCTI BJIACTUBOCTEH Marepiairy, KoedimieHTa
JUIS TOPU30HTAJIBHOTO TUCKY dx 1 KOe]illieH-

4.3.7 Patch load solid reference factor C,,

(1)P The patch load solid reference factor C,,

shall be determined on the basis of appropriate
test records.

NOTE 1: The discharge factors C account for a number
of phenomena occurring during discharge of the silo. The
symmetrical increase in pressures is relatively independ-
ent of the solid being stored, but the unsymmetrical com-
ponent is quite material dependent. The material depend-
ency of the unsymmetrical component is represented by

the patch load solid reference factor C, op - This parameter

is not easily measured in a control test on the solid.

NOTE 2: An appropriate laboratory test method to deter-
mine the parameter Cop from a control test on the solid

alone has not yet been developed. This factor is based on
silo discharge experiments and on experience. It applies to
silos with conventional filling and discharge systems and
built to standard engineering tolerances.

(2) The value of the patch load solid reference
factor C,, for well-known solids should be tak-

en from Table E.1.

(3) For solids not listed in Table E.1, the patch
load solid reference factor C,, may be estimat-

ed from the material variability factors for the
lateral pressure ratio ap and the wall friction

coefficient a L 8s

Ta JUIs TePTS O CTIHKH d,, 1O GOpMyIIi:

Cop =3.5a, +2,5a —6,2 4.8)
Ie where:
a, KOe(iIieHT MIHIUBOCTI ISl KoediIie- a, is the variability factor for the wall friction

HTa TEPTS O CTIHKU 4 ;

ag Koe(ilieHT MIHJIMBOCTI A Koedillie-
HTa OOKOBOTO THUCKY K .

(4) dnsa cneuianbHuX OyHKepiB 13 crneuugiu-

HAMH MaTtepiajiaMu, 0 30epiraroThbCsi, BIAMIO-

BiJIHI KO€(IIIEHTH MICIIEBOTO HaBaHTA>KEHHS

Bix Marepiany C,, HOIYCKAa€ThCsS BU3HAYATH

3a pe3ysIbTaTaMH HaTypPHUX BUIPOOYBaHb Oy-
HKEpiB TAaKOTO X THUITY.
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coefficient u

ag 1s the variability factor for the lateral pres-
sure ratio K for the solid.

(4) Appropriate patch load solid reference fac-
tors C,, for specific silos with specified stored

solids may also be derived from full-scale tests
performed on silos of the same type.



5 HaBaHTa:KeHHSl HA BEPTUKAJIbHI CTIHKH
OyHKepiB

5.1 3arajbHi MOJ0KEeHHHA

(1)P XapakTepucTudHi 3HAYCHHs HaBaHTa-
JK€Hb BIJ 3allOBHCHHS 1 MPU BUBAHTAKEHHI
BH3HAYEHI B I[bOMY PO3JILJIi MOBUHHI BUKOPU-
CTOBYBATHUCS ISl HACTYITHUX THUIIIB OyHKEPIB:

— THyYKi OyHKepH;

—  OyHKepH MPOMIKHOT THYYKOCTI;

—  OyHKepH Mayioi THyYKOCTI;

—  OmopHI OyHKEPH;

— OyHKepH Ui MaTepiaiiB, 10 MICTATH IO-
BITpSL.

(2)P HaBanTakeHHS Ha BEPTUKAJIbHI CTIHKU

OyHKepa MOBUHHI BHU3HAUYATHUCS 3aJICKHO BiJl

rHyukocTi OyHkepa (auB. pucyHkH 1.1,a 1

5.1), siki MOXyTh OyTH HACTYIHUX KJIACIB:

— THyuki Oynkepu 3 2,0<h./d, (3a Bu-
KJIFOUCHHSIMHU, BUBHAUYCHUMH B 3.3);

— OyHKepH  TPOMDKHOI  THYYKOCTI 3
1,0<h,/d.<2,0 (3a BHUKIIOYEHHIMH,
BU3HAYEHUMH B 3.3);

— OyHKepHu MaJoi THYYKOCTI 3
0,4<h./d.<10 (3 BUKIIOYEHHAMH 3Ti-
nHO 3.3);

— oOmopHi OyHKEpH 3 TOPH3OHTAJIHLHUM
naumem 1 A, /d. <0,4.

(3) ByHkep 3 HarHiTaHHSM TIOBITPS B JHUIIE
MOBHHEH BBA)KATUCSI THYYKUM HE3aJICKHO Bi
cBO€1 (hakTHUHOI THYUKOCTI A, /d.. .

(4)P HaBaHTa)keHHSI Ha BEPTHKAJIbHI CTIHKU
BKJIIOYAIOTh (PIKCOBaHE HABAaHTAXEHHS, IO
HA3UBAETHCS CUMETPUYHHM HABAHTAKCHHSIM,
1 BUIbHE HABaHTA)KCHHS, 110 HA3WBAETHCS MiC-
LIEBUM HABaHTA)XKCHHSM, SIKI JiIOTh OJHOYAC-
HO.

(5) HeranbHi mpaBuia A po3paxyHKy HaBa-
HTa)XCHb BiJI 3allOBHEHHS 1 TPH pPO3BaHTa-
eHH1 BkazaHi B 5.2, 5.3 1 5.4 nns OyHkepiB
pi3HOT THYYKOCTI.

(6) JlomaTkoBi BWITaJIKM HAaBaHTAXEHHS TIO-
BUHHI BpaxoByBaTucs 1js1 OyHKepIB 13 creli-

mp. ACTY-H b EN 1991-4:20XX

Section 5 Loads on the vertical walls of silos

5.1 General

(1)P The characteristic values of the filling and
discharge loads, which are prescribed in this
section for the following types of silo, shall be
used:

—  slender silos;

—  intermediate slenderness silos;
—  squat silos;

—  retaining silos;

—  silos containing solids with entrained air.

(2)P The loads on silo vertical walls shall be

evaluated according to the slenderness of the

silo (see figure 1.1a and 5.1) determined accord-

ing to the following classes:

—  slender silos, where 2,0<4_./d,. (except as
defined in 3.3);

— intermediate slenderness silos, where
1,0<h,/d.<2,0 (except as defined in
3.3);

—  squat silos, where 0,4<h./d, <1,0 (ex-
cept as defined in 3.3);

retaining silos, where the bottom is flat and
h.ld.<04.

(3) A silo with an aerated bottom should be
treated as a slender silo, irrespective of its slen-
derness h./d,. .

(4)P The load on vertical walls is composed of a
fixed load, called the symmetrical load, and a
free load, called the patch load, which shall be
taken to act simultaneously.

(5) Detailed rules for the calculation of filling
loads and discharge loads are given for each silo
slenderness in 5.2, 5.3 and 5.4.

(6) Additional load cases should be considered
for silos with special conditions as follows:
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AJIbHUMH YMOBaMH, a CaMc€:

— OyHKepH 3 IPHUCTPOSIMU HArHITaHHS TOBI-
Tpsl I TIOBHOTO a00 YacTKOBOTO MiJIBiCY
Marepiaiy, 1uB. 5.5;

— OyHKepH, Yy SKHX JIOIMYCKA€ThCS PI3HHUIISA
TEMIIepaTyp MiXK KOHCTPYKIIisSIMU OyHKepa
1 MaTepiajoM, 110 30epiraeTbes, JUB. 5.6;

— OyHKepH 3 MPSMOKYTHHUM TONEPEUYHUM
MEPETUHOM, JUB. 5.7.

(7)P Ilpu mosiBI BETUKHX EKCIICHTPHCHUTETIB
HAOBHEHHS a00 BHBAHTAXXEHHS IIOBUHHI
BCTAHOBJIIOBATHUCS CIIEIlaJIbHI BHIAJKH HaBa-
HTaXeHHs. BOoHM He MOBUMHHI TisITU OJHOYAC-
HO 3 CUMETPUYHHUM 1 MICIICBUM HaBaHTaKCH-
HSIM, aJie KOKCH MMOBUHEH MPECTaBIATH Bia-
CHHI OKPEMUIA BUIIAJIOK HABAHTAKEHHS.

(8) Sxmo moxe OyTu rapaHTOBaHUN BHYTpI-
IIHIK oTiK B TpyOi (muB. 3.3 (3), To momycka-
€TBCSl MIPOCKTYBAHHS TUIBKU 3 ypaxyBaHHIM
HaBaHTAXXCHHS BiJl 3aIIOBHEHHS, BKIIIOYAIOUH,
npu HEOOXIAHOCTI, MiClIeBl HaBaHTaXCHHS
NIpY 3aIIOBHEHHI.

5.2 I'nyuki OyHkepu

5.2.1 HaBanTa:;keHHH BiJ 3aIOBHEeHHSA
HA BEPTUKAJIbHI CTIHKH

5.2.1.1 CumeTpr4Hi HABAHTAKEHHSA
Bi/l 3alIOBHEHHSA

(1) CumerpuuHi HaBaHTaXEHHS BiJ 3aIOB-
HEHHS (IUB. PUCYHOK 5.1) OBUHHI 00YHCITIO-
Batucs 3a popmymnamu (5.1) — (5.6).

(2) 3HaueHHS TOPH3OHTAIBHOTO THUCKY Py,
AOTHYHOTO THCKY TePTs O CTIHKY p,,r 1 Bep-
TUKAJIbHUA THCK P, BiJl 3alOBHEHHA i NpH

BHUBAaHTa)XCHHI TIOBUHHI BH3HA4aTucs 3a (op-
MYJIaMU:

—  where air may be entrained into the solid
and may make it fully or partially fluid-
1zed, see 5.5;

—  where thermal differentials may develop
between the stored solid and the silo struc-
ture, see 5.6;

—  where the silo has a rectangular planform,
see 5.7.

(7)P Where large eccentricities of filling or dis-
charge occur, special different load cases are
defined. These shall not be taken to act simulta-
neously with the symmetric and patch loads, but
each shall represent a separate and distinct load
case.

(8) Where internal pipe flow can be guaranteed
(see 3.3(3), the design may be based on filling
loads alone, including the filling patch load
where appropriate.

5.2 Slender silos

5.2.1 Filling loads on vertical walls
5.2.1.1 Symmetrical filling load

(1) The symmetrical filling load (see Figure 5.1)
should be calculated using Expressions (5.1) to
(5.6).

(2) The values of horizontal pressure p;,, wall
frictional traction p,,, and vertical pressure p,,

at any depth after filling and during storage
should be determined as:

Py (2) = ppo¥;(2) (5.1)
Py (2) = 1 ppo¥;(2) (5.2)
Py (2)="0 7, (2) (5.3)
B saxux in which:
Pro =V Kz, 5.4)

62



np. ACTY-H b EN 1991-4:20XX

.- 1 4 (5.5)
° KuU ’
Y,(z)=1-¢ /% (5.6)
ae where:
Y XapaKkTepHCTUYHE 3HAYEHHS MHUTOMOI 7V is the characteristic value of the unit
Baruy; weight
M XapaKTepHCTUYHE 3HAuYeHHsS KoeQillieH- H  is the characteristic value of the wall fric-
Ta TepTA O CTIHKM i1 MaTepiaiy, o tion coefficient for solid sliding on the ver-
KOB3a€ 110 BEPTHKAJIBbHIN CTIHII; tical wall
K  XapakTepHCTHYHE 3HAuYeHHS KoeQillieH- K is the characteristic value of the lateral
Ta OOKOBOTO TUCKY; pressure ratio
z  TIMOWHA TiJ EeKBIBAJICHTHOIO IOBEPX- z is the depth below the equivalent surface
HEI0 MaTepiany; of the solid
A Tjouia BHYTPIIIHBOTO MONEPEYHOro Ie- A 1s the plan cross-sectional area of the silo
peTHHy OyHKepa;
U nepumerp BHYTPIIIHHOTO ITONIEPEYHOTO U is the internal perimeter of the plan cross-
nepeTHHy OyHKepa. section of the silo

2
he
By
e
Poz’scuenns Key
1  exBiBaJIeHTHA IIOBEPXHS 1 Equivalent surface
2 THCK y BEpTUKAJILHOMY CTOBOYpi 2 Pressures in vertical segment

Pucynoxk 5.1 — CumeTpryHHI TUCK BiJ 3alI0OBHEHHS Y BEPTUKAIbHOMY CTOBOYpi OyHKepa

Figure 5.1: Symmetrical filling pressures in the vertical-walled segment

(3) XapakTepucTUYHE 3HAUEHHS BEPTHUKAJb- 3) The resulting characteristic value of the verti-
HHMX CTHCKAIO4uX CHJ B CTIHII 7,5 Ha OAU- cal force (compressive) in the wall n_g, per unit
HULIO JIOBXUHU TEPUMETpPa BiJ 3aMIOBHEHHS length of perimeter after filling at any depth z
Ha Oynab-sKiil TTMOMHI z TOBHHHI BU3HAYaTH- should be determined as:

cst 3a GOPMYJIOIO:
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nasi = | Pup(2)dz = p1 poz = 2,Y, (2)] (5.7)

0

[pumirka. Pe3ynbTyroui HampykKeHHs, OTpUMaHi 3a
dopmymnoro (5.7), € XapakTepUCTUYHAM 3HAYCHHSM.
[Tpu BuKOpHCcTaHHI Wi€i GOPMyYITH CITiZl 3BEPHYTH YBary
Ha HEOOXiIHICTh 3aCTOCYBaHHS BiIIIOBIIHOTO YacCTKO-
BOTO Koe(illi€HTa I HABAHTAKEHb, OCKUIBKHU 111 (o-
pMyJa € pe3yJbTaTOM CTaTUYHOTO PO3paxyHKy (i3 3a-
CTOCYBaHHSIM MeMOpaHHOT Teopil 060oHOK). Ils dop-
MyJa IpUBEIEHA TYT Ui JOIIOMOI'M IIPOEKTYBaJIbHU-
kam B iHTerpauii gopmymu (5.2). Cnig 3a3Ha4nTH, 10
iHIII HaBaHTAXXCHHS (HAIPUKIA, MICIIEBE HaBaHTa-
JKEHHSI) MOXYTh BUKJIMKAaTH JOJATKOBI BEPTHKaIbHI
CHUJIM B CTIHII.

(4) Metonu, Bkazani B 4.2 1 4.3, moBHHHI BU-
KOPUCTOBYBATHCS Ui BU3HAYCHHS XapakTe-
PUCTUYHUX 3HAYEHb HEOOXITHUX XapaKTepHc-
THK CUIIKOTO Marepiany (mMTtoma Bara y , KO-
eillieHT TepTs O CTIHKU 4 1 KoedilieHT 6o-
KOBOTO THCKY K ).

|

he

s /S /
a — TOHKOCTIHHUHN MWIIHAPUIHUN OyHKEp
a) thin-walled circular silo
Po3’sicHenHs
1 g 3BapHOTO OyHKEpa Kiacy Aiil 2: MeH-

1€ 13 3Ha4YeHb z, 1 h, /2

2 s 1HIIMX TOHKOCTIHHHMX OyHKEpiB Kia-
ciB z1i#i 2 1 3: Oyab-sKe 3HAYCHHS

3 Oynap-sKe 3HAYCHHS

NOTE: The stress resultant defined in Expression (5.7) is
a characteristic value. Care is required when using this
result to ensure that the appropriate partial factor on ac-
tions is not omitted, since this expression is a result of a
structural analysis (using the membrane theory of shells).
The expression is included here to assist designers in the
integration of Expression (5.2). It is also noted that other
loads (e.g. patch loads) may induce additional vertical
forces in the wall.

(4) The methods given in 4.2 and 4.3 should be
used to determine the characteristic values of the
required properties of the particulate solid (unit
weight y wall friction x and lateral pressure

ratio K).

he

i A

VAV AV AV A AV /

b — 1HIMH TUITHAPUIHAN OyHKEp

b) other circular silos
Key

1 For welded silos in Action Class 2: the
lesser of zyaand h,./2

2 For other thin-walled silos in Action Clas-
ses 2 and 3: anywhere

3 Anywhere

Pucynoxk 5.2 — [{uniaapuaanii OyHKep: MICIICBl HABaHTa)KEHHS BiJl 3aIIOBHEHHS B IUIaHI 1 po3pi3i

Figure 5.2: Circular silos: side elevation and plan view of the filling patch load
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5.2.1.2 MicueBe HaBaHTaKeHHA Bijg
3aNMO0BHEHHA: 3araJbHi BUMOIH

(1)P MicueBe HaBaHTaXCHHSI BiJl 3aIIOBHCHHSI,
abo iHIIE BIJMOBIAHE AlbTEPHATUBHE HaBaH-
TaXCHHSI, MMOBUHHO BUKOPHCTOBYBATHCS IS
NIPEJICTABIICHHS BHITAJIKOBOI acCUMETpil HaBaH-
TaXXCHHSI, TOB'SA3aHOI 3 CKCIEHTPUCUTETAMH 1
HEJIOCKOHAIICTIO TIPOIIECY 3allOBHEHHS.

(2) dns GynkepiB kiacy aiii 1 micueBe HaBaH-
Ta)XEHHS BiJ] 3allOBHEHHS JIONyCKAETHCA HE
BpPaxoBYBaTH.

(3) Ans OyHKepiB, 10 BUKOPUCTOBYIOTHCS IS
30epiraHHs MOPOIIKOMOAIOHUX CHUIIKMX MaTe-
piaiiB, SKi HACHIIAIOTHCS TIOBITPSIM B TIPOIIECi
3allOBHCHHS, MiCIICBE HABaHTAXCHHS BiJ 3a-
MOBHEHHS JIOIYCKAEThCS HE BPAaXOBYBATH.

(4) 3nayeHHs HaNPaBJIEHOTO HA30BHI MiCIICBO-
'O HaBaHTaXCHHA Bi,[[ 3alIOBHCHHA ppf I10-

BUHHE BU3HAYATHUCA NPU MAKCUMAaJIbHOMY €K-
CLICHTPUCUTETI BEPXHHOI'O HACUITHOTO KOHYCA,
KU IO3HAYCHUH K €, Ha PUCYHKY 1.1, b).

(5) OcHoBHE 3HayeHHs MICIIEBOrO HaBaHTa-
JKEHHS BiJl 3allOBHEHHS Pof CIIII BU3HAYaTH

3a popmyIoro:

Ppr = CprPus

Aac

V2
E=Zef/dc

ajne sSKmo oTpumane 3a ¢opmyroro (5.9) 3Ha-
4eHHs BiJ emHe, T0 C ), Colij npuiiMary:

Cpf = 0
ne
ey ~ MAKCHMalbHHH CKCLCHTPHCHTCT HACH-
ITHOTO KOHYyCa Ha MOBEPXHI MaTepiary
NIpY 3alIOBHEHHI (JUB. pHUCYHOK 1.1, b);
pyy  JIOKQIbHE 3HAYCHHS THCKY BiJl 3aIOB-
HeHHs (muB. popmymy (5.1) Ha BucoTi
MIPUKJIAJCHHS MICIIEBOTO HAaBaHTAXKEH-
HS;
Cop KOoe(illieHT MICIIEBOTO HABaHTAXKCHHS

Big Marepiany (nuB. Tabmmio E.1).

(6) Bucora 30HH, 10 SKOi MPUKIAAAETHCSA MiC-

C,r =021C, |1 + 22 |1 - el 310 /4 )-11)

np. ACTY-H b EN 1991-4:20XX

5.2.1.2 Filling patch load:
general requirements

(1)P The filling patch load, or an appropriate
alternative, shall be used to represent accidental
asymmetries of loading associated with eccen-
tricities and imperfections in the filling process.

(2) For silos in Action Assessment Class 1, the
filling patch load may be ignored.

(3) For silos used for the storage of powders
that become aerated during the filling process,
the filling patch load may be ignored.

(4) The magnitude of the filling outward patch
pressure p,, should be determined from the

maximum eccentricity of the top pile through-
out the filling process, which is shown as e, in

Figure 1.1b.

(5) The reference magnitude of the filling patch
pressure p,. should be taken as:

(5.8)
in which:

(5.9)
(5.10)

but if Expression 5.9 produces a negative value,
C,r should be taken instead as:

P
(5.11)
where:

es is the maximum eccentricity of the sur-
face pile during filling (see Figure
1.1b);

Puf is the local value of the filling pressure
(see Expression (5.1) at the height at
which the patch load is applied;

Cop is the patch load solid reference factor

for the solid (see Table E.1).
(6) The height of the zone on which the patch
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LIeBE€ HAaBaHTAXXEHHS (AMB. PUCYHOK 5.2), mo-
BUHHA JJOPIBHIOBATH:

s=nd, /16

(7) MicueBe HaBaHTa)XEHHS BKIIIOYAE TiJIbKH
HOPMAaJbHUA THUCK. 3MiHA JOTHYHOTO THUCKY
TEpTS BiJ 3MiHM HOPMAJBHOTO THUCKY HE IIO-
BHHHA BPaXOBYBATHCS B PO3PAXYHKY.

(8) ®opma MiICIIEBOrO HAaBaHTAKEHHS BiJ 3a-
MOBHEHHSI 3aJIe)KUTh BiA (OPMU KOHCTPYKIIii
OyHKepa. BuainsioTh HaCTyITHI KOHCTPYKTHBHI
dbopMu OyHKepiB, NI SIKAUX MICHEBUH THUCK
MOBHHEH BU3HAYATHUCS 3 BUKOPUCTAHHSM BKa-
3aHMX HWKYE ITyHKTIB!

— IS TOBCTOCTIHHHX IMIIHAPUYHUX OYH-
KkepiB — auB. 5.2.1.3 (3amizo0eToHHI OyH-
KepH);

— JUISI TOHKOCTIHHUX IMJIIHAPUYHUX OyHKe-
piB — nuB. 5.2.1.4 (MeTaneBi OyHkepH);

— s OyHKepiB HE KPYrOBOTO NEPETUHY —
nuB. 5.2.1.5.

5.2.1.3 MicueBe HaBaHTa:KeHHS BiJx
3alI0BHEHHA: TOBCTOCTIHHI
HWJIIHAPUYHI OyHKepH

(1) JImst TOBCTOCTIHHUX IMJIIHAPUYHUX OyHKE-
piB OCHOBHE 3HAUYEHHS MICIIEBOTO THCKY Bif
3aMOBHCHHS P, CHiJ IpUMaTH AIIOYUM Ha-

30BHI Ha JIBOX THPOTWICKHUX KBaJAPATHUX
Mai/IaHYMKax 3 JIOBKUHOI CTOPOHH S (IUB.
dopmyny (5.12) (ropuzoHTanbHA BiICTaHb S
BUMIPIOETHCS Y3/I0BK KPUBOJIIHIHHOT MOBEPX-
Hi (IUB. pUCYHOK 5.2, b).

(2) JomaTkoBo /10 1iF0YOTO HA30BHI MiCIIEBOTO
THCKY P, B YaCTHHI ICPUMETPA, WIO 3alu-

IIWJIACs, HA Tid JK€ BUCOTI CTIHKU (JMB. PHUCY-
HOK 5.2, b) moBuHEH OyTH TpPUKIAJACHUN Ha-
PABJICHUH BCEPEAMHY MiCLEBHI THCK P 1 :

Ppr1 = Py /7

e

p,f OCHOBHE 3HAUCHHA MIIOYOTr0 HAa30BHI
MICIIEBOTO TUCKY BiJ] 3alIOBHEHHS (JIMB.

bopmymy (5.8).
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load is applied (see Figure 5.2) should be taken
as:

(5.12)

(7) The patch load consists of a pattern of nor-
mal pressures only. No changes to the frictional
traction associated with the changed normal
pressure should be considered in design.

(8) The form of the filling patch pressure de-
pends on the form of silo construction. The fol-
lowing construction forms are identified and the
patch pressures should be determined using the
paragraphs stated below:

—  for thick-walled circular silos, see 5.2.1.3
(concrete silos);

—  for thin-walled circular silos, see 5.2.1.4
(metal silos);

—  for non-circular silos, see 5.2.1.5.

5.2.1.3 Filling patch load:
thick-walled circular silos

(1) For thick-walled circular silos, the reference
magnitude of the filling patch pressure p,,
should be taken to act outwards on two opposite
square areas with side length s given by Ex-
pression (5.12) (the horizontal distance s is
measured on the curved surface where appro-
priate) (see Figure 5.2b).

(2) In addition to the outward patch pressure
Py » the remainder of the silo circumference

over the same height of wall (see Figure 5.2b)
should be subjected to an inward patch pressure

Ppr1 given by:

(5.13)

where:

Py is the reference magnitude of the tilling
‘ patch pressure acting outwards (see Ex-
pression (5.8).



Hpumirka. 3HadeHHS 1 TPOTSNKHICT HAIPABICHOTO
BCEPEIMHY THCKY D¢ BHOpaHi TakuMH, MO0 cepen-

Hill THCK Ha JAaHOMY PiBHI HE 3MIHIOBaBCS Bix Jii Mic-
LIEBOI'0 HABAHTAXKEHHS.

(3) MicueBe HaBaHTaXEHHS Bij] 3aIIOBHCHHS
MOJK€ JIATH Ha OyIb-sIKy YaCTUHY CTIHKH OyH-
Kepa, ajie 1e JOITyCKAaeThCs IHTePIpPEeTyBaTH 3a
criocoOom, BkazaHuM B 5.2.1.3 (4).

(4) Y TOBCTOCTIHHHMX HMJIIHAPHUYHUX OYHKEpax
KJIacy Aid 2 JOMyCKaeThCS BUKOPUCTOBYBATH
CHpOIICHUN MiAXia. B skocTi HalOimbIl He-
CTIIPUSTIMBOTO PO3TAlTyBaHHS HaBaHTAKCHHS
JIOTYCKA€ThCSl TPUKJIAaTH MiclieBe HaBaHTa-
JKEHHS Ha cepelrHi BUCOTH OyHKepa 1 BHKO-
PUCTOBYBAaTH pe3yJbTaTH CTATHYHOTO pPO3pa-
XYHKY Uil BU3HAYCHHS TPUOJIU3HUX 3HAYCHBb
pPE3yNBTYIOUNX HAMPYKEHb IO BCIM CTIHII.
[Iponopititine 3pocTaHHS MeMOpaHHUX pe-
3yJNbTYIOUMX Hamlpy>XeHb B CTiHII Ha LOMY
pIBHI JIOIYCKA€ThCSI BUKOPHUCTOBYBATH JIsSI
OTPUMaHHS BCIX MEMOpPaHHUX PE3yIbTYIOUUX
HaIrpy>XeHb y BEPTHKaJIbHIA CTiHI. Pe3yb-
TYIO4i HOpMAJIbHUX HANpy>KeHb BiJl BATUHY Ha
JAHOMY DiBHI JIOPIBHIOIOTH PE3yJbTaTy MHO-
’KEHHSI HamNpy>KeHb HA PIBHI MPUKIAJCHHS Mi-
CIICBOTO HABAaHTA)XCHHS HA BiTHOIICHHS THUCKY
BiJl 3aIIOBHEHHS HA JAHOMY DPiBHI 0 TUCKY BiJ
3aIIOBHEHHS Ha PiBHI MICIIEBOTO HaBaHTAXCH-
HSl.

5.2.1.4 MicueBe HaAaBaHTaKeHHS Bijg
3al0BHEHHS: TOHKOCTIHHI WIiHAPUYHI
OyHKepH

(1) Ang TOHKOCTIHHMX HUJTIHAPUYHUX OyHKe-
piB (d,./t>200) knaciB aiif 2 MiCHEBHHA THCK
BiJl 3allOBHEHHS ITOBWUHEH NPUKIAIATHCS B
MeXaX BHCOTH §, SIKa BHU3HAYAETHCS O (op-
mymi (5.12), ane 3MiHIOBaTHCS BiJ MaKCHUMa-
JIbHOTO 3HAYCHHS THCKY P, HA30BHI 3 OJHO-

ro OOKy 110 3HaYCHHS THCKY p,r BCCPEIUHY

HAa TPOTWICKHIM CTOpPOHI (OUB. pHCY-
HOK 5.2, a). 3MiHa 1O KOJIy TIOBUHHA TpHUiiMa-
THCS 32 POPMYJIOLO:

Dofs = Ppf cosd

Aac

Py MICIIEBHI HANpaBIICHUN HA30BHI THCK
(nuB. hopmymy (5.8);

np. ACTY-H b EN 1991-4:20XX

NOTE: The value and the extent of the inward pressure
Dpr1 is chosen so that the mean pressure at that level

remains unchanged by the patch load.

(3) The filling patch load should be considered
to act on any part of the silo wall, but this may

be interpreted in the manner described in
5.2.1.3(4).

(4) In thick-walled circular silos in Action As-
sessment Class 2, a simplified approach may be
used. The most unfavourable load arrangement
may be taken as that found by applying the
patch at the mid-height of the silo and using the
results to deduce approximate values for the
stress resultants throughout the wall. The per-
centage increase in the membrane stress result-
ants in the wall at that level may be used to
scale all the membrane stress resultants on the
vertical wall. The calculated bending stress re-
sultants at any level may be found by scaling
the values at the patch load level according to
the ratio of the filling pressure at that level to
the filling pressure at the patch load level.

5.2.1.4 Filling patch load:
thin-walled circular silos

(1) For thin walled circular silos (d,./t>200)

in Action Assessment Classes 2 and 3, the fill-
ing patch pressure should be taken to act over a
height s, given by Expression (5.12), but to
extend from a maximum outward pressure on
one side of p,, to an inward pressure p,, on

the opposite side (see Figure 5.2a). The circum-
ferential variation should be taken as:

(5.14)

where:

Pof is the outward patch pressure (see Ex-
pression (5.8);
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0 KyTOBa KOOpAWHATa  (IUB.
HOK 5.2, a).

pucy-

(2) loBHa ropusonTanbHa cuna F,e Bia Mic-

[[EBOTO HABAaHTA)XCHHS BIJ 3allOBHCHHS Ha
TOHKOCTIHHMMA TWIIHAPUYHANA OYHKEp MOBHH-
Ha BU3HaYaTHcs 3a Gopmymor:

T
Fyr =5 sdepyy

(3) [nst 3BapHUX OyHKEpIB KIiacy il 2 AoImyc-
Ka€ThCsI MPUIMATH, 10 MiCIIEBE HABAaHTAXCH-
Hs BiJl 3aIIOBHEHHS i€ HA INIMOWHI Zz, HUXKYE

0 is the circumferential coordinate (see
Figure 5.2a).

(2) The total horizontal force F,, due to the

filling patch load on a thin-walled circular silo
should be determined as:

(5.15)

(3) For welded silos in Action Assessment
Class 2, the patch load may be taken to act at a
depth z, below the equivalent surface, where

p
3a CKBIBAJICHTHY [IOBEPXHIO, IC Z,, € MCHILIMM z, 1s the lesser of:
13 3Ha4YEHb:
Z,=2, and Z, = 0,5h,. (5.16)
ne where
h, BUCOTa BEPTHKAILHOIO CTOBOYpa (IMB. h, is the height of the vertical walled seg-

pucyHok 1.1, a).

(4) Ins OyHkepiB Ha OOATOBUX a00 KIIEMAHUX
3'€THAHHSIX KJIacy Jii 2 MiCIieBE HABaHTA)KEH-
HS B1Jl 3alIOBHEHHs NIOBUHHE NpUHAMAaTHCA 1i-
I0YMM Ha Oy/ab-sKil TTIMOWHI, aje HOpMabHUH
TUCK Ha OyIb-SKOMY PiBHI MPHUIMAEThCSA Ta-
KHM, 110 3pPOCTa€ PIBHOMIPHO i MPOIOPIIHHO
0 BHCOTI OyHKepa.

5.2.1.5 MicueBe HaBaHTa:KeHHSA Bix
3all0BHEHHS: HEWJIIHAPUYHI OyHKepH

(1) Jnst HeummiaapuIHUX OYHKEpiB KJIAciB i
2 1 3 MiclieBe HaBaHTA)XEHHS BiJ 3alIOBHEHHS,
K€ € HECUMETPUYHUM HABAHTAKCHHSIM, MOYKE
OyTH TIpEICTaBICHE 3a JIOTIOMOTOK JI00aBKH
JI0 CUMETPUYHOTO TUCKY 110 (2) 1 (3).

(2) MicueBuii THUCK, HaNpaBIICHHWH HA30BHI,
NOBUHEH NMPHUMATHCS TaKUM, IO Ji€ MO KOy
OyHKepa Ha OyIb-IKOMY PiBHI B MeXax TOpu-
30HTAJBHOI CMYTH BHCOTOIO S (IAMB. pUCY-

HOK 5.3, a), siKa BU3HAYaeThCcs MO (opMyJi
(5.12).

(3) 3nauenHs n00aBKHU 10 PIBHOMIPHOTO CH-
METPUYHOTO THUCKY HA HEUWJIIHIPUYHY CTIHKY
P pf nc IOBHHHE BU3HAYATHCS 32 bopmysoro:

Ppfne =0.36D,r
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ment (see Figure 1.1a).

(4) For bolted and riveted silos in Action As-
sessment Class 2, the patch load should be con-
sidered to act at any depth, but the normal pres-
sure at any level may be taken as a uniform per-
centage increase throughout the height of the
silo.

5.2.1.5 Filling patch load: non-circular silos

(1) For non-circular silos in Action Assessment
Classes 2 and 3, the filling patch load, which
represents unsymmetrical loads, may be repre-
sented by an increase in the symmetrical pres-
sure as defined in (2) and (3).

(2) The outward patch pressure should be taken
to act on a horizontal band on the silo wall at
any level, over a vertical height s (see Figure
5.3a) given by Expression (5.12).

(3) The magnitude of the uniform symmetrical
pressure increase on the non-circular wall
P pf .ne should be taken as

(5.17)



Ie

Ppf OCHOBHHMU MICIEBUI THUCK BIJ HAIIOB-
HeHHs 1o ¢popmyi (5.8), ne po3mip d,
BH3HAYAETHCS 1O pUcyHKY 1.1, d.

IMpumirka. 3HaueHHS 1 PO3MOILT PIBHOMIPHOTO THCKY
P pf ne BUOpaHi TakuMHM, 1100 3THMHAIOYl MOMEHTH B
MpSIMOKYTHOMY OyHKepi 0e3 BHYTPIIIHIX 3aTSDKOK MpH-
OJIM3HO JOPIBHIOBAJM MOMEHTAM BiJl MiCIIEBOTO HaBaH-
TaKCHHS 3 THCKOM P ¢, AKE NPHKIAJICHE B LEHTpi

CTIHKH.

A A A AL

pf.n

P pf.n

P pf.n

A A A A A A

he EE T B

‘I/‘

|
VAV YAV AV AV VAV VA AV

a — MICIIEBUH TUCK BiJl 3aIIOBHEHHS
a) filling patch pressures
SICHEHHS
Pos’sacue

1  1OBiIbHE 3HAYECHHS
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where:

Pyf is the reference filling patch load pres-
sure (Expression (5.8) and the appropri-
ate dimension d,. should be found using
Figure 1.1d.

NOTE: The value and the extent of the uniform pressure

D pf ne 18 chosen so that the bending moments induced

in a rectangular silo without internal ties are approximate-
ly the same as those that would be induced by a local

patch load with pressure p »f placed at the centre of the

wall.

A A A AL

[ 'Dpe‘n

’Dpe.n

!Dpe.n

L A A A A

A

A

Sl

ST

b — MicCIeBHii TUCK PU BUBAHTAXXEHHI1
b) discharge patch pressures
Key
1  Anywhere

Pucynoxk 5.3 — Heunninapuyaauii OyHKep: MICIIeBl HABaHTa)KEHHSI B IUIaHI 1 po3pisi

Figure 5.3: Non-circular silos: side elevation and plan view of patch loads

5.2.2 HaBaHTaKeHHS NIPU BUBAHTAKEHHI
HA BePTHKAJIbHI CTIHKH

5.2.2.1 CumeTpn4Hi HABAaHTAKEHHS
NPU BUBAHTAKeHHI

(1)P CumerpuuHe 3poCTaHHS HaBaHTAKEHHS
IIPYU BUBAHTAKEHHI CIIiJi BAKOPHCTOBYBATH JIJIs
NPEACTaBICHHS  MOXJIHMBOTO  THMYacOBOTO
3pOCTaHHS TUCKY, SIKHH Jli€ Ha CTIHKUA OyHKepa
B MPOIIECi BUBAHTAXKCHHSI.

5.2.2 Discharge loads on vertical walls
5.2.2.1 Symmetrical discharge load

(1)P Symmetrical increases in the discharge
load shall be used to represent the possible
transitory increases in pressure that occur on
silo walls during the discharge process.
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(2) s OyHkepiB BCiX KiaciB Al CUMETpUY-
HUI THCK IIPU PO3BaHTaXEeHH1 p,, 1 p,, MO-
BHHEH BU3HAa4YaTHCS 3a HopMynamu:

(2) For silos in all Action Assessment Classes,
the symmetrical discharge pressures p;, and

Pwe should be determined as:

Phe =Chpyy (5.18)
Pwe = CyuDyy (5.19)
ne where:
C,  KOe(DIUIEHT TpPU PO3BAHTAXKEHHI I C, 1s the discharge factor for horizontal pres-
TOPU30HTAIBHOTO THCKY; sure
C,,  KOe(]ilieHT NpyM BUBAHTaXKEHHI IS 10- C,, is the discharge factor for wall frictional

TUYHOT'O TUCKY TEpPTS O CTIHKY.

Koediuientn BuBantaxkenns C, 1 C,, IOBUH-
Hi BU3HavyaTucs 3a popmymamu (5.20) — (5.24).

(3) s OyHKepiB BCiX KJAciB JiH, sIKi BHBaH-
TaXXyIOThCSI 3BEpXy (HE MarOTh MOTOKY ycepe-
JIMHI MaTepiaiy, mo 30epiraerbes), KoedimieH-
™ C;, 1 C,, TOBHHHI NpUHMaTHUCH:

Ch :CW

(4) Hnsa rayukux OyHKepiB KiaciB mik 2 1 3

traction.

The discharge factors C;, and C,, should be
determined according to Expressions (5.20) to
(5.24) as appropriate.

(3) For silos in all Action Assessment Classes
that are unloaded from the top (no flow within
the stored solid), the values of C;, and C,, may

be taken as:
1,0

(5.20)

(4) For slender silos in Action Assessment

KOC(IIIEHTH TpU BUBAHTAKEHHI IOBUHHI Classes 2 and 3, the discharge factors should be
npuiMarucs sk taken as:
C,=C, =115 (5.21)
C,, =110 (5.22)
ae where:
C, KOe(]ilieHT IPY BUBAHTAXKEHHI I BCiX C, is the discharge factor for all solids

marepianis (C, =L15).

(5) Anst rHyukux OyHKepiB Kiacy miv 1, xoim
JUI PO3paxyHKIB BUKOPHUCTOBYIOTHCS CEpeIHi
3HAYCHHS XapaKTepUCTUK Matepiany K 1 4, B
AKOCTI KOE(]ILi€HTIB NMpU BHUBAHTaXEHHI MO-
BUHHI IPUIMaTHCS 3HAYCHHS:

C, =1L15+15(1+0,4e/d,)C,,
C, =14(1+0,4e/d,)

e=max(e;e,)

ne

ey ~ MAKCHMalbHHH CKCLCHTPHCHTCT HACH-
ITHOT'O KOHYCa MPH 3aII0BHEHHI;

e, eKCICHTPUCUTET IIEHTPY BHITyCKHOTO
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(C, =115).

(5) For slender silos in Action Assessment
Class 1, where the mean value of the material
properties K and x have been used for design,

the discharge factors should be taken as:

(5.23)
(5.24)
(5.25)
where:
e is the maximum eccentricity of the sur-
face pile during filling;
e, is the eccentricity of the centre of the



OTBODY;

C op Koe(illieHT MICIEBOTO HaBaHTa)KCHHSA
it Matepiany (nuB. Tadmmimo E.1).

(6) PesynbpTyroue XapaKTepuCTUYHE 3HAYCHHS
BEePTUKAIBHOI CHIU (CTHCKAO4oi) pi3aHHS B
CTIHLI 7,g, Ha OJWHUIIIO JOBXKHHU IEpUMETpa
B TIpolieci BUBAHT)KCHHS Ha TJIMOWHI z BH-
3HAYAETHCS 32 POPMYIIOL0:

z
naske = Ipwedz = Cw HPho [Z - ZoYJ(Z)]

0

Ipumirka. Pe3ynsTyroua HanpyxeHb, sika BU3HAYA€Th-
ca mo dopmymi (5.26), € XapaKTEepUCTUIHAM 3HAUYCH-
M. [Ipu BukopucTaHHi 1i€l GpopMyn HEOOXiTHO 3Be-
PHYTH yBary Ha HEOOXiIHICTh BUKOPHCTAHHS BiIIOBiJI-
HOTO YaCTKOBOTO KO€(illi€HTy AJis BIUIMBIB, OCKLIBKH
s hopMyna € pe3yapTaTOM CTaTHYHOTO PO3paxyHKy (i3
3aCTOCYBaHHAM MeMOpaHHOI Teopii 00010HOK). Dopmy-
Jla TIpUBEJECHA TYT IJISl JAOIIOMOTH MPOEKTYBaJIbHUKAM
npu iHTerpanii popmynu (5.19). Cuin Takox Big3Ha4yH-
TH, IO 1HIII HaBAaHTa)XEHHs (HAIPHUKJIAJ, MIiCLIEBI HaBa-
HTQXCHHS) MOXXYTb BUKJIMKATH J0AATKOBI BEPTHKAJIbHI
3YCHJUIS B CTiHIIL.

5.2.2.2 MicueBe HAaBAaHTAaKEHHS NPHU
BUBAHTAXKEHHI: 3arajbHi BUMOTH

(1)P MicueBe HaBaHTaKEHHs MpPH BHUBAHTa-
KEHHI TIOBUHHE BHMKOPUCTOBYBAaTUCS JUIA
MIPEJICTABJICHHS BUMAJIKOBUX HECHMETPUYHOC-
TeW B MpoIlleci BUBAHTAXEHHs OyHKEpa, a Ta-
KOXX EKCLIEHTPUCHUTETIB BITyCKHOTO 1 BHITYCK-
HOTO OTBOpIB (IMB. pUCYHOK 1.1, b).

(2) dnst 6yHkepiB kiacy aiii 1 micueBe HaBaH-
TaXXCHHS MPY BUBAHTAXCHHI JTOMYCKAETHCS HE
BPaxOBYBaTH.

(3) Ansa OyukepiB kiaciB Aiif 2 i 3 mpu oriHIi
HAaBaHTAXKCHb MPU BUBAHTAXEHHI MMOBUHHI BH-
KOPHCTOBYBATHCSI METOAH JAHOTO PO3JILITY.

(4) Ans muniaapuaHux OyHKepiB KiaciB Aii 2
1 3 METOAMKY Il BEJIMKUX CKCIICHTPUCHUTETIB
IPY BHUBAHTAKEHHI THYYKHUX IWUTIHIPHIHUX
OyHkepiB (auB. 5.2.4) HEOOXiHO BUKOPUCTO-
BYBaTH SIK OKpEMHU BUMAJOK HABAHTAKCHHSI
(muB. 5.1(5) Ha moAAaTOK OO METOMIB JIAHOTO
pO3iTy, SKI0 BUKOHYETHCS OJHA 3 HACTYII-
HUX YMOB:

— CKCHCHTPUCHUTCT BHUIIYCKHOI'O OTBOpPY ¢€,

MCPCBUILYE KPUTHYHC 3HAYCHHA
€,.cr =0,25d . (muB. pucyHok 3.3, ¢);
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outlet;

C

A is the patch load solid reference factor

for the solid (see Table E.1).

(6) The resulting characteristic value of the ver-
tical force (compressive) in the wall n,g per

unit length of perimeter during discharge at any
depth z should be determined as:

(5.26)

NOTE: The stress resultant defined in Expression (5.26)
is a characteristic value. Care should be taken when us-
ing this result to ensure that the appropriate partial factor
on actions is not omitted, since this expression is a result
of a structural analysis (using the membrane theory of
shells). The expression is included here to assist design-
ers in the integration of Expression (5.19). It should also
be noted that other loads (e.g. patch loads) may induce
additional vertical forces in the wall.

5.2.2.2 Discharge patch load:
general requirements

(1)P The discharge patch load shall be used to
represent accidental asymmetries of loading
during discharge, as well as inlet and outlet ec-
centricities (see Figure 1.1b).

(2) For silos in Action Assessment Class 1, the
discharge patch load may be ignored.

(3) For silos in Action Assessment Classes 2
and 3, the method of this section should be used
to assess discharge loads.

(4) For circular silos in Action Assessment
Classes 2 and 3, where either of the following
conditions apply, the procedure for large dis-
charge eccentricities in slender circular silos
(see 5.2.4) should be used as a separate load
case (see 5.1(5) in addition to the method of
this section:

— the eccentricity of the outlet e, exceeds

the critical value e, .. =0,25d,. (see Fig-

o,cr

ure 3.3c¢);
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—  MakKCHMMaJIbHHUHU CKCOCHTPUCUTCT 3allOB-
HCHHA ef NEPEBUITYE€ KPUTUYHEC 3HAUYCHHA

er o =0,25d, 1 rHyukicTs OyHKepa Olib-

e IPaHUYHOTO 3HAYCHHS

(hc /d, )lim =4,0 (nuB. pucyHnok 3.4, d).
(5) OcHoBHE 3HAaYEHHS MICIIEBOTO THCKY, Ha-
NPABJICHOTO HA30BHI, [IPH PO3BAHTAXKCHHI P,

HeoOX1THO BU3HAYATH 32 (POPMYIIOL0:

ppe = Cpephe

ae
skmo h./d.>12, to C,, BU3HAYAETBCS 32

dbopmynoro (5.28)

Co = 042G, 1+ 2B2 1~ exp{-1,5[(1. 1d,)-1]))

skmo h,/d, <12, to C,, npuilMaerses sk

HaWO1IbINIe 3HAYCHHS 3 BHU3HAYCHHX 3a (op-
mynamu (5.28), (5.29) abo (5.30).

— the maximum filling eccentricity e, ex-
ceeds the critical value e, .. =0,25d. and
the slenderness of the silo is greater than
the limiting value (,./d.). =40 (see
Figure 3.4d).

(5) The reference magnitude of the discharge
outward patch pressure p,, should be deter-

lim

mined as:

(5.27)
in which:
for h./d.>12, C,, is given by Expression
5.28
(5.28)

for h./d. <12, C,, is given by the greatest of

the values given by Expressions 5.28, 5.29 and
5.30

Cpe =0.272C, \(h,/d. —1+E} (5.29)
Cpe =0 (5.30)
ae in which:
E=2el/d, (5.31)
e=max(ef;eo) (5.32)
ae where:

e,  MaKCHMalbHHH CKCLCHTPHCHTCT HACH- es is the maximum eccentricity of the sur-
MTHOTO KOHYCa B MPOIIeCi 3alIOBHEHHS; ‘ face pile during filling;

e, EKCLICHTPUCUTET IIEHTPY BHUITYCKHOI'O e, is the eccentricity of the centre of the
OTBODY; outlet;

DPhe  JIOKaIbHE 3HAUCHHS THCKY NPH BHBAH- Pre 18 the local value of the discharge pres-
TaXCHHI Ha BUCOTI MPUKIAICHHS MiC- sure at the height at which the patch
[IEBOr0  HaBaHTaxeHHS  (dopmyna load is applied (Expression (5.18);
(5.18);

Cop KOe(IIlieHT MICIIEBOTO HABAHTAKCHHSI Cop is the patch load solid reference factor

BiJ Martepiany (nuB. Tabnuio E.1).

(6) MicueBe HaBaHTaXCHHS MPY BUBAHTAKCH-
Hi BKJIIOYA€E JIMIIE HOPMAJIbHUHA THUCK. 3MIHU
JOTUYHOTO THUCKY TEpTsA, IO BHHUKIU TIPH
3MiHI HOPMaJbHOTO THCKY HE MOBUHHI Bpa-
XOBYBATHUCS TIPU PO3PAXYHKAX.

(7) dopma MICIIEBOTO THCKY IIpH BHBaHTa-
JKEHHI 3aJISKUTh BiJl KOHCTPYKTHBHOI (hOpMHU
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for the solid (see Table E.1).

(6) The discharge patch load consists of a pat-
tern of normal pressures only. No changes to
the frictional traction associated with the
changed normal pressure should be considered
in design.

(7) The form of the discharge patch pressure
depends on the form of silo construction. The



OyHkepa. MiclieBuil THCK TOBHWHEH BH3HaA4Ya-
TUCS 3 BUKOPUCTAHHSM BKa3aHUX HIDKYE MyH-
KTIB JJII HACTYITHUX KOHCTPYKTHUBHUX (HOPM:

— TOBCTOCTIHHI IWJIIHAPUYHI OyHKepu —
5.2.2.3 (3amizo0eToHHi OyHKEpH);

— TOHKOCTIHHI IWTIHAPUYHI
5.2.2.4 (metaneBi OyHKepH);

OyHKEpH —
—  HemwiIiHApWYHI OyHKepH — 5.2.2.5.

5.2.2.3 MicueBe HABaHTAaKeHHS IPH
BUBAHTAKEHHIi: TOBCTOCTIHHI W IiHAPUYHI
OyHKepH

(1) Anst TOBCTOCTIHHUX IMIIIHAPUYHUX OyHKe-
piB HalpaBJICHHI1 HA30BHI MICLCBHH THCK P,

CJIiJ] MpUHAMATH MiI0YUM Ha JBOX MPOTHIIEK-
HUX KBaJpaTHUX MalJaHYMKax 3 JOBXKUHOIO
CTOpOHU s (IMB. pUCYHOK 5.4, b), mo Bu3Ha-
qaeThes 3a Gopmyoro (5.12) (ropusoHTaIbHA
BIJICTaHb § BUMIPIOETHCS Y3/10BX KPUBOIHIN-
HOI MOBEPXHI, JI€ 11e HEOOX1/IHO).

(2) onaTkoBO 1O MICLEBOTO THCKY P, , IO

Jlie Ha30BHI, B YaCTUHI mepuMmeTpa OyHKepa,
IO 3ajJuIIMIacd, Ha TiH JKe BHCOTI CTIHKH
(muB. pucyHok 5.4, b) mOBHHEH NPUKIANATHCS
HaMpaBIIEHUH BCEPEIUHY MICLIEBUI TUCK MpPU
PO3BAHTAXCHHI P ,,;, SIKHi BU3HAYAETHCS 32

bopMyII0I0

ppei :ppe/7

e

Ppe MICLIEBUN THCK, 110 Ai€ Ha30BHI ((op-
myna (5.27).

[pumirka. 3HadeHHS 1 MPOTSHKHICTH HAIPABICHOTO

BCEpEONHY THCKY BHOpaHi TaKUMH, a0 cepemHiil THCK

Ha JIaHOMY piBHI HE 3MIiHIOBaBCS BiJ Jii MICIIEBOTO Ha-
BaHTAKEHHS.

(3) MicueBe HaBaHTaXEHHsI MPH 3allOBHEHHI
MOJKe HisITU Ha OyJb-IKy YaCTUHY CTIHKU OYyH-
Kepa, aje 1€ MOXIIMBO IHTEPIPETyBaTH 3a
crocoboM, BKkazaHuM B 5.2.2.3 (4).

(4) Y TOBCTOCTIHHUX MWIIHAPUYHUX OyHKEpax
KJacy Ai 2 JOMyCKaeTbCcs BHUKOPHCTOBYBATH
CIpoIIeHnH miaxia. Sk HalOUIbII HECTIPUST-
JUBE PO3TallyBaHHS HABAaHTAKCHHS JOIyCKa-
€TBCSI TIPUKJIAJIATH MiclIeBE HAaBaHTAKEHHs Ha
cepeiMHI BUCOTH OyHKepa 1 BUKOPUCTOBYBATH

np. ACTY-H b EN 1991-4:20XX

following construction forms are identified and
the patch pressures should be determined using
the paragraphs stated below:

—  for thick-walled circular silos, see 5.2.2.3
(concrete silos);

—  for thin-walled circular silos, see 5.2.2.4
(metal silos);

—  for non-circular silos, see 5.2.2.5.

5.2.2.3 Discharge patch load:
thick-walled circular silos

(1) For thick-walled circular silos, the outward
patch pressure p,. should be taken to act on

two opposite square areas with side length s
(see Figure 5.4b) given by Expression (5.12)
(the horizontal distance s is measured on the
curved surface where appropriate).

(2) In addition to the outward patch pressure
Ppe» the remainder of the silo circumference

over the same height of wall (see Figure 5.4b)
should be subjected to an inward discharge
patch pressure p,,.; given by:

(5.33)

where:

Ppe is the outward patch pressure (Expres-
sion (5.27).
NOTE: The value and the extent of this inward pressure

is chosen so that the mean pressure at that level remains
unchanged by the patch load.

(3) The discharge patch load should be consid-
ered to act on any part of the silo wall, but this

may be interpreted in the manner described in
5.2.2.3(4).

(4) In thick-walled silos in Action Assessment
Class 2, a simplified approach may be used.
The most unfavourable load arrangement may
be taken as that found by applying the patch at
the mid-height of the silo and using the results
to deduce approximate values for the stress re-
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pe3yJIbTaTH CTATHYHOTO PO3PAXYHKY ISl BU-
3HAQYCHHS TPUOJM3HUX 3HAYCHb PE3YJIbTYIO-
YUX Hampy>keHb 1O BCii cTiHmi. [Ipomopiiiine
3pOCTaHHS MEMOpaHHUX pE3yJIbTYIOUMX Ha-
Npy>XeHb B CTIHIII Ha I[bOMY piBHI JOIyCKa-
€ThCSI BUKOPUCTOBYBATH JJISi OTPUMAHHS BCIX
MEMOpaHHUX Pe3yJIbTYIOUHX HAIMPYKEHb Y Be-
PTUKAIIBbHIN CTiHI. Pe3ynpTyroui HOpMaIbHUX
Hafpy>keHb BiJl BATUHY Ha JaHOMY PiBHI JI0pi-
BHIOIOTh PE3yJIbTaTy MHOXCHHS HarpyXKCHb
Ha pIBHI TPHUKIAIEHHS MICIIEBOTO HaBaHTa-
KEHHSI Ha BIIHOIIEHHS THUCKY Bl 3aITOBHEHHS
Ha JIaHOMY DIiBHI 10 TUCKY BiJ 3allOBHEHHS HA
PIBHI MICIIEBOTO HAaBAaHTAKCHHSI.

Yy
Zn 1
| HE O ET
hy
-+ / ;LSS

a — TOHKOCTIHHHUM HUTIHAPUYHUNA OyHKEp
a) thin-walled circular silo
Po3’sicHenHs
1 JUTsl 3BapHOTO OyHKEpa Kjacy i 2: me-

HILIE 13 3Ha4€Hb z; 1 h, /2

1 JUIS 1HIIMX TOHKOCTIHHUX OYHKEpiB KJja-
ciB ni#i 2 1 3: Oyab-sKe 3HAYCHHS

2 OyIib-sIKEe 3HAYCHHS

sultants throughout the wall. The percentage
increase in the membrane wall stress resultants
at that level may be used to scale all the mem-
brane wall stress resultants on the vertical wall.
The calculated bending stress resultants at each
level may be found by scaling the values at the
patch load level according to the ratio of the
filling pressure at that level to the filling pres-
sure at the patch load level.

e [ ¥s ]

2

Y

777 7
b — iHmUN UTIHAPUYHUN OyHKEp
b) other circular silos
Key

1 For welded silos in Action Class 2: the
lesser of z, and A, /2

1  For other thin-walled silos in Action Clas-
ses 2 and 3: anywhere

2 Anywhere

PucyHnok 5.4 — [{uninapuunuii OyHKep: BUTIISA MICIIEBUX HaBaHTa)XEHb [IPH BUBAHTAKEHHI B TUIaHI
1 po3pisi

Figure 5.4: Circular silos: side elevation and plan view of the discharge patch load
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5.2.2.4 MicueBe HaBaHTaKeHHs NIPH
BHBAHTAKEHHi: TOHKOCTIHHI HMJIIHAPUYHI
OyHKepH

(1) Jnst TOHKOCTIHHUX IWIIHIPUYHUX OYHKe-
piB Kiacy niif 2 MICHEBHI THUCK NpU BUBaHTa-
’KCHHI TIOBUHECH TPUKJIAIATUCS B MEKaX BUCO-
Ti §, U0 BU3Ha4aeTbes 3a Gopmynorw (5.12),
ajic 3MIHIOBaTHUCS BiJI MaKCHMAaJIbHOTO 3HAYCH-
HSL TUCKY D e HA30BHI 3 OJJHOTO OOKY J0 3Ha-

YCHHSL THCKY D, BCCPCIUHY Ha IPOTUICKHIN

CTOPOHi (IHB. PUCYHOK 5.2, a). 3MiHa 1O KOIY
MOBUHHA TPUIMaTHCS 3aOPMYJIOLO:

Ppes =pp€COSl9

Ppe MICIIEBUH HAIPABJICHUN HA30BHI THCK
(nuB. hopmymna (5.27);

0 KyTOBa  KOOpAMHATa  (JIUB.
HOK 5.4, a).

pucy-

(2) IToBHa ropusoHTanbHA cuima F,, Bix Mic-

[IEBOr0 HAaBaHTA)KEHHS NPU BUBAHTAXXCHHI Ha
TOHKOCTIHHMU IHUJIIHAPUYHUN OyHKEp MOBHH-
Ha BU3HAYaTHCS 10 POpMYIIi:

p

(3) ns 3BapHux OyHKepiB Kiacy Aiif 2 gomyc-
Ka€ThCS MPUIMATH, IO MICI[eBE HaBaHTaKCH-

HS TIpU BHUBAHTAXKEHHI Ji€ Ha TIIMOWHI Zp

HIDKYC 32 CKBIBAIICHTHY I[OBEPXHIO, JIe Z, €

MEHILUM 13 3HAYECHb:
P
e

h. BHCOTa BEpTHUKAJIBHOIO CTBOJIa OyHKepa

(nuB. pucyHok 1.1, a).

c

(4) dns OynkepiB Ha O0ATOBUX a00 KJIEMaHUX
3'eIHaHHAX KJacy Jii 2 MiclieBe HaBaHTaXEH-
HSl TIPH BUBAHTAXXCHHI TOBUHHE NpPUHAMATHCS
JiI0YMM Ha Oy[Ib-sKild THOWHI, aine HOpMallb-
HUW TUCK Ha OyIb-SKOMY PIBHI NMPUHAMAETHCS
3pOCTalOYMM PIBHOMIPHO 1 HPOMOPLIHHO IO
BHCOTI OyHKepa (SK ajbTepHaTHBA JIOIMyCKa-
€THCSI 3aCTOCOBYBATH METOJUKY 110 5.2.3).

T
Fe:ESd

z,=z2,Ta z,=05h,
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5.2.2.4 Discharge patch load:
thin-walled circular silos

(1) For thin walled circular silos in Action As-
sessment Classes 2 and 3, the discharge patch
pressure should be taken to act over a height s,
given by Expression (5.12), but to extend from
a maximum outward pressure on one side of
Ppe to an inward pressure p,, on the opposite

side (see Figure 5.4a). The circumferential var-
iation should be taken as:

(5.34)

where:

Ppe is the outward patch pressure (Expres-
sion (5.27)

0 is the circumferential coordinate (see
Figure 5.4a).

(2) The total horizontal force F,, due to the

discharge patch load on a thin-walled circular
silo should be determined as:

cPpe (5.35)

(3) For welded silos in Action Assessment
Class 2, the discharge patch load may be taken
to act at a depth z,, below the equivalent sur-

face, where zZ, is the lesser of:

(5.36)

where

h. is the height of the vertical walled seg-
ment (see Figure 1.1a).

(4) For bolted and riveted silos in Action As-
sessment Class 2, the discharge patch load
should be considered to act at any depth, but
the normal pressure at any level may be taken
as a uniform percentage increase throughout
the height of the silo (the procedures of 5.2.3
may alternatively be used).
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5.2.2.5 YacTKkoBe MOBEpPXHEBE
HABaHTaKeHHS /IS BUNAJAKY
HABAHTAKEHHS] — BUBAHTAKEHHS:
He KpyrJi OyHkepu

(1) Ans HenumiHagpuyHUX OYHKEpIB KiIaciB Aiit
2 1 3 wmicieBe HaBaHTa)XEHHS IPH PO3BaHTa-
JKEHHI, SK€ € HECUMETPUYHHM HAaBaHTaXKCH-
HSIM, MO>Ke OyTH IIPEJICTaBJIEHE 3a JOIIOMOTIOI0
00aBKH 10 CUMETPUYHOTO TUCKY 110 (2) 1 (3).

(2) MicueBuii THUCK, HampaBiICHHWA HA30BHI,
HOBUHEH NMPUAMATHUCS AII0OYHM II0 HEPHUMETPY
OyHkepa Ha Oy/ab-KOMY PiBHI B MeXaX rOpH-
30HTAJBHOI CMYI'M BHCOTOIO § (JAMB. pHUCY-
HOK 5.3, b), 1m0 BHU3HAYaeThCA 32 (HOPMYIIOIO
(5.12).

(3) 3navenHs no0GaBKU A0 PIBHOMIPHOTO CH-
METPUYHOTO TUCKY Ha HEUWJIIHIPUYHY CTIHKY
P pe.nc TIOBUHHE BU3HAYATHCA 32 HOPMyYIIOIO:

Ppenc = 0736ppe

e

Ppe OCHOBHHUH MICIICBUN THCK NPU BUBAH-
TaxeHHi (quB. popmymy (5.27).

HpumiTka. 3HageHHs 1 PO3NOIINT PIBHOMIPHOTO THUCKY

ppe.nc BUOpaHi TakuMH, MO0 3TMHAIOYI MOMCHTH B

MPSIMOKYTHOMY OyHKepi 0e3 BHYTpILTHIX 3aTSHKOK TMPH-
OJIM3HO OPIBHIOBAIM MOMEHTAM Bijl MICIIEBOTO HaBaH-
TaXEHHS, MPUKIIAJCHOTO B IIEHTPI CTiHKH.

5.2.3 IlinBuIIeHHSA PiBHOMIPHOI0O HABaHTA-
JKEHHA K 3aMiHa MicIIeBOr0 HABAHTAKCHHS
Bi/l 3a1I0BHEHHA i IPY BUBAHTAKEHHI

(1) Ansa OyHkepiB Kiacy Aii 2 MeTOJ BHU3HA-
YyeHHs MICLIEBUX HaBaHTAXeHb 110 5.2.115.2.2
JUIs BpaxXyBaHHS aCUMETpil BiJ 3aloOBHEHHS 1
MIPU PO3BaHTAXXCHH1 JIOMYCKAETHCS 3aMIHIOBA-
TH PIBHOMIPHUM 30UIBLICHHSAM CUMETPHUYHOTO
HAaBaHTAKCHHSI.

(2) [dns HemuuniHaApUYHUX OyHKEpiB piBHOMIp-
He 301IbIIeHHs BU3HaueHe B 5.2.1.515.2.2.5.

(3) dns uunmiaapuaanx OyHKEpIB HUKYCHABE-
JIeHI METOAMKH JIOIMYCKAEThCS 3aCTOCOBYBATH,
JIIIE SKIIO0 OCHOBA 1 BEpIIMHA BEPTHKAIBHOI
CTIHKM 3aKpiluieHi BIAMOBIAHUMHU peOpaMu
KOPCTKOCTI JJis1 30epekeHHs (GOpMH B TOpH-
30HTAJIbHIN IUIOMMHI (MIIHAPUYHUN OyHKep
MOBUHEH 30epiraT ¢GopMy Kojia Ha BEpIIUHI 1
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5.2.2.5 Discharge patch load:
non-circular silos

(1) For non-circular silos in Action Assessment
Classes 2 and 3, the discharge patch load,
which represents unsymmetrical loads, may be
represented by an increase in the symmetrical
pressure as defined in (2) and (3).

(2) The outward patch pressure should be taken
to act on a horizontal band on the silo wall at
any level, over a vertical height s (see Fig-
ure 5.3b) given by Expression (5.12).

(3) The magnitude of the uniform symmetrical
pressure increase on the non-circular wall

P penc should be taken as:

(5.37)

where

Ppe is the reference discharge patch load
pressure (see Expression (5.27).

NOTE: The value and the extent of the uniform pressure

Ppe.nc 18 chosen so that the bending moments induced

in a rectangular silo without internal ties are approxi-
mately the same as those that would be induced by a
patch load placed at the centre of the wall.

5.2.3 Substitute uniform pressure increase
for filling and discharge patch loads

(1) For silos in Action Assessment Class 2, a
uniform increase in the symmetrical load may
be substituted for the patch load method of
5.2.1 and 5.2.2 to account for asymmetries in
the filling and discharge processes.

(2) For non-circular silos, the uniform increases
are defined in 5.2.1.5 and 5.2.2.5.

(3) For circular silos, the following procedures
may be used only if the base and the top of the
vertical wall are restrained to retain their hori-
zontal shape by appropriate stiffeners (the cir-
cular silo must be held circular at the top and
bottom by a structurally connected roof or a
ring stiffener).



B OCHOBI 3a PaxyHOK IPHEIHAHOTO JIaxy abo
KUTBLIEBOTO peOpa dKOPCTKOCTI).

(4) dnist TOBCTOCTIHHUX LMTIHAPUIHUX OyHKE-
piB pe3yibTyI0oUl MOBHI CUMETPUYHI TOPU30H-
TaJIbHI THUCKH BIJ 3aIOBHCHHS Py, 1 IPU BH-

BaHTaXXCHH1 p),, NOBHHHI BH3HAYaTHCS 3a-

np. ACTY-H b EN 1991-4:20XX

(4) For thick-walled circular silos, the resulting
total symmetrical horizontal pressures for fill-
ing (pyr,) and discharge (pj,, ) should be

determined as:

dhopmynamu:

Phfu = Pif (1+ ¢Cpr ) (5.38)

Phew = Prell+¢Ce) (5.39)
B SKUX in which:

¢ =0,5+0,01(d, /1) (5.40)
3 with

¢=10 (5.41)

ae where:

Piy FOPU30HTAJIbHUI CUMETPUYHHI THUCK
BiJ| 3an0BHEHHA (AuB. popmyiny (5.1);

Dhe  TOPU3OHTAIBHUN CHMETPUYHUM THCK
npy  BHUBaHTaXeHHI (auB. (dopmy-
ay (5.18);

Cpf Koe(iIlieHT MICIICBOTO HaBaHTAXCHHS
BiJ| 3an0BHEHHS (AuB. popmyiy (5.9);

Cpe KOe(iIlli€EHT MICIIEBOTO HABAHTAXCHHS
npy  BHUBaHTaXeHHI (auB. dopmy-
ay (5.28).

(5) JInsa TOHKOCTIHHUX HWJIIHAPUYHUX OYyHKe-
piB pe3ysbTyrodi CUMETPHYHI TOPU3OHTAJIbHI
TUCKH BiJ| 3alOBHCHHS pj,, 1 IIPH BUBAHTa-

KEHH1 pj,,, 1 pe3ylIbTyroul CHMETPUYHI JIOTH-

YHI THCKH TEPTS BiJ 3QlOBHCHHS P, 1 IIpH

Pis is the horizontal symmetrical filling
pressure (see Expression (5.1);

Py 1s the horizontal symmetrical discharge
pressure (see Expression (5.18);

Cpr is the filling patch load factor (see Ex-
pression (5.9);

Che is the discharge patch load factor (see
Expression (5.28).

(5) For thin-walled circular silos, the resulting
total symmetrical horizontal pressures for fill-
ing pyr, and discharge p,, and the resulting

total symmetrical frictional traction for filling
Pwru and discharge p,,., should be deter-

BUBAHTa)XEHH1 p,,, , NOBUHHI BU3HAUATUCS 3a mined as:
bopmynamu:
Pipu =i (1+0.5C,) (5.42)
Puga=Pur1+Cpyr) (5.43)
Pheu = Phe (1 + O’Scpe) (5.44)
Pweu = Pwe (1 + CPG) (545)
AC where:
Py CUMETPUYHHUI JOTUYHUN THUCK TEPTS 00 Pur is the filling symmetrical wall frictional

CTIHKM Bij 3amoBHEHHs (AuB. dopmy- traction (see Expression (5.2);
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y (5.2);

Dye CHMETPHYHMH NOTUYHUH THUCK TEPTS 00
CTIHKM TpU BHUBaHTaXeHHi (1uB. ¢op-
Mmyy (5.19);

Pufs Phes Cpr 1 Cpe — IOBUHHI PO3paxoBy-

BaTHCs, K BKa3aHO B (3).

5.2.4 HaBaHTaKeHHs IPH BUBAHTAKeHHI
MJISA UMJIIHAPUYHUX OYHKEPIB 3 BEJIUKUM
eKCLIEHTPHCUTETOM BHIIYyCKHOI'0 OTBOPY

5.2.4.1 3arajJbHi MoJI0KeHHA

(1) S0 eKCUEeHTPUCUTET BUITYCKHOTO OTBO-
py e, TepeBUUIye KPUTUYHE 3HAYCHHS
e, . =0,25d. B OyHkepax kiaciB 1iil 2 1 3, To
HIDKYCHABEICHI METOUKHA HEOOX1THO BUKOPH-
CTOBYBATH JUIsI BU3HAUCHHS PO3MOJLUTY THCKIB
MIPU BUBAaHTAXEHHI 3 €KCIICHTPUCUTETOM 1 Ka-

HAJIOM TOTOKY B TpyOl HaJ BUITyCKHHM OTBO-
POM (ZIMB. PUCYHOK 5.5, a).

(2) SAxuo MakcUMaIbHUM €KCLIEHTPUCHUTET Bif
3allOBHCHHS €, ICPCBUILYE KPUTHYHE 3Ha-

YeHHs er ., =0,25d., THyuKicTb OyHKepa me-

¢
pesuiye A./d. =4,0, To U1 OyHKEpIB Ki1aciB
Nl 2 1 3 TOBUHHI BUKOPUCTOBYBATUCS TPHBE-
JIeHl HUXKY€ METOAWKHU JUIsi BU3HAYEHHS PO3-
MOJIUTY THUCKIB, SIKI MOXXYTh BUHUKHYTH SIK pe-
3yJbTaT yYTBOPEHHS HECHUMETPUYHOTO KaHATy
MOTOKY B TpyOi (uB. pucynku 3.4, d) 1 5.5a).

(3) Tam, e 1i METOAMKH MOXYTh OyTH 3acTO-
coBani (muB. (1) i (2), meTomuku 1o 5.2.4.2 i
5.2.4.3 MOBUHHI BUKOPUCTOBYBATHUCS SIK OKpe-
MHM HE3aJIe)KHHH BUMNAJOK HaBaHTAKCHHS.
Ie# momaTkoBUiI BHHAAOK HABaHTAXKCHHS BIJI-
PI3HSETHCS BiJl THX, SKI BU3HAYCHI JIJISI THCKIB
BiJl 3aIIOBHEHHS 1 IPH BUBAHTAXXCHHI 3 TPAKTY-
BaHHSAM MICIIEBOTO HaBaHTa)XeHHS B 5.2.2 1
5.2.3.

(4) OGuucieHHs: TOBHHHI BUKOHYBATHUCS 3 BU-
KOPHCTAHHSM HIKHBOTO XapaKTEPUCTHUIHOTO
3HAQYCHHS £/ 1 BEPXHBOT'O XapPaKTEPUCTHIHOTO

3HA4YEHHA ¢, U1 MaTepiaiy.
(5) s OyHkepiB Kiacy diid 2 JO3BOJSETHCS
BUKOPUCTOBYBATH CIPOILIEHY METOAUKY TI0

5.2.4.2. Jlns OyHKepiB Kiacy nid 3 TOBHHHI
3aCTOCOBYBATHUCS METOJMKH, BKa3aHi B 5.2.4.3.
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Pwe 18 the discharge symmetrical wall fric-
tional traction (see Expression (5.19)

and the parameters pyr, ppe, C,r, and C,,

P
are calculated as indicated in (3).

5.2.4 Discharge loads far circular silos
with large outlet eccentricities

5.2.4.1 General
(1) Where the outlet eccentricity e, exceeds
the critical value e, .. =0,25d, and the silo is

in Action Assessment Class 2 or 3, the follow-
ing procedures should be used to determine the
pressure distribution during eccentric discharge
in a pipe flow channel above the outlet (see
Figure 5.5a).

(2) Where the maximum filling eccentricity e,
exceeds the critical value e, .. =0,25d, and

the slenderness of the silo exceeds 4,./d. =4,0

and the silo is in Action Assessment Class 2 or
3, the following procedures should be also used
to determine the pressure distribution that may
occur as a result of the formation of an eccen-
tric pipe flow channel (see Figures 3.4d and
5.5a).

(3) Where they are applicable (see (1) and (2),
the procedures of 5.2.4.2 and 5.2.4.3 should be
used as a separate independent load case. This
is an additional load case that is separate from
that defined by filling and discharge pressures
with the patch load treatment of 5.2.2 and 5.2.3.

(4) The calculation should be performed using
the lower characteristic value of x and the up-

per characteristic value of ¢ for the solid.

(5) A simplified procedure is permitted for silos
in Action Assessment Class2, as given in
5.2.4.2. For silos in Action Assessment Class 3,
the procedure given in 5.2.4.3 should be im-



5.2.4.2 Meton aJisi OyHKepiB Kiaacy aii 2

5.2.4.2.1 I'eomeTpisi KaHATY IOTOKY

(1) Po3paxyHkn HEOOXimHI JHIIE Ui OJHOTO
pO3Mipy KOHTaKTy KaHaly MOTOKY 13 CTIHKOIO
OyHKepa, SIKUil BU3HAYAETHCS SIK

6, =35°

5.2.4.2.2 Tuck Ha CTiHKY npH
BHBAHTAKEHH] 3 eKCHEHTPUCHTETOM

(1) Tuck Ha BepTUKaJIbHY CTIHKY OyHKepa B
30H1 BUTIKaHHS (JUB. PUCYHOK 5.5, C) IOBUHEH
BH3HAYATHUCS 32 POPMYIIOI0

Phce = 0

(2) Tuck Ha rMOUHI z HA BEPTUKAJIBHY CTiH-
Ky B 30Hi, Ji¢ Marepiaj 3aJIUIIA€ThCS HEPYXO-
MUM (JTUB. PUCYHOK 5.5, ¢), MIOBUHEH BU3HAua-
THUCS 110 PopMyIIax:

Phse = Pif

Phae = 2p hf
a NOTHMYHUN THCK TEepPTS HA MHOWHI z — 3a
dbopmynamu:

Pwse = Pwf

Pwae = 2p wf
e
Piy TOPU30HTAIILHUN THUCK BiJl 3alIOBHEHHS

(muB. popmymy (5.1);
JOTUYHUIN THCK TEPTS O CTIHKY BiJ 3a-

Py
noBHEHHS (nuB. hopmyny (5.2).

Hpumirka. Leit cripormenuii MeTo BiOIOBIAA€ TTOPOK-
HBOMY KaHaJy Tedii 1 TOMy, 1HKOJIH, MOXXe OyTH TOCHUTh
KOHCEPBAaTHBHUM

(3) B sxocti anbTepHATUBU JOIMYCKAETHCS BU-
KOPHUCTOBYBAaTH METOA 110 5.2.4.3.2.

np. ACTY-H b EN 1991-4:20XX

plemented.

5.2.4.2 Method for Action Assessment
Class 2

5.2.4.2.1 Flow channel geometry

(1) Calculations are required for only one size
of flow channel contact with the wall, which
should be determined for:

(5.46)

5.2.4.2.2 Wall pressures under eccentric
discharge

(1) The pressure on the vertical wall in the
flowing zone (see Figure 5.5c) should be taken
as:

(5.47)

(2) The pressures at depth z on the vertical
wall in the zone in which the solid remains stat-
ic (see Figure 5.5¢) should be taken as:

(5.48)
(5.49)

and the frictional traction on the wall at depth
Z as:

(5.50)
(5.51)
where:
Pus is the horizontal filling pressure (see
Expression (5.1);
Py is the filling wall frictional traction (see

Expression (5.2).

NOTE: This simplified method relates to an empty
rathole (empty flow channel), and the method may there-
fore sometimes be rather conservative.

(3) The method of 5.2.4.3.2 may alternatively
be used.
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5.2.4.3 Meton nJisi OyHkepa KJacy aii 3

5.2.4.3.1 I'eomeTpiss KaHATY IOTOKY

(1) T'eomeTpist i po3TanryBaHHs KaHATY ITOTOKY
MOBUHHI BUOMpATHUCS TakK, 100 BpaxoByBaacs
reomMeTpisi OyHKepa, yMOBH BHBAaHTa)KEHHS 1
BJIACTHBOCTI MaTepiaiy, 0 30epiraeTbesl.

(2) SIxmo ymMOBM BHBAHTaXEHHS TPHU3BOIATH
JI0 KaHaJy TIOTOKY TOYHO BH3HAYEHOI reoMeT-
pii 1 po3TanryBaHHs, TO MalOTh OyTHU MPUNHATI
BIJIMIOBIJTHI MapaMeTpH I LIbOTO KaHAaly MO-
TOKY.

(3) SAxmo reomerpist KaHATy MOTOKY HE MOXKE
OyTu BH3HaueHa OE3MOCEPEIHhO 3 YMOB BHBa-
HTaKEHHS 1 TeoMeTpii OyHKepa, TO po3paxyH-
KU NTOBUHHI BUKOHYBAaTHUCS HE MEHIIE YUM IS
TPbOX 3HAYEHb PaJlyCy KaHally IOTOKY 7. AJIS
BpaxyBaHHS BUIIAIKOBUX 3MiH PO3Mipy KaHATy
nmoToky B yaci. L{i Tpu 3HaYeHHs MOBUHHI BU-
3HA4aTucs 1o Gpopmyax:

r.=kr
v, =kyr
7, =kyr

ne
r pailyc LMIIHAPUYHOro OyHkepa (=d,./2).

Hpumirka. 3HaueHHs kl , k2 i k3 MOXYTb OyTH BKa-
3aHl B HaI[lOHAILHOMY JOAATKy. PekomeHnoBaHi 3Ha-
4yeHHsl, BiamosigHo, 0,25, 0,41 0,6.

(4) Excuenrtpucurer xaHainy HOTOKY e, (IUB.

PHUCYHOK 5.5) moBHMHEH BHM3HauyaTHcs 3a (op-
MYJIOIO:

e, =rip(1-G)+(1—ph1-G}

e
G=lc
r
_ M
7 tan g,
i

H  HIDKHE XapaKTepPUCTHUYHE 3HAYCHHS KOe-
¢iienTa TepTa 00 CTIHKH IJi1 BEpTHUKA-
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5.2.4.3 Method for Action Assessment
Class 3

5.2.4.3.1 Flow channel geometry

(1)P The geometry of the flow channel and its
location shall be chosen to reflect the geometry
of the container, the discharge arrangements
and the properties of the stored solid.

(2) Where the discharge arrangement leads to a
flow channel of well defined geometry and lo-
cation, the appropriate parameters for this flow
channel should be adopted.

(3) Where the geometry of the flow channel
cannot be directly deduced from the discharge
arrangements and silo geometry, calculations
should be performed for no less than three val-
ues of the radius of the flow channel 7, to al-

low for random variations in the size of the
flow channel from time to time. These three
values should be taken as:

(5.52)
(5.53)
(5.54)

where:

r1s the radius of the circular silo (=d,./2).

NOTE: The values of ky, k, and k3 may be given in

the National Annex. The recommended values are 0,25,
0,4 and 0,6 respectively.

(4) The flow channel eccentricity e, (see Fig-
ure 5.5) should be determined as:

(5.55)
in which:

(5.56)

(5.57)
where:

2 is the lower characteristic wall friction
coefficient for the vertical wall;



JIBHOT CTIHKH;

¢ ~ BEPXHE XapaKTEPUCTUYHE 3HAYEHHA KyTa
BHYTPIIIHBOTO TEPTS Marepiaimy, M0
30epiraeThes;

., PO3PaxyHKOBHMH pajJiyCc KaHaly MOTOKY
3a popmymnamu (5.52) — (5.54).

Hpumitka 1. HeoOximHO BiA3HAYUTH, MO 3aBXKIU

@,, < @, OCKiNbKM MaTepian MOXe PO3DUBATHCS yCe-

penuHi, SKIO0 KOB3aHHS B 30HI KOHTaKTy i3 CTiHKOIO

BAMaratuMme OUIBII BEIMKHX HAIMpPYXEHb 3CYBY, HIXK
MoOJKe 3a0e3nmeunTH BHYTpimHe TepTs. Lle o3Hawae, mo

17 <1 y Bcix o6uucnenusx.

Ilpumirka 2. EXCHEHTPHCHTET KaHATy Tedii €. Moxe
3MIHIOBAaTUCS, SIK BUAHO 3 pHcyHKa 3.4, d), i 3aJ1eXuTh
HE JIMIIIE Bijl EKCLEHTPUCHTETY BUITYCKHOTO OTBOPY €, .
[MpuBenena MeToAMKa HampasieHAa Ha BH3HAYECHHS
YMOB, SIKi OJMU3BbKI 10 HAWOUIBII HECTIPUSATIMBHX HPU
Oynp-skiii TeoMeTpii OyHKepa i KOHCTPYKTHBHOMY pi-
meHHi. B pe3ynmbraTi IIbOTO €KCHEHTPUCHTET KaHAIY
MOTOKY MOXe OyTH MEHIIe KPHTHYHOTO EeKCIIEHTPUCH-

TETy BUILyCKHOI'O OTBOpY &, i MEHIIe KPUTHYHOTO

o,cr

EKCICHTPHCHUTETY BITYCKHOIO OTBOPY € £ . .
b

Mpumirka 3. e Bu3HAUEHHS pO3TAlIyBaHHS i pamiycy
KaHaJIy TOTOKY IPYHTYETbCS Ha TPUHIMII MiHIMIi3armil
OTIOPY TEPTIO MaTepiany B KaHaJi 10 IepUMETPY KaHAITy
[OTOKY B HIPHITYIIEHHI, 10 KOHTYp KaHaly IOTOKY €
KPYTOBOIO apkolo. JlOMmyCKaeTbcsi BUKOPHCTOBYBATH
IHIIII METOJM IPOTHO3YBaHHS PO3MIPiB KaHAITY TIOTOKY.

(5) He nuBnsiunch Ha IPUBEIECHI BUIIIE BUMOTH
10 mepeadadyBaHOTO pajiycy KaHaly MOTOKY,
SIKIIIO BUKOPUCTOBYETHCS BOPOHKA 3 PO3IIHPE-
HUM MOTOKOM (JIMB. pUCYHOK 3.5, d), TO K pa-
AlyC KaHally MOTOKY 7., HEOOXIHO MPUIHATH
paziyc BEpXHBOTO Kpar BOPOHKH 3 PO3MIHpE-
HUM TTOTOKOM.

(6) KyToBa OBKHMHA 30HH KOHTAKTy CTIHKH 3
KaHAJIOM TOTOKY IOBUHHA BH3HAYATHCS I10
KyTOBHX KoopanHartax 0 ==t6,., ne:

2
cosf,. =

2re,

(7) HdoBxuHa Iyrd 30HH KOHTAKTY CTIHKU 3
KaHaJIOM IIOTOKY IIOBHMHHA BHW3HA4YaTHUCA 34
dhopmyIoro:

U,.=20.r

retel —

np. ACTY-H b EN 1991-4:20XX

¢ s the upper characteristic angle of inter-
nal friction of the stored solid;

r.  is the design radius of the flow channel
(see Expressions (5.52) to (5.54).

NOTE 1: It should be noted that @,, < @, always, since

the material will rupture internally if slip at the wall con-
tact demands a greater shear stress than the internal fric-

tion can sustain. This means that 77 <1 in all evalua-
tions.

NOTE 2: The flow channel eccentricity e. may vary, as
indicated in Figure 3.4d, and does not depend solely on
the outlet eccentricity e, . This procedure is intended to

identify conditions that are close to the most demanding
for each silo geometry and structural arrangement. The
flow channel eccentricity may consequently be less than

both the critical value of the outlet eccentricity e, ., and

the critical value of the inlet eccentricity € ...

NOTE 3: This evaluation of the location and radius of
the flow channel is based on a minimization of the total
frictional drag at the channel perimeter on the solid in the
channel, assuming the periphery of the channel to be a
circular arc. Other methods of predicting flow channel
dimensions may be used.

(5) Notwithstanding the above requirements
concerning the assumed flow channel radius,
where an expanded flow hopper is used (see
Figure 3.5d), the radius of the flow channel 7,
should be taken as the radius of the top of the
expanded flow hopper.

(6) The angular length of the wall contact with
the flowing channel should be found, bounded
by the circumferential coordinates 6 =16,,

where:

r2

c (5.58)

(7) The arc length of the contact between the
flow channel and the wall should be determined
as:

(5.59)

81



np. ICTY-H b EN 1991-4:20XX

a JOBXKMHA YT KOHTAKTy KaHAIy IMOTOKY 3 and the arc length of the contact between the
HEPYXOMHUM MaTepiajaoM — 3a GopMyJIIoL0: flow channel and static solid as:
Uy =2r.(7r—y) (5.60)
=
2 ‘EH \f 3
i ‘
4{ >
i\
a) Po3pi3 b) [Tonepeunwnii nepeTHH
a) Elevation b) Cross-section
Poz’acuenns Key
1  cratuyHMi TUCK 1  Static pressures
2 HepyXxoMHi MaTepian 2 Static solid
3 MiCLeBHUI BUCOKUN TUCK 3 Local high pressure
4  xaHaj MOTOKY 4 Flow channel
5  THCK NOTOKY 5  Flow pressure
a — KaHaJ MOTOKY i PO3MOAiJI THCKY
a) flow channel and pressure pattern
v L
<
b — reomeTpisi kKaHaJIly NOTOKY ¢ — THCKH
b) channel geometry c) pressures
Poz’acuenns Key
1 CTaTHYHUHN THCK 1  Static pressures
2 HEPYXOMHUU MaTepiai 2 Static solid
3 Kpa€eBl TUCKU B KaHai 3 Channel edge pressures
4 THUCK KaHAIy MOTOKY 4 Flow channel pressures

Pucynok 5.5 — Kanan noToky i po3mnoaisi TUCKY P HECUMETPHUYHOMY BHBAHTA)KEHH1

Figure 5.5: Eccentric discharge flow channel and pressure distribution
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e

. ro.
siny = —sind,

C

ne 6. 1 y —KyTH B pajiiaHax.

(8) Ilmoma mnomepeyHOro MEpeTHHY KaHaly
MOTOKY ITOBHHHA BU3HAYATHCS 3aQOPMYJIOI0:

A =(r- z//)rc2 + Gcrz —rr.sin(y —6,)

5.2.4.3.2 Tucku Ha CTIHKY npu
HeCMMeTPUYHOMY BHBAHTAKeHHI

(1) Tuck Ha BepTUKAJIbHY CTIHKY B 30H1 BHUTI-
KaHHS (MB. PUCYHOK 5.5, C) 3aJI€KUTh Bij Bij-
CTaHl z HIDKYE 32 CEKBIBAICHTHY ITOBEPXHIO
MaTepiany i TOBHHEH BU3HA4aTUCs 3a (hopmy-
JI010:

Phee = Phco (1 —e

a TOTUYHHUNA THCK TePTS 00 CTIHKHU Ha PiBHI z —
3a (popmyIoro:

/ZUC)

np. ACTY-H b EN 1991-4:20XX
in which:
(5.61)

where the angles 6. and y are both expressed
in radians.

(8) The cross-sectional area of the flowing
channel should be determined as:

(5.62)

5.2.4.3.2 Wall pressures under eccentric
discharge

(1)The pressure on the vertical wall in the flow-
ing zone (see Figure 5.5¢) depends on the dis-
tance z below the equivalent solid surface and
should be determined as:

(5.63)

and the frictional traction on the wall at level z
as:

Prce = HPhee = Py, (1=€777) (5.64)
B SIKHX in which:
Pieo = 1KZ,, (5.65)
z,, = i( A, ) (5.66)
K\U, u+U_tang
ne where:

M xoedimieHT TEpTst 00 CTIHKK IS BEpPTH-
KaJbHOI CTIHH;

K

(2) Tuck Ha TTIMOVHI Z HAa BEPTHKAJIBHY CTIHKY
1032 KaHaJIOM BHUTIKaHHS B 30HI HEPYyXOMOTO
MaTepianry MOBUHEH NpUHMATHCS SIK:

KoedilieHT OOKOBOTO THUCKY.

Phse = Phf

a JIOTUYHUN THCK TepTs HAa CTIHKY Ha TNTMOMHI
z:

Pwse = Pwf

M is the wall friction coefficient for the
wall;

K

(2) The pressure at depth z on the wall far
from the flowing channel in the zone where the
solid remains static (see Figure 5.5¢) should be
taken as:

is the lateral pressure for the solid.

(5.67)

and the frictional traction on the wall at depth
Z as:

(5.68)
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e

Pjy  TOPMBOHTAIBHMII THCK BiX 3aIlOBHCHHS
(muB. popmymna (5.1);

Py JOTHYHUIN TUCK TEPTS O CTIHKH BiJ 3a-
noBHEeHHs (quB. popmyna (5.2).

(3) binbll BUCOKHMI TUCK Py, A€ HAa BEPTUKA-

JIbHY CTIHKY B 30HI NPUMMKAHHS HEPYXOMOTO
Marepiaiay J0 MOTOKY 1 3aJIeXKUTh Bl TITHOMHI
Z HIDKYE 32 eKBIBAJIICHTHY ITOBEPXHIO Martepia-
ny. Tuck Ha TIMOMHI z B HEPYXOMOMY Matepi-
ami Oins KaHalmy TOTOKY CIiJi BH3HAYaTH 3a
dbopmyoro:

where:

Py Is the horizontal filling pressure (see
Expression (5.1);

Py I8 the ﬁl‘ling wall frictional traction (see
Expression (5.2).

(3) A higher pressure p,,, 1s exerted on the

vertical wall in the zone of static solid adjacent
to the flow zone (see Figure 5.5¢) and depends
on the depth z below the equivalent solid sur-
face. The pressure at depth z in the static zone
near to the flowing channel should be deter-
mined as:

Phae = 2phf = Phce (569)

a JIOTUYHUHN TUCK TEPTs 00 CTIHKH Ha TJIHMOWHI
z — 3a (hopMyIoIO:

Pwae = HPhae

5.3 Bynkepu MaJ10i i NPOMi’KHOI THY4YKOCTI
5.3.1 HaBanTaeHHs BiJl 3alI0BHEHHS
HAa BEPTHKAJbHI CTIHKH

5.3.1.1 CumeTpHUYHi HABAHTAKEHHH Bi/l
3aM0BHEHHA

(1) CumerpuyHi HaBaHTa)KEHHSI BiJ 3allOBHEH-
HS (IMB. PUCYHOK 5.6) MOBHHHI BHU3HAYaTHCS
3aopmysami (5.71) — (5.80).

(2) 3Ha4eHHs TOPH3OHTANBHOIO TUCKY pjr 1
JOTHYHOTO THCKY TEPTS D, HICIs 3allOBHEH-

Hsl Ha OyAb-AKiil r1uMOvHI TOBUHHI BU3HAYATHU-
cs1 3a (hOpMyJTaMH:

and the frictional traction on the wall at depth
z as:

(5.70)

5.3 Squat and intermediate slenderness silos

5.3.1 Filling loads on vertical walls
5.3.1.1 Filling symmetrical load

(1) The symmetrical filling load (see Figure
5.6) should be calculated using Expressions
(5.71) to (5.80).

(2) The values of horizontal pressure p;,, and

wall frictional traction p,,, at any depth after

filling should be determined as:

Pif = Pho¥'R (5.71)
Dwp = HPyr (5.72)
B SKUX in which:

1 A4

= KZ =Y —
Pro=1K20=7" 1) (5.73)

h n
Y = 1—{(2_ 0]+1} (5.74)
)
Zp = Lé 5.75

0= KuU 75)
n=—(1+tang,)(1-hy/z)) (5.76)
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ne

h, 3HAYCHHS Z B HAMBMILII TOYLI KOHTAKTY
MaTepialy i3 CTiHKOKO (AMB. PpHUCYH-
ku 1.1, a) 1 popmyny (5.6).

JUisi CUMETPUYHO 3allOBHEHOTO IMJIHAPHUYHO-

ro OyHKepa 3 paJlycoM r po3Mip /, MOBHUHEH

BH3HAYaATHUCS 32 (POPMYIIOO:

r
hy = 3 tan @,

IUIS CAMETPUYHO 3allOBHEHOTO MPSIMOKYTHOTO
OyHKepa 3 XapakTepUCTHIHUM po3mipom d,. —
3a popMyJIOI0

d
ho = 7‘3 tan g,

e

XapaKkTEepUCTUYHE 3HAYEHHS IHUTOMOIL
Barwy;

M XapaKTepHCTHYHE 3HAYCHHS KoedillieH-
Ta TEPTA O CTIHKM MDK MaTepiaioMm i
BEPTUKAIBHOIO CTIHKOIO;

K XapaKTepUCTUYHE 3HAYEeHHs Koe(illieH-
Ta OOKOBOT'O THCKY;

z rIMOMHa HUKYE EKBIBAJIEHTHOI MOBEp-
XHI MaTepiainy;

/4 TUIONIA TIONEPEYHOro HEPETHHY OyHKe-
pa;
BHYTpIIIHIA NEpUMETpP MONEPEUHOrO
nepeTuHy OyHKepa;

KyT OPUPOTHOTO YKOCY MaTepiaiy (IuB.
¢’” tadymo E.1).

(3) 3HauCHHS BEPTHKAILHOTO THCKY P, ICIISL

3allOBHEHHS Ha OyIb-sKiil T7MOWMHI MOBHHHE
BH3HAYATHUCS 32 (POPMYIIOO:

pyf =72y

e

1
=hy — —h
Zy 0 (n+l)(zo 0

np. ACTY-H b EN 1991-4:20XX

where

hy Is the value of z at the highest solid-
wall contact (see Figures 1.1a and 5.6).

For a symmetrically filled circular silo of radius
r, hy should be determined as:

(5.77)

and for a symmetrically filled rectangular silo
of characteristic dimension d.., hyshould be
determined as:

(5.78)

where:

Y Is the characteristic value of the unit
weight;

U Is the characteristic value of the wall
friction coefficient for solid sliding on
the vertical wall;

K Is the characteristic value of the lateral
pressure ratio;

z Is the depth below the equivalent sur-
face of the solid;

A Is the plan cross-sectional area of the
silo;

U Is the internal perimeter of the plan
cross-section of the silo;

Is the angle of the repose of the solid
Pr (see Table E.1).

(3) The value of vertical pressure p,, at any

depth after filling should be determined as:

(5.79)
in which:
(242 - 2h0)n+1 (5.80)
(29 —ho)" .
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Po3’sicHenns
1 eKBiBaJICHTHA [TOBEPXHSI
2 TUCK B OyHKepi 3 MPOMI>KHOIO THYUYKICTIO

3 THUCK /17151 OyHKepiB Masioi THY4KOCT1

1 Equivalent surface
2 Slender silo rule
3 Squat silo pressures

Pucynoxk 5.6 — Tucku Bij 3a10BHEHHSI B OyHKEpax Majioi i MpOMiKHOT THYYKOCTI

Figure 5.6: Filling pressures in a squat or intermediate slenderness silo

(4) XapakTepucTHUUHE 3HaYEHHS BEPTUKAJIBHUX
CTHCKYIOUUX CWJI B CTIHII 7,g Ha OJWHHLIO

JIOBXUHU TIepUMeETpa Ha Oyb-sAKii riIuouH1 z
MOBUHHI BU3HAYATUCSA 32 (DOPMYIIOIO:

nsi = [ Py (2)dz = p1pjp (2 = zp)
0

Jie zy — BU3HavaeThes 3a popmyiioro (5.80).

Ipumirka. PesyneTytoue HampykeHHS 3a (OPMYIIO0
(5.81) € xapakTepuCTUYHUM 3Ha4eHHsIM. [Ipu BUKOpHC-
TaHHI 1€l GOpMyIH CIiJ 3BEpHYTH yBary Ha HeoOXin-
HICTh B)KMBAHHS BIAIOBITHOIO YaCTKOBOIO KoedillieHTa
JUIsl Ail, OCKUIBKHU 115t popMmyna € pe3ysbTaToM CTaThy-
HOTO PO3paxyHKY (i3 3aCTOCYBaHHSIM MEMOpPaHHOI Teopil
000510HOK). L1 popmyna npuBeneHa TYT Ui JOMOMOTH
NPOEKTyBaJIbHUKAM B iHTerpauii gopmymu (5.72). Cmig
3a3HAYNUTH, O IHII HABAHTAXCHHS (HANIPUKIAM, MiC-
LIeBe HAaBAaHTAXEHHS a00 HECHMETPUYHE 3allOBHEHH:)
MOXYTh BHUKJIMKATH JOJATKOBI BEPTUKAIbHI 3YCHIUIS B
CTIHII.

5.3.1.2 MicueBe HABAHTAKEHHSA BiJx
3aM0BHEHHSA

(1)P MicueBe HaBaHTa)KEHHS Bij 3allOBHCHHS
MOJE JISITH Ha OyAb-sKy YacTUHY CTIHKU OyH-
Kepa.

(2) MicueBe HaBaHTaXCHHSI BKIIOYAE JIUIIE
HOPMAJIBHHM THUCK. 3MIHM JOTHYHOTO THUCKY
TEpTs, BHACIIAOK 3MIHM HOPMAJIbHOTO THUCKY,
HE TIOBUHHI BPaXOBYBAaTHUCS B PO3PAXYHKY.
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(4) The resulting characteristic value of the ver-
tical force (compressive) in the wall n,g per

unit length of perimeter at any depth z should
be determined as:

(5.81)

where zj, 1s given by Expression (5.80)

NOTE: The stress resultant defined in Expression (5.81)
is a characteristic value. Care should be taken when us-
ing this results to ensure that the appropriate partial fac-
tor on actions is not omitted, since this expression is a
result of a structural analysis (using the membrane theory
of shells). The expression is included here to assist de-
signers in the integration of Expression (5.72). It should
also be noted that other loads (e.g. patch loads or un-
symmetrical filling) may induce additional vertical forc-
es in the wall.

5.3.1.2 Filling patch load

(1) The filling patch load should be considered
to act on any part of the silo wall.

(2) The patch load consist of normal pressure
only. No change normal pressure should be
considered in design.



(3) MHna  OyHkepiB  MaJloi  THYYKOCTI
(h./d. <1,0) Bcix kiaciB Jiil MiclieBe HaBa-
HTQ)XCHHS BIJ] 3allOBHEHHS BpPaxOBYBaTH HE

cig (C,p =0).

(4) Jns OyHKepiB TPOMDKHOI THYYKOCTI
(1,0< h,/d,. <2,0) knacy niii 1 micrieBe Ha-
BAaHTA)XCHHSI BiJl 3alIOBHEHHS JIOITYCKAEThCS HE
BPaxoOBYBaTH.

(5) Hnsa OyHKepiB NPOMIKHOI THYYKOCTI
(1,0<h,./d.<2,0) xnaciB aiif 2 i 3 micue-
BUI JIOKaJIbHUI THCK p ,r 110 5.2.1 HEOOXINHO
BUKOPUCTOBYBAaTH [UIsl BpaxyBaHHsS BHIIAJKO-

BOI acCUMeTpii HABaHTAXXCHHS 1 MaJTUX EKCIICH-
TPUCUTETIB 3allOBHCHHS e, (OUB. pHUCY-

HOK 1.1, b).

(6) st OyHkepiB Masoi abo MPOMIKHOT THYY-
kocti (h,./d, < 2,0) xmaciB xiit 2 i 3, sKmo

CKCHCHTPUCUTCT 3alIOBHCHHA € f MEepeBUILIYE

KPUTHYHE 3HAYeHHA e .. = 0,25d., 1o no-

>
BHHEH BHKOPUCTOBYBATHCS JOJIATKOBUH BHUIIa-
JIOK HaBaHTKEHHsI SIK OYHKEpiB Majoi T'Hy4-
KOCTI 3 BEJIMKMMH C€KCIICHTPUCUTETAMHU 3aIlOB-
HeHHs (nuB. 5.3.3).

5.3.2 HaBaHTa)eHHs IPH BUBAaHTAKeHHI
HAa BEPTUKAJbHI CTIHKH

5.3.2.1 CumeTpHYHi HABAHTAKEHHS
NP¥ BUBAHTAKEHHI

(1)P 30inbIIeHHS CUMETPUYHOTO HABAHTAXKEH-
HS TPY BUBAHTAXXEHHI CJI1J] BUKOPUCTOBYBATH,
1e 1e HeoOX11HO, TSl IPEJICTABICHHS MOKIIH-
BUX THMYAaCOBHX 3pOCTaHb THUCKY B TpOIIECi
BUBAHTAXKEHHSI.

(2) Hnsa  OyHkepiB  Manoi  THYYKOCTI
(h./d.<1,0) cuMeTpuuHi HaBaHTAKCHHS

IpU BUBAaHTAKEHHI JIOIyCKAETHCSA NpUAMATH
PIBHUMM HaBaHTAXXEHHSM B1J] 3aIlI0BHEHHS.

(3) [Jna OyHKepiB NPOMIKHOI T'HYYKOCTI

(1,0< h,/d.<2,0) cuMeTpuuHi THCKH TPH

BUBaHTaXEHHI Ppe, 1 Py TOBUHHI BH3HA-

qatucs 3a popmynamu:

Phe = ChDiy

np. ACTY-H b EN 1991-4:20XX

(3) For squat silos (/4,./d, <1,0)in all Action
Assessment Classes, the filling patch load need
not be considered (C,, = 0)

(4) For silos of intermediate slenderness
(1,0<h,/d.<2,0)in Action Assessment

Class 1, the filling patch load may be ignored.

(5) For silos of intermediate slenderness
(1,0<h,/d.<2,0)in Action Assessment

Classes 2 and 3, the filling patch pressure p

taken from 5.2.1 should be used to represent
accidental asymmetries of loading and small

eccentricities of filling e » (see Figure 1.1b).

(6) For silos of squat in intermediate slender-
ness (h,/d.<2,0) in Action Assessment

Classes 2 and 3, where in eccentricity of filling
ey exceeds the critical value e, . =0,25d .,

the additional load case for large filling eccen-
tricity in squat silos should be used (see 5.3.3)

5.3.2 Discharge loads on vertical walls
5.3.2.1 Discharge symmetrical load

(1) Symmetrical increases in the discharge load
shall be used where it is necessary to represent
possible transitory increases in pressure during
the discharge process.

(2) For squat silos (4,./d, <1,0) the symmet-

rical discharge loads may be taken as identical
to the filling loads.

(3) For silos of intermediate slenderness
(1,0< h,/d,.<2,0) , the symmetrical dis-

charge pressures Pj. and P, should be de-
termined as:

(5.82)
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Pwe = prwf

e

ne Cp,, C,, — xoedimieHtH BUBaHTAKEHHS,

Kl BHU3HaualwTbca 3a (opmynamu (5.84)—
(5.89).

(4) Ins OyHKepiB BCIX KJIAciB AiH, sKi po3BaH-
TaXYIOThCS 3BepXy (HE MarOTh MOTOKY ycepe-
JIMHI MaTepiaiy, 1o 30epiraeThes)

CW :Ch

(5) Hdns 6yHKepiB MPOMIKHOT THYYKOCTI KJIaciB
o 2 1 3 mist koeilieHTIB BHBAHTAKEHHS
NOBUHHI NPUIMaTHCS 3HAYCHHS:

C, =1,0+0,15C,
C, =1,0+0,1C,
C,=h,/h;—10

ne

C MONPABKOBUM KOEQIIEHT 10 THYYKOC-
N .

Ti.

(6) dnst OyHKEpiB MPOMIXKHOI THYYKOCTI KiIacy

Iiit 1, K0 B po3paxyHKaX BUKOPUCTOBYIOTh-

Csl Cepe/iHI 3HAYCHHS XapaKTepUCTHK Marepia-

ny K 1 g, Koe]illieHTH BUBAHTAKCHHS I10-

BHUHHI BU3HAYATHUCS 32 GOpMyJIaMu

Ch = 1,0 + {0,15 + 1,5(1 + 0,4€/dc )Cop }CS
C,=10+0,4(1+1,4e/d,)C,

e=max(ef;e0)

ne
ey MaKCHMAJIbHUH EKCIIEHTPUCHTET Ha-
CHITHOTO KOHYCa IpH 3allOBHEHHI;
e, eKCIIEHTPUCUTET HEHTPY BHITyCKHOTO
OTBODY;
C KOe(ili€HT MiICIIEBOTO HaBAHTAKEHHS
0, . .
P BiJ Matepiany (auB. Tabmuus E.1);
C MIOTIPABKOBHUN KOE(]ILli€HT 0 THYYKO-

cti (muB. popmymna (5.87).

(7) XapakTeprcTHUHE 3HaYEHHS BEPTUKATBHUX
CTHCKYIOUMX CHJI B CTiHIII TP BHBAaHTa)KEHHI
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(5.83)

where:

C;,, and C,, are discharge factors according
to Expression (5.84) to (5.89) as appropriate.

(4) For silos in all Action Assessment Classes
that are unloaded from the top (no flow within
the stored solid):

=1,0 (5.84)

(5) For intermediate slenderness silos in Action
Assessment Class 2 and 3, the discharge factors
should be taken as:

(5.85)
(5.86)
(5.87)
where
C, is slenderness adjustment factor

(6) For intermediate slendemess silos in Action
Assessment Class 1, where the mean value of
the material properties K and x have been

used for design, the discharge factors should be

taken as:
(5.88)
(5.89)
(5.90)
where:
ey is the maximum eccentricity of the
surface pile during filling;
e, is the eccentricity of the centre of the
outlet;
C, is the patch load solid reference factor
P for the solid (see Table E.1);
C, is the slendemess adjustment factor

(Expression (5.87).

(7) The resulting characteristic value of the dis-
charge vertical force (compressive) in the wall



N g} Ha ONMHHLIO JOBXHHH ICPUMETPA Ha

OyIb-sIKid TMOWHI Z TOBUHHO BU3HAYATHUCS
3a hopmyIioro:

nzsk = J.pwe(Z)dZ = Cwlu Pho (Z_ZV)

0

ne Zy — 3a popmymoro (5.80).

IIpumiTka. Pesynbrytoue HampyxeHHs 3a (GopMysoro
(5.91) € xapakrepucTuuHNM 3HaueHHsM. [Ipu BuKOpHC-
TaHHI 1i€l (GOpPMYIH CIiJ 3BEpHYTH yBary Ha HeoOXij-
HICTh BKUBaHHA BiJIIOBITHOTO YaCTKOBOTO KoedillieHTa
IUTSL [Tif, OCKITIBKH 111 GOPMYIIa € pe3yIbTaTOM CTaTHY-
HOTO PO3paxyHKY (i3 3aCTOCYBaHHSM MeMOpaHHOI Teopil
o6ononok). Llg popmyna nmpuBeneHa TyT A JOMIOMOTH
MIPOEKTYBAJIBHUKOBI B iHTerpamii ¢popmymu (5.83). Cuix
3a3HAYMTH, 110 I1HII HABaHTAXEHHS (HAMPHUKIAI, Mic-
LIeBe HaBaHTa)XEHHA a00 HECHMETPUYHE 3allOBHEHH:)
MOXYTh BUKJIMKATH JOJATKOBI BEPTUKAIbHI 3yCHJUIS B
CTIHII.

5.3.2.2 MicueBe HaBaHTaKeHHs NIPH
BUBAHTAKEHHI

(1) MicueBuit THCK TpH BUBaHTKEHHI P pe

HEOOX1JIHO BUKOPHUCTOBYBATH JJII BpaxyBaHHS
BUIIAJIKOBUX HECUMETPHUYHOCTEW HaBaHTAKCH-
Ha (quB. pucyHok 1.1, b).

(2) IpaBuna, BkazaHi B 5.2.2, MOBUHHI 3aCTO-
COBYBaTHCs JJisi BU3HA4YCHHsS (HOpMH, poO3Ta-
IIyBaHHS 1 3HAYEHHS MICIIEBOTO HABaHTAXCH-
HSL

(3) Hnsa 6ynkepiB Manoi ab0 MpOMIKHOI THYY-
kocti (h,./d,. <2,0) Bcix kmaciB nii, AKIIO
EKCIICHTPUCUTET BUBAHTAXKCHHS €() ICPCBU-

IIy€e KpUTHYHE 3HAYeHHs e, .. = 0,25d ., no-

BUHEH TaKOXX MPUIUMATHCS NOJATKOBUU BHIA-
JIOK HaBaHTa)XeHHA 110 5.3.4.

(4) Hna  OyHkepiB  Majoi  THYYKOCTI
(h./d.<1,0) Bcix kaciB Aiil, AKImO eKcIe-
HTPUCHUTET BHBAHTAKCHHSA €() MEHIIMH, HIXK

e, o = 0,1d,. | wmicueBe maBaHTaxenns Bix

BHUBAaHTAXXCHHA

(Cpe =0).

BpaxoByBaTH  HE  CJiX

np. ACTY-H b EN 1991-4:20XX

n_gi k per unit length of perimeter at any
depth z should be determined as:

(5.91)

where Zp is given by Expression (5.80).

NOTE: The stress resultant defined in Expression (5.91)
is a characteristic value. Care should be taken when us-
ing this result to ensure that the appropriate partial factor
on actions is not omitted, since this expression is a result
of a structural analysis (using the membrane theory of
shells). The expression is included here to assist design-
ers in the integration of Expression (5.83). It should also
be noted that other loads (e.g. patch loads or unsymmet-
rical filling) may induce additional vertical forces in the
wall.

5.3.2.2 Discharge patch load

(1) The discharge path pressure P p, should be

used to represent accidental asymmetries of
loading (see Figure 1.1b).

(2) The rules set out in 5.2.2 should be used to
define the form, location and magnitude of the
patch load.

(3) For squat or intermediate slenderness silos
(h./d. <2,0) in all Action Assessment Clas-
ses, where the eccentricity of discharge €
exceeds the critical value e, .. = 0,25d ., the
additional load case defined in 5.3.4 should al-
so be adopted.

(4) For squat silos (4,./d,. <1,0) in all Ac-
tion Assessment Classes and which discharge
eccentricity €g less than €, .. = 0,1d ., the
discharge patch loads should not be considered

(Cpe = 0).
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(5) Jnst OyHkepiB mManoi abo MPOMIXKHOI THYY-
kocti (h,./d, < 2,0) xmacy niii 1 micnese
HABaHTAXXCHHS BiJI BUBAHTA)XCHHS BPaxOBYBa-
TH HE CIIg Cpe =0.

(6) Jns  OyHkepiB  Majoi  THYYKOCTI
(h,/d,. <1,0) xnacy niit 2, AKI0 €KCLHEHTPHU-
CUTET TIpU BUBAHTAXKCHHI €() IEPEBHIIYE
e, . =0,1d,., mnosunni 3acrocoByBaTHCs
noyioxeHHs 5.3.2.3.

NPOMIKHOI THYYKOCTI
KJacy il 2 MOBHHHI

(7) Hna OyHkepi
(1,0< h,/d.<2,0)

3aCTOCOBYBATHUCS MOJI0KEHHS 5.3.2.3.

(8) Jns  OyHkepiB  Manoi  THYYKOCTI
(h,/d,. <1,0) xnacy niit 3, AKII0 €KCLEHTPU-

CUTET MpU BUBAHTAXEHHI €( MEPEeBUILYE

e, e =0,1d,., nopummi 3acrocosysarucs
BINOBIHI MOJIOXKEHHS 5.2.2.2 — 5.2.2.5.

(9) Mna OyHkepiB TNPOMIDKHOI THYYKOCTI
(1,0< h,/d_. <2,0) knacy giii 3 moBuHHI 3a-

CTOCOBYBATHCS BiJMOBIHI MOJOXKEHHS 5.2.2.2
-5.2.2.5.

5.3.2.3 3amiHow4e piBHOMIpHE 30i/IbIIEHHS
THCKY BiJl 3aII0BHEHHS i IPM BUBAHTAKeHHI

(1) Ansa 6ynkepiB kiacy Iiid 2 MeTOa po3paxy-
HKY MICIIEBOrO HaBaHTaxeHHsS mo 5.3.1.2 i
5.3.2.2 nomyckaeTbcs 3aMiHIOBaTH PiBHOMIp-
HUM 30UTBIICHHSM CHMETPUYHOTO HaBaHTa-
JKCHHS Ul BpaxyBaHHS HECUMETPHUYHOCTEU B
MIPOIIECi 3aITOBHEHHS 1 BUBAHTAKCHHSI.

(2) Tlonmoxkennst 5.2.3 MOMYyCKAETHCS MPUMUMATH
JUTSL MICIICBOTO HaBaHTAXKEHHS, OTPUMAHOTO T10
5.3.1.2 1 5.3.2.2, 3 BUKOPUCTAHHSAM BIJIOBII-
Hux popmyn (5.38) — (5.45).

5.3.3 BesiMKi eKCIIEeHTPUCUTETH
HABAHTa’KeHb 3alI0BHEHHS B OyHKepax
MaJI0i i MPOMI’KHOI THYYKOCTi

(1)P Mdna muninapuunux OyHKepiB Maioi abo
npoMixHoi THyukocti (h,/d,. <2,0) xmacy
NI 3 3 eKCIEHTPUCUTETOM BEPXHBOI MOBEPXHI
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(5) For squat or intermediate slenderness silos
(h,/d.<2,0) in Action Assessment Class
1, the discharge patch load should not be con-
sidered C pe = 0.

(6) For squat silos (h./d, <1,0) in Action
Assessment Class 2 and with discharge eccen-
tricity €o greater than e, .. = 0,1d_, the
provisions of 5.3.2.3 should be adopted.

(7) For silos of intermediate slenderness
(,0<h,/d.<2,0) in Action Assessment

Class 2, the provisions 5.3.2.3 should be adopt-
ed.

(8) For squat silos (4./d, <1,0) in Action
Assessment Class 3 and with discharge eccen-
tricity €y greater than €, .. = 0,1d_. the

provisions of 5.2.2.2 to 5.2.2.5, as appropriate,
should be adopted.

(9) For silos of intermediate slenderness
(,0< h,/d.<2,0) in Action Assessment

Class 3, the provisions of 5.2.2.2 to 5.2.2.5, , as
appropriate, should be adopted.

5.3.2.3 Substitute uniform pressure increase
for filling and discharge

(1) For silos in Action Assessment Class 2, a
uniform increase in the symmetrical load may
be substituted for the patch load method of
5.3.1.2 and 5.3.2.2 to account for asymmetries
in the filling and discharge processes.

(2) The provisions of 5.2.3 may be applied to
the patch loads obtained from 5.3.1.2 and
5.3.2.2, using Expressions (5.38) to (5.45) as
appropriated.

5.3.3 Large eccentricity filling loads in squat
and intermediate circular silos

(1)P Foe silos of circular planform in Action
Assessment Class 3 that have a squat or inter-
mediate slenderness (4,./d,. <2,0)and a top



IIPU 3alIOBHEHH1 €;, SIKUH NEepEeBUILYE KPUTH-

ane 3mauenns €, . = 0,25d . (qmB. pucy-

HOK 5.7), HEOOXiIHO BpPaxOBYBaTH, IO HECH-
METPUYHICTh HOPMAJBHOTO THUCKY BHKIIMKAE
BEPTUKAJIbHI 3yCHIUISI B CTiHII OyHKepa.

(2) IIpu pyunoMmy po3paxyHkKy Bumoru 5.3.3
(1)P OyayTh BUKOHAHI, SKIIO AOJATH BEPTHKA-

JBHI CWJIHM B CTIHII 7 ,g) , BU3HAYEHI 3a (op-

MyJoro (5.92), 1o cun BiJ CUMETPUYHOTO 3a-
MOBHEHHS 3 PIBHEM HANOBHEHHSI JI0 BHUILOI TO-
YKM  KOHTakTy Marepialy 13  CTIHKOIO
(nuB. 5.3.1.1).

(3) BB HecMMETPUYHUX THUCKIB JOMYyCKa-
€ThCSI BPAXOBYBATH ILISXOM JIOJAATKOBHUX Bep-
TUKQJIBHUX CHUJI B CTIHII B MICIIl MO KOJy 3
HaHOIIBIIOK BUCOTOI 3alI0BHEHHS.

Mpumirka. J[o6aBka 10 BEpTUKAIBLHUX CHUJ B CTIiHIII
BUXOIWTHh B PE3YyJIbTaTi 3arajbHOr0 BUTHHY OYHKepa,
SIKIIO HA MPOTHIICKHY CTIHKY HE Jli€ HOPMaJIbHUNA THCK.
OTKe, IPUPICT BEPTUKAIBHOI CHIIM OE3110CepeHbO il
CYMOBYETHCA 3 CUJIaMU BiZL TEPTA, K1 BU3HAYAaKOTHCA AJIsL
BUIAJKIB 3 CHMETPUYHHMH HaBAaHTA)KEHHSIMH, pPO3IJIsi-
HYTHMH BHIIIE.

(4) Po3paxyHKH TOBHHHI NPOBOJIUTHCS 3 BU-
KOPDUCTaHHAM  BEpXHIX  XapaKTEepPUCTHUYHHUX
3HA4YEeHb XapaKTepUCTUK MaTepiany K 1 U .

np. ACTY-H b EN 1991-4:20XX

surface filling

e; o = 0,25d . (see Figure 5.7), the effect of

the asymmetry of the normal pressures in in-
ducing vertical forces in the silo wall shall be
considered.

eccentricity €,  greater

(2) Where hand calculation are performed, the
requirements of 5.3.3 (1)P may be fulfilled by

adding the vertical wall force 7 .g; defined by

Expression (5.92) to those evaluated for sym-
metrical filling with a fill level corresponding
to filling symmetrically to the highest wall con-
tact (see 5.3.1.1).

(3) The effect of unsymmetrical pressures may
be accounted for by an increase in the vertical
force in the wall at the circumferential location
where the filling height is greatest.

NOTE: The increase in vertical wall force arises from the
global bending action of the silo when the normal pres-
sures are absent from the opposite wall. The increase in
the force is therefore directly additive to the forces aris-

ing from friction that are defined for symmetrical load
cases above.

(4) The calculation should be performed using
the upper characteristic values of the properties
K and g for the solid.

____

Po3’sacuenus

1 BuIIa TOYKAa KOHTAKTY CTIHKH 3 Marepia-
JI0M

Y

2r

Key
1 Highest wall contact with solid

PucyHnok 5.7 — Tucku Big HECUMETPUYHOT'O 3aIIOBHEHHS B OyHKepax MaJioi abo MpOMI>KHOI I'HYy4KO-

Figure 5.7: Filling pressures in an eccentrically filled squat or intermediate slenderness silo
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(5) XapakrepucTUYHE 3HAYEHHS PE3YJIbTYIO-
YUX JOJATKOBUX BEPTHUKAIBHUX CTHUCKAIOYMX

cun Ha crinky Mg (Z¢) Ha ommHMITO 10B-

JKUHU KoJla Ha Oyab-sKiil ruOuH1 Z MOBUHHE

BU3HAUYATHCS TMMiJ] BHIIOK TOYKOK KOHTAKTY
MaTepialy i3 CTIHKOI 3a (opMyJIor0:

(5) The characteristic value of the resulting ad-
ditional vertical force (compressive) in the wall

1,5y (Z) per unit length of circumference at

any depth Z; below the point of highest wall
contact be determined as:

n.g =0,04p,, z, tan ¢r(e;j(6+7Z—Zz) (5.92)
B AKOI in which:
y A _
== 5.93
pho /J U 2‘Ll ( )
z
/ = 5.94
3 (5.94)
r
B = —h 5.95
K T (5.95)
h, = rtan @, [1 —(e, /1)’ ]/ 3 (5.96)
ne where

7 TIUOWHA M BUILOK TOYKOK KOHTAKTY
MmaTtepiaiy i3 CTIHKOIO;

@, KYT IPHPOJIHOTO YKOCY CHIKOIO Mmarepi-
ay;

7 paaiyc CTIHKHM LMIIHIPUYHOTO OyHKepa;

e pallaJbHUH EKCLEHTPUCUTET BEpLIMHU
HACHUITHOTO KOHYCa NP 3alIOBHEHHI (IUB.
pucynku 1.1, b15.7).

IIpumiTka. pe3ynpTyloua HamnpyKeHb, BH3HAau€Ha 3a
dopmyioro (5.92), € XapaKTCPUCTHYHHM 3HAYCHHSIM.
[Mpu BukoOpucTaHHI wHi€l (QOPMYJIHM CIiJ 3acTOCYBaTH
BiJINIOBiTHUI MPUBATHUH KOe(IieHT JUIs Mil, OCKUTBKU
1 (opMyJia € Pe3yJbTaTOM CTaTHYHOTO PO3PaxyHKy (i3
3aCTOCYBaHHSIM MEeMOpPaHHOI Teopii 000JIOHOK).

(6) Cuia Ha OJTUHUITIO TOBXHHH KOJIa TI0 (op-
My (5.92) noBuHHA AOJaBaTUCS 0 CUI TEPTS
00 CTiHKY, SIKI JOMYCKA€ThCS MPUIMaTH 3ado-
pmyoro (5.81).
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7 Is the depth below the highest point of
* solid contact with the wall;

®, Is the angle of repose of the particulate
solid;

r Is the radius of the circular silo wall;

e Is the radial eccentricity of the top of the
filling pile (see Figures 1.1b and 5.7).

NOTE: The stress results defined in Expression (5.92) is
a characteristic value. Care should be taken when using
this results to ensure that the appropriate partial factor on
actions is not omitted, since this expression is a result of
a structural analysis (using the membrane theory of
shells).

(6) The force per unit circumference defined in
Expression (5.92) should be added to the force

arising from wall friction, which may be taken
from Expression (5.81).



5.3.4 HaBaHTa:KeHHSl B HWJIiHAPUYHHUX
OyHKepax MaJioil i MPOMIiKHOI THYYKOCTi NPH
BEJMKHMX €KCHEHTPUCUTETAX BUBAHTAKEHHA

(1) SIKmIO eKCUIEHTPUCUTET BUBAHTAXKEHHS €

MEpCBUIYE€ KPHUTHYHC 3HAa4YCHHIA

ey = 0,25d, B 6ynxepax manoi i mpomis-
HoOi rayukocTi (A, /d,. < 2,0) knaciB it 2 i 3,
TO TIOBHHHA 3aCTOCOBYBATHUCS METOJMKA ISt
THYYKUX OyHKEpIB 3 BEIIMKUMHU EKCIIEHTPHCH-
TeTaMM BHUBaHTaXEeHHS 1Mo 5.2.4 sSK J0JaTKO-
BUI BUMAJIOK HABAHTAXKEHHS, 110 PO3TIISAA€Th-

Csl OKPEMO BiJ] CHMETPHUUYHHUX 1 MICIIeBHX HaBa-
HTa)xeHb (110 5.3.2).

5.4 OnopHi Oynkepn

5.4.1 HaBaHTaKeHHH BiJ 3a1OBHEHHS
HAa BEPTUKAJbHI CTIHKH

(1)P Ipu Bu3HaYeHHI HABAaHTAXEHb BiJl 3aIIOB-
HEHHS Ha BEPTUKAJIbHY CTIHKY HEOOXiJHO Bpa-
XOBYBATH BIUIMB I'€OMETPii HACHITHOTO KOHYycCa
1 KpUBU3HY CTiHKHM OyHKepa.

(2) Ilpum Bu3HaueHHi Koe(ilieHTa OOKOBOTO
TucKy K CiIij BpaxoByBaTH OOMEKEHHS CTiH-
KOI0 OyHKepa HarpaBJIEHOTO HAa30BHI pyXy Ma-
Tepiany, mo 30epiraeTbCsi (B yMOBaX THCKY
CIIOKOI0). SIKIIIO CTaTMYHUIN pO3paxyHOK IOKa-
3y€, IO CTIHKa MOXXE€ MaTH JOCTaTHI MepeMi-
IICHHS B MPYXHIii cTamii podoTu, TO AOMycKa-
€THCSl IPUIIMATH OUIBIII HU3bKE 3HAYCHHS KOE-
¢iienta 60koBOro TUCKY K .

(3) Crix BU3HAUATH XapaKTEPUCTUYHE 3HAYCH-
Hsl TOPU30HTAJILHOTO TUCKY p, Ha BEPTHKAJb-

HY CTiHKY (IMB. PUCYHOK 5.8).

Ipumitka 1. MeTon BHU3HAYEHHS TOPU30HTAIBHOIO
TUCKY ph Ha BepTHKaJbHY CTIHKY MOXe OyTH BKa3aHUI
B HalllOHAIBHOMY JOAATKy. MeToJ, 110 peKOMEHIYEThb-
cs1, — 3adopmynoro (5.97).

p, =yK(+sing, )z,

ac:

z rJIMOMHA 1117 HAWBUIIIOK TOYKOK KOHTA-
KTy Marepiaiy, 1o 30epiraerbcs, i3 CTi-
HKOIO (JIUB. pUCYHOK 5.8);

7 BEpXHE XapaKTepPUCTHYHE 3HAYCHHS ITH-
TOMOI Baru marepiaiy;

K  BepxHe XapaKTepUCTHUYHE 3HAYEHHS KO-
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5.3.4 Large eccentricity discharge loads
in squat and intermediate circular silos

(1) Where the eccentricity of discharge €, ex-

ceeds the critical value €, = 0,25d_in a

silo of squat or intermediate slenderness
(h./d,<2,0)in Action Assessment Class 2
or 3, the procedure for large discharge eccen-
tricity in slender silos should be used (5.2.4) as
an extra load case separate from the symmet-
rical and patch load treatment given in 5.3.2.

5.4 Retaining silos

5.4.1 Filling loads on vertical walls

(1) P The tilling load on the vertical wall shall
consider the effect of the geometry of the pile
of stored solid, and where appropriate, the cur-
vature of the silo wall.

(2) The evaluation of the lateral pressure ratio
K should take account of the restraint provided
by the wall against outward movement of the
stored solid (i.e. at rest pressure condition).
Where a structural analysis is used to demon-
strate that the wall can displace sufficiently in
its elastic range, a lower value of K may be
adopted.

(3) The characteristic value of the horizontal
pressure p, on a vertical wall (see Figure 5.8)

should be determined.

NOTE I: The method to he used for determining the hor-
izontal pressure may he given in the National Annex. The
recommended method is given in Expression (5.97):

(5.97)

where:

z, 1s the depth below the highest stored solid
contact with the wall (see Figure 5.8);

7 1is the upper characteristic value of the unit
weight of the solid;

K is the upper characteristic value of the lat-
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edirieHTa 60KOBOIO TUCKY MaTepiany;

@, KYT NIPHPOJHOTO yKOCY Marepialy, LIO
30epiraeThes.

Hpumirka 2. @opmyna (5.97) € TouHoro B pasi npsmoi
BEPTUKAJIBHOT CTIHKH 3 NMOBHUM (DPUKLIHHAM KOHTaK-
TOM 1 NPH KT IPUPOJHOTO YKOCY IO JOPIBHIOE KYTY
BHyTpimHbOro Tepts. Lle Binnosinae Gpopmyi 3 JJICTVY-
H B EN 1997.

A

eral pressure ratio for the solid;

@, 1s the angle of repose of the stored solid.

NOTE 2: Expression (5.97) is precise for a straight verti-
cal wall with fully frictional wall contact and the angle of
repose equal to the angle of internal friction. It matches
the expression given in EN 1997.

<3

Po3’sicuenns

1. TUCK B omOpHOMY OyHKeEpi

Key

1. Retaining silo pressure

Pucynoxk 5.8 — Tucku Bij 3a110BHEHHS B OIOPHOMY OYHKepi

Figure 5.8: Filling pressures in a retaining silo

(4) XapakTepuCTHUUHE 3HAYEHHS PE3YJIbTYIO-
YMX CTHCKAIOUUX BEPTUKAIBHUX CUI N B

CTIHIII Ha OJIMHHUIIIO JOBXHHH TIEPUMETpa Ha
JIOBUTBbHIN TMOMHI z HWKYe HAWBUINOI TOY-
KOI0 KOHTAaKTy Marepially i CTIHKA TOBHHHO
BU3HAYATHUCS CIIOCOOOM, SIKUM CyMiCHUH 3 TH-
CKOM, 10 00uHCIIoeThCes 10 (3), 1 KoedirieH-
TOM TEPTS 00 CTIHKH L .

IIpumiTka. MeToq BU3HAUEHHS PE3yIbTYyIOUHUX BEpTH-
KaIbHUX CUI # g, MOe OyTH BKa3aHUI B HalliOHAIIb-

HOMYy Jomatky. MeToja, IO PEeKOMEHIYyEThCsS, — 3a
dopmyroro (5.98).

Lk
n g :77'

e M — BEpPXHE XapaKTePUCTUYHE 3HAYCHHS
KoedimienTa TepTA MaTepiaay O CTIHKH.

(5) Ha BiamMiHy Bija 1HIIMX MpaBWJI IaHOTO CTa-
H/IApPTy, MIHJIHMBICTh XapaKTEPUCTHK Marepia-
7y, 10 30epiraeTbcs, MOKHA BBa)XKAaTH JOCTAT-
HBO BPaxXOBAHOIO ISl OTIOPHUX OyHKEPIB JIUIIE
3a paXyHOK B)KMBAHHS BEPXHIX XapaKTEPHCTH-
YHUX 3HA4Y€Hb IMUTOMOI Bark » 1 KoedilieHra
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(1+sing, )z’

(4) The characteristic value of the resulting ver-
tical force n_, (compressive) in the wall per

unit length of circumference at any depth z_ be-

low the point of highest wall contact should be
determined in a manner that is consistent with
the pressures defined in (3) and the wall friction
coefficient u .

NOTE: The method to he used for determining the result-
ing vertical force #,g;, may he given in the National An-

nex. The recommended method is given in Expression
(5.98):

(5.98)

where u is the upper characteristic value of the
wall friction coefficient of the solid.

(5) Notwithstanding other rules within this part
of EN 1991, the variability of the properties of
the stored solids may be deemed to have been
considered for retaining silos hy adopting only
the upper characteristic values of the unit
weight y and the lateral pressure ratio K of



OOKOBOTO THCKY K .

5.4.2 HaBaHTa’KeHHSl IPY BUBAHTAKEHHI
HA BEPTUKAJIbHI CTiHU

(1) Homyckaetbcst mpuiimMaTH, [0 HaBaHTa-
KEHHs Ha BEPTUKAJIbHY CTIHKY IIPU BUBAHTa-
KEHHI MaloTh MEHIIY BEJIMYUHY, HIK HaBaH-
Ta)KEHHS BiJl 3aII0BHEHHS.

(2) BignocHo 5.4.2 (1), npu Bu3HAYEHHI YMOB
PO3BAaHTAXKCHHS CIiJ] BPAaxXOBYBAaTH MOMJIH-
BiCTh HECHMETPUYHOT'O THCKY B pE3yJIbTaTi He-
PIBHOMIPHOTO BHJIAJICHHS MaTepialy 3 OyHKe-

pa.

5.5 ByHkepu 3 HACHYEHUM NMOBITPSAM
MartepiajioMm

5.5.1 3arajbHi H0JI0KeHHA

(1)P Bynkepu, B sIKMX MaTepial 3HAXOAUTHCS
MOBHICTIO 200 YaCcTKOBO B MIJBIMIEHOMY CTaHi
BHACJIIOK HACUYCHHS TMOBITPSAM, HEOOXiITHO
PO3paxoByBaTH Ha JOJATKOBHHA THCK, IO BH-
HUKA€ BiJ] TICEBJO3PIIPKEHHS 1 TUCKY MOBITPSI.

(2)P Bynkepu 3 marepiasioM, 110 3HAXOAUTHCS
B OJHOPIZHO TICEBAO3PIHKEHOMY CTaHi, 1 OyH-
KepH 3 BHUCOKOI IIBUAKICTIO 3allOBHEHHS
(muB. 1.5.16 1 1.5.17) noBuHHI pO3paxoByBaTH-
Csl JUTsl HACTYITHHUX BUIIAIKiB HABAHTAXKCHHS:

— CUITy4Mi MaTepiajl ICEeBI03P1IHKCHHI;
— CHITy4YHil MaTepian He MCEBI03P1IKESHHH.

(3) s BUmaaky, KOJM CHUITyuYdil marepiai He
TICEeBMIO3PIKEHNH, HABAHTAKCHHS TOBUHHI
BU3HAYATHUCH BIAIIOBIIHO 10 5.2 a00 5.3.

5.5.2 HaBanTaxeHHs B OyHKepax, 110
MICTSITh NICeBA03PilKeHN MaTepiaJ

(1) s OyHKepiB 3 MOPOIIKOMOIIOHUM MaTe-
pianom (mamB. 1.5.31) ciixg BBaxkatu, 1m0 mare-
pian, mo 30epiraeTbcs, MOXKE ICEBIO3PIIKa-
THUCS, SIKIIO MIBUAKICTH MiTHOMY TMOBEPXHI Ma-
Tepiany nepesuiye 10 m/4.

IIpumiTka. YMOBH, IpH SIKMX TOPOLIKONOAIOHNH MaTe-
piai, mo 30epiraeTscs, MOXKE IICEBIO3PiIKATHCS, 3aje-
KaTh BiJ 0araTb0X YMHHHKIB, SKi HE MiIIAFOTHCS TPOC-
TOMy BH3HadeHHIO. [IpuBeneHe BHIE MPaBUIO € TPOC-
TOIO OIIIHKOIO CHUTYalii, 91 MOX€e JaHWH BHUIIQJIOK HaBa-
HTa)KEHHS BBAKATUCS CYTTEBUM JUISI PO3PAXYHKY. SIKIIO
ICHYIOTh CYMHIBH, TO PEKOMEHAYETBHCS 3aJyueHHs Bij-
MoBiHUX (axiBIiB Ui BU3HAUCHHSI MMOBEIIHKU MaTepi-
any.
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the solid.

5.4.2 Discharge loads on vertical walls

(I) The discharge load on the vertical wall may
be taken to be less than the filling load.

(2) With regard to 5.4.2 (1), the evaluation of
the conditions of discharge should take account
of the possibility of unsymmetrical pressures as
a result of uneven removal of solid from within
the silo.

5.5 Silos containing solids with entrained air

5.5.1 General

(1 )P Silos in which it is possible for the stored
solid to be fully or partially fluidized as a con-
sequence of the entrainment of air shall be de-
signed for the additional pressures that may
arise due to fluidization and air pressure.

(2) P Homogenizing fluidized silos and silos
with a high filling velocity (see 1.5.16 and
1.5.17) shall be designed for the following load
cases:

— the stored solid fluidized;
— the stored solid not fluidized.

(3) Load evaluations for conditions when the
stored solid is not fluidized should be per-
formed according to 5.2 or 5.3 above.

5.5.2 Loads in silos containing fluidized
solids

(1) In silos storing powders (see 1.5.31), it
should be assumed that the stored solid can be-
come fluidized if the velocity of the rising sur-
face of the stored solid exceeds 10 m/h.

NOTE: The conditions under which a stored powder can
become fluidized depend on many factors and are not
simple to define. The above rule provides a simple esti-
mate of whether this may be an important design consid-
eration. Where any doubt exists, it is recommended that
specialist advice on the behaviour of the stored solid be
sought.
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(2) dns OyHKepiB 3 MOPOMIKOMOMIOHMM Mate-
pianom (auB. 1.5.32), sikuit 3HAXOAUTHCS B OJI-
HOpiTHOMY TICEBI03PIHKEHOMY CTaHi
(muB. 1.5.18) 1 B pexumi IUPKYJIALIi, CIHifJ
BBXKATH, 110 Marepia, mo 30epiraeTbcsi, MO-
K€ TICEBI03P1IKATHCS.

(3) HopmanbHuil Tuck Ha CTiHKY OyHKepa p,,

BiJl TICEBIO3PIHKCHOTO MaTepialy IOBUHEH
BU3HAYATHUCS 110 POPMYIIi:

Py, =z

e

y, TMTOMa Bara ICEBI03PIIKEHOrO MaTepi-
aiy.

(4) Ilmutoma Bara cumkoro marepiairy j, B

TMICEB/IO3PIHKEHOMY CTaHI MOXXE MPUIMAaTHCS
PiBHOIO:

7, =08y

e

7 € IMUTOMOI0 Barok MOPOIIKOIOIIOHOTO
CUIIKOTO MaTepiaixy 1o po3ainy 4.

5.6 PisHuus TeMneparyp Mixk MaTepiajaoM i
KOHCTPYKIisIMH OyHKepa

5.6.1 3araiabHi M0JI0KEeHHA

(1)P IIpu po3paxyHKy KOHCTpYKIii OyHKepa
HEOOXI1JIHO BPaXxOBYBAaTH BIUIMBH TeMIIEpaTyp-
HUX e(dekTiB (mepeMilieHHs, aedopmaiii, BU-
KPUBIICHHSI, HAINpYy>XCHHS, CHJIA 1 MOMEHTH)
BHACJIIJIOK PI3HMII TeMIepaTyp MK marepia-
JIOM, 1110 30epIraeThCsl, 1 KOHCTPYKIIAMH OyH-
Kepa Ta/abo MK JOBKUUIAM 1 KOHCTPYKIISIM
OyHKepa.

(2)P bynkepu, B sikux Matepiai, 1o 36epira-
€THCS, MOXKE MaTH TEMIEpPaTypy, IO BiApi3HA-
€THCS BiJl TEMIIEpaTypH Bciit ab0 YaCTHUHH CTi-
HKH, HEOOXIHO PO3paxoByBaTH Ha JOJATKO-
BUIl THUCK, SKMH MOXX€ BHHUKATH YHACIHiJOK
PI3HUII TeMIepaTypHUX PO3MIMPEHb 32 HasB-
HOCTI KOPCTKOTO MaTepiaiy.

(3) TemneparypHi YMOBH MOBHHHI NpUiiMaTu-
cs 3rigao ICTY-H b EN 1991-1-5.

(4) BigminHicTh TemmepaTypHUX aedopmairiii
OyHKepa 1 OyAb-KUX MpPUETHAHUX KOHCTPYK-
il ¢l BpaxoBYyBaTH B paMKax HACTYyHMHHUX
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(2) In homogenizing fluidized silos (see 1.5.18)
storing powders (see 1.5.32) that are being re-
circulated, it should be assumed that the stored
solid can become fluidized.

(3) The pressure normal to the silo wall p,

from fluidized solids should be calculated as
follows:

(5.99)

where:

7,  1sthe fluidized unit weight.

(4) The fluidized unit weight of a powder
y, may be taken as equal to:

(5.100)

where:

/4 is the bulk unit weight of the powder
determined from Section 4.

5.6 Thermal differentials between stored
solids and the silo structure

5.6.1 General

(1) P The design of a silo structure shall con-
sider the consequences of thermal effects (dis-
placements, strains, curvatures, stresses, forces
and moments) due to a temperature difference
between the stored solid and the silo structure
and/or between the external environment and
the silo structure.

(2) P Silos in which it is possible for the bulk
of the stored solid to be at a different tempera-
ture from that of all or part of the wall shall be
designed for the additional pressures that may
arise due to differential thermal expansion in
the presence of a stiff solid.

(3) The thermal conditions should be assessed
with reference to EN 1991-1-5.

(4) Differential thermal displacements between
the silo and any connected structure should be
considered. The following design situations



PO3paxyHKOBHX CHUTYAITIN:

— 3HW)KEHHSI TeMIIEpaTypy TOBKULIA BiTHOCHO
TeMIepaTyp KOHCTPYKIiii OyHKepa i marepia-
Ty, 10 30epiraeThes;

— 3aII0BHEHHS OYHKEpa rapsuuM MatepiajioMm;

— Pi3HI MIBHJIKOCTI HArpiBy HE3aXWIIECHUX Me-
TaJeBUX €JIEMEHTIB 1 3aJ11300€TOHY;

— oOmexxeHHs1 aedopmarliii CTIHKH KOHCTPYK-
isiMu OyHKepa.

IpumiTka. Pi3Huii HarpiB He3axWIIEHOTO MeTaly i
3aJ11300€TOHY € 3BHYalHUM /IS 1axiB OyHKepiB, KOJIH
0anmKy Oaxy CIUPAlOThCSA Ha CTIHKH 4Yepe3 KOB3aroui
omopu 1 3a0e3MedyoTh JIHIIEe BEPTUKATbHE ONMHPaHHS
KOHCTPYKIIiH naxy (To0To 0e3 cmimpHOI podoTtH). IIpo-
OJieMa BHHHMKAE TPH KOPOTKOYACHIW PI3HHMIN PO3IIH-
peHb, sIKa 3HIKYETHCS HaJalll 110 Mipi HarpiBaHHS 3ali-
300€TOHY JI0 TeMIIepaTypH HE3aXHIIEHOTO MeTaly.

5.6.2 TuCK yHACTiTOK 3HUKEHHSA
TeMIepaTypH JA0BKIJLIA

(1)P Sxmo mpoTsAroM KOPOTKHUX IPOMIKKIB
4acy MOXIIMBE pi3Ke 3HIKCHHS TeMIlepaTypu
JTOBKULJIS, TO B PO3paxyHKy HEOOXiTHO Bpaxo-
BYyBaTH THCK BiJ PI3HUII TEMIEpaTypHUX Je-
dbopmariiii yKopodeHHsI 30BHIIIHIX KOHCTPYK-
il 1 TOBUIBHO OCTHTAIOYMM MaTepiajioM, IO
30epiraeTncs.

(2) Anst muuniHApUYIHUX OyHKEPIB CIII TPHii-
MaTH JOJATKOBMH HOPMAJILHUM TUCK P,

AKMHA Jll€ Ha BEPTUKaJbHI CTIHKH OyHKepa,
SIKITIO BOHU XOJIOAHIIIE MaTepiaiy, mo 30epi-
raetbes. JlonaTkoBUi TUCK MO BCiil BUCOTI Oy-
HKepa CJI17] BU3HAYaTu 32 POopMyIIor0:

np. ACTY-H b EN 1991-4:20XX

should be considered.

- reduction in ambient temperature relative to
the temperature of the silo and stored solid;

- filling of the silo with hot solid;

- differential heating rates between exposed
steel members and reinforced concrete;

-restraint to wall displacements from the silo
structure.

NOTE: Differential heating between exposed steel mem-
bers and reinforced concrete is typically found in silo
roofs where the roof beams have sliding supports at the
wall and provide vertical support to the roof only (i.e. no
composite action). The problem stems from short term
differential expansion; this reduces with time as the con-
crete temperature rises to match that in the exposed steel
member.

5.6.2 Pressures due to reduction in ambient
atmospheric temperature

(1) P Where it is possible for the ambient tem-
perature of the atmosphere to fall considerably
within a short period, the design shall consider
the pressures induced by differential thermal
shrinkage between the external structure and
the relatively thermally inert stored solid.

(2) For silos with a circular planform, an addi-
tional normal pressure p,, should be taken to

act on a silo vertical wall when the container is
cooled relative to the stored solid. The addi-
tional pressure at each height in the silo should
be determined as:

E

w

Pir = Cra, AT

e

C,  Koe]iieHT 30UIbIIEHHS TEMIEpaTyp-
HUX HaBaHTaXXCHB;

a KOe(illi€EHT TEeMIIepaTypHOro PO3LIH-
PEHHS CTIHKH OyHKepa,

AT  pi3HUIIS TeMIepaTyp;
r paniyc Oynkepa ((=d ./ 2));

t TOBIIMHA CTIHKH;

[(7/¢)+ A= v)E, /E)]

(5.101)

where:

C, is the temperature load multiplier;

a is the coefficient of thermal expansion of
the silo wall;

AT  is the temperature differential;
r 1s the silo radius (=d ./ 2);

t is the wall thickness;
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E,  MOMyJb NPYXKHOCTI CTiHKM OyHKepa;

v koedinient [lyaccona cumkoro marepi-
aiy (MoxHa npuitasaTa v = 0,3 );

E,, ebekTuBHUI MOIyJb NPYKHOCTI MaTe-
pianmy, mo 30epiraeTbcsi, B HEHaBaHTa-
JKEHOMY CTaHI1 Ha TTIMOHHI Z .

(3) Ouinka epeKTUBHOTO MOIYJS MPY>KHOCTI
E , MaTepialy B HEHaBaHTa)KEHOMY CTaHI Ha

rMOVHI Z TIOBUHHA BPAaxOBYBAaTH BEPTHKAJIb-
HUH THCK p, B Marepiaii, mo 30epiraerhes,

Ha I1i rITOWHI ITiC/s 3aII0BHEHHS.

(4) EdextuBHmit Momyns mpyxHOCTI E i/
CIII BU3HAYaTH MeToAoM, BkaszanuM B C.10.

(5) Skmo edekTHMBHHUN MOMAYJNb MPYXKHOCTI
BU3HAYAETHCS 32 pe3ysibTaTaMu BUIPOOYBaHb,
3HA4YEHHs1 KoeilieHTa 301JIbIICHHS TeMIlepa-
TypPHUX HABaHTa)XEHb CJIIJI MPUIAMATH PIBHUM
C, =12. Sxkmo epeKTuBHUNA MOAYJb IPYXK-
HOCTI OI[IHIOETHCS 1O MIUTFHOCTI MaTepiaiy, TO
C,=3.

5.6.3 Tuck Bix 3alI0BHEHHSI TapA40ro
Marepiaay

(1)P fAxmio rapsiaumii Matepiajg IOMIIIA€THCS B
OyHKep, He0OX1JHO BPaxOBYBAaTH PI3HUIIO Te-
MIepaTyp MK OUIbII XOJIOIHUM MaTepiajioM,
10 3HAXOAUThCS B OyHKEp1 BXKe JeAKHil vac, 1
rapsuuM TOBITPSIM HaJ MOBEPXHEI0 Marepia-
ny. HeoOXi/IHO pO3TJIsSHYTH BIUIMB Pi3HUII Te-
MIepaTyp Ha pi3He pO3MIMPEHHS CTIHKUA OyH-
Kepa Ha Pi3HUX PIBHIX pa3oM 3 3THHAIBHUMHU
MOMEHTaMH, 1[0 BHHHUKAIOTH BiJ CIIIBLHOCTI
nedopMallii.

(2) Wi edpextu nns OyHkepiB Kiacy BIUIMBIB |
BpPaxoBYBaTH HE CIIiI.

5.7 HaBaHTaKeHHs HA MPSIMOKYTHi
OyHKepH

5.7.1 llpamokyTHi OyHKepHn

(1) HaBaHTa)keHHsI Ha CTIHKY BiJl CUIIKUX Ma-
TepiajgiB B TPIMOKYTHHUX OyHKepax Cif
npuiimaT 3rigHo 5.2, 5.315.4.
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E is the elastic modulus of the silo wall;

v is Poisson’s ratio for the particulate solid
(v=0,3 may be assumed);

E, 1s the unloading effective elastic modu-
lus of the stored solid at the depth z .

(3) The assessment of the unloading effective
elastic modulus of the solid £, at the depth z

should take account of the vertical stress p, . in
the stored solid at that depth after filling.

(4) The unloading effective elastic modulus
E ;; should be determined using the method

described in C.10.

(5) Where materials testing of the solid is used
to obtain the unloading effective elastic modu-
lus, the value of the temperature load multiplier
should be taken as C, =1,2. Where the un-

loading effective elastic modulus is estimated
from the density, the value of the temperature
load multiplier should be taken as C, =3.

5.6.3 Pressures due to filling with hot solids

(1) P Where hot solids are placed in a silo, ac-
count shall be taken of the temperature differ-
ential between the cooler solids that have been
there for some time and the hot atmosphere
above the solids surface. The effect of such
temperature differentials on the differential ex-
pansion of the silo wall at different levels shall
be considered, together with the bending mo-
ments arising from satisfying compatibility be-
tween these deformations.

(2) These effects need not be considered for
silos in Action Assessment Class 1.

5.7 Loads in rectangular silos

5.7.1 Rectangular silos

(1) The wall loads due to bulk solids in rectan-
gular silos should be taken as defined in 5.2,
5.3 and 5.4, as appropriate.



(2) He nuBnsiunch Ha 3aranbHi BUMoru 4.1 (2),
AKIIO OyHKEep Ma€ THyYKi CTIHKH, dOPCTKICTh
SIKUX TIOPIBHSHA 3 KOPCTKICTIO MaTepiary, 1o
30epiraeTscsi, OyHKepHu kiacy aii 112 gomyc-
Ka€ThCSI PO3PAXOBYBATH 3 BPaxXyBaHHSM CIIPH-
ATIMBOI B3a€MOJIl Marepially 1 KOHCTPYKIIii,
sIKa 3HIKYE TUCK B CEPEIWHI CTIHKH 1 3017Ib-
IIy€ TUCK B KyTax.

(3) Sxmo mnepenbavyaeTbcs 3MiHA TUCKY Ha
SKOMYCh piBHI 3rigHO (2), cepenHiii THCK Ha
BOMY pIBHI CHiJ NpPUIAMAaTH PIBHUM THUCKY,
BH3HAa4YeHOMY 110 5.2 abo 5.3.

(4) ITo BigHomenuto 5.7.1(3) 1 y Bumamkax,
KOJIM BUKOPUCTOBYIOTBCS 3HIDKEH1 THCKH, IS
OIIIHKA THCKIB CJiJ] BUKOPUCTOBYBATH BIJIIO-
BiJTHUH palliOHAILHUN METO].

5.7.2 ByHkepu 3 BHYTPilIHIMH 3aTSKKAMHA

(1) HaBaHTaxeHHs Ha CTIHKY BiJl CHIIKOTO Ma-
Tepiajgy B MPSIMOKYTHUX OyHKEpiB 3 BHYTPIIII-
HIMU 3aTsDKKaMH CJIiJl MpUAMaTu 3rigHo 5.2,
5.3 a0 5.4.

(2) Cunu, mo AIFOTH Ha CTIHKM KOHCTPYKIIIH
OyHKepa BiJ 3aTsDKOK, CIiJI PO3paxOBYBaTH 3
BpaxyBaHHSM HABaHTAXXCHb BiJ Marepiaay Ha
KOXKHY 3aTsDKKY, pO3TallyBaHHS 1 MPHUKPII-
JICHHSI KOXKHOT 3aTSKKH, IPOBUCAHHS 3aTSKKU
1 )KOPCTKOCTI KOHCTPYKIIi, [0 YHMHUTH OIIIp
301IBIICHHIO IPOBUCAHHS 3aTSKKU B HACIIIOK
11 HaBaHTaKEHb BiJ| MaTepiany.

(3) Hns OynkepiB kiaciB aiid 1 1 2 cuiu, 1o
i€ Ha CTIHKM KOHCTPYKIi OyHKepa Bif 3aTs-
’KOK, CJIiI BU3HAYATH IUIIXOM CTaTHYHOTO PO-
3paxyHky 3rigno JICTY-H b EN 1993-4-1.

np. ACTY-H b EN 1991-4:20XX

(2) Notwithstanding the general requirement of
4.1 (2), where the silo is constructed with flexi-
ble walls whose stiffness is comparable with
the stiffness of the contained solid, silos in Ac-
tion Assessment Classes 1 and 2 may be de-
signed to take advantage of bulk solid-structure
interaction effects that reduce the pressures at
the midside of the walls and increase the pres-
sures in the comers.

(3) Where a variation of pressure at a level is
assumed, according to (2), the mean pressure at
that level should be taken as the value of pres-
sure calculated using 5.2 or 5.3.

(4) With regard to 5.7.1(3) and where such re-
duced pressures are used, a rational method of
pressure assessment should be used.

5.7.2 Silos with internal ties

(1) The wall loads due to bulk solids in rectan-
gular silos with internal ties should be taken as
defined in 5.2, 5.3 and 5.4 as appropriate.

(2) The forces applied by the ties to the walls of
the structure should be evaluated taking into
account the bulk solids loading on each tie, the
location and fixation of each tie, the sag of the
tie and the stiffness of the structure in resisting
increased sag in the tie as a result of bulk solids
loading.

(3) For silos in the Action Assessment Classes
1 and 2 of this standard, the forces applied by
the ties to the walls of the structure should be
evaluated using the structural analysis accord-
ing to EN 1993-4-1.
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6 HaBaHTa’keHHsI HA BOPOHKH i
AHUIIA OyHKepiB

6.1 3aranbHi no10:KeHHs
6.1.1 ®i3u4Hi XapaKTepUCTHKH

(1)P XapakrtepucTuuHi 3HAa4YeHHsS HaBaHTa-
’KEHb BiJ] 3aIIOBHCHHS 1 MPU BUBAHTAXKCHHI SK1
BHU3HAUCHI1 JaHUM PO3JI1JIOM, HEOOXiqHO 3aCTO-
COBYBATH JJIsI HACTYITHUX THUIIIB HIKHBOI Yac-
TUHU OyHKepa:

— IUIOCKI THUIIA;
— KpyTi BOPOHKH;

— TI0JIOT1 BOPOHKH.

Section 6 Loads on silo hoppers and
silo bottoms

6.1 General
6.1.1 Physical properties

(1) P The characteristic values of the filling and
discharge loads on silo bottoms, which are pre-
scribed in this section for the following types of
silo, shall be used:

- flat bottoms;
-steep hoppers;

- shallow hoppers.
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Half angle of hopper [ (degrees)

Po3’sicuenus

1 M0JI0Ta BOPOHKA

2 KpyTa BOPOHKa

p II0JIOBMHA KyTa BEPIIMHUA BOPOHKU

1, HUOKHE  XapaKTEpUCTUYHE 3HAUEHHS

Koe(illieHTa TepTs O CTIHKKA BOPOHKHU

K HUKHE  XapaKTEPUCTUYHE 3HAUYCHHS
koedimienTa OOKOBOTO THCKY Ha BEp-
THUKaJIbHI CTIHKH

Key
1 Shallow
2 Steep

f  Hopper apex half angle (degrees)

u, Lower characteristic value of hopper wall
friction coefficient

K Lower characteristic value of lateral
pressure ratio on vertical walls

Pucynok 6.1 — Mexa MiXk KpyTOIO 1 ITOJIOTO0 BOPOHKOIO

Figure 6.1: The boundary between steep and shallow hoppers
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(2)P HaBaHTa)keHHS Ha CTIHKH BOPOHOK OyH-
Kepa HEoOXiJTHO BU3HAYATH 3 YpPaxyBaHHSIM
HaxWIy CTIHOK BOPOHKH BIJITOBIJIHO 3 HACTYy-
MTHOFO Ki1acuikaIiiero:

— KyT Haxwiy IUIOCKOTO JTHHINA J0 TOPH30H-
TaJbHOI TUIOIIMHA & TIOBUHCH CTAHOBUTH MeE-
Hie 5 °;

— TIOXWJIOI0 BOPOHKOIO HEOOXiTHO BBa)KaTH
BOPOHKY, 5IKa HE € IJIOCKOI0 a00 KPYTOI0;

— KPYTOIO BOPOHKOIO HEOOXIJIHO BBa)KaTH BO-
POHKY, M $IKOI BHUKOHYETBCS HACTYIHUHI
KpuTepiii (auB. pucyHku 6.1 1 6.2):

tanﬂ<1

e

K  HWKHE XapaKTepUCTUYHE 3HAYEHHS KO-
edimienTa G0KOBOr0 THCKY Ha BEpTHKa-
JIbHI CTIHKWU,

[  TOIOBUHA KyTa BEpIINHU BOPOHKHU;

4, HKHE XapaKTEPUCTHYHE 3HAYEHHS KO-
ediieHTa TepTst 00 CTIHKH BOPOHKH.

Mpumitka. Kpyroto € BopoHKa, B sIKiif CHITy4Hidi Mare-
piaJ KOB3a€ B3JOBXK MPU MOXMINX CTIHKaX BOPOHKHU IPH
3all0BHEHOMY OYHKepi, a MaTepiajl BHIE BOPOHKH 3Ha-
XO/NTHCS B KOHCOJIIIOBAaHOMY CTaHi. ¥ IIbOMY BHUIAJKy
JIOTUYHHUN THCK TE€PTs BU3HAYA€THCS HOPMAJIBHUM THC-
KOM 1 KoeiieHTOM TepTs 00 CTiHKH (HOBHICTIO peali-
30BaHE TepTsA 00 CTIHKH). Y TOJOTOi BOPOHII MaTepia
HE KOB3a€ B3JI0BX CTIHKM BOPOHKHU IIPH 3aIIOBHEHOMY
OyHKepi (HaxmiI 3aHaITO Maiuil abo TepTs 3aHAATO Be-
nHKe). Y IbOMY BHUINAAKY AOTUYHUM THUCK TEPTS BKE HE
BH3HAYAETHCS HOPMAJIBHUM THCKOM 1 KoedimieHToM
TepTs 00 CTIHKH, a Mae OUIbII HU3bKE 3HAYCHHS, SKE
3aJIeKHUTh BiJ] KyTa HaXWJIy CTIHOK 1 Hampy»eHOro cra-
Hy B Marepiaii (He MMOBHICTIO peajizoBaHe Tepts). CTu-
CIIMBICTH MaTepiajly TaKoX BiAirpae ponb y il BiaMiH-
HOCTI, ane He Taky icroTHy. Ilepexim MiX KpyTUMH i
MIOJIOTMMH BOPOHKaMH € TUIABHUM, TOOTO SKIIO BOPOHKA
3HAXOIWUTHCSA HAa MEXi, TO THCKA B Hi OyIyTh OTHAKO-
BHMH HE3aJICKHO BiJl TUMY (TepTs OO0 CTIHKK Maike
TIOBHICTIO pealli3oBaHe).

6.1.2 3araabHi npaBuiIa

(1) JInst po3paxyHKy pO3IMOAUTY TUCKIB Ha CTi-
HKY BOPOHKH ICHYIOTbH JiBa MeToau. OCHOBHMIA
MeTOoJl 3a3HaueHuil y 6.1.2, anbrepHaTUBHMIA
METO]1 HAaBOJAUTHCA B A0JATKy G.

np. ACTY-H b EN 1991-4:20XX

(2) P The loads on the walls of silo hoppers
shall be evaluated according to the steepness of
the hopper determined according to the follow-
ing classes;

— a flat bottom shall have an inclination to the
horizontal less « than 5°;

— a shallow hopper shall be any hopper not
classified as either flat or steep;

— a steep hopper shall be any hopper that satis-
fies the following criterion (see Figures 6.1 and
6.2);

(6.1)

where:

K is the lower characteristic value of the
lateral pressure ratio on the vertical
walls;

f s the hopper apex half angle;

4, is the lower characteristic value of wall
friction coefficient in the hopper.

NOTE: A sleep hopper is one in which the solid slides
down the inclined hopper wall when the silo is filled and
the solid above the hopper causes it to be consolidated.
The wall frictional shear stress or traction is then related
to the normal pressure on the hopper by the wall friction
coefficient (fully mobilized wall friction). A shallow
hopper is one in which the solid does not slide down the
inclined hopper wall when the silo is filled (the slope is
too low or the friction too high). The wall frictional shear
stress or traction is then not related to the normal pres-
sure on the hopper by the wall friction coefficient, but by
a lower value, which depends on the hopper slope and
the stress state in the solid (wall friction not fully mobi-
lized). The compressibility of the solid also plays a role
in this distinction, hut it is less important. The boundary
between steep and shallow hoppers is smooth, with the
same pressures applied to a hopper that is at the bounda-
ry whether it is in either category (wall friction just fully
mobilized).

6.1.2 General rules

(1) For the calculation of pressures on hopper
walls two methods are given. The reference
method is given in this clause (6.1.2), and the
alternative method is given in Annex G.
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Po3’sacuenns
1  kpyTta BOpoHKa

2 1oJioTra BOPOHKaA

pnf

1 2
Key
1 Steep
2 Shallow

Pucynok 6.2 — Po3noais TUCKY Bij 3alIOBHEHHS B KPYTiil 1 OJIOT1# BOpOHIIi

Figure 6.2: Distributions of filling pressures in steep and shallow hoppers

(2) Cepenniii BepTUKAJIBHUIN THCK B TOWYIIl TI€-
pexoly MK BEpPTUKAJIbHUM CTBOJIOM 1 BOPOH-
KO a0o aHuiieM OyHKepa MOBHHEH BH3HAYa-
TUCS 32 (HOPMYIIOIO

Py = Cbpvf

e

Py BEPTHKATbHHMI THCK BiJl 3allOBHEHHS,
10 BU3HAYaeThes 3a popmynamu (5.3)
a60 (5.79) B 3a5eKHOCTI BiJ] THYYKOCTI
OyHKepa, 3 KOOpJIMHATOW Zz, IO JIOpi-
BHIOE BHCOTI BEPTUKAJIBHOI CTIHKU /.

(TobTo B TOYII TEpexomy, TUB. PUCY-
Hok 1.1, a), 1 3 mapameTrpamu Marepia-
7y, TIPH SIKUX BUHUKAIOTh MaKCHMAaJbHi
HaBaHTAXXEHHS Ha BOPOHKY (IMB. Tab-
nuio 3.1);

C,  Koe(iumieHT 301IbIIEHHS HABAHTAKCHHS
B OCHOBI ISl ypaxyBaHHS TOTO, IO
OUTBIII BHCOKI BEpPTHKaJIbHI HaBaHTa-
KEHHA BiJ cTBONAa OyHKEpa MOXYTb
niepeaBaTrcs Ha BOPOHKY a0o0 JTHUIIE.

(3) dnst 6ynkepiB kiaciB BIuMBIB 2 1 3 koedi-
II€HT 301IBIICHHS HABAHTAKEHHS HAa OCHOBY
NOBUHHI PUIMAaTHUCH SIK:

Cy =10
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(2) The mean vertical pressure at the transition
between the vertical walled segment and the
hopper or on the silo bottom should be deter-
mined as:

(6.2)

where:

P is the filling value of the vertical pres-
sure calculated using Expression (5.3) or
(5.79) according to the slenderness of
the silo, with the z coordinate equal to
the height of the vertical wall 4, (i.e. at

the transition: sec Figure 1.1a) and using
the values of solids properties that in-
duce maximum hopper loading (see Ta-
ble 3.1);

C,, is a bottom load magnifier to account for
the possibility of larger loads being
transferred to the hopper or bottom from
the vertical walled segment.

(3) For silos in Action Assessment Classes 2
and 3, the bottom load magnifier should be de-
termined as:

(6.3)



(4) dns OyHkepiB Kiacy BIUIMBIB 1, AKIIO ce-
pe/Hi 3HaUeHHs NapaMmeTpiB Matepiany K 1 u
BHKOPHUCTOBYIOTHCSI TIPH PO3PAXyHKY, Koedi-
IIEHT 301IbIIECHHS HABAHTAXKEHHS HA JHUIIE
MIOBHHEH BU3HAUYATHCS 32 (POPMYJIOIO:

C, =13

(5) Axmo icHye BHCOKAa HMOBIPHICTH TOSIBH
yYMOB JIJIsl AWHAMIYHUX HABAaHTAXKEHb BiJ Ma-
Tepiaay mo 30epiraeTbCsi, TO OUIBII BHUCOKI
HABAaHTAXXCHHS TMPUKIAAAIOTHCS 10 BOPOHKH
gyn qaAma. L{i yMoBM BUHUKAIOTH, SKIIO:

— OyHKEp 3 THYYKUM BEPTHKAJIBHUM CTBOJIOM
BUKOPUCTOBYEThCS ISl 30epiraHHs Marepia-
JiB, SIKI HE MOXYTh OyTH KiacuikoBaHi sK
Taki, II0 MAalOTh HHU3bKE 3YCIUICHHS (IIUB.
1.5.23),

— SKIIO 30epiraeTbCsi Marepiajg CXWJIbHUH 10
MEXaHIYHOTO CKPIIJICHHS 4acTOK (HAIPUKJIIAT,
[IEMEHTHHUH KJIIHKED).

Hpumirka. BusHaueHHS 39eTIeHHsT CUIIKOTO MaTepiamy

naetbes B C.9. 3ueruieHHs kinacu(ikyeTbes SK HU3BKE,
SIKIIO MiCHs YUIUIBHEHHS CHIIKOTO Marepiayly IpH piBHI

C
HAmpyr O, BOHO HE NEPEBUIIYE 3HAYECHHI —— = 0,04

Oy

(muB. 1.5.23).

(6) SIkuI0 BUKOHYIOTHCSI YMOBH (5), OUTBIIT BU-
COKI HaBaHTA)KEHHS HAa BOPOHKY abo IHUIIE
OyHKepa CIiJI BU3HAYATH 3 BUKOPUCTAHHSIM
KoeilieHTa 301IbIICHHS] HABAHTAXXEHHS B OC-
HOBI, SIKH{ IPUIMAETHCS SK:

— U1 KJ1aciB BIUIUBIB 2 1 3:

— JJI KJIacy BILUIUBIB 1:
C,=16

(7) g ko)HOT yMOBHU HAaBaHTA)KECHHS, CEpPe/i-
HIi BEpPTHKAJIbHUN THCK HAa BHUCOTI X HaJ Be-
PIIMHOIO BOPOHKU (IMB. PUCYHOK 6.2) ciif
BU3HAYaTH 3a GOPMYIIOIO:

-
n= S(F,uheff cot B

IUIE KOHIYHMX 1 KBaJpaTHUX MipaMigaTbHUX

X

A

hy,

X

hy,

'Yh h

n—1

ac
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(4) For silos in Action Assessment Class 1
where the mean value of the material properties
K and u have been used for design, the bot-

tom load magnifier should be determined as:

(6.4)

(5) Where there is a significant probability that
the stored solid can develop dynamic loading
conditions, higher loads are applied to the hop-
per or silo bottom. These conditions should be
assumed to occur if either:

— a silo with a slender vertical walled section is
used to store solids that cannot be classed as of
low cohesion (see 1.5.23);

— the stored solid is identified as susceptible to
mechanical interlocking (e.g. cement clinker).

NOTE: The evaluation of the cohesion c of a solid is giv-
en in C.9. The cohesion is classed as low if, following
consolidation to a normal stress level the assessed cohe-
sion ¢ does not exceed dot — 0,04 (see 1.5.23).

(6) Where conditions of (5) are met, the higher
loads on the hopper or silo bottom should be
determined using the bottom load magnifier C,,

which should be taken as:

for Action Assessment Classes 2 and 3

(6.5)
for Action Assessment Class 1

(6.6)

(7) For each condition in a hopper, the mean
vertical stress in the solid at height x above the
apex of the hopper (see Figure 6.2) should be
determined as:

n x n
+p.| —
ok
in which:
+F)-2 (6.8)

for conical and square pyramidal hoppers
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BOPOHOK;
§S=2 (6.9)
JUTSI KIIMHOTIOIIOHMX BOPOHOK; for wedge hoppers
S=1 (6.10)
TSl IPSIMOKY THHX BOPOHOK; for hoppers of rectangular planform
S=(1+b/a) (6.11)
ne where:
Y BEPXHE XapAaKTEPUCTUYHE 3HAYCHHS Y is the upper characteristic value of the
IIUTOMOI Baru MaTepiainy; solid unit weight;
h, BEePTHKAIBbHA BIJICTAHb MK BEPIIHHOIO h, is the vertical height between the hopper
BOPOHKH 1 TOYKOIO TMepexoay (AuB. pH- apex and the transition (see Figure 6.2);
CYHOK 6.2);
x BEpTUKAJIbHA KOOPJAMHATA BrOpy Bif X is the vertical coordinate upwards from
BEPLIMHHU BOPOHKH (JMB. PUCYHOK 6.2); hopper apex (see Figure 6.2);
M, CbeKTHBHHIT abo peali3oBaHUH Xapak- W is the effective or mobilized characteris-
~ TEPUCTHYHHI KoedilieHT TepTs 06 CTi- ~tic wall friction coefficient for the hop-
HKH BOpOHKH (opmyma (6.16) abo per (Expressions (6.16) and (6.26) as
(6.26); appropriate);
S Koe(ilieHT GOpMU BOPOHKH; S is a hopper shape coefficient;
XapaKTepUCTHUYHE 3HAYEHHS  BiJIHO- F is the characteristic value of the hopper

IICHHS TUCKY B BOpoHI ((opmyna
(6.17), (6.21) abo (6.27);

B MOJIOBUHA KyTa B BEPLIMHI BOPOHKHU
(=90°- ) abo HailOUTBII KyTUH Ha-
XHWJI KBaJpaTHOI a00 MPSMOKYTHOI mi-
pamitabHOT BOPOHKH

Do CepelHiil BepTUKAJIbHUM THCK B MaTe-
’ piayii B TOYIl MEPEeXOAy MicCis 3aroB-
HeHHsA (popmyna (6.2).

a JIOBXKHMHA TPSIMOKYTHOTO MOIEPEYHOrO
nepepisy (auB. pucynok 1.1, d);

b MIMpUHA HOPSAMOKYTHOTO HONEPEYHOTO
nepepizy ( (auB. pucyHok 1.1, d);

(8) Ilpu BU3HAYCHHI BiJIHOIICHHS THUCKY B BO-
poHIIi F cIiJ BpaxoByBaTH, YM € BOPOHKA
KpYyTOIO a00 IMOJIOT010, a TAKOX BUJI 0OUUCIIIO-
BaHUX HaBaHTa)XEHb — BIJ 3alOBHEHHS a0o0
Ipv BUBaHTXCHHI. BinmoBigHi 3HaueHHS F
MMOBUHHI BU3Ha4yaTHCs 32 6.3 1 6.4.

(9) Ilpu Bu3HaueHHI 3HAYCHHS €()EKTHBHOTO
a00 peasizoBaHOro Koe(dirieHTiB TepTs 00 CTi-
HKY BOPOHKH [i,; CJiJ BPaxoBYBAaTH, 4M €

BOpOHKa KpyToro abo mosororo. BimnosimHi
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pressure ratio (Expressions (6.17), (6.21)
or (6.27) as appropriate);

B is the hopper apex half angle
(=90°—¢), or the steepest slope on a
square or rectangular pyramidal hopper;

p,, 18 the mean vertical stress in the solid at
the transition after filling (Expression

(6.2);

a is the length of a rectangular planform
(see Figure L1d);

b is the width of a rectangular planform
(see Figure L1d).

(8) The determination of the value of the hopper
pressure ratio /' should take account of wheth-
er the hopper is steep or shallow and whether
filling or discharge loads are being evaluated.
Appropriate values of F should be taken from
6.3 and 6.4.

(9) The determination of the value of the effec-
tive or mobilized hopper wall friction coeffi-
cient should take account of whether the hopper
is steep or shallow. Appropriate values should
be taken from 6.3 and 6.4.



3HAYE€HHS NOBMHHI BU3HadaTucs 3a 6.3 1 6.4.

6.2 Il;1ocki nHUIIA

6.2.1 BepTukajbHi THCKH HA IJIOCKI THUIIA
B THY4YKHX OyHKepax

(1) BepTukanbHMI THUCK Ha IUJIOCKE JIHUIIE
(Haxmnm « < 5°) HOMyCKaeThcs MPUIMATH PiB-
HOMIPHHMM, 32 BHHATKOM OYyHKepiB Majoi abo
MPOMDKHOI THYYKOCTI. Y IIMX BHUMNAIKaX CIiJ
BUKOPHUCTOBYBaTH 6.2.2.

(2) BeprukanbHuii TUCK p, Ha IUIOCKE JHUIIE
CJIiJT BU3HAYATH 32 POPMYIIOF0:

pv:p\_}ﬂ

e

P,; — PO3paxoBY€ThCs 32 dhopmyoro (6.2).

(3) BepTukanpHuii THCK HA TUIOCKE THUIIE Oy-
HKEpa NpU BUBAHTAXXEHHI CJiJ MpUiiMaTu Ta-
KHUM K€, SIK 1 BEpTUKAJIbHUN THUCK TICIIS 3aKiH-
YEHHs 3alIOBHEHHSI.

6.2.2 BepTukajbHi THCKH HA MJIOCKI THUIIA
B OyHKepax Masi0i a00 MPOMIKHOI THY4YKOC-
Ti

(1) Cnig BpaxoByBaTu MOXIJIMBICTH TOTO, IO
TUCK, OUIBIII BUCOKHM, HIXK BH3Ha4eHO 1o 6.1
(nuB. popmymna (6.2), MOXKE JiSTH JOKAJIBHO HA
THUIIE OyHKEpiB Mayioi a0 MpOMIKHOI THYY-
KOCTI.

(2) BepTukaibHUA THCK p, . HA IUIOCKE JAHHU-

e OyHKepiB Mayioi a00 MPOMIKHOI THYYKOCTI
JIOITYyCKAEThCSl BU3HAYATH 32 (POPMYIIOH0:

hC
2,0- A
h
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6.2 Flat bottoms

6.2.1 Vertical pressures on flat bottoms
in slender silos

(1) The vertical pressure acting on a flat bottom
(inclination « <5°) may be taken as uniform,
except when the silo is squat or of intermediate
slenderness. For these cases, 6.2.2 should be
used.

(2) The vertical pressure acting on a flat bottom
should be determined as:

(6.12)
where:

P, 1s obtained from Expression (6.2).

(3) The vertical pressure acting on a flat bottom
during discharge should be taken as identical to
the vertical pressure at the end of filling.

6.2.2 Vertical pressures on flat bottoms
in squat and intermediate silos

(1) The potential that pressures higher than
those defined in 6.1 (see Expression (6.2) may
occur locally on the flat bottom of a squat or
intermediate slenderness silo should be consid-
ered.

(2) The vertical pressure p, . acting on the flat

bottom of a squat or intermediate slenderness
silo may be taken as:

Pusg = P T AP, (6.13)
ae in which:
APy, = Pup = Puio (6.14)
Doy =Yh, (6.15)
ne where:
p,,  DIBHOMIpHA CKJIaJ0Ba BEPTHKAIBHOIO p.,, 1s the uniform component of vertical

TUCKY, III0 BU3HAYAETHCA 32 (POpMYII0k0

pressure, obtained from Expression (6.2)
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(6.2) mpu z=h,
XapaKTepUCTUYHUX 3HAYCHb IapameT-
piB Marepianly, SIKi BUKIMKAIOTh MaK-
CHUMaJIbHI HABAaHTAXKCHHS Ha BOPOHKY
(mmB. Tabmuiio 3.1);

1 3 BUKOPHCTaHHSIM

BEPTUKAJILHUM TUCK 110 S[HCCEHY B OC-
HOBI HAaCHITHOTO KOHyca 3a (pOopMyJIor0
(5.79) mpu z=h,,

p vho

h, BiJICTAaHb MK €KBIBAJIEHTHOIO TMOBEpX-
HEI0 MaTepiany i OCHOBOI HACHITHOTO
KOHyCa, TOOTO HAWHIKYOI TOYKOIO
CTIHKH, SKa HE KOHTaKTye€ 3 marepia-

JIOM 110 30epiraeThes (nmuB.
PHUCYHOK 6.3);
h 3arajibHa BUCOTa HACHUITHOTO KOHYCa,

10 BU3HAYAETHCS K BEPTHKAIbHA BiJI-
CTaHb MK BEpPIIMHOIO MaTepiaiay Mo
30epiraeTbCsi 1 HAWHUKYOI TOUYKOIO
CTIHKH, SKa HE KOHTaKTye€ 3 Marepia-
JIOM 10 30epiraeTbcs (nmmB.
PHUCYHOK 6.3);

h BIJICTaHb BIJ] €KBIBaJIEHTHOI IMOBEPXHI
CUIIKOTO MaTepiany 10 AHHIIA OyHKe-
pa.

IIpumiTka. Hasenene Bumie npasmwio 3abe3nedye Ji-
HilfHUI epexiJ BiJ TUCKY Ha OCHOBY IO PiBHSHHIO SIH-

ccena urs rHyukoro 6ynkepa /1, /d, =2,0) no tucky
Y, (Z = ho) JUTI YMOBH, KOJIH BeCh Martepiai Mae ¢o-
pMy Kynu (hc = ho), i He KOHTAaKTye 3 BEpTUKAJb-

HOIO CTiHKOI. OcTaHHE Ma€ OijbIlle 3HAYCHHS, HIXK Ma-
KCHMAJIBHUHM THCK MiJ KYTOI CHIIKOTO MaTepiaiy, aie
LIei pe3yJbTaT Ja€ MPOCTY KOHCEPBATHBHY OLIIHKY.

with z=h_ and adopting characteristic

values for the solid's properties that in-
duce maximum hopper loading (see Ta-
ble 3.1);

is the Janssen vertical pressure at the
base of the top pile, obtained from Ex-
pression (5.79) with z=h,, ;

pvho

h, is the depth below the equivalent surface
of the base of the top pile, defined as the
lowest point on the wall that is not in
contact with the stored solid (see Figure
6.3);

h,, is the total height of the top pile, defined

as the vertical distance from lowest point
on the wall that is not in contact with the
stored solid to the highest stored particle
(see Figure 6.3);

h is the depth of the silo base below the
equivalent surface.

NOTE: The above rule provides a linear transition be-
tween the base pressure defined by the Janssen equation

for a silo that is just slender, /,./d, =2,0, and the
pressure ¥, (Z = hO) for the condition where the solids

in the silo are only in the form of a heap (hc = ho)

with no contact with the vertical wall. The latter is greater
than the true maximum pressure beneath a pile of particu-
late solid, but the result gives a simple conservative esti-
mate.

L ]

Po3’sicHenHs
1 ExBiBanieHTHA TOBEPXHS

2 HaiiHmk4a ToYKa CTIHKM 0€3 KOHTAKTy 3 Ma-
TepiajgoM

Key
1 Equivalent surface

2 Lowest point without solid contact

Pucynok 6.3 — HaBanrtaxeHHs Ha JHUIIE B OyHKEpax Majoi a00 MPOMiXKHOT THYYKOCTI

Figure 6.3: Pressures on the bottom of a squat or intermediate silo
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(3) Beprukanphuii THCK p, 33 HOPMYIIOHO

(6.13) momyckaeTbcsi TpUAMATH OIIOYUM  SIK
MICJIs 3allOBHEHHS, TaK 1 B MPOIECi BUBAaHTAa-
JKEHHS.

(4) 3nauenns p,, 3a popmynorw (6.13) Biamo-

BiJa€ BEPTHKAIBLHOMY THCKY OIS LEHTPY
naHUIa OyHKepa. SIKIo oOmMpaHHS JHUIIA €
HEPIBHOMIPHUM, HEOOXiIHO BHKOPHCTOBYBATH
palioHanbHI METOIU PO3paxyHKy JUIs BH3HA-
YEHHs Bapialliil TUCKY.

6.3 KpyTi BopoHKH
6.3.1 PeasizoBane TepTs

(1) dns ymoB 3amoBHEHHS 1 BHUBAaHTAKEHHS
edekTuBHE ab0 peasi3oBaHe TEPTS O CTIHKU B
dopmyni (6.8) moBUHHI BU3HAYATHUCS 32 (oOp-
MYJIOIO

“’hejf

Aac

HIDKHE XapaKTePUCTHUYHE 3HAYCHHS KyTa
TepTst 00 CTIHKH BOPOHKH.

W,

6.3.2 HaBanTaxeHHs BiJ 3aIOBHEHHSA

(1) B yMoBax 3amoBHEHHS CepefHiil BepTHUKa-
JBHUHN TUCK p, Ha OynIb-sIKOMY PIBHI X KpYTOi
BOPOHKHM CJIiJ1 BU3Ha4aTu 3a popmymnamu (6.7)
1 (6.8) 3 mapamerpom F =F,, skuil BU3Ha4a-

€THCSI 32 POPMYIIOIO:
F,=1-
[1

[Tapametp n y popmyui (6.8) po3paxoByeThCs
3a hopmyroro

n=S(1-b)u,cotp

e

b — emnipuanumii koedirtieHt, b =10,2.

[H111 mapameTpu Bu3HavaroThes 3a 6.1.2 (6).

(2) HopmanbHuii THCK p,,, 1| ZOTUYHUH THCK
TepTs p, B OyAb-siKiil TOYI CTIHKH KPYTOI
pHCy-

BOPDOHKH IIiCISl 3allOBHCHHS  (IIUB.

=H,

b
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(3) The vertical pressure p, —given in Expres-

sion (6.13) may be taken to act both after filling
and during discharge.

(4) The value of p, given by Expression

(6.13) represents the vertical pressure near the
centre of the silo floor. Where support of the
floor slab is not uniform, a rational analysis
should be used to determine the floor pressure
variation.

6.3 Steep hoppers
6.3.1 Mobilized friction

(1) For both filling and discharge conditions,
the effective or mobilized wall friction coeffi-
cient in Expression (6.8) should be taken as

(6.16)

where:

is the lower characteristic value of wall
friction coefficient in the hopper.

W,

6.3.2 Filling loads
(1) Under tilling conditions, the mean vertical
stress p, in the stored solid at any level in a

steep hopper should be determined using Ex-
pressions (6.7) and (6.8), with the value of the
parameter F' given by F =F, with F, as:

+tanﬁ) (6.17)

u h

The parameter n (see Expression (6.8) is then
given by:

(6.18)

where:

b 1is an empirical coefficient: b=0,2.

The other parameters are defined in 6.1.2 (6).

(2) The normal pressure p,. and frictional trac-
tion p, atany point on the wall of a steep hop-

per after filling (see Figure 6.2) should be de-
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HOK 6.2) c1iJ1 BU3HA4aTH 32 GOopMyJIaMu:

Py =Fp,

pgf' = MthPv

ne F, — BusHa4aeTnes 3a popmyinoro (6.17).

6.3.3 HaBaHnTakeHHs IPU BUBAHTAKEHHI

(1) B ymoBax BUBaHTaXXCHHsI Cepe/iHIN BepTH-
KaJIbHUM THCK B MaTepiayi Ha OyIp-SKOMY pi-
BHI X KpPYTOi BOPOHKHM CJIiJl BU3HaUaTH 3a o-
pmynamu (6.7) 1(6.8) 3 mapamerpom F=F,.

(2) 3HauenHs F, HOMyCKaeThCs PO3pPaxoByBa-

TH 3 BHKOPHCTaHHSIM OCHOBHOTO METOHIYy 3a
dopmynoro  (6.21) abo amkTEpPHATUBHUM
meTonoM 1o G.10:

termined as:

(6.19)

(6.20)
where F, is given by Expression (6.17).

6.3.3 Discharge loads

(1) Under discharge conditions, the mean verti-
cal stress in the stored solid at any level in a
steep hopper should be determined using Ex-
pressions (6.7) and (6.8), with the value of the
parameter ' givenby F=F,.

(2) The value of F, may be calculated either by

using the reference method given in Expression
(6.21), or by the alternative method given in
G.10:

1+ sin@,cose

Fe= 1-sin, cos(2B +e) (6.21)
ae in which:
£=0,, + sinl{m} (6.22)
¢, =tan"'u, (6.23)
ne where:

W, HIKHE XapaKTEPUCTHYHE 3HAYEHHS KOe-
¢imienTa TepTsi 00 CTIHKM BOPOHKH,

@, KyT BHYTpIIIHEOTO TEPTS MaTepiany LIo
30epiraeTncs.

Ipumitka 1. Cnix 3a3HaunTty, mo 3axam @, < @,

Tak SK MaTepian Oyae pO3pHBATHUCS YCEPEOuHi, SIKIIO
KOB3aHHS MaTepially IpH KOHTAaKTi 31 CTIHKOIO IOTpe-
Oye OinbIIie HANPYXKEHHS 3CYBY, HDK MOXKE 3a0€3MEUUTH
BHYTPIIIIHE TEPTH.

Ipumitka 2. Haseznena uute ¢popmyma (6.21) wis F,

IPYHTY€TbCS Ha HpOCTiii Teopil Bambkepa misi THCKIB
IIPY BUBAHTQKEHHAX. TakoXX MOXXHa BHKOPUCTOBYBAaTH

anbTepHaTHBHY opMmyny Encrama ms [, , HaBeneny B
G.10.

(3) HopmauibHmii TUCK p,,, 1 JOTHYHHUN THUCK
TepTst p,, B KOXKHIM TO4YI CTIHKH KPYTOi BO-

POHKHU TIpY PO3BAaHTAXKEHHI CJil BU3HAYATH 32
dbopmynamu:
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w, is the lower characteristic value of wall
friction coefficient in the hopper;

@, 1is the angle of internal friction of the
stored solid.

NOTE 1: It should be noted that ¢, < @, always, since

the material will rupture internally if slip at the wall con-
tact demands a greater shear stress than the internal fric-
tion can sustain.

NOTE 2: The ahove Expression (6.21) for F, is based

e
on the simple theory of Walker for discharge pressures.
The alternative expression of Enstad for F, set out in

G.10, may alternatively be used.

(3) The normal pressure p,, and frictional trac-
tion p, (see Figure 6.4) atany  point on the

wall of a steep hopper during discharge should
he determined as:



pne:F;pv

pte = MhF;pv

npu 1boMy F, BU3HAYaeThes 110 (2).
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(6.24)
(6.25)

where F, is obtained as defined in (2).

L

km L= z,

Po3’scuenns
1 KpyTa BopoHka

2 Ilonora BopoHka

N\
\ [ Phe \\ o
e
\
Phel N\
\
Pre Pre
1 2
Key
1 Steep
2 Shallow

PucyHok 6.4 — Po3nonin TUCKIB TP BUBAHTAXKEHHI B KPYTIH 1 MOJIOT1H BOPOHKAX

Figure 6.4: Discharge pressures in sleep and shallow hoppers

6.4 IToJiori BOpOHKH
6.4.1 MooinizoBaHe TepTs

(1) B monoriit BOpoHIli TepTst 00 CTIHKHM peati-
3y€TbCsl HEe MOBHICTIO. PeanizoBanuii abo ede-
KTUBHUN Koe(DiIieHT TepTs 00 CTIHKWM BHU3Ha-
qJaeTbes 3a popmyror:

_(-k)
Hier = 2tan

e

K  HWXHE XapakTepUCTUYHE 3HAUYEHHS KOe-
¢imieHTa GOKOBOTO THCKY JUIsl BEpTHKA-
JILHOTO CTBOJA (IUB. Tabmwmio 3.1);

[} momoBWMHA KyTa BEpPIIMHU BOPOHKH (IIUB.
PHUCYHOK 6.2).

6.4 Shallow hoppers
6.4.1 Mobilized friction

(1) In a shallow hopper, the wall friction is not
fully mobilized. The mobilized or effective wall
friction coefficient should be determined as:

(6.26)

where:

K is the lower characteristic value of lateral
pressure ratio for the vertical section (see
table 3.1);

B is the half angle of the hopper (see Figure
6.2).
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6.4.2 HaBanTa:xeHHd BiJ 3aIOBHEHHSA

(1) B ymoBax 3aroBHEHHsI CE€peIHIN BepTUKA-
JHHUHA THCK B MaTepiami 1o 30epiraeTbcs Ha
OyIlb-SIKOMY PiBHI I1OJIOTOT BOPOHKH CJIiJl BH-
3Ha4atu 3a Gopmynamu (6.7) i (6.8) 3 mapame-
TpoM F = F, sIKHil BUSHAYAETHCS SK:

Ff =1- {b/(l +tanB/Mheﬁ")}

[Tapametp n y ¢opmyii (6.8) po3paxoByeTbes
3a opMmyIIor0

n=S(1-b)u,cotp

ne
W,, Peami3oBaHuil 4i ePCKTHUBHUI KOSPILli-
~ €HT TepTs 00 CTIHKM MOJIOTOI BOPOHKH
3a (hopmyoro (6.26);
b emmipuaHuil koedirient, b =0,2.

[Hmi mapamerpu Bu3HavaoThes 3a 6.1.2 (6).

(2) HopmanbHuii THCK p,,, 1 JOTHYHUHA THCK
TEPTS. p,;, B KOXKHIH TOULl CTIHKU I1OJIOTOI BO-

POHKH IIicJIsl 3allOBHEHHS CJIiJI BH3HA4YaTH 3a
dbopmynamu:

anZF;pV

pte = MhF;pv

ac

F, — BusHavaerbes 3a Gpopmyinoro (6.27).

6.4.3 HaBanTakeHHs IPH BUBAHTAKeHHI

(1) Y nonorux BOpoOHKax B yMOBaxX BHBaHTa-
JKEHHS (IUB. pUCYHOK 6.4) HOpMAJIbHUI THCK 1
JOTUYHUN THCK TEPTS JONYCKAETHCS MpHUiMa-
TH TAaKUMH 3K, SK 1 BiJ 3allOBHCHHS (JIMB.

6.4.2).

6.5 Boponku B OyHkepax, 110 MiCTATbh Ma-
TepiaJ 3i 3MillIAaHUM MOBITPAM

(1) P BOpoHKH B SIKHX 3HAXOJUTHCS MaTepial B
oMy a00 YacTKOBO B TICEBAO3PIIKEHOMY
CTaHI BHACIIIOK 3MIIIyBaHHS 3 TOBITPSAM, He-
00X1/IHO PO3paxoByBaTH Ha JI0IaTKOBHH THCK,
10 BUHHUKAE BiJI IICEBAO3PIIHKEHHS 1 TUCKY TIO-
BITpSI.

110

6.4.2 Filling loads

(1) Under filling conditions, the mean vertical
stress in the stored solid at any level of a shal-
low hopper should be determined using Expres-
sions (6.7) and (6.8), with the value of the pa-
rameter F given by:

(6.27)

The parameter n (see Expression (6.8) is then
given by:

(6.28)
where:
T is the mobilized or effective wall friction
- coefficient in the shallow hopper (see
Expression (6.26);
b 1s an empirical coefficient: b=10,2.

The other parameters are defined in 6.1.2 (6).

(2) The normal pressure p,, and frictional trac-
tion p,, at any point on the wall of a shallow
hopper after filling (see Figure 6.2) should be
determined as:

(6.29)
(6.30)

where:

F, is given by Expression (6.27).

6.4.3 Discharge loads

(1) In shallow hoppers under discharge condi-
tions (see Figure 6.4), the normal pressure and
frictional traction may be taken as identical to
the values on filling (see 6.4.2).

6.5 Hoppers in silos containing solids with en-
trained air

(1)P Hoppers in which it is possible for the
stored solid to be fully or partially fluidized as a
consequence of the entrainment of air shall be
designed for the additional pressures that may
arise due to fluidization and air pressure.
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(2) Po3paxyHKOBI TUCKU TTOBUHHI BU3HAYATHCS (2) The design pressures should be evaluated as
3a 5.5.2 6e3 TUCKY TepTsi 00 CTIHKH BOPOHKH. defined in 5.5.2 with no frictional traction on
the hopper wall.
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7 HaBaHTa’keHHS HA pe3epBYapH Bix piauH
7.1 3arajabHi M010KeHHsA

(1) P [Inst Bu3HaueHHs XapaKTepUCTUYHUX 3Ha-
YeHb TUCKIB BiJ PiAMH, 1110 30epiralotbcs B pe-
3epByapax, HeOOXiTHO BUKOPUCTOBYBATH HIIK-
I'ICHEIBC,[[eHi IpaBuja.

Ipumirka 1. I{i mpaBuia gilicHi U CTATHYHUX YMOB y
BCIX BHAaX pe3epByapiB. PesepByapu, B SKHX
BiIOYBAaIOThCSI JWHAMIYHI SBHUINA, HE BKJIIOYCHI B IEH
CTaH/AapT.

Ipumirka 2. [lepenik OCHOBHHMX BIUIMBIB, YaCTKOBUX
KoedirieHTiB i KOMOiHALIN BIUIMBIB Ha pe3epBYyapH I0-
[IyCKA€ThCS IPUMMATH 3a 10AATKOM B.

7.2 HaBaHTaxeHHs Bix piamH, mo 30epira-
0ThCS

(1) HaBaHTaxkeHHsI Bij piIMH MOBHWHHI pO3pa-
XOBYBATHUCH 3 YpaxXyBaHHIM:

— TpPU3HAYCHUX THIB PiAMH, SKi TOBUHHI
30epiratucs B pe3epByapi;

—  TeoMeTpii pe3epByapa;

—  MaKCHMaJIbHOI MOKJIMBOI BUCOTH PiTUHH B
pe3epByapi.

(2) XapakrepucTHuHe 3HAYEHHS TUCKY p TO-

BUHHE BU3HAYaTUCS 32 (OPMYIIOI0

p(2) =
Ie
z TJIMOWHA BiJ MMOBEPXHI PiIUHU;

Y nHWTOMa Bara piauHH.

7.3 XapaKTepuCTHKH PiluH

(1) Cnixg BUKOPUCTOBYBATH 3HAYCHHS IIIJILHO-
cri, 3a3"adeni B JICTY-H b EN 1991-1-1, no-
naTok A.

7.4 Po3pigkeHHs1 BHACTIIOK HEJOCTATHbOI
BEeHTHJIALIL

(1)P Sxmo BeHTWIIALIIIHA cCUCTEMa pe3epByapa
CXWUJIbHA 10 OJIOKYBaHHS a00 3aTPUMKHU IMOBIT-
ps, TO HEOOX1THO 3aCTOCOBYBATH BiMOBITHUMN
METOJI PO3PaXyHKY JJisi BU3HAUYCHHS THUCKY Ba-
KyyMy TIpH BHBaHTa)XCHHI pe3epByapy Ha Mak-
cUMalbHii mBuAKocTi. Po3paxyHOK moBHHEH
BpaxoOBYBaTH MOXJIHMBI aJ1a0aTHUYHI BIACTHUBO-
CTi IIbOTO TIPOIIECY.
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Section 7 Loads on tanks from liquids
7.1 General

(1)P The following rules shall be used to de-
termine the characteristic values of pressure
loads from the liquid stored in tanks.

NOTE 1: These rules are valid for static conditions in all
types of tanks, but tanks in which dynamic phenomena
may occur are not included.

NOTE 2: A list of relevant actions, partial factors and
combinations of actions on tanks may be found in
Annex B.

7.2 Loads due to stored liquids

(1) Loads due to liquids should be calculated
after considering:

— a defined range of liquids to be stored in
the tank;

— the geometry of the tank;

— the maximum possible depth of liquid in
the tank.

(2) The characteristic value of pressure p
should be determined as:

(7.1)
where:
z 1is the depth below the liquid surface;
Y is the unit weight of the liquid.

7.3 Liquid properties

(1) The densities given in EN 1991-1-1, Annex
A should be used.

7.4 Suction due to inadequate venting

(1)P Where the venting system to a tank may
be susceptible to blockage or impediment, a
rational analysis shall be used to determine die
suction pressures arising during tank discharge
at the peak rate. This analysis shall consider the
possible adiabatic nature of the process.



JOJATOK A
(noBigKOBMIA)

OCHOBHY MNPOEKTYBAHHSI -
MOJIOKEHHS HA TOJATOK J10
JICTY-H B EN 1990 /1JI51 BYHKEPIB
1 PE3EPBYAPIB

Penakniiina npumirka. Ileit nonatox e indopmarus-
HuM i Oyzne nepeneceno B JICTY-H b EN 1990 micns
odiniifHOTO 3aTBEPIKECHHS

A.1 3arajapHi NoJ0KeHHHA

(1) Ana metodiB po3paxyHKy OOOB'SI3KOBO BHU-
KOpHUCTOBY€eTbcs ¢opMmat, 3ananuil B JJCTY-H
b EN 1990. Opnak OyHKepu Ta pe3epByapH
ICTOTHO BIAPI3HSIOTBCS BiJ 0araThOX I1HIIMX
KOHCTPYKIIii, OCKUIbKH OLIbIIy YACTHHY CBOTO
TEPMIHY CITy>)KOW TiJIal0ThCS TIOBHUM HaBaH-
Ta)XCHHSIM B1J] CUIIKMX MaTepiaiiB i piauH.

(2) Leit momaTok na€e AOJATKOBI IOJIOXKCHHS
Juisi OyHKEpIB 1 pe3epByapiB MIOAO0 YAaCTKOBHUX
Koe(iLieHTIB 10 BIUIUBIB (KoedilieHTH Yy ) 1
KOMOiHAI[i}il BIUIMBIB 3 BIANOBIAHUMHU Koeiri-
€EHTAMH /.

(3) TemneparypHi BIUIMBH BKIIIOYAIOTh KJliMa-
TUYHI i1 Ta BIUTUBYU BiJ Tapsv0ro CUIIKOTO Ma-
tepiany. [loBuHHI BpaxoByBaTHCS HACTYIIHI
PO3paxyHKOBI CUTYyaIlil:

— Trapsuuil cumyddmid Matepian abo piauHa,
II0 3aBaHTAXYIOThCS B YaCTKOBO 3allOBHE-
Hull OyHkep abo pesepyap. Ilpu npomy
NOBUHHE BPAaXOBYBATHUCS BILUIMB Taps4oro
MIOBITPSI HAJ MaTepiaiom;

—  OIp CHUIKOTO Marepialy CTUCHEHHIO CTi-
HOK OyHKepa IpH 0XOJIOKESHHI.

(4) BusHaueHHs BIUIMBY HEPIBHOMIPHOTO OCi-
naHHs JUisi OaTtapei OyHkepiB abo pe3epByapiB
MOBHHHO TPYHTYBATHCS HA HAMOLIBIIT HECTIPHSI-
TAUBIA KOMOiHalli 3aMOBHEHUX 1 MOPOMKHIX
YaCTHH.

A.2 AOCOIIOTHUH TPAHUYHUH CTaH

A.2.1 YacTkoBi koedinienTn ¥

(1) 3navenns 3a3naveni y A.1 JICTY-H b EN
1990, nomyckaeTbcsi BUKOPUCTOBYBATHU ISl PO-
3paxyHKy OyHKEpIB 1 pe3epByapiB.
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ANNEX A
(Informative)

BASIS OF DESIGN - SUPPLEMENTARY
PARAGRAPHS TO EN 1990 FOR SILOS
AND TANKS

EDITORIAL NOTE: This annex is for information only
and will be transferred to EN 1990 after Formal Vote.

A.1 General

(1) In principle the general format given in EN
1990 for design procedures is applicable. How-
ever silos and tanks are different to many other
structures because they may be subjected to the
full loads from particulate solids or liquids for
most of their life.

(2) This annex provides supplementary guid-
ance applicable to silos or tanks regarding par-
tial factors on actions y factors) and on com-
binations on silos and tanks with other actions;
and the relevant y factors.

(3) Thermal actions include climatic effects and
the effects of hot solids. Design situations that
should be considered include:

—  hot solid or liquid filled into a partly filled
silo or tank. The effects of heated air above
the stored material should be considered;

— resistance of the stored solid to silo wall
contraction during cooling.

(4) Determination of the effect of differential
settlements of batteries of silo or tank cells
should be based on the worst combination of
full and empty cells.

A.2 Ultimate limit state
A.2.1 Partial factors y

(1) The values given in EN 1990, A. 1 may be
used for the design of silos and tanks.
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(2) Sxmo TOYHO BiOMa MaKCHMalbHa BHCOTA
3allOBHEHHS 1 MUTOMAa Bara HaHOLIbII Ba)XKKOI
piauHE 1m0 30epiraeThes, TO 4acTwii Koedimi-
€HT ), JONyCKaeTbcs 3HMWXKyBaTH 3 1,50 1o
1,35.

A.2.2 KomoOinaniiini koedinieaTn y

Komb6inamiitni koedilieHTH W Uisi HaBaHTa-
KeHb Ha OyHKepH Ta pe3epByapu 1 KoMmOiHa-
[iHI Koe(ilieHTH IS 1HIIUX BIUIMBIB HaBe-
nedi B A.4.

A.3 BruinBu 1191 KOMOiHAIIH

(1) ITpu po3paxyHky OyHKEpa MO aOCOJIOTHUM
ITPaHUYHAM CTaHaM T[IOBHMHHI BpPaxOBYBaTHUCS
HACTYyIHI BILTUBU:

—  3amoBHEHHs 1 30epiraHHsl CUIKUX Marepia-
7B (Ha3UBAIOThCS HABAHTAXCHHSMHU BiJl
3anoBHeHHs B JICTY-H b EN 1991-4);

—  BUBAHTQXCHHSA CUIKUX MaTepianiB (Ha3u-
BA€THCSl HABAaHTAKEHHSAMHU IIPH BUBAaHTa-
xenHi B JJICTY-H b EN 1991-4);

— THUMYacOBl HABaHTAKECHHS

(muB. ICTY-H b EN 1991-1-1);

—  CHIrOBl1 HABAaHTAXXEHHS

(muB. ICTY-H b EN 1991-1-3);

—  BITpOBI HaBaHTAXXEHHS U1 BUIAJKIB 3a-
MOBHEHOTO 1 TIOPOKHBOTO OyHKepa (JIuB.
JACTY-H b EN 1991-1-4);

—  TeMIlepaTypHi BILTUBU

(muB. ICTY-H b EN 1991-1-5);

— BHUMyIlIeHI AedopMallii: ociJaHHS OCHOBH
(muB. ACTY-H b EN 1997);

— ceiicMiyni HaBantaxenus (muB. HACTY-H
b EN 1998);

—  HaBaHTa)XXCHHs BiJ BUOYXY MHITY.

A.4 Po3paxyHkoBi curyanii i komOiHamii
BILIMBIB 1M KJIAaciB BILIMBIB 21 3

(1) Hominyrouuii BIUIMB 1 MOCTIMHHIA BIUIUB
MAarOTh BXOJIUTH B KOKCH BUIAIOK HArpy KEHHS
31 CBOIMH MOBHHUMM 3HAUYEHHSIMH, a CYIyTHI
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(2) If the maximum depth of liquid and the unit
weight of the heaviest stored liquid are defined,
the value of the partial factor y, may be re-

duced from 1,50 to 1,35.

A.2.2 Combination factors y

(1) For the combination factors y for silo

loads and tank loads and combination factors
with other actions, see A.4.

A.3 Actions for combination
(1) The following actions should be considered
in the ultimate limit state design of the silo:

— filling and storage of particulate solids (re-
ferred to as filling loads in EN 1991-4);

— discharge of particulate solids (referred to
as discharge loads in EN 1991-4);

— imposed loads (see EN 1991-1-1);
— snow loads (see EN 1991-1-3);

— -wind action when the silo is either full or
empty (see EN 1991-1-4);

— thermal loads (see EN 1991-1-5);
— imposed deformations: foundation settle-

ment (see EN 1997);
— seismic loads (see EN 1998);

dust explosion loads.

A.4 Design situations and action
combinations for Action Assessment Clas-
ses 2 and 3

(1) The dominant action and the permanent ac-
tion should be taken at their full value in each
load case, but the accompanying actions may



BIUIMBH JIOTMYCKAETHCS 3MEHIIyBaTH Ha KOMOI-
HaliiHUN Koe(ilieHT , JUIsi BpaxyBaHHS
3HI)KEHOI WMOBIPHOCTI OJIHOYACHOI IOSIBH Y
BignosigHocti 3 JICTY-H b EN 1990. Komo0i-
Hallii TOBMHHI OOMpaTUCs BIAMOBIAHO J0 TIpa-
B JICTY-H b EN 1990.

(2) B ycix HaBeneHHWX KOMOIHAIlisIX HaBaHTa-
KEHb MOBUHHI MpHMaTuCcid KOMOIHALIMHUN
koedimieHT Y =1,0 1 moHmKyounii Koedimi-

enr §; =0,9.

(3) Sxmo noMiHyOUMH BIUIMB € CEHCMIYHUM
a00 aBapiHUM, IOMYCKAEThCS MPUUMATH CYy-
MyTHI HABaHTA)XXEHHS BiJ MaTepiany 3 BUKOPH-
CTaHHSM TUIBKH CEpeIHIX 3HaYeHb KoedirieHTa
TEpTs MO CTiHWI M, , KoedilieHTa GOKOBOro

TucKy K, 1 Koedilli€HTa THCKY B BOPOHLI F), .
JUTs 30€pEKEHOr0 CUIIKOTO MaTepiaiy mo 30e-

pIra€eThCsi, 32 YMOBHU 3aCTOCYBaHHS BIAMOBI-
HHUX METOJMK 1o 5.2, 5.3 ta 6.1

Ipumirka. 3HaueHHs \J MOXKyTb OyTH BCTAaHOBIEHI B

HalliOHAIBHOMY JIOAATKy. 3HauUeHHs i KoMOiHauil, 3a3Ha-
yeHi B Tabmuisix A.1, A.2, A.3, A4, A.5, € peKOMEH]I0-
BaHMMH 3HAYEHHSIMHU pa3oM i3 CYIyTHIMHU BILIMBaMH 2 i
3, 3MEHIIEHUMH 3a PaxyHOK BiANOBigHOro iM KomOiHa-
uiitHoro xoedirienTa \J .
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be reduced by the combination factor y to
account for the reduced probability of simulta-
neous occurrence in accordance with EN 1990.

Combinations should be chosen in accordance
with the rules of EN 1990.

(2) The combination factor vy ; should be tak-

en as 1.0 and {; =0,9 in all the above load
combinations.

(3) Where the dominant action is seismic or
accidental, the accompanying solids loading
may be obtained using the single value of the
mean wall friction coefficient p,,, the mean

lateral pressure ratio K,, and the mean hopper
pressure ratio F,, for the stored particulate sol-

id provided the appropriate procedures in 5.2,
5.3 and 6.1 are adopted.

NOTE: The values of  may be set by the National
Annex. The values and combinations given in Tables
Al A2, A3 A4 and A.5 are recommended values, with
Accompanying Actions 2 and 3 reduced by their appro-
priate combination factors .

Tabmuis A.l —Po3paxyHKOBIi cuTyallii, 10 pO3TIAAAIOTHCS, 1 KOMOIHAIT BIUIMBIB
Table A.l - Design situations and action combinations to be considered
- S
¥ % | Pospaxynkosa
2 £ | curyauis / momi- |[Tocriiini Brumasu| CynyTHili Biums 2 | Woo | CynyTwil Brums 3 | ¥o3
< é HYIO4MH BIJIUB 1
Short gisr;giﬁ;tl;ﬁﬁ)n; Permanent Accompanying W Accompanying W
title 1 actions Action 2 0.2 Action 3 0.3
1 2 3 4 5 6 7
) CHir abo BiTep abo
BuBanraxxeHHs Ocinanns GpyHaame- .
waTepiay Bnacua Bara Ty TEMIIEPaTypHI HaBa-
D 1,0 HTQKCHHS 0,6
) ) . Foundation Snow or wind or
Solids discharge Self weight settlement thermal
Tumuacosi HaBaHTa-| 0,7
eHHs ab0 nedop-
marii
Imposed loads or
deformation
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Kineup Tabmauui A.1

1 2 3 4 5 6 7
Kopucue naBan- . Cwir abo BiTep a6o | 0,6
3arnoBHEHHS MaTepi- )
TakeHHs a0o ne-| BiacHa Bara TeMIepaTypHi HaBa-
oM
I dhopwmartii 1,0 HTKCHHS
Imposed loads or Self weicht Solids fillin Snow or wind or
deformation & & thermal
Crir Biiacia ara 3anoBHEHHSI MaTepi-
S aJoM 1,0
Snow Self weight Solids filling
Birep 1 3anoBHe- Biiacia ara 3aroBHEHHS MaTepi-
WF HUN OyHKEp aJIoM 1,0
Wind and full silo]  Self weight Solids filling
Bitep 1 mopoxHii Biiacka para Marepiain, nopoxxHin
OyHKep OyHKep
WE Wind and empt 0.0
silo PY 1 Self weight Solids empty
TemnepaTypHi Biiacia para 3anoBHEHHS MaTepi-
T HABaHTAXKCHHS ajioM 1,0
Thermal Self weight Solids filling
) CHir abo BiTep abo
Ocinanus GyH- BuBaHTa)keHHs Ma- .
aMenTy Bnacha Bara Tepiany TeMIepaTypHi HaBa-
F A 1,0 HTaKCHHS 0,6
Foundation Self weight | Solids discharge Snow or wind or
settlement & & thermal
Voo Va3
3AHOBHEHHS MaTCDi- TumyacoBi HaBaHTa-
Bubyx Biacna Bara ATTOM p »KeHHs abo nedop-
E 0,9 Marfii 03
. . . . Imposed loads or
Explosion Self weight Solids filling Jeformation
HaBanraxeHsus Bix TumyacoBl HaBaHTa-
Y nap tpancnopt- :
Brnacha Bara | 3amoBHEHHS MaTepi- *keHHs abo nedop-
HOTO 3aC00y
A% aloM 0,8 Marrli 0,3
Vehicle impact Self weight Solids filling Imposed loads or
deformation

Mpumitka 1. g Tabnwug mocuiaeTscs HA TEPMiHM B IpaBmiIax KoMmOiHamii HaBaHTaxkeHb 3 po3nainy 6 ACTY-H b EN|

1990.

INOTE 1: This table refers to terms in the load combination rules of Section 6 in EN 1990.

IpumiTka 2. HrokHi iHIeKCH \J BXXHBAIOTHCS y TAKOMY 3HAUCHHI: IEPIINH iHAEKC O3HAYAE THI PO3PAXyHKOBOI CUTyamil:
0 - xapakTtepucTHyHa KoMOiHalis; 1 — gacTkoBa KOMOIHaIis; 2 — KBa3inocTiiHa KoMOiHauid. [Apyruii iHAeKc BiTHOCUTHCS
10 HOMepa HABaHT)KCHHS B KOMOiHAIIi.

INOTE 2: The subscripts of  have the following significance: first subscript is for the type of design situation: normal

combination values are 0; frequent values are 1; quasi-permanent values are 2, The second subscript refers to the load
number in the combination.
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Tabmus A2 — «3BHUaiiHi» TpaHWYHI CTaHU 32 HECYUYOIO 3[IaTHICTIO - PO3PaXyHKOBI CHTYAIll i
KOMOiHAIIi1 BIUIMBIB, IO PO3TISAAIOTHCS
Table A.2 — «Ordinary» ultimate limit state ("Ordinary” ULS) - design situations and action
combinations to be considered
Kopotki |+ sz [Tocriiini BBy |{[IpoBignuit 3MiHHMHACyyTHIH  3MIHHUH|CynyTHIH  3MiHHMHA(CYIyTHIH — 3MIHHUHA
MO3HAYKU '5 E BILINB BIUIMB 1 (OCHOBHWMIA) [BILTHB 2 BrumB 3,41 T. 1
> o=
h=
£z
=2
< T A
& =M
Short Design  [Permanent actions [Leading variable/Accompanying vari-/Accompanying vari-Accompanying vari-
title situation / action able action 1 (main) |able action 2 able action 3,4.
Leading etc.
variable
action
Ormrc é:l (1uB. § Ormric Vo, Orrc Voo Ormric Wos
Hactynuuii
CTOBITYUK, Voa
«<(OCHOBHE) ot ©
Description (See next col-{ |Description Description Description |
umn, "main”
1 2 3 4 5 6 7 8 9 10 11 12
D Bupan- [Biacha Bara (0.9 BuBanTa- 1,0 |Ociganns 0,7 |Cuir, BiTep,/0,6
Ta>KeHHS PKCHHSI Marte- (byHIaMeHTy TeMIieparyp-
MaTepia- piary Hi HaBaHTa-
Ty PKSHHS
Solids Self weight Solids Foundation Snow, wind,
discharge discharge settlement thermal
Tumuacosi (0,7
HaBaHTa)KEeH-
HsI, TUMYaco-
Bi nedopma-
i1
Imposed
loads,
imposed
deformation
1 Tumua- [Bnacha Bara (0,9 3amoBHenHs (1,0 [Tumuacomi (0,7 |CHir, BiTep,|0.6
COBI  Jie- MaTepiagom nedopmarii TeMnepaTyp-
(dbopmarrii Hi HaBaHTa-
PKSHHS
Imposed (Self weight Solids filling Imposed Snow. wind,
defor- deformation thermal
mation
Tumuacosi (0,7
HaBaHTa)KEeH-
HA
Imposed
loads
S Cuir Bnacha Bara (0.9 Bamosuenns |1,0  |CHir 0,6 [Twumuacosi [0,7
MaTepiajiom HAaBaHTAXKCH-
st
Snow Self weight Solids filling Snow Imposed
loads
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Kineup Tabmuui A.2

1 2 3 4 5 7 8 9 10 11 12
WF Birep  iBmacna Bara (0.9 3amoBHenHs (1,0 [Bitep 0,6 [Tumuacosi [0,7
3anoBHe- MaTtepiaaoMm, HaBaHTa)KCH-
HUH OyH- 3a[I0BHEHUI Hs
Kep OyHKep
Wind and|Self weight Solids filling, Wind Imposed
Hi 11 silo full silo loads
WE Birep  iBmacna Bara (0.9 Marepian, [0,0 [Bitep 0,6 [Twumuacosi (0,7
MTOPOXKHIH MOPOXKHIH HABAaHTAXKCH-
OyHKep OyHKep Hs
'Wind andSelf weight Solids, empty 'Wind Imposed
empty silo loads
silo
T Temnepa- BnacHa Bara (0,9 3anoBuennst 1,0  [Temmepary- |0.6  [Tumuacosi (0.7
TYpHi MaTepiaiom PHI HaBaHTa- HaBaHTaKECH-
HaBaHTa- PKCHHA HA
PKCHHA
Thermal (Self weight Solids filling Thermal Imposed
loads
IIpumiTka. Jlana Tabauus NOBMHHA BUKOpHCTOBYBaTuCs st opmyur (6.10a) i (6.10b) 6.4.3.2 ACTY-H b EN 1990.
INOTE: Table A.2 should be used with Expressions (6.10a) and (6.10b) in EN 1990,6.4.3.2.
Tabmuus A3 — ABapiiiHi rpaHWYHI CTaHU 32 HECYYOIO 3JIaTHICTIO — PO3PaxXyHKOBI CHUTYyaIlii i
KOMOiHaIi1 BIUIMBIB, 110 PO3TIISIAIOTHCS
Table A.3 — «Accidentaly ultimate limit state ("Accidental" ULS) - design situations and
action combinations to be considered
Po3paxyn Mocrifini Brmen I[O.MiHyu}O‘lI/II\/'I CymyTHii 3MiHH1:H71Cyr[yTHi1‘/'I 3MiHHAH|CyITy THIH .3M.iHHI/II\/'I
3paxyH- 3MIHHMI BILIUB BIuMB 1 (OCHOBHUIA) [BITHB 2 BruB 3,41 T. 1
KOBa CH- Vs
Kopotki ([ryamis/
HO;)Ha‘IKI/I z[}(;NEHy- Vi Vs
. Omnmc Omnmc Ormuc 60  |Ommc ¥,, |Onuc iT..
FOUHit
3MiHHUH Y21
BILIUB
Design  [Permanent actions Legding accidentalAccompanying Vgri—Accompanying Vari-Accompanying vari-
LS action able action 1 (main) |able action 2 able action 3, 4, etc.
Short sfcua‘gon /]
title Leading - - P - |
variable |[Description Description Description  |op Description |¥,, |Description |y, ,
action W2, etc
. TumdacoBi
3amoBHEHHS TrmyacoBi
Bubyx [Bmacna Bara Tuck BHOyXy \atepiaom 0.9 iedopyanii HaBaHTaXEHH
E a0o 03 |a 0,3
. . Blast  pres- . . 10,8  [Imposed Imposed
Explosion|Self weight sure Solids filling Jeformation loads
Y Aap Y nap . Tumuacosi
TpaHcriop 3arOBHEHHS TrMuacoBi
L Horo BracHa Bara TPAHCTIOPTHO MaTepianom 0,9 edopuanii HaBaHTaXEHH
Vv ro 3aco0y 200 0,3 s 0,3
3aco0y 08
Yehicle Self weight Yehicle Solids filling ’ Imposed. Imposed
impact impact deformation loads

IIpumiTka. Jlana Tabauns NOBMHHA 3aCTOCOBYBATHCS 3 BUKOpUCTaHHAM (opmynn (6.11b) 6.4.3.3 ICTY-H b EN 1990.

INOTE: Table A.3 should be used with Expression (6.1 1b) in EN 1990,6.4.3.3.
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Tabmuus A4 — «CelicMiuHI» TPaHWYHI CTaHU 332 HECYUYOIO 3JJaTHICTIO - PO3PaxXyHKOBI CUTYaLlii
1 KOMOiHAIIi1 BIUTUBIB IO PO3TIISAAIOTHCS
Table A4 — «Seismicy ultimate limit state ("Seismic" ULS) - design situations and action
combinations to be considered
Po3paxy- o oMiHytouni 3MiH- | CynyTHiit 3Minau# | CynyTHil 3minnuii | CymyTHiN 3MiHHHNA
PAXY™\ Mocritini prmen | ™ ! yny o A yny S
HKOBa HUH BIUIMB BIUIUB | (OCHOBHUH) BILTUB 2 BIWB 3,41 T. 1
. i
Kopotki cnryan A/ Va3
MMO3HAaYKH JLOMLIY= Va4
FOUMi Omnuc Omnuc Omnuc Vs, Omnuc 29 Omnuc .
3MiHHUHT T
BILTHB
Design | pPermanent actions Leading qccidental Accompanying Vqri— Accompany.ing vari- Accompanying vari-
situation / action able action | (main) able action 2 able action 3, 4, etc.
Short .
title Leading Vas
variable | Description Description Description | ¥, | Description | ¥, | Description | v,,
action ete
Ceii-
CMIYHHH N 3amoBHEHHS .
. Ceticmiunuit . . Tumuacosi
BIUTHB 1 Marepiaiom, Tumuacosi
Bracha Bara BILTHUB . HaBaHTA)KCHH
3all0BHe- (semreTpyc) 3aII0BHEHUI nedopmarrii 4
SF | mwii Gyn- 14 6yukep | 0.8 0,3 0,3
Kep
Seismic Seismic ac- . .
. . . Solids filling, Imposed Imposed
action and| Self weight tion (earth- . .
. full silo deformation loads
full silo quake)
Ceii-
CMIYHHH CelicMiuHmit Marepiann, . Tumyacosi
. o Tumuacosi
BIUIMB 1 | BimacHa Bara BIIJINB TMMOPOKHIN HaBaHTAXCHH
.. nedopmartii
MOPOXKHIH (3emzerpyc) OyHKep G
SE OyHKep 0,8 0,3 0,3
Seismic Seismic ac
action an . . ) li mpt Im Im
ction and Self weight tion (earth- So ds., empty poseq posed
empty silo deformation loads
silo quake)

IMpumitka. /Jana TabIUIs TOBUHHA 3aCTOCOBYBATHUCS 3 BUKOpHCTaHHSIM popmyiu (6.12b) 6.4.3.4 ICTY-H b EN 1990 i Bin-

moBinauX dopmyn 3 ACTY-H B EN 1998-1 1 ICTY-H b EN 1998-4.

INOTE: Table A.4 should be used with Expression (6.12b) in EN 1990, 6.4.3.4 and those of EN 1998-1 and EN 1998-4

A.5 Komoéinanii BniiMBiB U1 Kjacy BILIH-

BiB 1

(1) Jns OyHkepiB Kiacy BIUIMBIB 1 Jomycka-
€TbCS IPUHAMATH HACTYIHI CIIPOIIEHI PO3paxy-

HKOBI1 CUTYyaIlii:

— 3aIlIOBHCHH:,

— BHUBAHTAXXCHHA,

—  BiTep IpHU MOPOKHBOMY OYHKEpI;

—  BITEp MpH 3alIOBHEHOMY OyHKepi;

—  CHIT (U1 1axy);

(2) [dnst BiTpOBOTO HABaHTAXKEHHS JI03BOJICHO
3aCTOCYBaHHS CIPOIICHHUX TPABUII 3
JCTY-H B EN 1991-1-4.

A.5 Action combinations for Action Assess-

ment Class 1

(1) The following simplified design situations
may be considered for silos in Action Assess-

ment Class 1:
— filling;

—  discharge;

—  wind when empty;

— filling with wind,

—  snow (for the roof).

A simplified treatment of wind loading is per-
mitted according to rules of EN 1991-1-4.
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Tabmuus A5 — I'paHuyHMIl cTaH eKCIUTyaTaliiHOI MPUIATHOCTI — PO3PAaxXyHKOBI CHUTyalii i
KOMOiHaIlii BIUTMBIB, 110 PO3TIISIAI0THCS
Table A.5 — Serviceability limit state (SLS) - design situations and action combinations to
be considered
Kopotk | Po- [ocriitni BrmuBu | Jominyrouniiz | CymyTHii CynyTHii CynyTHiit
i 3paxyH MIHHUH BIUIMB | 3MiHHUHA BIUIMB 1 | 3MiHHUH BIUIMB 2 | 3MIHHUI BIUIUB 3,
MMo3Ha4y | KoBa (ocHOBHUT) 4 Tomio
K1 CUTY- Omnc IIUB. Ormmc Omnuc Omuc s
anis/ f{aCTyn Vi Voo ,/,073
JOMiHY HUH abo abo >
. abo
00141051 CTOBITY LN L&) v,
3MiHHH WK, v,
i «OCHOB LT
BILINB HE»)
Short Design | Permanent Lead- Accompa- Accompa- Accompa-
title situa- actions ing nying vari- nying vari- nying vari-
tion / varia- able action able action able action
Lead- ble 1 (main) 2 34,
ing action etc.
varia- Descrip- (See Descrip- % Descrip- % Descrip- Vs
ble tion next tion " tion 2| tion w
action col- o
umn, or or o.;:/tc
"maln") Vi Vo v..,
1 2 3 5 6 7 8 9 10 11 12
D Bupant | Bimacna Busanraxx | 0.9 | Ociganus 0,7 | Cpwir, 0,6
QKeHHsI | Bara CHHS or ¢bynnamen | 01 BiTED, or
Martepi Matepiamy | 0,8 | 1y 0.3 | Temmepary | 0,0
amy pHIi
HaBaHTaXe
HHS
Solids | Self weight Solids Foundation Snow,
dis- discharge settlement wind,
charge thermal
Tumuacosi | 0,7
HaBaHTaxe | 01
HHS, 0,3
THMYaCOBI1
nedopmarri
;
Imposed
loads, im-
posed de-
formation
1 Tumuyac | BiachHa 3amoBHenH | 0,9 | Tumuacori | 0.7 | CHir,Bitep, | 0,6
OBI Bara st or nedopmarii | or temnepaty | 01
nedop matepiaio | 0.8 |1 0,3 | pui 0.0
Marrii M HaBaHTaXe
HHs
Im- Self weight Solids fill- Imposed Snow,
posed ing defor- wind,
defor- mation thermal
mation
Tumuacosi | 0,7
HaBaHTaxe | or
HHS 0,3
Imposed
loads
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Kineup Tabmaumi A.5

1 2 3 4 5 6 7 8 9 10 11 12
S Cuir Bnacna 3amoBuenH | 0.9 | Cuir 0,6 | Tumuacosi | 0,7
Bara o or 01 HaBaHTaXe | Or
matepiasio | 0,8 0.0 | mHs 0,3
M
Snow Self weight Solids fill- Snow Imposed
ing loads
WF Bitep i | BimacHa 3anosuenn | 0.9 | Bitep 0,6 | Tumuacosi | 0,7
MOBHUI | Bara 1 or or HaBaHtaxe | 01
OyHKep Mmarepiao | 0.8 0,0 | HHA 0,3
M, TIOBHHI
OyHKep
Wind Self weight Solids fill- Wind Imposed
and full ing, full loads
silo silo
WE Birep i | BmacHa Martepian, | 0,0 | Bitep 0.6 | Tmmuacosi | 0,7
MopoXk | Bara MTOPOKHII 01 HaBaHTaXe | Or
Hil OyHKep 0.0 | mHA 0,3
OyHKep
Wind Self weight Solids, Wind Imposed
and empty silo loads
empty
silo
Temnep | Brnacna 3anoBHEHH Temnepary Tumuacosi
aTypHi | Bara s pHi HaBaHTaXe
HaBaHT Marepiano HaBaHTaXe HHS
AKEHHS M HHSI
T Ther- Self weight Solids fill- | 0.9 | Thermal 0,6 | Imposed 0,7
mal ing 01 or loads 01
0.8 0,0 0,3
Mpumitka. Jlana Tabnuis MOBUHAA BUKOPHCTOBYBATHUCS 3 Gopmynamu (6.14b), (6.15b) i (6.16b) 6.5.3 ICTY-H b EN
1990, HacCTYTHIM YHHOM:
NOTE: Table A.5 should be used with Expressions (6,14b), (6,15b) and (6,16b) in EN 1990, 6,5,3 as follows:
XapaKkTepucTH4Hi KoMOiHalii, popmyna (6.14b):
XapaKTepUCTH4HI KOMOiHalli{ 3a3BU4ail BUKOPHUCTOBYIOTHCS JUIsl HE3BOPOTHHUX IPAaHUYHHUX CTaHiB,
Characteristic combination, Expression (6.14b):
The characteristic combination is normally used for irreversible limit states.
yacti koMOiHauii, popmyina (6.15b):
4acTi KOMOIHaIi1 3BMYaiiHO BUKOPHUCTOBYIOThCS JIsl 00OPOTHUX TPAaHUYHHX CTaHIB;
Frequent combination, Expression (6.15b):
The frequent combination is normally used for reversible limit states.
KBa3iMoOCTiiHI KoMOiHaIlii, hopmyia (6.16b):
KBa3iMOCTiiHI KOMOIHAIIT 3a3BHYall 3aCTOCOBYIOTHCS JIJIsl TPHBAJIMX BILUIMBIB 1 30BHIITHHOTO BHTY KOHCTPYKIIIH.
Quasi-permanent combination. Expression (6.16b):
The quasi-permanent combination is normally used for Ions-term effects and the appearance of the structure.
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JOJATOK B
(moBigKOBMIA)

BIIVIMBHU, YACTKOBI KOE®IIIEHTH I
KOMBIHAILIII J1J151 PE3EPBYAPIB

Pepakuiiina npumirka. Ileit nonatox e iHdopmaTus-
HuM i Oyne nepeneceno B JICTY-H b EN 1990 micns
odiuiitHoro 3aTBEepIKEHHS

B.1 3araiapHi moJoKeHH

(1)P Ilpu po3paxyHKy HEOOXiHO BpaxOByBaTH
XapaKTepUCTHYHI 3HAYCHHs BILUIMBIB, HaBeJe-
Hux B B.2.1-B.2.14.

(2) Ans mux XapakTEepUCTUYHUX 3HAYCHb CJIiJT
3aCTOCOBYBAaTH YacTKOBI  Koe(DIieHTH 0
BIUIUBIB 3rigHo B.3 1 mpaBuna nis komOiHaIii
BIUIMBIB 3TiaH0 B.4.

B.2 BniiuBu
B.2.1 HaBaHTa:KeHHH BiJ pianH

(1)P ITpu poGOTi B SKOCTI HaBaHTAKEHHS BiJ
3alOBHEHHST HEOOXITHO MPHUIMAaTH Bary mpojy-
KTy 110 30€pira€Thcesi, BiJl MAaKCUMaIbHOTO PO3-
PaxXyHKOBOTO pIBHSI PIIMHU JI0 TOPOKHBOTO
CTaHy.

(2)P Ilpu BumpoOyBaHHSIX B SKOCTI HaBaHTa-
KEHHSI BIJ] 3alIOBHEHHS HEOOXI1THO MpHUIMaTH
Bary piJliHU, 110 BUKOPUCTOBYETHCS MPHU BH-
npoOyBaHHSX, BIJ] MAKCUMAJILHOTO PIBHS PiIH-
HU TIpY BUTIPOOYBAHHSX J0 MOPOKHBOTO CTaHY.

B.2.2 HaBaHTa:KeHHs Bil BHYTPIlIHHOIO TH-
CKY

(1)P Tlpu pobOTI B SIKOCTI HaBaHTKEHb BIJ
BHYTPIIIHBOTO THUCKY HEOOXiTHO NpUiMaTH
HABAaHTAXKCHHSI BiJ] MPU3HAYEHOTO0 MiHIMaJIbHO-
IO Ta MAKCUMAJILHOTO BHYTPIIIIHBOTO THCKY.

(2)P Ilpu BumpoOyBaHHSX B SKOCTI HaBaHTa-
JKE€Hb BiJ] BHYTPIIIHBOTO THCKY HEOOX1THO
npuiiMaTH HAaBaHTKEHHsS BiJ MPU3HAYEHOTO
MIHIMaJbHOTO Ta MAaKCHMaJbHOTO BHYTPIMI-
HBOT'O THCKY TIPY BUMPOOYBAHHSX.

B.2.3 TemnepaTypHi HaBaHTaKEHHS

(1) Hampy>xeHHs Biji 0OMEXEHHST TeMIIepaTyp-
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ANNEX B
(Informative)

ACTIONS, PARTIAL FACTORS AND
COMBINATIONS OF ACTIONS ON
TANKS

EDITORIAL NOTE: This annex is for information only
and will be transferred to EN 1990 after Formal Vote.

B.l General

(1)P The design shall take account of the char-
acteristic values of the actions listed in B.2.1 to
B.2.14.

(2) The partial factors on actions according to
B.3 and the action combination rules according
to B.4 should be applied to these characteristic
values.

B.2 Actions
B.2.1 Liquid induced loads

(1)P During operation, the load due to the con-
tents shall be the weight of the product to be
stored from maximum design liquid level to
empty.

(2)P During test, the load due to the contents
shall be the weight of the test medium from
maximum test liquid level to empty.

B.2.2 Internal pressure loads

(1)P During operation, the internal pressure
load shall be the load due to the specified min-
imum and maximum values of the internal
pressure.

(2)P During test, the internal pressure load shall
be the load due to the specified minimum and
maximum values of the test internal pressure.

B.2.3 Thermally induced loads

(1) Stresses resulting from restraint of thermal



HOTO PO3IIUPEHHS MPUITYCKAETHCS HE BPAXOBY-
BaTH, SKIIO YHKCJIO IUKJIIB TEMIIEPaTypHOIro
PO3IIUPEHHS Take, 10 BiACYyTHINH pu3UK Oara-
TOLIHKIIOBUX 360 MaJOOUKIOBUX BTOMHHX IIO-
IIKOJKEHb.

B.2.4 HaBanTaskeHHH BiJ BJacHOI Baru

(1) P HaBanTaxxeHHs1 BiJ BJIACHOI Baru pesep-
Byapa TMOBHHHE BpPaxOBYBAaTH Bary BCiX CKJa-
JIOBUX YAaCTHH pe3epByapa 1 BCIX E€JIEMEHTIB,
MPUKPIIUIEHUX J0 HHOTO MOCTIHHO.

(2) YwucnoBi 3HaAYEHHs CiJg MpuUAMaTH 3a
JACTY-H B EN 1991-1-1, nogatok A.

B.2.5 HaBanTakeHHs Bix izoasmii

(1)P B sKocTi HaBaHTa)XEHHS Bij 130JIA11ii He-
00XiTHO IpUHMATH BJIACHY Bary i30JIALIii.

(2) YwmcnoBi 3HaueHHs CIi NpUHAMaTH 3a
JCTY-H B EN 1991-1-1, nogatok A.

B.2.6 Po3noaisieni TuM4acoBi HaBaHTAKeH-
HA

(1) Posmopineni TuM4acoBl HABaHTAXKEHHS CJT1]T
npuiimaru 3a JJCTY-H b EN 1991-1-1, sxmo
BOHU HE MPU3HAYAIOTHCS 3aMOBHHUKOM.

B.2.7 3ocepenkeni Tum4acoBi
HABAHTAKEHHSA

(1) 3ocepemxeHi TUMYAcOBI HaBaHTAKEHHS
cmia mpuitmatu 3a JICTY-H b EN 1991-1-1,
SKIIIO BOHU HE IPU3HAYAIOTHCS 3aMOBHUKOM.

B.2.8 Cuir

(1) CuiroBi HaBaHTaXXeHHsI CIiJ] MPUHAMATH 3a

JACTY-H b EN 1991-1-3.

B.2.9 Birep

(1) BiTpoBi HaBaHTa)XKeHHS CJIiJ MPUUMATH 3a
JCTY-H B EN 1991-1-4.

(2) lonaTkoBO JOIYCKA€THCS MPUKAMATH Ha-
CTYIHI KOe(Ii€eHTH TUCKY I KPYTJIUX ITHIIi-
HAPUYHUX pe3epByapiB (IuB. pucyHok B.1):

a) BHYTpIIIHIA TUCK IJIsl BIAKPUTHX 3BEPXY
pe3epByapiB 1 BIAKPUTUX 3BEpXy NpHUilmMa-

np. ACTY-H b EN 1991-4:20XX

expansion may be ignored if the number of
load cycles due to thermal expansion is such
that there is no risk of fatigue failure or cyclic
plastic failure.

B.2.4 Self-weight loads

(1)P The self-weight loads on the tank shall be
considered as those resulting from the weight
of all component parts of the tank and all com-
ponents permanently attached to the tank.

(2) Numerical values should be taken from EN
1991-1-1, Annex A.

B.2.5 Insulation

(1)P The insulation loads shall be those result-
ing from the self-weight of the insulation.

(2) Numerical values should be taken from EN
1991-1-1, Annex A.

B.2.6 Distributed imposed load

(1) The distributed imposed load should be tak-
en from EN 1991-1-1 unless specified by the
client.

B.2.7 Concentrated imposed load

(1) The concentrated imposed load should be
taken from EN 1991-1-1 unless specified by
the client.

B.2.8 Snow

(1) The loads should be taken from EN 1991-1-
3.

B.2.9 Wind

(1) The loads should be taken from EN 1991-1-
4.

(2) In addition, the following pressure coefti-
cients may be used for circular cylindrical
tanks, see figure B.1;

a) internal pressure of open top tanks and
open top catch basin: ¢, =-0,6.
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b)

JIbHUX OaceiiHiB: ¢ p = -0,6;

BHYTPIIIHINA THCK U1 BEHTHWJIBOBAHUX pe-
3epByapiB 3 MaJuMHU OTBOpaMHU:
c, =—04;

SKIIO € MpUMaIbHUI OaceiiH, TO 30BHIIII-
HIA THUCK Ha 00OJIOHKY pe3epByapa MpHUITy-
CKA€ThCSl MPUUMATH TaKUM, IO 3MEHIIY-
€THCS JIIHIAHO 10 BHCOTI.

b)

internal pressure of vented tanks with
small openings: ¢, =—0,4.

where there is a catch basin, the external
pressure on the tank shell may be assumed
to reduce linearly with height.

{

10—y ] |

T~ P b b o

|—'ﬂ| L j‘\x IIZ:} |EA

= = = s — > 7R

e —— T

o B¢ LR I ¢ iﬂ_.?
= ek o

Cp=068

a - pe3epByap 3 puiiManbHUM OaceiiHOM

a) Tank with catch basin

1
R RN

IR

[_Lu;_uuu_‘i\
—

b - pesepByap 6e3 npuiiManbHOTO OacelHy

b) Tank without catch basin

Po3’sicuenns

1 €, no ICTY-HB EN 1991-1-4

2 C, =04 rtibku s pesepByapa 3 BEHTHU-

JISALIERO

Key

1 €, according to EN 1991-1-4

2 C, =0,4 vented tank only

Pucynok B.1 — KoedirieHTH THCKY BITPOBHUX HaBaHTaXEHb HA KPYTIUH IIMITIHAPUYHUN pe3epByap

TUTSL PiAVH

Figure B.I: Pressure coefficients for wind loading on a circular cylindrical tank
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(3) BHacnigox THMYacoBOTO XapakTepy, s
CTafii MOHTaXy JOIYCKA€ThCSI BUKOPHUCTOBY-
BaTH 3HIDKCHI BITPOBI HABAaHTAa)KCHHS BiJIIOBI-
auo go JCTY-H b EN 1991-1-4 1 ICTY-H b
EN 1991-1-6.

B.2.10 Tuck Bakyymy BHACJi10K
HEeJO0CTATHHOI BeHTHJIALIL

(1) HaBanTa)keHHs BiJl CJiJ IpHIMATH 3a PO3-
oM 7.

B.2.11 CeiicmiuHi HABaHTAKEHHSHA

(1)P Celicmiuai HaBaHTaXEHHS HEOOXiTHO
npuiimatu o JICTY-H b EN 1998-4, skuii Ta-
KO BCTAHOBIIIOE BUMOTH JI0 CEHCMIYHOTO PO3-

paxyHKy.

B.2.12 HaBaHTa’KeHHs Bil NPUEIHAHUX
eJIEMEHTIB

(1)P HeoOxigHO BpaxoByBaTH HaBaHTAXECHHS
Bl TpyOONPOBO/IiB, 3aCyBOK 1 1HIIMX €JIEMEH-
TiB, NpPUEAHAHUX IO pe3epByapy, 1 HaBaHTa-
JKEHHsI BHACJIJIOK OCIJTaHHS HE3aJICKHUX OIOP
IIUX €JEMEHTIB BIJTHOCHO (hyHIAMEHTy pesep-
Byapa. Cucremu TpyOOmpOBOIB HEOOX1THO
PO3pOONIATH TaKUM YMHOM, LI00 Ha pe3epByap
IISUTH MIHIMAJIbHI HAaBaHTAKEHHS.

B.2.13 HaBaHTa:KeHHs Yepe3 HepiBHOMipHe
ocizaHHs

(1) P HaBaHTaxxeHHsI BiJl OCiJIaHHS HEOOX1JHO
BpPaxOBYBaTH, SKIIO MPOTATOM CTPOKY CIIyKOu
pe3epByapa MOKHA OYIKYBAaTH MOSBU HEPIBHO-
MIpHHUX OC1JIaHb.

B.2.14 ABapiiini BILINBH

(1) L1 maBaHTa)X€HHS TOBHHHI BpPaxOBYBaTH
HACNIJIKM TaKWX TMOJi{, SK 30BHINIHS YyJapHa
XBWJIS, y/IapH, 30BHINIHIA BOTOHb, BUOYX, BH-
TOKH 3 BHYTPIIIHBOTO pe3epByapa, MepeKuaH-
HJ 1 IEpEMOBHEHHS BHYTPIIITHLOTO pe3epByapa.
IpumiTka. 1{i HaBaHTa)XEHHSI MOXKYTh OyTH IPU3HAYCHI

B HAIlOHAIFHOMY IOJATKy, a00 3aMOBHHUKOM [UIA
IHIMBIyaTbHOTO MPOEKTY.

B.3 YacTkoBi koedinieHTH 11 BIUIUBIB

(1)P ns Brumsie B.2.2 - B.2.14 HeoOxigHO
BUKOPUCTOBYBAaTH YacTKOBI KOEQIIIEHTH TIO
JCTY-H b EN 1990.

np. ACTY-H b EN 1991-4:20XX

(3) Due to their temporary character, reduced
wind loads may be used for erection situations
according to EN 1991-14 and EN 1991-1-6.

B. 2.10 Suction due to inadequate venting

(1) The loads should be taken from section 7 of
this standard.

B. 2.11 Seismic loadings

(1)P The loads shall be taken from EN 1998-4,
which also sets out the requirements for seis-
mic design.

B. 2.12 Loads resulting from connections

(1)P Loads resulting from pipes, valves and
other items connected to the tank and loads re-
sulting from settlement of independent item
supports relative to the tank foundation shall be
taken into account. Pipework shall be designed
to minimize loadings applied to the tank.

B.2.13 Loads resulting from uneven
settlement

(1)P Settlement loads shall be taken into ac-
count where uneven settlement can be expected
during the lifetime of the tank.

B.2.14 Accidental actions

(1) The loads should include the consequences
of events such as external blast, impact, adja-
cent external fire, explosion, leakage from the
inner tank, roll over and overfilling of the inner
tank.

NOTE: These loads may be specified in the National
Annex, or by the client for the individual project.

B.3 Partial factors for actions

(1)P The partial factors according to EN 1990
shall be applied to the actions B.2.2 to B.2.14.
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(2) PexomeHn0oBaHe 3HAYEHHS YAaCTKOBOI'O KO-
edilieHTa UIsi HAaBaHTaXXEHb BiJl PIIWHU MPHU
po6orti cranoButs (B.2.1 (1) 7 =1,20.

(3) PexomeH0BaHE 3HAUEHHSI YaCTKOBOTO KO-
edilieHTa UIsi HAaBaHTAXXCHb BiJl PIIUHU TIPH
BUIIPOOYBaHHSIX CTAaHOBHUTH (B.2.1(2)
vr =100.

(4) ns aBapiiHUX PO3PAXyHKOBHX CHUTYyalli
PEKOMEHJOBaHE 3HAYECHHS YaCTKOBOTO Koedi-
mi€HTa UIL  3MIHHAX BIUIMBIB CTaHOBUTH
vr =100.

B.4 Komo0inanii BniinBiB

(1)P HeoOximHo ciigyBaTH 3arajbHUM BHUMO-
ram JICTY-H B EN 1990, po3ain 6.

(2) KopucHi HaBaHTa)X€HHS 1 CHITOBI HaBaHTa-
KCHHSI PEKOMEHJIYETbCS HE MpHUHAMATH JiI04YH-
MU OHOYACHO.

(3) PekoMeHyeThCSl HE BPaxoOBYBaTU CEHCMIiU-
Hi HABAHTa)XEHHS B YMOBaxX BUIIPOOYBaHb.

(4) PexoMennyeTbesi He BpaxoOBYBaTH aBapiiHi
BIUTMBH TIPH BUMPOOYBAHHSX, MPH IIBOMY CIIiJI
BUKOPHCTOBYBATH TPaBHJIa KOMOIHYBaHHS JJIst
aBapifHMX HaBaHTAXEHb  BIAMOBIAHO  JIO
JCTY-H B EN 1990.
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(2) The recommended value of the partial fac-
tor for the liquid induced loads during opera-
tion (see B.2.1(1) is yr =1,20.

(3) The recommended value of the partial fac-
tor for the liquid induced loads during test (see
B.2.1(2)is yr =100.

(4) For accidental design situations, the rec-
ommended value of the partial factor for the
variable actions is y =1,00.

B.4 Combination of actions

(1)P The general requirements of EN 1990,
Section 6 shall be followed.

(2) It is recommended that imposed loads and
snow loads need not be considered to act simul-
taneously

(3) It is recommended that seismic actions need
not be considered to act during test conditions.

(4) It is recommended that accidental actions
need not be considered to act during test condi-
tions, but that the combination rules for acci-
dental actions given in EN 1990 are applied.



JOJATOK C
(000B's13K0BHIN)

BUMIPIOBAHHSA XAPAKTEPUCTHUK
CHUIIKOI'O MATEPIAJTY IJIA
BU3HAYEHHS HABAHTAKEHb HA
BYHKEP

C.1 3araanHi noJo:xeHHs

(1) Y upoMy ogatky HaBOJSATHCS METOAM BH-
3HAYEHHS MapaMmeTpiB marepiany 1o 30epira-
€TbCSA, SKI BBOJATH B I[bOMY CTAaHIApTi BU-
KITIOYHO JIJIsS PO3paxyHKy HaBaHTaXCHb Ha Oy-
Hkep. Lli MmeToan He MalOTh Ha METI PO3paxy-
HOK 1 TMPOEKTyBaHHs OyHKepa Juisi 3a0e3re-
YCHHSI HAQJIMHOTO BWBAHTAXKEHHS Marepiaiy.
SIkmo BiacTUBOCTI HEOOXIIHI I OLIHKYU Ha-
BaHTQ)KEHb, TO BAXKJIMBUMHU € HACTYIIHI acIeK-
TH: BIANOBIIHUN piBeHb TUCKIB HAabaraTto BU-
e, HDK I OLIHKK BUTIKAHHS, MiATOTOBKA
3pa3KiB MOBUHHA BiAMOBIIaTH YMOBaM B 30HaX
MaTepiany 3 HalHOUTBIIMMU TUCKAMU ITICHS 3a-
MOBHEHHS; 1CTOPisl HaBaHTaXXEHHsS Marepiaiy,
SK TIPABHUJIO, BIAPI3HAETHCS TaKOO, MOB'SA3aHOT
3 3yMHUHKOIO BUTIKAHHS. 3 1IbOTO BUILIUBAE,
[0 IMATOTOBKA 3pa3KiB B JICIKUX KITFOYOBUX
MOMEHTAaX BIAPI3HAETHCS BiJ MIATOTOBKH IS
BUMIPIOBaHHS XapaKTEPUCTHK BUTIKAHHSI.

Po3nonin ynakoBaHMX 4acTUHOK, HEOOX1THHI
JUIsL LUX BUNPOOYBaHb, IOBUHEH 3a0e3MeuyBa-
TH BHUCOKI HIUTBHOCTI MaTepiairy 1o 30epira-
€Tbcs. Bel mapamerpu, siKi BIUTMBAIOTh HA THCK
B OyHKepi, TOBUHHI BU3HAYATUCA B IIMX YMO-
BaX, OCKUIBKM TaKHH CTaH Ui Marepialy €
OCHOBHHMM CTaHOM, III0 Ja€ BEPXHI XapaKTepH-
CTUYHI 3HaYCHHS BIUIMBIB Ha KOHCTPYKLIi Oy-
HKepa.

C.2 C¢epa 3acTocyBaHHs

(1) Metoau BunpoOyBaHb, HaBEJICHI B I[bOMY
J0JaTKy, NpU3HadeHi Juid OyHKepiB Kiacy
BIUIMBIB 3 a0o najisi MarepiaiiB, BIACYTHIX B
tabmuui E.1, abo sk anmpTepHaTHBa CHpOIE-
HUM 3HadeHHsAM B TaOmuii E.1. CrampmaptHi
HaNpY>KEHHsI TIPU BUIIPOOYBaHHSIX € BEPTHUKA-
JPHUMHU a00 TOPU3OHTAIBHUMH, 1 BOHH TIO-
BUHHI MPEACTaBISATH THUCK B Marepiami 1o
30epiraeTsCsl B TOUILI MEPeXoay, KOJau OyHKep
3HaXOAMTHCS B MIOBHICTIO 3aIIOBHCHOMY CTaHi.
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ANNEX C
(Normative)

MEASUREMENT OF PROPERTIES OF
SOLIDS FOR SILO LOAD EVALUATION

C.1 Object

(1) This annex describes test methods for the
determination of the stored solids parameters
introduced in EN 1991-4 for the purposes of silo
load evaluation only. These methods are not in-
tended for use in design for reliable discharge.
Where the properties are required for load as-
sessment, the following aspects are important:
the relevant stress level is much larger than that
for flow assessment, the sample preparation
must reflect conditions in highly stressed parts
of the stored solid after filling, and the stress
history of the material is generally different
from that associated with flow stoppages. As a
result, the sample preparation differs in some
key ways from that appropriate to the measure-
ment of flow properties.

The particle packing arrangements sought in
these tests should achieve high densities for the
stored solid. All the parameters that affect silo
pressures should be evaluated under these con-
ditions because this condition for the solid is the
reference state for the upper characteristic val-
ues of the actions on the silo structure.

C.2 Field of application

(1) The test methods defined here are for use on
silos in Action Assessment Class 3. or for a
stored solid that is not listed in Table E.l, or as
an alternative to the simplified values given in
Table E.I. The reference stresses in the tests are
either vertical or horizontal and they should be
representative of the stresses in the stored solid
at the silo transition when the silo is in the full
condition.
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(2) Metoau BunpoOyBaHb MOXYTh OyTH BH-
KOPHCTaHI NI BUMIPIOBAHHSI XapaKTEPUCTUK
MaTepiany, sKi MalTh 3arajbHE BiJHOIICHHS
0 po3paxyHKy OyHkepa. BumpoOyBanHs 3
BU3HAYCHHS 3HAUYEHb TAKUX XapaKTEPUCTHK
HEOOX1IHO BUKOHYBATH, SKILIO 1€ MOXHa 3a-
CTOCYBAaTH, 3 BUKOPHCTAHHSIM HACTYITHUX €Ta-
JIOHHUX PiBHIB THCKIB:

a) Ui MPEJICTABJICHHS BEPTUKAJIBHUX THCKIB
(muB. C.6, C.8 1 C.9): cranmapTHe Harpy-
xeHHs o, =100 «/la;

b) s mpencTaBlieHHS TOPU3OHTAIBHUX TH-
ckiB (nuB. C.7.2): cTangapTHE Hanpy>KeH-
Hi o, =50«lla .

C.3 CumBoan

B nanomy nonaTky 3aCTOCOBYIOTHCSI HACTYIIHI
CUMBOJIU:

a MONPABKOBUM KOE(DIMIEHT I Xapak-
TEPUCTHKH;

c 3ueruieHHs (AuB. pucyHok C.4);

D BHYTPILIHIN iaMeTp KOPOOKH;

F, 3aJUIIKOBA CHJIa 3pi3y B KIHII BHIIPO-
OyBaHb JJIs1 BU3HAYEHHS TepTs 00 CTi-
HKU;

K,, CepenHe 3HadeHHs Koediuienra GOKo-

BOI'O TUCKY IJIA IIaJIKUX CTiH;

A 3MILIEHHS BEPXHbOI YACTUHM 3PI3HOI
KOpOOKH i1 Yac BUIIPOOYBaHb;

& KYT BHYTPINIHHOIO TEPTS, BUMIpSHUH
[IPY HaBaHTAXXCHHI 3pa3Ka;

@, KyT BHYTPIIIHBOTO TEPTs, BUMIPSHUIMA
NP 3HIKEHOMY HOPMaJIbHOMY THCKY;

H KOe(iIIEHT TepTsl MK 3pa3koM Mare-
piajy 1 3pa3KoM CTIHKH;

o,  CTaHJapTHE HAaIPYy>KCHHS;

7, MaKCUMaJIbHI Hampy>KeHHS 3pi3y, BU-
MipsiHi y BUIIPOOYBaHHIX HA 3pi3 Micis
iABUIEHHS HOPMAJIBHOTO THUCKY (ITUB.
pucyHok C.4);

7 MaKCUMaJlbHI Hamnpy>KeHHs 3pi3y, BU-

MIpsiHI y BUNIPOOYBaHHIX Ha 3pi3 MICIs
3HIOKEHHS. HOPMAJbHOI'O HAIIPY>KEHHS
(muB. pucynok C.4);
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(2) The test methods may also be used for the
measurement of values of solids properties of
general relevance to silo design. Tests to deter-
mine such generally relevant values should be
carried out, where applicable, using the follow-
ing reference stress levels:

a) to represent the vertical pressure (see C.6,
C8 and C.9). reference  stress
o, =100 kPa

b) to represent the horizontal pressure (see
C.7.2); reference stress o, =50 kPa .

C.3 Notation

For the purpose of this annex the following no-
tation applies:

a property modification coefficient
c cohesion (see Figure C.4)
D cell internal diameter

F, residual shear force at end of wall
friction test (see Figure C.2b)

K,, mean lateral pressure ratio for smooth
wall conditions

A displacement of top part of shear cell
during test

& angle of internal friction measured dur-
ing loading

@, angle of internal friction measured un-
der decreasing normal stresses

H coefficient of friction between the sam-
ple of solid and the sample of wall

o, reference stress

7, final shear stress measured in a shear
test after increasing the normal stress
(see Figure C.4)

7 peak shear stress measured in a shear
test after decreasing the normal stress
(see Figure C.4)



T HaIpyTu 3pi3y, BUMIPIOBaHI y BHUIIPO-
OyBaHHSX Ha 3pi3.

C.4 BuznaueHus

B nmanomy nmonmaTky 3acTOCOBYIOThCS TakKi BU-
3HA4YCHHA:

C4.1
BTOPMHHHUII MapaMeTp:

Bynp skuii mapaMeTp, KA MOXE BIUTUHYTH
Ha XapaKTEepUCTHKU MaTepiany mo 30epira-
€TBCsI, ajJlc HE BBOJUTHLCS K OCHOBHHU uepes3
MIHJIMBICTh. BTOpUHHUMH MapamMeTpaMu €:
CKJIaJl, TPAaHYJIOMETPUYHUI CKJIaJl, BMIiCT BO-
JIOTH, TEMIepaTypa, BiK, €JICKTPUYHUHN 3apsi
BiJl MEpPEMIIICHHS 1 METOIU BUpOOHMIITBA. Ba-
piamii cTaHAapTHUX HANPYKEHb, 3a3HAYCHHUX B
C.2, OBUHHI pO3IJIsIATHCS K BTOPUHHI Ta-
pameTpu.

CA4.2
Bi10ip 3pa3kis:

Bubip npeacraBHUIIBKUX 3pa3KiB Marepiany
mo 30epiraeTbcst a00 marepially CTIHKH OyH-
Kepa 3 ypaxyBaHHIM MiHJIMBOCTI B 4aci.

C43
CTAHJapPTHE HANIPY:KeHHS:

HanpysxeHuii ctaH, npu SIKOMY BHMipIOIOTBCS
XapakTepucTuku Matepianmy. CraHmapTHe Ha-
NPYKCHHS 3a3BHYail BUOUPAETHCS TAKUM YH-
HOM, IIIOO BIAMOBIATH PIBHIO THCKIB IICISA
3amoBHEHHs OyHkepa. [HOAI HEoOXinHO BH-
3HAYaTH CTaHJApTHE HAMPYXKECHHS 3 OUIBII
HIXK OJTHUM T'OJIOBHUM HAIpYKEHHSIM.

C.5 Bin6ip 3pa3kiB Ta ix miaroroska

(1) BunpoOyBaHHs MMOBUHHI MPOBOJUTHUCS HA
MPECTaBHUIBKUX 3pa3kax CHUIyYHX Marepia-
JB.

(2) Bubip 3pa3ka MOBHHEH 3J1HCHIOBATHUCA 3
ypaxyBaHHSIM BIJIIIOBITHOTO PO3IJIAYy Bapia-
Iif, MOXJIMBHUX IMPOTATOM TEPMIHY CIIyKOU
OyHKepa, 3MIH BHACIIJIOK Bapialliii yMOB Ha-
BKOJIMIIHBOTO CEPEJIOBHUINA, BIUIUBY CIOCOOY
poboTtu OyHKepa 1 BIUIMBY pO3MIApYBaHHS Ma-
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T shear stress measured 1ii a shear test.

C.4 Definitions

For the purpose of this annex the following def-
initions apply.

C4.1
secondary parameter

any parameter that may influence stored materi-
al properties but is not listed as a primary cause
of parameter variation. Secondary parameters
include composition, grading, moisture content,
temperature, age, electrical charge due to han-
dling, and production method. Variations in the
reference stresses mentioned in C.2 should each
be considered as a secondary parameter

C4.2
sampling

the selection of representative samples of stored
solids or silo wall material, including variations
with time

C43
reference stress

the reference stress is the stress state at which
the measurements of stored solid properties are
carried out. The reference stress is normally se-
lected to correspond to the stress level in the silo
after filling. Sometimes it may be necessary to
define the reference stress with more than one
principal stress

C.5 Sampling and preparation of samples

(1) Testing should be carried out on representa-
tive samples of the particulate solid.

(2) The choice of sample should be made with
appropriate consideration of the variations that
may occur during the lifetime of the structure,
the changes that may be caused by variations in
ambient conditions, the effects of methods of
silo operation, and the effects of segregation of
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Tepiaxy B OyHKepi.

(3) Cepenne 3HaYCHHS KOKHOI XapaKTEPUCTH-
KA MaTepialy Ma€ BH3HAYaTHCA 3 ypaxyBaH-
HSIM MIHJIMBOCT1 BTOPHHHHUX TTapaMETPIB.

(4) CrangapTHe HamnpysKeHHs O, sl KOXKHO-

ro BI/IHpO6YBaHH5[ IIOBMHHC BH3HaA4YaTHCA IIO
BiJTHOIIIEHHIO JI0 HAIMpPY>KEHOTO CTaHy B MaTe-
piami 1o 30epira€Thcs, MICIAS 3alOBHEHHS.
Hemae HeoOXimHOCTI B TOYHOMY BH3HAYEHHI
3HAYCHHS CTAaHJIAPTHOTO HATIPYKEHHS.

Ipumitka. TouHe BuU3HAUEHHS CTAHJAPTHOIO HAIpy-
JKEHHSI BUMarajo O 3HAaHHS pe3ylbTaTiB BUIPOOYBaHb
JI0 1X MpoBeAeHHA. TOYHE 3HaYEHHS CTaHAapTHOIO Ha-
NPYXKEHHS HE € KPUTHYHUM U1 BUIIPOOYBaHb, alie BH-

mpoOyBaHHS MOBUHHI NMPOBOAWTHCS TPH PiBHI HAIpy-
KEHb SIKUW TAXOAUTH JJIs JOCATHEHHSI TOTPiOHOT METH.

(5) 3a3HaueHMid HWXKYE METOJ IATOTOBKHU
3pa3KiB CJiJi BUKOPUCTOBYBATH JIJIsI BUIIPOOY-
Banb 110 C.6, C.7.2, C.8.11C.9.

(6) 3pa3ok mMoOBUHEH OyTH 3acCHMAHUN Yy BH-
npoOyBalbHUN KOHTeliHep Oe3 BiOparliii abo
IHIIMX YIIUTPHIOIOYMX CHJI 1 3aBaHTaKCHHUU
CTaHJAPTHUM TUCKOM ©,. Hus Toro o0
VIIUTBHUTH 3pPa30K, KPHUIIKY CIiJ] MOBEPHYTH
32 TOJMHHUKOBOIO CTPLIKOIO 1 MPOTU TOJUH-
HUKOBOI CTPUIKH KIJIbKa pPa3iB Ha KyT OJIM3BKO
10 ° HaBKOJIO CBO€T BEPTUKAIBHOI OCI.

Mpumirka 1. oo mi€ei mporeaypy MOXKHA MOCIATHCS
Ha ctagaapt ASTM D6128.

Hpumitka 2. KinpkicTs HEOOXimTHHX OOEpTaHb 3ajie-
JKUTP BiJl MaTepiaiy IO TeCTYEThCA.

(7) Cepenni 3HaueHHs 3 BUIIPOOYBaHb MalOTh
OyTH CKOperoBaHi 3 BHKOPHCTAHHSIM IOMpa-
BOUHUX KOC(QIIIEHTIB AJIs1 OTPUMAHHS E€KCTpe-
MaJgpHUX 3HaueHb. [lompaBouHi KoedimieHTH
MOBHUHHI BHOMpPATHUCS 3 ypaxyBaHHSM BIUIUBY
BTOPUHHHUX TapaMeTpiB, MIHJIUBOCTI XapaKTe-
PHUCTUK CUIIKOTO MaTepialy MPOTArOM TepMiHy
ciy>k0n OyHKepa 1 HETOYHOCTEH mpH BimOOpi
3pasKiB.

(8) IlompaBkoBuii KoedillieHT a I XapakTe-
PHCTHK Martepiaiy MOBHHEH OyTH CKOpEroBa-
HUH, SKIIO BIUIMB BTOPMHHOTO IapameTpa
ckiazae oubiue 75 % mnonpaBKu, Ky BHOCUTh
MIOTIPABKOBHN KOE(PIIIi€HT.
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solids within the silo.

(3) The mean value for each solids property
should be determined making proper allowance
secondary parameters.

(4) The reference stress o, for each test should

be identified in relation to the stress state in the
stored solid after filling. The value of the refer-
ence stress need not be accurately defined.

NOTE: A precise evaluation of the reference stress would
require the outcome of the test to be known before the test
is performed. The precise value of the reference stress is
not critical to the tests, but these tests should be per-
formed at stress levels that are appropriate to the purpose
to which they will be put.

(5) The following method of sample preparation
should be used for the tests described in C.6,
C.7.2,C.8.1 and C.9.

(6) The sample should be poured into the test
cell, without vibration or other compacting forc-
es and the reference stress o, applied. A top

plate should be rotated clockwise and anti-
clockwise about the vertical axis several times
through an angle of at least 10 degrees to con-
solidate the sample.

NOTE 1: Reference may be made to the ASTM Standard
D6128 concerning this procedure

NOTE 2: The number of twists that is required depends
on the solid being tested.

(7) The mean test values should be adjusted by
conversion factors to derive extreme values. The
conversion factors should be selected to allow
for the influence of secondary parameters, the
variability of the solids properties over the silo
life, and for sampling inaccuracies.

(8) The conversion factors a for the properties of
a solid should be adjusted if the effect of one
secondary parameter accounts for more than
75% of the margin introduced for the solids
property by the conversion factor.



C.6 Buznauenus nuromoi Baru 7
C.6.1 lIpunuun BUNpPoOyBaHHSA

(1) IMTutomy Bary CHIKOTO Marepiaixy y CIif

BHU3HA4YATH Ha yH_[iJ'IBHeHOMy 3pa3Ky CHUIIKOI'O
Marepiany.

IIpumiTtka. Metoro BUnpoOyBaHHSI € OTPUMAHHS J0-
CHUTh TOYHOI OI[IHKM MAaKCHMAJILHOI IiIbHOCT1, MOXKJIH-
Bo1 B OyHKepi. L[ MeTa mocsraeThcs 3a paxyHOK BU3HA-
YeHHsS MaKCHMAllbHO MOCSHKHOI MIUTBHOCTI TPH DiBHI
THCKY, SKi MOXIUBI B OyHKepi. A7 MOCATHEHHS BOTO
HEOOXiTHO YIaKyBaTH Marepial B BHUIPOOYBaIbHHA
Mpujazx 3 BiANOBITHUM IIUTFHAM PO3MIIICHHSAM YIIaKO-
BaHMX YaCTOK JO JOJABaHHS YIIUIHHIOIOUOTO THUCKY.
[[poro MOXKHa JOCATTH BUIBHOI 3aCHUIIKOIO 200 IILISIXOM
MMOBEPTAHHS KPHUILIKKA O JOCSATHEHHs IIUIBHOCTI, SKa
MPEJICTABIISIE YMOBH, BIIMOBIIHI IT OOYMCICHHS TUCKY
B OyHKepi. 3 i€l mpuYuHN 0OMPAETHCS IIOPCTKA KPHIII-
Ka, OOepTaHHsA SKOI MO3BOJSIE JOCATTH HEOOXIIHOTO
mepepo3noairy 4acTok. Lls mpouemypa Biapi3HAETHCS
Bi MeToxy, 3a3HadeHoro B ASTM D6683-01 «Cranna-
PTHHI MeTOJ| BUMPOOYBaHb JJIs BU3HAYCHHS HACHITHOL
IIITEHOCTI TTOPOIIKONOIOHMX 1 IHIIMX CHIKUX MaTepi-
aJIiBy», OCKUIBKU OCTaHHIM BiTHOCHUTHCS IO MOPOIIKOIIO-
NiOHUX MaTepiajiB, e METOIO € JOCATHEHHS IIiIIHHOCTI
B YMOBaX PHUXJIOTO CTaHy.
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C.6 Bulk unit weight 7
C.6.1 Principle of the test

(1) The bulk unit weight y should be deter-

mined using a consolidated sample of the par-
ticulate solid.

NOTE: The aim of this test is to obtain a good estimate of
the maximum density likely to occur in the silo. This aim
is achieved by identifying the maximum achievable bulk
density at the stress level likely to arise in the silo. To
achieve this, it is necessary to pack the solid into the test
apparatus with an appropriately densely packed arrange-
ment of the particles before the consolidating stress is
applied. This can be achieved either by rain filling of the
solid, or by twisting of the lid to achieve a density that is
representative of the conditions relevant to silo pressure
evaluation. For this reason, a rough lid is chosen, with
rotation of the lid to achieve appropriate particle rear-
rangement. This procedure differs from the ASTM meth-
od given in ASTM D6683-01 “Standard test method for
measuring bulk density values of powders and other bulk
solids" because the latter is chiefly concerned with pow-
ders, where the aim is to achieve a loose density.

1
Po3’scuenns Key
1 CTaHJapTHE 0OCPTaHHS 1 Standardised twisting
2 rJajKa IoBEpXHs 2 Smooth
3 [IOPCTKA TIOBEPXHS 3 Rough

Pucynok C.1 — [Ipuctpiii anst BU3HAUCHHS ¥

Figure C.I: Device for the determination of

C.6.2 BunpoOyBanbHuii npucTpii

(1) Jnst Bu3HaueHHs Baru 1 00'eMy 3pas3ka ma-
Tepiayly CIij] 3aCTOCOBYBAaTH KOPOOKY IO pH-

C.6.2 Apparatus

(1) The cell shown in Figure C.l should be used
to measure the weight and volume of the solid
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cynky C.1. [liamerp kopoOku D moBHHEH Oy-
TH HE MEHIIE HDX B 5 pa3iB Oijbllle MaKCUMa-
JBHOTO PO3MIpy YacTOK i He MeHIe Hix B 10
pa3iB OUIbLIE CEpPEeIHbOTO PO3MIpPYy YACTOK.
Bucora H 3paska micis yIIiJbHEHHS TOBHH-
Ha 3HaxoauTucsa mixx 0,3D 1 0,4D .

Ipumitka. L{i oOMexxeHHs 3a po3MipoM HacTOK oOpaHi
3 HACTYIHHUX NPHYMH: MaKCUMaJIbHUH PO3MIp YacTOK
0OMEXY€ETbCS UL TOTO, MO0 OOMEKEHHS Ha pO3Mi-
IICHHS YacTOK, BUKJIMKaHI (DiKCOBAaHWMH JiHISIMH CTi-
HOK, HE MaJld CYTTEBOIO BIUIMBY Ha BHMIipIOBaHHS
nribHOCTI. KpiM Toro, BioMo, mIo 1ieil BIUIMB OinbIie
JUISL BUMAJKY, KOJIM BC1 YaCTKH IPHOJIM3HO OJHAKOBOTO
pO3MIpy, HIX y BHIAAKy, KOJH Majli 4aCTKH MOXYTh
3aiiMaT¥ MPOMDKKHA MDK BEIMKHMH 4YacTKaMH. Takum
YMHOM, TIPH OJHAKOBHX PO3Mipax YacTOK BH3HAYasb-
HUM € OOMeXeHHs y BUrisini 10-KpaTHOTO cepeaHbOro
pPO3Mipy YacTOK, a NpU BEIUKOMY PO3KHAI PO3MIpiB
YAaCTHHOK - OOMEXEHHs Yy BHIVISI 5-KpaTHOTO MakCH-
MaJIBEHOTO PO3MIPY YaCTOK.

C.6.3 Metoanka

(1) CranpaptHe HamnpyXeHHS O, IOBHHHO
JIOPIBHIOBAaTH BEPTUKAIBHOMY THUCKY p,, B Ma-
Tepiai, Mo 30epiracTbcsi B OyHKEPI.

(2) IligroroBka 3pa3KiB MOBHWHHA 3/I1MCHIOBA-
TUCs 3rigHO 3 BkaziBkamu C.5. HacumnHa mu-
TOMa Bara 3pa3ka BH3HAYA€THCS NLISIXOM Ji-
JICHHSI BUMIPSHOI Baru yIiJIbHEHOTO 3pa3Ka Ha
00’eM B cumyuomy ctaHi. Bucory H cnin Bu-
3HAYaTH K CEpellHE 3HAYCHHS 3 TPHOX BUMi-
pIOBaHb 3 OJIHAKOBUM paaiycoM 1 KyTamH
120 ° mo xoxry KOpoOKH.

Mpumitka. SKmO MIBHICTE  BUMIPIOETBCS IO
ASTM D6683, To Moxe OyTH OTpuMaHa OUIbII HHU3bKa
IITBHICTE. BiIXWICHHS JUIA MOPOMIKOMOAIOHOTO CHII-
KOT0O MaTepiaiy, sk IPaBHJIO, HEBEIIMKE ajJie MOXe OyTH
3HAYHHUM JJISI MaTepiany 3 KPYIHUME 3€PHAMH.

C.7 Tepts 00 cTiHKH
C.7.1 3arajabHi noJoKeHHd

(1) HeoOxiaHO po3pi3HATH HACTYIIHI MapameT-

pu:

—  Koe(]ilieHT TepTst 00 CTIHKU A, s BU-
3HA4YCHHS THCKY;

—  KyT TepTs 00 CTIHKU ¢, Ul OLIHKHU BHU-

TIKaHHA.

(2) Ans matepiaiiB 3 pO3KUIOM pO3MIpiB Yac-
TOK, SIKI B MPOIIECI 3alIOBHEHHS MOXYTh PO3-
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sample. The diameter D of the cell should be at
least 5 times the maximum particle size and not
less than 10 times the mean particle size. The
compacted height # of the sample should be
between 0,3D and 0,4D .

NOTE: The restrictions on particle sizes are chosen for
the following reasons. The maximum particle size is lim-
ited to ensure that the restrictions on particle arrange-
ments caused by the fixed lines of the walls do not have
an inordinate influence on the measured density. In addi-
tion, it is recognized that this influence is greater where
the particles are all of about the same size than where
smaller particles can occupy the interstitial spaces be-
tween the larger particles. Thus, for monosized materials
the above restriction is at 10 times the particle size, but
for solids with a wide particle size distribution, the re-
striction falls to 5 times the largest particle size.

C.6.3 Procedure

(1) The reference stress o, should be equal to
the vertical stress in the stored solid in the silo

Py -

(2) Sample preparation should be carried out
according to the guidelines given in C.5. The
bulk unit weight is determined by dividing the
weight of a consolidated sample of the particu-
late solid by the bulk volume. The height H
should be taken as the mean of three measure-
ments at the same radius and at 120° separations
around the cell.

NOTE: If the density is measured instead using ASTM
Standard D6683, a lower density may be found. The dif-

ference is generally small for powders, but it may be sig-
nificant for coarse grained solids.

C.7 Wall friction
C.7.1 General

(1) A distinction should be made between the
two parameters:

— coefficient of wall friction g, for the de-
termination of pressures;

— angle of wall friction ¢,,, for the evaluation
of flow.

(2) For solids containing a range of particle siz-
es that may segregate during the filling process,



[IapoOBYBATHCs, BUOIP 3pa3KiB Marepiany i
BU3HAYCHHS KOE(IUIEHTIB TepTss 00 CTIHKH
M, TIOBUHEH 3/IHCHIOBATUCS 3 YpaxyBaHHSIM

BILJIUBY PO3IIApyBaHHS.

(3) BunpoOyBanHs 3 Bu3Ha4YeHHS TepTs 00
CTIHKHM CJIiJI BUKOHYBAaTH 13 3pa3Kamu, BUpi3a-
HUMH 3 CTIHKH, Ki € NPEICTaBHUIBKUMU IS
MaTepiaiiB MOBEPXHI CTiHKH, sKi OyayTh BH-
KOPHCTOBYBATHCS NP OyAIBHUIITBI.

MpumiTka. Xoua BUNpoOyBajbHi J1abopaTopii MOXYTh
MaTH 3pa3KH BEJIHMKOI KIBKOCTI KOHCTPYKLIHHMX 1 00-
JUIOBAILHUX MatepiaiiB, 1HIUBIAyalbHI 3pa3Kd MO-
XKYTb MaTu OOpOOKY IOBEpXHi, sIKa BiIpi3HAETHCS BiX
SIKOCTI MOBEPXHI B MOMEHT OyniBHMITBAa OyHKepa. Bu-
pizaHi 3pa3ku CTIHKM 3 HOMiHAJIBHO 1IGHTUYHUM TI03HA-
YeHHSIM MOXXYTH aBaTH KyTH TepTsA 00 CTiHKH, AKi Bif-
PI3HSIOTHCS OAWH BiJ OHOTO HAa KillbKa TpaxyciB. Ko
1Ie MOJKJIMBO, 3Pa3KH CTiHKHM TOBHHHI OyTH OTpHMaHi
BiJ Tiepen0adyBaHOTO MMOCTaYaIbHUKA KOHCTPYKIIIHHUX
MarepianiB (HampuKiIaj, MPOKaTHUN CTaH a00 BUTOTOB-
moBad cocyniB). [lodapOoBaHi cTajieBi MOBEpXHI IO-
BUHHI OyTH TOKpuTi (apOoro Toro x Tumy. s Oinb-
LIOCTI ITPOEKTIB PEKOMEHYEThCS 30epiraTu 3pa3ku CTi-
HKH JUJIs1 IOAAJIBLIOTO MOPIBHIHHS 3 (aKTHYHO BUKOPH-
CTaHUMHM Marepianamu. B paHuii yac HEMOXIHMBO JaTh
OIIMC TOBEPXHI 3pa3ka CTIHKM TaKUM YHWHOM, 100 Ha-
IifHO TependaynT HOro IOBENIiHKY TP TEepTi O
CTIiHKY.

(4) Skmro crinka OyHKepa MOKE 3TOJIOM ITiJI-
JaBaTHUCcs Kopo3sii abo cTupaHHIo, TO BUIIPOOY-
BaHHS JUIsl BU3HAYCHHSI TepTs 00 CTIHKH MO-
BHHHI BUKOHYBaTHUCS 3 HOBHUMH 1 BUKOPHCTa-
HUMU 3pa3KaMu.

Hpumirka. Ctan moBepxHi CTIHKK B OyHKepax 3BHYAaii-
HO 3MIHIOETBCS 3 yacoM. Kopo3sisi Moxke 301IBIIUTH TI10-
PCTKICTh TIOBEPXHi, TOAI K aOpa3WBHHMHA 3HOC MOXKE
BiIOJIipyBaT a00 3pOOUTH MOBEPXHIO OUIBII MIOPCT-
koto. [loBepxHi, Taki sIK MOJIiETUIIEH, MOKYTh IPOJaB-
JoBarucs, nodapOoBaHi MOBEPXHI MOXYTh OyTH MOJ-
psanani. CTiHn OyHKepa MOXYTb TaK caMO 3TJIaJKyBa-
THCSI BHACIIIOK HAaKONMYEHHS APIOHMX 4YacTok 30epe-
KCHHUX MaTepialiB B HEBEIUKUX MOPOXHHHAX (MacTH-
7o, nmpibHi 3epHA TomIO). Li 3MiHM MOXYTh MPU3BECTH
IO TIOSIBE KOHIYHOTO TTOTOKY B OYHKEpi, pO3paxoBaHOMY
Ha MacOBHH IOTiK, 200 MacoBHil OTiK BHHUKHE B OYH-
Kepi A7 KOHIYHOTO TMOTOKY. THCKM Bifi 3aIlOBHEHHSA
MOXYTbh 30iIbIIyBaTHCA B OYHKEpax 3 IOJIiPOBAaHUMHU
CTiHKaMH, JOTHYHHUI THCK TEPTS MOXKEe 301IbIIyBaTHCA
B OyHKepi 3 HIOPCTKHMH CTIHKaMHU.

C.7.2 KoediuieHT TEepTs 00 CTIHKH 1, AJIs
BHU3HAYEHHS HABAHTAKEHb

C.7.2.1 IlpyHuun BUNPpoOyBaHb

(1) 3pa3ok cunkoro matepiany MOBUHEH OyTH
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the sample used for the determination of the
wall friction coefficient g, should be chosen

with appropriate consideration of the effects of
segregation.

(3) Wall friction tests should be conducted with
wall sample coupons that are representative of
the wall surface materials that will be used in
construction.

NOTE: Although testing laboratories may have sample
coupons of a wide range of construction and lining mate-
rials, an individual coupon may have a different finish
from that which is available at the time of construction.
Coupons of nominally identical description may produce
wall friction angles that differ by several degrees. Where
possible, wall coupons should be obtained from the antic-
ipated source of the construction material (such as a steel
mill or vessel fabricator). Painted steel surfaces should be
painted with the same type of paint. For major projects, it
is recommended that test coupons are retained for later
comparison with the construction materials that are actu-
ally used. It is not currently possible to characterize a wall
coupon surface in a way that reliably predicts its wall fric-
tion behaviour.

(4) Wherever the silo wall may later be subject
to either corrosion or abrasion, wall friction tests
should be conducted on both fresh and used
coupons.

NOTE: Wall surface finishes in silos usually change over
time. Corrosion may roughen a surface, while abrasive
wear may either polish or roughen the surface. Surfaces
such as polyethylene may be gouged, and painted surfaces
may be scratched. Silo walls may also become smoother
due to an accumulation of fine products from the stored
solids in small voids (grease, fines etc.). These changes
may cause a funnel flow pattern to occur in a silo intended
for mass flow, or for mass flow to occur in a silo intended
for funnel flow. The filling pressures may increase in a
silo with polished walls and the filling wall frictional trac-
tion may increase in a silo with a roughened wall.

C.7.2 Coefficient of wall friction x, for the
determination of pressures

C.7.2.1 Principle of the test
(1) A sample of the particulate solid should be
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3pYLICHUH y3/I0BX MMOBEPXHI, IO MPEJICTABIISE
CTiHKY OyHKepa (3pa3ok 3 rodpamu y pasi Oy-
HKEpa 3 TOPPOBAHMX JIUCTIB), MPH BOMY BH-
MIPIOETHCS CHUJIa TEPTS IO OBEPXHIi 3CYBY.

MpumiTka. [HTepnperaniss pe3yiabTaTiB BUIPOOYBaHb
Ha 3CyB [IIOBUHHAa BHWKOHYBATUCA 3 PCTCIbHUM

ypaxyBaHHSIM TOTO, YW BHM3HAYAIOTHCS HABAHTAKEHHS
a0bo rmapameTpy BUTIKaHHSI.

C.7.2.2 Ilpucrpiit

(1) BunpoOyBanbHuii TPUCTPIi MPEACTABICHO
Ha pucyHky C.2. JliameTp KOpOoOKH MOBHUHEH B
20 pa3iB mepeBUIyBaTH MaKCUMaJIbHUN PO3-
Mip 4acToK 1 He MeHIe HiX y 40 pa3iB - cepe-
JHIA po3Mip YacToK. BucoTa ymiiibHEHOTO
3paska H moBuHHA 3HaxoauTHCsI MK 0,15D 1
0,20D . VY pa3i 3pa3kiB CTIHOK 3 HEperysp-
HUM, K HampuKiIaa, roppoBaHa CTIHKA, PO3-
Mip KOpOOKM MOBMHEH BUOMpATHUCS BIAIMOBI-
HO.

Ipumitka. L{i oOMexeHHs 3a po3MipoM YacTOK 0OpaHi
3 HACTYIIHUX NPHYUH. MakCHMalbHU# PO3MIp 4acTOK
00MEXYETBCSl I TOrO, 1100 OOMEXEHHS Ha pOo3Mi-
IICHHS YaCTOK, BUKJIMKaHI ()iKCOBAaHWMH JiHISIMH CTi-
HOK, HE Mald CYTTEBOrO BIUIMBY Ha BIACTHBICTBH SIKa
BUMIiproeTscs. Kpim Toro, Bimomo, mo mei BIUUB Oib-
IIe JUTsl BUMAKY, KOJIM BCi YACTHHKY MPUOIIM3HO OJHA-
KOBOTO pO3MIipy, HIX y BHIIAQAKY, KOJIM Mali YaCTHHKU
MOXXYTb 3aiiMaTH IPOMDKKH MiXK BETMKUMH YaCTKAMH.
TakuM YMHOM, NPU OJHAKOBHX pO3Mipax 4acTOK BH-
3HaYaJIbHUM € 0OMexeHHs y Bursiai 40-pa3oBoro ce-
PEIHBOTO PO3MIPY YACTOK, a MPU BEJIUKOMY PO3KHUII
PO3MIpiB 4acTOK - oOMexeHHs y Burisiai 20-pa3oBoro
MaKCHMaJIbHOTO PO3MIpY YacTOK.

C.7.2.3 Metoauka

(1) B sixocTi cTaHAApTHOTO HAINPYXKEHHA O,
MOBHHEH NpUAMATHCA HaWOUIbIIMIA TOPU30H-
TaJIbHUH TUCK B OYHKEp1 py, .

(2) IligroroBka 3pa3KiB MOBHWHHA 3/I1MCHIOBA-
THUCS 3riAHO 3 BKa3iBkamu C.5.

(3) Iicnsa 3anoBHEHHS KOPOOKH 1 mepen 3py-
IIyBaHHSIM KOpPOOKa IMOBHHHA OyTH TIOBEpHEHA
1 3JIeTKa MiHATa HAJl MIOBEPXHEI0, IO ITija-
€ThCSI BUIIPOOYBaHHIM, TaK 1100 BUMIpIOBaJIO-
Csl TUTBKHM TEPTS MIXK YaCTKaMH 1 TIOBEPXHEIO.

(4) 3cyB 3pa3ka MOBHHEH BHUKOHYBATHCS TPU
MOCTIHHIM mBuAKoCTI 6am3sko 0,04 Mm/c.

(5) 3anumxoBy cuiy F, (nuB. pucyHok C.2),
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sheared along a surface representing the silo
wall (a sample with corrugation in the case of
corrugated steel silos) and the friction force at
the sheared surface should be measured.

NOTE: Care should be used to ensure that the wall shear
data is interpreted appropriately according to whether
loading or flow calculations are being performed.

C.7.2.2 Apparatus

(1) The test apparatus is shown in Figure C.2.
The diameter of the cell should be at least 20
times the maximum particle size and not less
than 40 times the mean particle size. The com-
pacted height H of the sample should be be-
tween 0,15D and 0,20D. In the case of wall
samples with irregularities such as corrugations
the cell size should be selected accordingly.

NOTE: The restrictions on particle sizes are chosen for
the following reasons. The maximum particle size is lim-
ited to ensure that the restrictions on particle arrange-
ments caused by the fixed lines of the walls do not have
an inordinate influence on the measured property. In addi-
tion, it is recognized that this influence is greater where
the particles are all of about the same size than where
smaller particles can occupy the interstitial spaces be-
tween the larger particles. Thus, for monosized materials
the above restriction is at 40 times the particle size, but
for solids with a wide particle size distribution, the re-
striction falls to 20 times the largest particle size.

C.7.2.3 Procedure

(1) The reference stress o, should be taken as
the largest horizontal silo pressure p;, .

(2) Sample preparation should be carried out
according to the guidelines given in C.5.

(3) After filling the cell and before shearing, the
cell should be rotated and lifted slightly off the
test surface, so that only friction between the
particles and surface is measured.

(4) Shearing of the sample should be carried out
at a constant rate of approximately 0,04 mm/s.

(5) The residual friction force F, (see Figure



sIKa BUHUKAE TIPU BEJIMKUX JedhopmMaliisix, Ciif
BUKOPUCTOBYBATH Ul BU3HAYCHHS Koedillie-
HTa TepTS 00 CTIHKU 4 B pO3paxyHKax BIUIH-

BiB.
(6) 3naueHHs KoedimieHTa TepTs 00 CTIHKH
3pa3Ka f B pO3paxyHKax BIUIMBIB CJIij] BU3Ha-
gatu 3a GopMyIIoro

t
1
= |

e

F. kiHneBe ab0 3aJIMIIKOBE 3HAYCHHS CHIJIM
3cyBy (auB. pucynok C.2, b);

N  BepTUKaJIbHa CHJIA,
KPHILIKHA KOPOOKH.

NpUKIaZeHa 10

C.7.3 Kyr TepTs 00 cTiHKH ¢§,, N
PO3PaxXyHKiB BUTIKAHHA

(1) Sxmo HeoOXinHO OTPUMATH KYT BHYTpILI-
HBOTO TepTsl 00 CTIHKU @, UId PO3PAXyHKY

BUTIKaHHS, MOKHA 3BEPHYTHUCS /0 CTaHIAPTy
ASTM D6128.

(2) Kyt Teptst 00 CTiHKM JUISl OLIHKU TOTOKY
CNiJI BU3HAYATH MpPH OUIBII HU3BKHX PIBHIX
THUCKY.

(3) Iarepriperartis pe3ysibTaTiB BUIPOOYBaHb
Ha 3CYB IOBUHHA BUKOHYBATHUCS 3 PETEIbHUM
ypaxyBaHHSIM TOTO YW BU3HAYAIOTHCS HABaH-
Ta)keHHs a00 MmapaMeTpu BUTIKaHHS.

e
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a - KopoOKa /151 BAMIpIOBaHHS T€PTA 00 CTIHKH

a) Cell for measuring wall friction
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C.2), attained at large deformations, should be
used in the calculation of the coefficient of wall
friction x for action calculations.

(6) The sample value of the coefficient of wall
friction u for action calculations should be de-

termined as:
C.1

where:

F. is the final or residual value of the shear
force (see Figure C.2b);

N 1is the applied vertical load on the cell.

C.7.3 Angle of wall friction ¢,, for
the evaluation of flow

(1) Where it is necessary to obtain the angle of
wall friction ¢, for the evaluation of flow, ref-

erence may be made to the ASTM Standard
D6128.

(2) The wall friction value needed for flow as-
sessment should be obtained at low stress levels.

(3) Care should be used to ensure that the wall
shear data is interpreted appropriately according
to whether loading or flow calculations are be-
ing performed.

F

F 3

A

b - THIOBI 3aJIEKHOCTI CHJIa 3CYBY - IIEpPEMi-
IICHHS

b) Typical shear-displacement curves

Pucynoxk C.2 — Meto BUnipoOyBaHb JIsl BU3HAUYCHHS Koe(illieHTa TepTs 00 CTIHKU

Figure C.2: Test method for determination of wall friction coefficient
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C.8 KoedinienT 00k0BOro Tucky K
C.8.1 lIpsime BUMipIOBaHHSA
C.8.1.1 IlpyHuun BUNPoOyBaHHS

(1) BeprukaibHe HampyXeHHS O, CIiJ MIPUK-

JacTH 10 3pas3Ka, 3aKpillJICHOTO BiJl TOPH30H-
tanbHUX Aedopmaniii. Ciif BUMIPSATH TOpH-
30HTAJbHUNA HANpPY>KEHHS 110 BUHUKAE O, 1

BU3HAYUTH JOTUYHE 3HAYCHHs KoeQilieHTa
0oKoBOro THCKy K| .

Mpumirtka 1. Bemmunua koedinienta K 3amexuts

BiJl HaIIPSMKY TOJIOBHHX Halpy>keHb y 3pa3ky. ['opuso-
HTaJIbHI | BEPTHKAJIbHI HANpy>XEHHS IPUOJIU3HO € TOJIO-
BHHMH HaIllpy>XCHHAMH B 3pasKy, ajle MOXYTb He OyTH
TakKUMU B OyHKepi.

IMpumirka 2. Komu 3pa3ok Ha3WBAETHCS 3aKPIMJICHUM
BiJI TOPU3OHTAIBHUX AedopMalliif, TO Le o3Hayae, Lo
TOPU30HTAJIbHI BiHOCHI Jedopmaii B Marepiaii € Ha-
CTUIBKHM MaJIUMH, 10 1X BIUIMB Ha HANpPY)XEHHS y 3pa3Ky
CHUIIKOTO Matepiany MiHiManbHe. OJHaK, 1i BiIHOCHI
nedopmarii TOCUTh BENUKI, 00 BHKIUKATH BHMipIO-
BaHi SBUIIA B TOHKIH CTIHIII YCTAHOBKU a00 B CICIiab-
HHUX YaCTHHAX CTiHKH, PO3PaxXOBaHUX HA KOHIICHTPALIO
mooBxkeHb. CepeHs BimHOCHA AedopMartis o OKpyx-
HocTi Omm3pko 100 wmikpomedopmartiii, sk mpaBuIo,
BiJNIOBila€ LOMY KpUTEPit0 0OMekeHOoi BiTHOCHOI Je-
(dbopmarii B maTepiani 3 BUMipIOBaHUMH 3HAYEHHSIMH B
YCTaHOBIII.

I
N=4D (G1+QG1)
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C.8 Lateral pressure ratio K
C.8.1 Direct measurement

C.8.1.1 Principle of the test

(1) A vertical stress o, should be applied to a

sample constrained against horizontal defor-
mation. The induced horizontal stress o, should

be measured and the secant value of the lateral
pressure ratio K, determined.

NOTE 1: The magnitude of the coefficient K is influ-

enced by the direction of the principal stresses in the test
sample. The horizontal and vertical stresses are approxi-
mately principal stresses in the test sample whereas they
may not be in the silo.

NOTE 2: Where the sample is said to be constrained
against horizontal deformation, this means that the hori-
zontal strains in the solid are kept so small that their effect
on the stress in the particulate solid sample is minor. Nev-
ertheless these strains are large enough to produce meas-
urable observations in the thin wall of the apparatus, or in
special parts of the wall that have been designed to con-
centrate strains. A mean circumferential strain of the order
of 100 microstrains generally meets these criteria of lim-
ited strain in the solid with measurable values in the appa-
ratus.
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Pucynok C.3 — Metox BunpoOyBaHHs AJ1s BU3HAUeHHs K

Figure C .3: Test method for determining K

C.8.1.2 BunpoOyBanbHuii mpucTpii

(1) Cxema BurpoOyBaIbHOTO MPUCTPOIO TIPE/I-
craBieHa Ha pucyHKy C.3. I'opusoHTanbHU
TUCK BHUBOJHUTHCS 3 BIIHOCHUX JAedopMariiii
30BHIIIHBOI MOBEPXHI BEPTUKAIBHOI YAaCTHHHU,
JUTS TIFOTO CTiHKA MOBHHHA OyTH TOHKOIO Ta 11
KOHCTPYKIIis MOBMHHA 3a0e3MeuyBaTH KOpEK-
THY IHTEpIpPETAIlI0 HAIIPYKEHOTO CTaHy.
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C.8.1.2 Apparatus

(1) The geometry of the test apparatus is shown
in Figure C.3. The horizontal stress should be
deduced from strains measured on the outer sur-
face of the vertical section, but the wall must be
thin, and the design must ensure that the stress
state in the wall is correctly interpreted.



Hpumirka. Sk npaBuio, A MOTO TMOTPiIOHI HACTYIIHI
0COOITMBOCTI YCTAHOBKU:

a)

OKpeMa IUTUTa OCHOBH, He3aJIe)KHA BiJl CTIHOK;

b)

BUMIp 1 TOPHU30OHTAIBHUX 1 BEPTHKAIBHUX Jedop-
MaIiil IWIHAPUIHAX CTIHOK;

c)

po3TamryBaHHS HPUCTPOIB BUMIipIOBaHHS aedop-
MaIliif Ha TOCTaTHHOMY BiJIaJIeHHI BiJl KpaiB 3pa-
3Ka;

d)

nepeBipka TOro, Mo BUMipIoBaHi aedopmarii
CHIBBITHOCSTBCS 3 BHYTPILIHIMH TOPH30HTAJIb-
HUMH THUCKaMH¥ BiJIOBITHO MPUHHITOTO KOedirli-
€HTa (BEPTUKAJIbHUN BUTHH MITIHAPUIHOI CTIHKH
MO>KE BIUTMBATH Ha II€ CITiBBiTHOIICHHS).

C.8.1.3 MeTonuka

(1) B sKoCTI cCTaHAapTHE HAPYKEHHS O, CIiJ
npuiiMaTH HAHOLIBIINN BEpTUKAIBHUN TUCK B
Marepiaji, mo 30epiraerbcs B OyHKeEDI.

(2) IigroroBka 3pa3KiB MOBUHHA BUKOHYBAaTH-
cs1 BiAmoBimHO 10 BKaziBok C.5.

(3) Crnin posrisagaTy TOPU3OHTAIBHE HAIPy-
KEHHs O, y 3pa3Ky, 110 BUHHMKAE BiJ BEPTH-
KaJIbHOIO HANpY>KEHHS O, PIBHOIO €TaJOH-
HOMY HaIIPy’>KE€HHIO O, . 3HaueHHs K, ciin

BHM3Ha4YaTu 110 IIMM THUCKaM (I[I/IB. pucy-

Hok C.3) 3a hopmyroro

(4) 3nauennss K cuig npuiiMatu siK

K =1]K,

HOpumirka. Koedimiear 1,1 y dopmyni (C.3)
MpHUONM3HO BPaxXOBY€E BIAMIHHICTH MiX KoedillieHTOM

(= Ko)a

MPAKTUIHO TOBHIH BIICYTHOCTI TepTs 00 CTiHKH, Ta

OOKOBOTO  THCKY BUMIPIOBaHUM  TIpH
3HaueHHsM K , BUMIproBaHMM MPM HAsABHOCTi TEPTS 00

crinkd (auB. Takox 4.2. 2 (5).

C.8.2 HenpsiMme BUMIpIOBaHHS
(1) Habnukene 3HaueHHss K MO’KHA BUBECTU

3 KyTa BHYTPIIIHBOTO TEPTS ¢, SIKUH MOXKe

OyTH BH3HAUEHHWI 32 METOJIOM, BKa3aHHM Y
C.9, abo mnwsxom BHIIPOOYBaHb BiJIHOCHO
TphOX oceil. HabmmkeHe CrHiBBiIHOIIEHHS 3a
dbopmynoro (4.7) chig BUKOPUCTOBYBATH IJIf
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NOTE: The following features are generally necessary in
this apparatus:

a) a separate bottom plate that is independent of the
walls;

b) measurement of both horizontal and vertical strains
on the cylindrical walls;

c) locating the strain measurement devices distant
from the specimen ends; and

d) verification that the measured strains are related to
the internal horizontal stress by the assumed factor
(vertical bending of the cylindrical wall may affect
this relationship).

C.8.1.3 Procedure

(1) The reference stress o, should be taken as

the highest vertical stress in the stored solid in
the silo.

(2) Sample preparation should be carried out
according to the guidelines given in C.5.

(3) The horizontal stress o, in the sample that
results from application of a vertical stress o,
equal to the reference stress o, should be ob-
served. The value of K, should be calculated
from these stresses (see Figure C.3) as:

(C.2)

(4) The value of K should be taken as:

(C.3)

NOTE: The factor 1,1 in Expression (C.3) is used to give
an approximate representation of the difference between

the lateral pressure ratio (= K,) measured under condi-

tions of almost zero wall friction and the value of K

measured when wall friction is present (see also 4.2.2(5).

C.8.2 Indirect measurement

(1) An approximate value for K may be de-
duced from the loading angle of internal friction
¢,, which may be determined either from the

method described in C.9 or from a triaxial test.
The approximate relationship given in Expres-
sion (4.7) should be used to deduce K from ¢, .
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Bu3HaueHHA K 3 ¢,.

C.9 ITapameTpu MiITHOCTI: 3YeNJIEeHHS C i
KYT BHYTPillIHbOTO TePTH ¢,

C.9.1 lIpsime BUMipIOBaHHSA

C.9.1.1 llpyHuMn BUNPOOyBaHHS

(1) MinnicTh 3pa3ka marepially Moxke OyTH
BU3HAUCHA 3 BUMPOOYBaHb METOAOM 3pi3HOI
KOpoOKH. JlBa mapamMeTpu ¢ 1 ¢, ciix BUKOpH-

CTOBYBATH /ISl BU3HAYCHHS BIUIMBY MIITHOCTI
MaTepialy 1o 30epiraeTbcs Ha TUCK B OyHKepi
TiCJIsl 3aITIOBHEHHSI.

(2) Moxna 3eprytucsa no ASTM D6128,
IPOTE CIiJ1 3a3HAYUTH, 110 TapaMeTpH, SIKi BU-
3HAYaIOThCA MHUIIXOM BHUOPOOYBaHb 3a IMM
JOKyMEHTOM, HE 1JCHTHUYHI IMapamerpam IIo
JTAaHOMY CTaHJIAPTY.

C.9 Strength parameters: cohesion ¢ and
internal friction angle ¢,

C.9.1 Direct measurement
C.9.1.1 Principle of the test

(1) The strength of a stored solid sample may be
determined from shear cell tests. Two parame-
ters ¢ and ¢, should be used to define the ef-

fects of a stored solid's strength on silo pres-
sures after the silo has been filled.

(2) Reference may be made to the ASTM
D6128, but it should be noted that the parame-
ters derived from the test in that standard are not
identical to those defined here.
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a) Shear cell
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b — TUMOBI KpPWBI  3aJI€KHOCTI  3CYB- C — THIOBE CITIBBIJHOIICHHS MK HaIpy>KCH-
nepeMilIeHHs HSMH 3CyBY 1 HOPMaJIbHUM THCKOM Ui BUMi-

b) Typical shear- displacement curves

PSAHUX HaIPY>KEHb 3CYBY

c) typical shear stress — normal stress relations
for measured shear stresses

Pucynok C.4 — Meron BunpoOyBaHHs AJ11 BA3HAUYEHHS KYTIB BHYTPILIIHBOIO TEPTS @ 1 ¢, 13uen-

JIEHHS C, Ha IICTaBl TUCKY MONEPEAHBOrO YIIIJIBbHEHHS O,

Figure C.4: Test method for determining the angles of internal friction ¢, and ¢,. and the cohesion

¢ based on the preconsolidation stress o,
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C.9.1.2 Ilpucrpiit

(1) BunpoOyBanpHuil mpucTpiii Mae cKiajia-
THUCS 3 IIIIHAPUIHOI 3pi3HOI KOPOOKH, K TO-
ka3aHo Ha pucyHKy C.4. JliameTp 3pi3HOi KO-
pobku D mosuHeH B 20 pa3iB mepeBHILyBaTH
MaKCHMAJIBHUH pPO3Mip YacTOK 1 HE MEHIIe
HiX y 40 pa3iB - cepenniii po3mip gactok. Bu-
cota H mnoBunHa 3Haxomutucs MDK 0,3D i
0,4D .

Mpumirka. 11i oOMexxeHHs 32 po3MipoM 4acTok oOpaHi
3 HACTYIMHHUX MPUYMH. MakCUMaIbHHHA PO3MIpP YacCTOK
0OMEXYETbCSl sl TOro, 1100 OOMEXKEHHs Ha PO3Mi-
LIEHHsSI YacTOK, BUKJIMKaHI (DIKCOBAHUMH JIHISIMH CTi-
HOK, HEC MaJiu CYTTE€BOI'O BIJIMBY Ha BJ'IaCTl/IBiCTI) sAKa
BUMIprOeThCs. Kpim Toro, BiioMO, IO 1Ie# BIUIUB Oilb-
mie JUIs BUITAJKY, KOJIU BCi YaCTKU MPHOIH3HO OJTHAKO-
BOTO PO3Mipy, HK y BHMNAIKY, KOJIH Malli YaCTHHKH
MOXYTh 3aMaT MPOMIKKHM MiXK BEJIMKAMH YaCTKAMH.
TakyuM YHMHOM, MPU OJHAKOBUX PO3Mipax 4YacTOK BH-
3HaYabHUM € oOMexxeHHs y Buriini 40-pa3oBoro ce-
PEAHBOTO PO3MIPY YacCTOK, a IPH BEIUKOMY PO3KHI
pO3MipiB YacTOK - oOMexeHHS y BUTILIAi 20-pa3oBoro
MaKCHMAJILHOTO PO3MIipy 4acTOK.

C.9.1.3 Meroauka

(1) CranpapTHe HampyXeHHsS O, IOBHUHHO
NpUOJIN3HO JOPIBHIOBATH BEPTUKAJILHOMY TH-
CKy B Marepiaii mo 30epiraetbesi B OyHKepi,
BuzHayeHomy B C.2. IligrotoBka 3paskiB Io-
BUHHA BUKOHYBATHUCS 3TiTHO BKa3iBok C.5.

(2) 3cyB 3pa3ka MOBUHEH BUKOHYBATHCS 3 T10-
CTIMHOIO MIBUAKICTIO On3b6K0 0,04 MM/c.

(3) Hanpyru 3cyBy 7, 10 BHHHKAIOTH IpPH
(abo mepem) TOPU3OHTAIBLHOMY IEpEMIlEeHHI
A =0,06D, ciiji BAKOPUCTOBYBATH JIJIsi O0YH-
CIIEHHSI TIapaMeTpiB MIITHOCTI Martepiaiy, 1e
D — BHYTpIlIHINA aiaMeTp KOpoOKU (IUB. pu-
cyHok C.4).

(4) HeoOxigHO TPOBOJWUTH HE MEHIIE IBOX
BunpoOyBanb (nuB. Tabmuimo C.1 1 pucy-
Hok C.4), 3a3HaueHnx HUx4Ye B (5) 1 (6).

(5) Iepuuit 3pa3ok MOBUHEH OYTH 3pi3aHHA

NIpU HOPMAJIbHOMY HaBaHTa)KEHHI, 110 BUKJIH-
Kae CTaHAApTHE HANPYXKEHHA O, , Ui BU3Ha-

YEHHs Hallpy>KeHb 3CYBY 7, .

(6) dpyrwii 3pa30K CJIijI CIIOYATKy 3aBaHTAXKH-
TH HOPMaJIbHUM HAaBaHTAXKCHHSM, 1[0 BHKIIHU-
Ka€ CTaHAapTHE HANPY)XEHHI O,, 1 JOBECTH

710 3pi3y, SK 1 mepiuil 3pa3oK. 3CyBaHHS CIIiJ

np. ACTY-H b EN 1991-4:20XX

C.9.1.2 Apparatus

(1) The test apparatus should consist of a cylin-
drical shear cell, as shown in Figure C.4. The
shear cell diameter D should be at least 20
times the maximum particle size and not less
than 40 times the mean particle size. The height
H should be between 0,3D and 0,4D .

NOTE: The restrictions on particle sizes are chosen for
the following reasons. The maximum particle size is lim-
ited to ensure that the restrictions on particle arrange-
ments caused by the fixed lines of the walls do not have
an inordinate influence on the measured property. In addi-
tion, it is recognized that this influence is greater where
the particles are all of about the same size than where
smaller particles can occupy the interstitial spaces be-
tween the larger particles. Thus, for monosized materials
the above restriction is at 40 times the particle size, but
for solids with a wide particle size distribution, the re-
striction falls to 20 times the largest particle size.

C.9.1.3 Procedure

(1) The reference stress o, should be approxi-
mately equal to the vertical stress in the stored
solid in the silo defined in C.2. Sample prepara-
tion should be carried out according to the
guidelines given in C.5.

(2) Shearing of the sample should be carried out
at a constant rate of approximately 0,04 mm/s.

(3) The shear stress 7 developed at or before a
horizontal displacement of A =0,06D should
be used to calculate the strength parameters for
the solid, where D is the internal diameter of
the cell (see Figure C.4).

(4) At least two tests should be carried out (see
Table C.I and Figure C.4) as defined in (5) and
(6) below.

(5) The first sample should be sheared under a
normal load causing the reference stress o, to
obtain the failure shear stress 7, .

(6) The second sample should first be pre-
loaded under a normal load causing the refer-
ence stress o, and just brought to shear failure

as for the first sample. Shearing should be
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3YNUHUATH 1 IPUKJIa/IEHY 3CYBHY CHITY 3HU3UTH
no Hyns. Ilicns mporo HOpMmaibHE HaBaHTA-
JKEHHS Ha JIPYTHH 3pa30K 3HIKYETHCS TPHO-
JIM3HO JI0 3HAYCHHS, IO BUKJIMKAE MOJIOBHHY
CTaHmapTHOrO THCKY ((0, =0,./2)), 1 3cyB
BUKOHYETHCS 3HOBY 1O OTPUMAaHHS Hampyr
3pi3y 7, (nuB. pucyHok C.4, b). Hanpyru, Bu-
3HAYEHI B Pe3yJIbTaTi IIUX IBOX BHIPOOYBAaHb,
HaseaeHi B Tabim C.1.

stopped and the applied shear load reduced to
zero. The normal load on this second sample
should then be reduced to a value causing ap-
proximately  half the reference stress
(o0z =0, /2)and sheared again to obtain the

failure shear stress 7,. Stresses determined
from the two tests are named in Table C.1).

Tabmuns C.1  — PekomenaoBaHi BUIIPOOYBaHHS
Table C.I: —Recommended tests
3HaueHHs NONepeIHbO- | BumpoOyBanbHe 3Ha- | MakcuMalibHI BUMIPIO-
BurnipoOyBanHs r'0 HOPMaJbHOTO Ha- YECHHSI HOPMAJILHOTO BaHI HAIIPYKCHHS 3CY-
npy>KEHHS Hanpy KeHHSI BY
Test Pre-load value of nor- Test load value of nor- Maximum measured
mal stress mal stress shear stress
No. 1 o, o, T,
No. 2 o, oy~0,/2 Ty

C.9.1.4 InTepnperauis

(1) Kyt BHyTpilIHBOTO TEpTS NPU HABaHTA-
KEHHI ¢, MaTepiaiy 110 30epiraeThcsi BU3Haya-
€Tbcs 32 HOPMYIIOI0

C.9.1.4 Interpretation

(1) The loading angle of internal friction ¢ for

the stored solid should be calculated as:

¢, =arctan(z, /o,)

(2) 3uennieHHs ¢, M0 BUHUKAE B MaTepiaji M0
30epiraeTbcsi, MpH CTAHIAPTHOMY THUCKY O,
BU3HAYAETHCS 32 (OPMYJIIOI0

(C.4)

(2) The cohesion ¢ that develops in the stored
solid under the reference stress o, should be

calculated as:

c=1, —0, tang,

e

T,-7
¢, =arctan(———2-

p
ne

@. — KyT BHYTpILIIHBOI'O TE€PTS B HEHABAHTAXKE-
HOMY CTaHi JUI EepeyIbBHEHOT0 MaTepiaiy.

IIpumiTka. 3HayeHHS 34YEIICHHA C3 CUJIBHO 3aJIEXKUTh
BiJl HampyXKeHHs YIIUIbHEHHA O,, TOMy He MOXKe
pO3TISIIATHCS B SIKOCTI (PIKCOBAHOI XapaKTEPUCTHKH
Marepiairy.

(3) Jns cumkoro marepianmy 0e3 34CIUICHHS
(tobto ¢=0) omip TepTIO Ma€ OMUCYBATUCS
TIJIBKYA KYTOM BHYTPIIIHBOTO TE€PTS IPU HABaH-

140

in which:

)

B

where:

(C.5)

(C.6)

¢. 1s the unloading internal friction angle for

an overconsolidated material

NOTE: The value of cohesion ¢ depends strongly on the

consolidation stress O,

fixedproperty of the solid.

so this cannot be regarded as a

(3) For a cohesionless solid (where ¢ =0), the
frictional strength should be described only by
the loading angle of internal friction ¢ (which



TaXXE€HH1 ¢, , AKUH TOA1 JOPIBHIOE ¢, .

Hpumitka. B sgKoCTi anpTepHATHBH ONHCAHOMY BHIIE
BUIPOOYBAHHIO JIOMYCKAETHCS BHKOPUCTOBYBATH CTaH-
JTapTHE TPHOXBICHOBE BHIIPOOYBAHHS.

C.9.2 Henpsime BUMipIOBaAHHA
C.9.2.1 llpyHuMN BUNIPOOYBAHHS

(1) Skmo BumpoOyBaHHS 3 BUKOPUCTAHHSIM
3pi3HOI KOPOOKH BUKOHYIOTHCS METOJIOM 3pi3-
Hoi kopoOku JIxenike (ASTM D6128), To 3ue-
IUICHHS MaTepiaiy 1o 30epiraeThes, albTepHa-
TUBHO MOXe OyTHM HaOJIM)KEHO BHU3HAYCHO 3a
pe3yJbTaTaMu LIMX BUIIPOOYBaHb.

(2) 3uenneHHs cig BU3HAYATH MPH MaKCUMa-
JBHUX CEPEIHIX BEPTUKAIBHHX THCKAaX ICIIA

3aMOBHEHHS O, , IK BU3HAYCHO B C.2.

(3) «HaiiGinpmuii TONOBHUN YIIITBHIOIOUYUIT
THUCK» O, CJIiJ MpUHAMATH PiBHUM MaKCHMaJlb-
HOMY CEpeIHhOMY THCKY B OyHKepi micis 3a-
IIOBHEHHS O .

(4) Cnig BU3HA4YaTH BUIbHE HANPYXKEHHS TEKY-
4OCTi O, 10 BiAIIOBIJa€ HANPY>KCHHIO yIIiIb-
HeHH. EdexkTuBHUI KyT BHYTPIIIHBOTO TEPTS
O , BU3HAYCHHUI TPHU BIAMOBITHUX THUCKAX, IO-
BUHEH TAaKOK BU3HAYATHUCS.

(5) HaOmmxeHe 3HAYSHHS 3UYCTUICHHS CIIiJ BH-
3HaYaTu 3a GOPMYIIOIO:

np. ACTY-H b EN 1991-4:20XX

is then equal to ¢, ).

NOTE: A standard triaxial test may be used as an alter-
native to the test described above.

C.9.2 Indirect measurement
C. 9.2.1 Principle of the test

(1) Where shear cell tests using a Jenike Shear
Cell (ASTM Standard D612&) have been un-
dertaken, the cohesion of a stored solid may
alternatively be approximately deduced from
these results.

(2) The cohesion should be found in relation to
the maximum mean vertical stress in the silo
after filling o, which is defined in C.2.

(3) The "major principal consolidating stress"
o, should be taken as equal to the maximum

mean vertical stress in the silo after filling o, .

(4) The unconfined yield stress o, correspond-

ing to this consolidation stress should be de-
termined. The effective angle of internal fric-
tion ¢ (determined under the corresponding
stress conditions) should also be found.

(5) An approximate value for the cohesion ¢
should then be determined as:

B sind —sing, c
“cosg, (1+sinS) (€.7)
ae in which:
4 =sin” (2S00 =K, (C.8)
k:(:‘ )(1+5sin 5) (C.9)
Ie where:

o. HalOUIbIE TOJOBHE YIIUILHIOKOUE Ha-

OpY>KeHHs, 1[I0  BH3HAYAETBCA Y
BUNIPOOYBaHHI 31 3pi3HOI KOPOOKOIO
JlxeHike;

o, BUIbHa MeXa TEKy4oCTi, 0OyMOBJEHa Y
BUMPOOYBaHHI 31 3PI3HOI0 KOPOOKOIO
JIxeHike;

0  edeKTUBHUI KyT BHYTPIIIHBOTO TEPTS

o, is the major principal consolidating stress
found in a Jenike shear cell test;

o is the unconfined yield strength found in
a Jenike shear cell test;

o0 1is the effective angle of internal friction
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10 BUMPOOYBAHHIO 3 E€JIEMEHTOM 3pi3y
JxeHike;

@, KyT BHYTpPIIIHBOTO TEPTS B HEHABaHTa-
KeHoMmy cTtaHi (nuB. pucyHok C.4, c).

Hpumirka 1. Crtig 3a3HaYNTH, TI0 3HAYCHHS 3YCTUICHHS
CWIBHO 3alIEKMTh BiJl HANPYXEHHA YIIUIbHEHHA O, ,

TOMY HE MOXE PO3IIIAAaThCs K (PikcoBaHA BIACTUBICTH
MaTepiaiy.

Mpumirka 2. Cnix 3a3HauuTH, 10 HAHOLIbIIE TOJIOBHE

YHILIBHIOIOYE HAPYKEHHA O, , 3a3BUYai II03HAYAETHCSA

AK O B JIiTepaTypi 3 MEXaHiKH CUIIKUX CEPEITOBHILI.

(6) Habmxene 3HayeHHSI KyTa BHYTPIIITHBOTO
TEpPTsI B HABAHTAXXCHOMY CTaHi ¢, MOXKE BH3Ha-

YaTUcs 3 BUIPOOYBaHb 32 (OPMYIIO0
¢, =tan

Mpumirka. Crnix 3a3Ha4uTH, 110 00KBA MapaMeTpu C i
@, BUKOPHCTOBYIOTHCS B LIbOMY CTAHAAPTi TUIBKM JUIA

OLIIHKY BIIMBY MIITHOCTI Marepiary mo 30epiraeTbes, Ha
TUCKH B OyHKepi.

C.10 EdexTuBHII MOAY/Ib NPYKHOCTI £

C.10.1 [Ipssmmuii BUMIip
C.10.1.1 IIpuHuun BUNpoOdyBaHHA

(1) BepruxanbHe HamnpysKeHHs O, CIiI IPUK-
JanaTH 10 3pa3Ka, 3aKpilIeHOro BiJl TOPH30H-
tanbHuX aedopmartiii. [Tpu 30iabIIeHH] BEpTH-
KaJIbHOTO HAaNpyKeHHA Ha Ao, Clij BUMIpIO-
BaTH BUKJIMKAHY HUM 3MiHYy TOPH30HTAJIBLHOTO
HanpykeHHss Ao, 1 3MiHy BEpPTUKaJIbHOIO Ile-
pemimeHHss Av,. 3a IMMU BUMIpaMu BU3Haya-
€Tbcs €(PEeKTUBHUI MOy IPY>KHOCTI MPH Ha-
BaHTaXeHHI £, . [loTiM BepTHKanbHHH THUCK

3HUXKYETbCA HA A0, 1 BUMIPIOETBCS BUKJIMKA-
HE I[UM 3MIHA FOPU30HTAJIBHOIO TUCKY AC, 1

3MIHA BEPTUKAJIBHOIO nepemimieHHs Av,. Llu-

MU BUMIpaMU BU3HAYA€THCS €(PEKTHBHUN MO-
IyJib TIPYKHOCTI TpPU 3HATTI HaBaHTaKCHHS
E

sL *

Mpumirka 1. 3nadeHHs KoedimieHTa Ko 3aJIEKUTH BiJl

HaNpsIMKy TOJIOBHUX Hampy»XeHb y 3pa3ky. ['opuzoHTa-
JIbHI 1 BEPTHKAJIbHI HAIPYXEHHS NPUOJIU3HO € TOJIOBHU-
MU HanpyXeHHSIMHU B 3pa3Ky JJIsi BUIIPOOYBaHb.
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found in a Jenike shear cell test;

¢, is the unloading angle of internal friction
(see Figure C.4c¢).

NOTE 1: It should be noted that the value of cohesion c

depends strongly on the consolidation stress O, so this

cannot be regarded as a fixed property of the solid.

NOTE 2: It should be noted that the major principal con-
solidating stress O, is usually referred to as O in the

bulk solids handling literature.

(6) An approximate value for the loading angle
of internal friction ¢ may be found from this
test as:

_, sindcosg,
1—-sing, sino

(C.10)

NOTE: It should be noted that the two parameters ¢ and
@, are used in this standard only to define the effects of
a stored solid’s strength on silo pressures.

C.10 Effective elastic modulus £

C.10.1 Direct measurement
C.10.1.1 Principle of the test

(1) A vertical stress o, should be applied to a
sample constrained against horizontal defor-
mation. As the vertical stress increases by Ao,

the change in induced horizontal stress Ao,
and the change in vertical displacement Av,

should be measured. The loading effective elas-
tic modulus £, should be deduced from these

measurements. The vertical stress should then
be decreased by Ao,, the change in induced

horizontal stress Ao, and the change in verti-
cal displacement Av, should be measured. The
unloading effective elastic modulus £, should
be deduced from these measurements.

NOTE 1: The magnitude of the coefficient K, is influ-

enced by the direction of the principal stresses in the test
sample. The horizontal and vertical stresses are approxi-
mately principal stresses in the test sample.



Hpumitka 2. SKmo 3pa3ok HA3UBAETHCS 3aKPIICHUM
BiJl TOPM3OHTANBHUX nedopMamiid, TO Ile O3Hayae, 0
TOPHU30HTANBHI BiTHOCHI Aedopmariii B Marepiaii 3aim-
MIAIOTHCS TAKMMH MaJIMMH, 10 1X BIUIMB Ha HAIPY)KEHHS
Yy 3pa3Ky CHIIy4Ooro MaTepially MiHIMaJIbHHUH, IpoTe, I
BimHOCHI nedopmarrii TOCHTH BENWKi, MO0 BUKIUKATH
BUMIpIOBaHi sSIBUIIA B TOHKIH CTIHII yCcTaHOBKH. BigHoc-
Ha nedopmaris mopsaky 100 mikpoxedopmariiid Biamo-
BiJla€ IbOMY KPHTEPIIO.

C.10.1.2 IIpucrpii

(1) Cxema BunpoOyBaJIbHOTO MPHUCTPOIO, STKUH
MOBHHEH BHUKOPUCTOBYBATHUCS, IIOKa3aHa Ha
pucyHky C.5. 1 noniGHa NpUCTPOIO, ONUCAHOMY
B C.8 st BuMiproBaHHsI Koe(ilieHTa O0KOBOTO
TUCKY K .

AN =

a - BUNpoOyBaTbHUI IPUCTPIN

(a) Test apparatus

Po3’sacuenns
1 I'nmagka noBepxHs;
2 lopcTka noBepxHs

np. ACTY-H b EN 1991-4:20XX

NOTE 2: Where the sample is said to be constrained
against horizontal deformation, this means that the hori-
zontal strains are kept so small that their effect on the
stress in the particulate solid sample is minor, but the
strains are large enough to produce measurable observa-
tions in the thin wall of the apparatus. Strains of the or-
der of 100 micro strain meet these criteria.

C.10.1.2 Apparatus

(1) The geometry of the test apparatus that
should be used is shown in Figure C.5 and is
similar to the apparatus described in C.8 for the
measurement of lateral pressure ratio K .

>

A(T.I

b - THIOBI BepTUKAIBHI IEpeMilIeHHs PpH 30i-
JbILIEHH] BEPTUKAJIBHOIO TUCKY AC,

(b) Typical vertical displacements for incre-
ments of vertical stress Ao,

Key
1 Smooth
2 Rough

Pucynok C.5 — Mertoa BunpoOyBaHHs [ BU3HAYEHHS MOAYJIS IIPY’KHOCTI IPU HABaHTAXEHHI 1
IIPY 3HATTI HABAHTAXKCHHS

Figure C.5: Test method for determining the loading and unloading elastic moduli

(2) TopuzoHTaNIbHE HANPY>KEHHS Ma€ BU3HAy4a-
THUCS 3 BITHOCHUX JedopMalliii 30BHIMIHBOT TO-
BEpXHi BepTUKaIbHOT yacTuHH. CTiHKa KOPOO-
KM TIOBUHHA OyTH TOHKOIO 1 ii KOHCTPYKIIis TO-
BUHHA 3a0e3nedyBaTH KOPEKTHY iHTeprpeTa-
1[i}0 HAMPYKEHO-1e()OPMOBAHOTO CTaHy CTIHKU
(SIX mpaBmIIO, HEOOXiHA OKpeMma IUIMTa OCHO-
BU, BUMIPIOBaHHS T'OPU30HTAJIbHUX 1 BEpTHKa-
TpHUX AedopMariii i po3MIileHHS BHMipIOBa-
JTHHUX MPUIIAJIB Ha BIJICTaHI BiJl Kparo 3pa3Ka).

(2) The horizontal stress should be deduced
from strains measured on the outer surface of
the vertical section. The wall of the cell should
be thin, and the design should ensure that the
stress state in the wall is correctly interpreted
(it is generally necessary to have a separate bot-
tom plate, to make both horizontal and vertical
strain measurements, and to site the strain

measurement devices distant from the specimen
ends).
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(3) P HeoOxinHO BHKOPHCTOBYBAaTH TOYHI 3a-
coOM BUMIPIOBaHHSI Ui BH3HAUCHHS MaJlUX
301JIBIIICHD BEPTHKAIBHHUX TICPEMIIIICHD 3pa3Ka.

C.10.1.3 MeToauka

(1) B sxocti cTaHZapTHOrO HANpYXKEHS O,

CIiJl TNpuiMaTH HaNOLIBIIMI BepTUKAIBHUN
THUCK B MaTepiai mo 30epiraeTbcsi B OyHKeEPI.

(2) IMigroroBka 3pa3kiB MOBHHHA BUKOHYBATHU-
¢S BIAMOBINHO 10 BKa3iBok C.5.

(3) Ilicns mpukiaagaHHs BEPTUKAIBHOTO Ha-
NpYKEHH O, 110 AOPIBHIOE CTaHAAPTHOMY
Halpy>KeHHIO O,, HEOOXI1IHO paxyBaTH IOKa-
3aHHS BUMIPIOBAJILHOI CUCTEMHU IO TOPU3OHTA-
JHHOMY THCKY 1 BEPTUKAJIBHOMY HEpPEMIILEHHI.
Bucora ctucuytoro 3paska marepiany H mo-
BUHHA TAKOX PETEIbHO BUMIPIOBATHCA.

(4) IlpuknanaroTh Mane A0AaTKOBE MPHUPOILEH-
HSl BEPTUKAIbHOTO HANpPYXEHHA AO, 1 3HOBY
BUMIPIOIOTh TOPU3OHTAJIbHE HANpY>KEHHs 1 Be-
prukanpHi nedopmanii. Ilpupomenas Beptu-
KaJbHOTO HaNpy>XeHHS Ao, TOBUHHO NPUOIIH-
3HO ckjiaaatu oym3eko 10 % cranmapTHOTO Ha-
HpPYKEHHS O .

(5) 3MiHa TOPU3OHTAIBPHOTO HATIPY>KEHHS (BHA-
CIIJOK 30UIBLICHHS BEPTUKAJIBHOIO HAImpy-
KEeHH Ao,) npuiiMaeTrbcs B sIKOcTI Ao, 1
3MiHA BEPTUKAIBHUX MEPEMIIIeHb MPUUMAETh-
cs1 sk Av. 3navenns K, BigmosigHe 3011b-
[ICHHIO HABAHTAXXCHHS, TOJ1 BU3HAUYAETHCS SIK
K, 3a popmyinoro

K,

(6) EbextuBHMi MOIynb HpyXKHOCTI E, mpu
HABAHTAXKEHHI CJIIJl BU3HAYATH 32 (OPMYJIOL0:

_ Ao,
Ao,

2K}

(3)P An accurate means of measuring small
increments in the vertical displacement of the
sample shall be provided.

C.10.1.3 Procedure

(1) The reference stress o, should be taken as
the highest vertical stress in the stored solid in
the silo.

(2) Sample preparation should be carried out
according to the guidelines given in C.5.

(3) After application of a vertical stress o,
equal to the reference stress o,, the measure-

ment systems for observing horizontal stress
and vertical displacement should be read. The
height of the compressed sample H should al-
so be accurately measured.

(4) A small additional increment of vertical
stress Ao, should be applied, and the horizon-

tal stress and vertical displacement should be
measured again. The increment of vertical
stress Ao, should be approximately 10 % of

the reference stress o, .

(5) The change in horizontal stress (caused by
the vertical stress increment Ao,) should be

determined as Ao, and the change in vertical

displacement should be determined as Av. The
loading incremental value of K should then be
determined as K :

(C.11)

(6) The loading effective elastic modulus £,
should then be determined as:

Av

E, =H2% (1

(7) Ha 3akiHYeHHs 3iHCHIOIOTH TOKPOKOBE
3HIDKEHHS BEPTHKAJIBHOTO THCKY Ao, (IIOBHH-
HO PpO3TJISIaTUCS SK BEIUYMHA 3 BiJ €MHHM
MOTepEAHIM 3HAKOM) 1 BUMIPIOIOTh TOPU30HTA-
JbHI HAINPYKEHHS 1 BEPTUKAJBHI nedopmarii.
Kpok BepTHKanbHOro HampyXeHHs Ao, Io-

144

I+K,

j (C.12)

(7) A small incremental reduction of vertical
stress Ao, should then be applied (treated as
negative quantity), and the horizontal stress and
vertical displacement should be measured
again. The increment of vertical stress Ao,
should again be approximately 10% of the ref-



BUHHE npuOIM3HO ckiagatu Omusbko 10 %
CTaHZAPTHOI'O HAIIPYKEHHS O, .

(8) 3MiHa rOpU30HTAILHOIO HAIIPYKEHHS BHA-
CIIIJIOK 3MIHM BEPTHUKAIBHOTO CIIiJ{ TPUHHATH
K A0, 1 BU3HAUUTH BEPTUKAJIbHI EpeMilleH-

Ha Av (oOuaBa 3HAYCHHS BiT'€MHI). 3HAYCHHS
K mpu po3BaHTaXEeHHI BiJMOBiAa€ KPOKY Ha-
npykeHb. Toxi BuszHauaetscst K, 3a dopmy-

JIOIO
KU

(9) EdextuBHuil Mmopyns npysxHocTi £, npu

PO3BaHTAXKEHHI BH3HAYAETHCSA 3a HACTYITHOO
dhopMyII0I0:

_Ao,
Ao,

2K}
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erence stress o, .

(8) The change in horizontal stress (caused by
the vertical stress increment Ao,) should be
determined as Ao, and the change in vertical

displacement should be measured as Av (both
negative). The unloading incremental value of
K should then be determined as K, :

(C.13)

(9) The unloading effective elastic modulus
E , should then be deduced as:

Av

QU:HAq(l

Mpumitka. EQextuBanil MOayIIb NPY>KHOCTI PH 3HATTI
HaBaHTaXCHHS 3a3BHUail Ha0araTo OUTBIINI MOAYIIS MIPH
HaBaHT@XXCHHI. B OIHKAaX, KOJM BHCOKHI MOMYJb
MPY’KHOCTI IIKIATUBUHA TS KOHCTPYKMIA (HATpHUKIAL,
IpH 3MiHAaX TEMIIEpaTypH) IIOBUHEH BUKOPHCTOBYBATHUCS
MOIyNb TPYXKHOCTI HPH 3HATTI HAaBAaHTAXKEHHA. SIKIIO
MOJyJIb NPY)XHOCTI Marepialy CHpPUSTIMBHH Uil KOH-
CTPYKIi# (HampuKIaZ, B TOHKOCTIHHHMX MPSIMOKYTHHX
OyHKepax), MOBHHEH 3aCTOCOBYBATHCS MOJIYJb IPYXK-
HOCTI ITpY HaBaHTA)KEHHI.

C.10.2 Henpsima oniHKa

(1) B skocTi gomomoru Ajsi NepeBipKy MpaBu-
JHHOCTI BHIIPOOYBaHb Y KOHKPETHOMY BHIIAI-
Ky, HaOnmkeHe 3HaueHHs E ;, MOXKHa OLIHUTH

3a (popmyroro:

ESU = vaft

e

Py BEPTUKAJIBHUIA THCK B OCHOBI BEpTHKa-
apHOTO CcTOBOYpa (popmyna (5.3) abo
(5.79);

X Koe(ilieHT MOIYJIST CYyMIXKHOCTI.
Hpumirka. EdexTuBHUA MOIYITH MIPYKHOCTI TIPH 3HATTI
HaBaHTaxCHHs £, 1 BepTHKaNbHUI THCK D, MawThy

¢dopmyi (C.15) ogHaKOBI OJMHULI BUMIpY.

(2) 3a BiACYTHOCTI €KCIIEPUMEHTATBHUX JIAHUX,
orpuManux 3 BunpoOysanb no C.10.1, xoedi-
IIEHT MOJYJISI CYMDKHOCTI ) MOXHA OILIIHUTH

1+ K,

J (C.14)

NOTE: The unloading effective elastic modulus is usual-
ly much higher than the loading modulus. In assessments
where a high elastic modulus may be deleterious to the
structure (e.g. thermal differentials), the unloading
modulus should be used. Where the elastic modulus of
the solid is beneficial to the structure (e.g. in thin-walled
rectangular silos) the loading modulus should be used.

C.10.2 Indirect assessment

(1) As an aid to determine whether testing is
justified in a particular case, an approximate
value for £, may be estimated from

(C.15)

where:

P is the vertical stress at the base of the
vertical walled section (Expression (5.3)
or (5.79);

X is the modulus contiguity coefficient.

NOTE: The unloading effective elastic modulus £,

and the vertical stress p, , are expressed in the same

units in Expression (C.15).

(2) In the absence of experimental data from
tests according to C.10.1, the modulus conti-
guity coefficient y may be estimated as
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3a (hopmyIoto:
x=Ty
ne

y — MATOMA Bara marepiaiy mo 30epiraerscs,
KH/M’.

(3) 3HaueHHA )y MOXKE€ aJbTEPHATUBHO NpUN-

matucs piBHUM 70 Ui cyXoi CUTBCHKOTOCITO-
Jmapcbkoi 3epHOBOI Tipoaykii, 100 — mst npio-
HO3EPHHUCTUX MIHEpAIbHUX YacTok, 150 — a
JUTSI KPYITHO3EPHUCTUX MIHEPAIbHUX YACTHHOK.

C.11 Ouinka BepXHbOI0 Ta HHKHbOTO
XapAKTePUCTHYHOIO 3HAYECHHS NTapaMeTpiB i
BH3HAYEHHS NMONPABOYHOIro KoediuieHTa a

C.11.1 HpuHumnm

(1) P Bynkep HeoOXigHO pO3paxoByBaTH Ha
HANOUIBII HECHPHUATINBI YMOBH HABaHTa)KEH-
HS, SIKI MOXYTh JiSITH TPOTATOM HOTro po3pa-
XYHKOBOTO TepMiHy ciryx0u. Lleit po3ain mpu-
CBSYCHUH OIlIHIII MIHJIMBOCTI XapaKTEPHUCTHUK,
sKa MOJKE€ MPOSBUTHUCS B 3pa3Kax, MpeJcTaBlie-
HUX JJIS1 BAIPOOYBAHb i1 YaC POESKTYBaHHS.

Hpumirka. MIMOBipHO, IO XapaKTepUCTUKHA Matepiary
1o 36epiraerbest OyayTh 3MIHIOBATHCS IPOTATOM TE€PMi-
HY CITy>KOH, aje Iie Ba)KKO MiAIa€ThCs OLIHII.

(2)P ExctpemanbHi 3HA4YCHHS HABAHTAXKEHBb
JUIS pO3paxyHKy MOBUHHI OyTH TpeacTaBiieHl
CBOIMHU XapaKTePUCTHUYHUMU 3HAYCHHSIMHU, SKi
€ 3HAYCHHSIMU 13 3aJ]JaHOI0 UMOBIPHICTIO HeTle-
peBuleHHs (3a3Buyail, 5 % kBaHTWIb 1 95 %
KBaHTWJIb) TMPOTATOM MPU3HAYECHOTO TEPMIHY
ciy>)k0M KoHTelHepa a0o HEe3MIHHOCTI po3pa-
XYHKY.

(3)P ExcrpemainbHi 3HauY€HHS XapaKTEPUCTHK,
[0 BUMArarmThCs IS JTOCSTHEHHS IUX €KCT-
peMalIbHUX PIBHIB HaBaHTaXEHb, CIIiJ] HA3HUBa-
TH XapaKTEPUCTUYHUMHU 3HAYCHHSIMHU XapaKTe-
PHUCTUK MaTepiaiy.

(4)P BepxHi 1 HUKHI XapaKTEPUCTHYH] 3HAYCH-
HS BIJNOBIAHUX BJIACTUBOCTEN HEOOXITHO BH-
KOPUCTOBYBATH JUIsl OJCpXKaHHS HEOOXiITHUX
YMOB HaBaHTAKEHHSI.

(5) TloBuHeH 3acTOCOBYBaTUCS 3a3HAYCHUH TYT
CIPOIICHUI METOJI, B IKOMY XapaKTEPUCTHUYHE
3HA4YEHHs NMpUHUMaeThes Sk 1,28 craHgapTHOTO
BiJIXHJICHHS BiJ] CEPEAHBOTO.
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32

(C.16)

where:

y 1is the unit weight of the stored solid in
kN /m’.

(3) The value of y may alternatively be taken

as 70 for dry agricultural grains, 100 for small
mineral particles and 150 for large hard mineral
particles.

C.11 Assessment of the upper and lower
characteristic values of a property and
determination of the conversion factor a

C.11.1 Principle

(1)P The silo shall be designed for the most ad-
verse loading condition which may occur dur-
ing its design life. This section deals with the
assessment of the wvariability of properties
which may occur in samples presented for test-
ing at the time of design.

NOTE: It is likely that the properties of the stored solid
will change during the life of the structure, but these are
no easy to assess.

(2)P The extreme values of loads for design
shall be represented by their characteristic val-
ues, which are values with accepted prescribed
probabilities of not being exceeded (5 percen-
tile and 95 percentile values normally) during
the intended life of the container or the perma-
nency of the design.

(3)P The extreme values of properties needed
to achieve these extreme load levels shall be
termed characteristic values of the properties.

(4)P Both upper and lower characteristic values
of the relevant properties shall be used to ob-
tain the relevant loading conditions.

(5) The simplified treatment defined here
should be used, in which the characteristic val-
ue is taken as 1,28 standard deviations from the
mean.



Hpumirka 1. 3Ha4eHHS XapaKTEPUCTUK, HEOOXiTHE IS
OCATHEHHS (piKCOBaHOI HMOBIPHOCTI ITEPEBUIIICHHS PiB-
HS HAaBaHTKEHHSI, 3aJIKHUTH BiJ reoMerpii i abcomroT-
HOTO PO3Mipy KOHTEHHepa, PO3MIIHYTOr0 BUIIAAKY Ha-
BaHT@XCHHSA, YM IiIOTh HAaBAHTAXXEHHS HAa BEPTHKAJBHY
cTiHKy abo Ha CTiHKY BOpOHKH. Jl0ZaTKOBO Ha IIi 3Ha-
YEHHS BIUIMBAIOTh BMICT BOJIOTH, TEMIIEPATypPa, MOYKIIH-
BICTh pO3IIApyBaHHs 1 BiK.

Mpumirka 2. Crix 3a3naunty, mo ACTY-H b EN 1990,
nmonaTok D pekoMeHIye 3HaYCHHS, 10 BiAPI3HAETHCS Bif
1,28. Sk 3a3HaYeHO B HABEACHOMY BHIIE IIYHKTI, OCKiTb-
KM OUTBIIICTh HE3ISKHUX OFHA BiJ OJHOI XapakTepuc-
THUK BHOCSATH BKJIAJl Y 3HAYCHHS XapaKTepPUCTUYHOTO Ha-
BanTaxkeHHsa, 10 abo 90-BiACOTKOBHII KBAaHTHJIb KOXKHOI
BJIACTHBOCTI NPUHHSATHH PO3YMHOIO OLIIHKOIO 3HAY€HHS,
HEOOXiHOTO, 100 JaTH BIiAMOBIAHY WMOBIPHICTH IS
OCTaTOYHOTO HaBaHTAXEHHs. BukopucraHHs OuIbII BH-
COKOT0 3HAUCHHS, HiXK IIe, HMOBIpPHO MPHU3BEIE 10 MpOe-
KTiB, 3HaYyHO OLIBII KOHCEPBATHBHOTO, HDK CydYacHa
MPaKTHKA.

(6) SIkmIo € ajmeKBaTHI eKCIIEpUMEHTANIBHI JIaHi,
TO XapaKTepI/ICTI/I‘IHi 3HAYCHHA CJ'IiI[ BHU3Ha4YaTu
CTaTUCTUYHUMU METOTAMMU.

Hpumirka 1. Jaxi BunpoOyBaHb, Oyaydd KOPUCHHUMH
SIK OCHOBA JIJIS OLIHKH XapaKTEPUCTUYHUX 3HAYCHb, Ma-
I0Th cBOI 0OMekeHHs (0OMeXeHHH po3Mip 3paskiB, 00-
MeXeHi MeToau Bubipku tomo). L{i oOMexeHHS MOXYTh
MIPU3BECTH JIO0 TOTO, IO JaHi BUSABISAIOTHCS HEIOCTATHI-
MU Ui BChOT'O J(iarna3oHy XapaKTEePUCTHK, KM MOXe
MAaTH MICIIE B ITPOIIECi TEPMIHY CITY>KOM KOHCTPYKIIiH.

Ipumitka 2. 3nauenss y Tabmuni E.1, npeacrasisiors
CyMIIII OIIIHOK, 3aCHOBaHUX Ha JIOCBiJli, 1 HASBHUX EKC-
MIEPUMEHTAIBHUX JaHHX.

(7) Sxmo 3aMOBHUK ab0 MPOEKTYBaJIbHUK Ma-
I0Th aJIeKBaTHI JaHi abo JOCBiJ ISl KOHKPET-
HOI MPOEKTHOI CHTyallii, TO 3aMOBHHK MOXE
BUOpaTH  XapakTepUCTUYHI 3HAYEHHS JUId
NPEJCTAaBIICHHS Jiama30Hy 3HAa4eHb XapakTe-
PHUCTHUK, SIKHH MOXX€ MaTH MICLe B IIpOLEC] Te-
PMiHY CITy>KOM KOHCTPYKIIii.

C.11.2 MeToa oniHKH

(1) Jnst BU3HAUEHHSA XapaKTEPUCTUYHUX 3HA-
4yeHb Oy/1b-sIKOT0 MapaMeTpa J0IyCKAEThCS BU-
KOPHUCTOBYBaTH HAcTymHi wmeroauku. Jlai,
3MIHHA ) BHMKOPHCTOBY€TBCS JUIsl NPENCTaB-

JieHHs OyIb-SIKOTO TTapameTpa.

(2) CepenHe 3HaueHHs MapamMeTpa y BH3HAYa-
€ThCA 3 CKCIICPUMCHTAJIbHUX OAaHUX.

(3) Tam, ne e MOKJIMBO, Pe3yJIbTaTaM BHUIIPO-
OyBaHb CJIiJ1 BU3HAYaTH Koe(ilieHT Bapiamii o .

(4) Slxmo oTpuMaHuX MpH BUNPOOYBaHHI pe-

np. ACTY-H b EN 1991-4:20XX

NOTE 1: The values of properties required to achieve a
fixed probability of exceedence of the load levels depend
on the geometry and absolute size of the container, the
load case being considered, and whether the loads are on
vertical or hopper walls. In addition, the moisture con-
tent, temperature, potential for segregation and age all
affect these values.

NOTE 2: It may be noted that EN 1990, Annex D ‘De-
sign assisted by testing", recommends a different value
from 1,28. As stated in the above paragraph, because
several uncorrelated properties contribute to the charac-
teristic load value, a 10 percentile or 90 percentile value
of each property is judged to be a reasonable estimate of
the value required to give an appropriate probability for
the final load. The use of a higher value than this is likely
to lead to designs that are considerably more conserva-
tive than current practice.

(6) If adequate experimental data is available,
the characteristic values should be determined
using statistical techniques.

NOTE 1: Test data, although useful as the basis for the
assessment of characteristic values, have their limitations
(limited sample size, limited sampling technique, etc.).
These limitations may cause the data to be unrepresenta-

tive of the full range of properties that may occur in the
design life of the structure.

NOTE 2: The values given in Table E.I represent a mix-
ture of judgement based on experience and available
experimental data.

(7) If the client or designer has adequate data or
experience for a particular design situation,
then the client may select characteristic values
to represent the range of values of properties
that may occur during the design life of the
container.

C.11.2 Method of estimation

(1) The following procedure may be used to
obtain the characteristic values of any property.
In the following, the variable y is used to rep-

resent any property.

(2) The mean value of the property y, should
be determined from test data.

(3) Where possible, the coefficient of variation
0 should be determined from the test data.

(4) Where the test data is insufficient to provide
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3yJbTaTiB HE JOCTAaTHBO JJISI OTPUMAHHS OIliH-
KM KoedilieHTa Bapiallii 3 HOTpiOHOIO TOYHIC-
TIO, BI/IMOBITHE 3HAYEHHS I Marepiany Io-
BUHHO OyTH OTPHUMaHO LUISIXOM OLIHKH. Tab-
g C.2 MoXe BUKOPUCTOBYBATHCS SIK KEpiB-
HUIITBO JUISl LIbOTO.

(5) BepxHe xapakTepuUCTHUHE 3HAYEHHS Mapa-
meTpa (¥, = Y90 ) BU3HAYAETHCA 3a (POPMYIIOL0

X090 = ;((1 +1.280)

(6) HmxHe xapakTepuCTH4YHE 3HAYEHHs IHapa-
metpa (¥, = ¥,,,) BU3HAYAETHCS 32 GOPMYJIIOIO

Koo = 7((1_1-285)

(7) IonpaskoBuit KoedilieHT a, Ui napame-

Tpa BU3HAYAETHCSA 32 (HOPMYIIOIO:

a = ﬂzl+l.285+52
Z\1-1.286

Ipumirka. ®opmyna (C.19) npencrasisge HalmpocTi-

A METOJ JJISI BH3HAYCHHS OKPEMOI'0 3HAYCHHA Cll 5

SKWA JJa€ JOCTAaTHHO TOYHY aIlpPOKCUMAII0 SK IS
Xooo> TaK i mma ¥, .- OOHAK cilifl 3a3HAYMTH, IO
ockineku ¢opmymu (C.17) i (C.18) € amuTuBHMMH, a
BUKOPUCTaHHA (ll MyHBTI/IHHiKaTI/IBHI/IM, 3aBXIH iCHyC
HEBCJIIMKE PO3XOMKCHHA MIK 3HAa4YCHHsAMHU, BUSHAYCHHUMU
3a ¢popmynamu (C.17) 1 (C.18), i 3HAUCHHSIMH 1O OLIBII
MIPOCTOMY METOJy AHOIO CTaHAApTy, 3aCHOBAHOMY Ha
hopmymi (C.19) i hpopmynax (4.1) - (4.6).

(8) Skmo 3HaYeHHS MOBHHHI OyTH OTpHUMaHi
HUIIXOM OLIHKHM, Koe(ilieHT Bapiamiii o s
NUTOMOI Baru NMOBMHEH OyTHW NPUHHATUN piB-
HuM 0,10. /g iHmMX XapaKTepUCTUK 3HAYCH-
HS MOXXYTh OyTH OTpPHMaHIi 3 OI[IHOK JJi aHa-
JIOT1YHUX CUTIKUX MaTepiaiiB 3 BAKOPHUCTAHHIM
tabaumi C.2.
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a good estimate of the coefficient of variation,
an appropriate value should be estimated for
the solid. Table C.2 may be used as a guide.

(5) The upper characteristic value for the prop-
erty (¥, = X0 ) should be determined as:

(C.17)

(6) The lower characteristic value for the prop-
erty (¥, = %,,,) should be determined as:

(C.18)

(7) The conversion factor a, for the property

should be determined as:

(C.19)

NOTE: Expression (C. 19) is the simplest method of
determining a single value for a , that gives a close ap-

proximation for both ¥, 4, ¥, o - However, it should be
noted that because Expressions (C.17) and (C.18) are
additive expressions, but the use of a P is multiplicative,
there will always be a small discrepancy between the
characteristic values determined from Expressions (C.17)
and (C.18) and those found using the simpler method of
this standard based on Expression (C.19) and Expres-
sions (4,1) to (4.6).

(8) Where the values must be estimated, the
coefficient of variation ¢ for unit weight
should be taken as 0,10. For other properties,
the values may be estimated from those for
similar particulate solids using Table C.2.
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Tabmuus C.2 — Tunosi 3HaueHHs KoedillieHTa Bapiallli XapaKTEepUCTUK CUIIKOTO MaTepiary
Table C.2 — Typical values of the coefficient of variation of particulate solids properties

Cunyunii MmaTepian

KoedimienT Bapianii &

Bulk solid Coefficient of variation o
Koediuient Kyt Koedirmient Tepts 06 criaku (x4 )
OOKOBOIO | BHYTPILIHBOTO Wall friction coefficient ()
THCKy ([f ) | Tepra (¢} ), ° Kareropii TepTs 0 cTiHKH
Latera Angle of inter- Wall fiction category
pressure nal friction D1 D2 D3
ratio (K) | () (degrees) Type D1 Type D2 Type D3
1 2 3 4 5 6
3anosHioBay 0,11 0,11 0,09 0,09 0,09
Aggregate
Lmosem 0,14 0,16 0,05 0,05 0,05
Alumina
CymMimr koMOiKop-
MiB 0,08 0,06 0,19 0,19 0,19
Animal feed mix- ’ ’ ’ ’ ’
ture
['panynboBanuit
KOMOIKOpM 0,05 0,05 0,14 0,14 0,14
Animal feed pellets
Aamisp 0,08 0,10 0,11 0,11 0,11
Barley
Hement 0,14 0,16 0,05 0,05 0,05
Cement
LleMeHTHHMIT KITiH-
Kep 0,21 0,14 0,05 0,05 0,05
Cement clinker
Byrus 0,11 0,11 0,09 0,09 0,09
Coal
Byri 5
yrulb i T 0.14 0,18 0,05 0,05 0,05
Coal, powdered
Koke 0,11 0,11 0,09 0,09 0,09
Coke
Jlpiona sona 0,14 0,12 0,05 0,05 0,05
Flyash
bopouro 0,08 0,05 0,11 0,11 0,11
Flour
Oxkarwii 3ami3H01
pyau 0,11 0,11 0,09 0,09 0,09
Iron ore pellets
l"amene BamHo
Lime hydrated 0,14 0,18 0,05 0,05 0,05
BanusikoBuii mo-
POIIIOK 0,14 0,16 0,05 0,05 0,05
Limestone powder
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Kinens tabmumi C.2

] 2 3 4 5 6
Kykypynsa 0.10 0.10 0.17 0.17 0.17
Maize
dochaTtu
Phosphate 0,11 0,13 0,09 0,09 0,09
Kapromus 0,08 0,09 0,11 0,11 0,11
Potatoes
Iicok 0,08 0,07 0,11 0,11 0,11
Sand
[Hnaxoenit kiinkep 0.08 0.07 0.11 0.11 0.11
Slag clinkers ’ ’ ’ ’ ’
Coesi Gobu 0,08 0,12 0,11 0,11 0,11
Soya beans
Lyxop 0.14 0.14 0,05 0,05 0,05
Sugar
Oxkatunrn OypsiaHO-

TO LKy 0,11 0,11 0,09 0,09 0,09
Sugarbeet pellets

IMmenwnis

Wheat 0,08 0,09 0,11 0,11 0,11
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JOJATOK D
(000B's13K0BHIN)

BU3HAYEHHS XAPAKTEPUCTHUK
MATEPIAJLY JJIAA PO3PAXYHKY
HABAHTA’KEHDb HA BYHKEP

D.1 Meta

Lleit monaTok omucye METOAM BH3HAYEHHS I1a-
pameTpiB, sIKi MOTPIOHI B IbOMY CTaHIAPTI JUIS
PO3paxyHKy HaBaHTa)kKeHb Ha OyHKep 1 He Mo-
KyTb OyTH O6€31mocepeTHbO BUMIPSHI.

D.2 Buznavennsi koedinieHra Tepts 00
CTIHKH /151 TO)POBAHOI CTIHKH

(1) Mns xareropii mnoBepxHi cTiHkH D4
(roppoBani abo mpodiNbOBaHI CTaJEBi JIMCTH
ab0 CTIHKM 3 TOPHU3OHTAJIBLHUMH pedpaMu)
(muB. pucynok D.1) edextuBHMI KoedimieHT
TepTs 00 CTIHKH CJIil BU3HAYATHU 32 (HOPMYIIOIO

ﬂeﬂ = (1 - aw) tan ¢1 + awuw

ne

Uy ebekTHBHMI KoedilieHT TepTs 06 CTiH-
Ku

) KyT BHYTPIIIHBOTO TEPTS;

4,  KoedilieHT TepTs O CTIHKK (10 piBHOI
MOBEPXH1 CTIHKH);

a KOe(]IIiEHT KOHTAKTY 31 CTIHOIO.

w

Mpumitka. Jna xareropii mnoBepxHi cTiHkn D4
eeKTUBHE TEpPTd O CTIHKM 3aJeKUTh BiA KyTa
BHYTpIIHBOIO TEPTS Marepiasy 1o 30epiraerhcs,
Koe(illieHTiB TepTd Mo piBHIA CTIHLI 1 Bix mpodimto
MTOBEPXHI CTIHKH.

(2) Hapamerp a, y ¢opmym (D.1), skwuii
MPEJCTABIISIE TPOTSHKHICTD PYXy MaTepiaiy Mo
MOBEPXHI CTIHKH, CJiJ BU3HAYATH 3 reoMeTpii
npodiTro TUCTIB CTIHKY (AMB. pucyHok D.1, a):

b

w

a =
w
b, +b,

Hpumirka. [ToBepxHS po3aiTy MiXK PyXOMHMHU 1 Hepy-
XOMHMH 30HaMH YaCTKOBO 3HAXOJOHUTHCA B KOHTAaKTi 3i
CTiHKOIO, a YaCTKOBO € IOBEPXHEI0 PO3PHUBY BCEPEIHHI
cUIKoro marepiany. YacTiHa MOBEpXHI po3aily, sKa

np. ACTY-H b EN 1991-4:20XX

ANNEX D
(Normative)

EVALUATION OF PROPERTIES OF
SOLIDS FOR SILO LOAD EVALUATION

D.l1 Object

This annex describes methods for the evalua-
tion of parameters needed in EN 1991-4 for the
purposes of silo load evaluation that cannot be
measured directly.

D.2 Evaluation of the wall coefficient for
a corrugated wall

(1) For Wall Surface Category D4 (corrugated
or profile steel sheeting or walls with horizon-
tal ribs) (see Figure D.1), the effective wall
friction should be determined as:

(D.1)

where:

Uy is the effective wall friction coefficient;

@ is the angle of internal friction;

4, s the wall friction coefficient (against a
fiat wall surface);

a is the wall contact factor.

w

NOTE: For Wall Surface Category D4, the effective wall
friction depends on the stored solid's internal friction, the
friction coefficient against a flat wall, and the profile of
the sheeting.

(2) The parameter a, in Expression (D.1),

which represents the extent of solids movement
against the wall surface, should be determined
from the geometry of the wall sheeting profile
(see Figure D.la):

(D.2)

NOTE: The interface between the moving and stationary
zones is partly in contact with the wall and partly an in-
ternal rupture surface within the solid. The proportion of
interface that involves the solid moving against the wall
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BKIIIOYa€ pPyX Marepiady [0 CTiHI[, BHPaKaEThCA
koedinieaToM a, .

.|

T
= g

b

=

i

/—3

a - mpo(isb 3 TpaneuieBUTHUMU rodpamu
a) Trapezoidal corrugated profile
Po3’sicHenHs
1 CUITyYHI MaTepial
2 MOTIK MaTepiaty

3 IIOBEPXHS PO3PUBY

is givenby a,,.

b - mpodink 3 rodppamu cunycoinaabHOi hopmu

b) Sinusoidal corrugated profile

Key
1 Filled solids
2 Solid How

3 Rupture surface

Pucynok D.1 — Po3mipu npoiib0OBaHOTO CTaJIEBOTO JHCTA

Figure D.1: Dimensions or profile steel sheeting

(3) Skmo HeoOXigHO, CTiJi BUKOHYBATH BIAIO-
BIJIHy OIIIHKY PEXHMY KOHTAaKTy MaTepi-
an/ctinka (quB. pucyHok D.1, b).

Mpumirka. J{ns npodiniB CTiHKH, MOMIOHUX TPOdiTro
Ha pucyHky D.1, b), koediuient @, Moxe OyTH mpHiiH-

sitaid piBHEM 0,20.

D.3 BuyrpimHe Teprsi i Teprsi 00 CTiHKH
KPYIHO3EPHUCTOr0 Marepianay 0e3 apiOHHX
CKJIaJ0BHX

(1) KoedimienT TepTss 00 CTIHKH 4 1 KyT
BHYTDIIIIHBOTO TEPTS ¢ HE MOXYThb OyTH
JIETKO  BU3HAYEHI I KPYIHO3EPHHCTUX
CUTIKMX MaTepiamiB 0e3 ApiOHUX CKIIaJI0BUX
(Hampuknaa, JIOMHH, TOpoX, 000u abo
KapToIUIs), TOMY KyT BHYTPIIIHBOIO TEPTS ¢
MOBUHEH npuiiMatucs piBHUM KyTY
IPUPOJHOTO YKOCY ¢, PUXJIOl HACUIIAHOI KyIH
MaTepiany 3 MPUOIN3HO PIBHOIO MOBEPXHEIO.
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(3) Where necessary, an appropriate estimate
should be made of the solid/wall contact re-
gime (see Figure D.1b).

NOTE: For wall sheeting profiles similar to that shown
in Figure D.Ib, the value of a,, may be taken as 0,20.

D.3 Internal and wall friction for coarse-
grained solids without fines

(1) The wall friction coefficient g and the an-
gle of internal friction ¢ cannot be easily de-
termined for solids which consist of large parti-
cles without a fines content (e.g. lupins, peas,
potatoes), so the angle of internal friction ¢,
should be taken as equal to the angle of repose
¢. of a loose poured heap of solid with an ap-
proximately planar surface.



JOJATOKE
(000B’sA3KOBMIA)

3HAUYEHHSA NAPAMETPIB CHITYYOI'O
MATEPIAJTY

E.1 3araiabHi mojoskeHHs

(1) YV upoMy nmomatky AaHi 3HAYCHHS XapaKTe-
PUCTHK 30€peKeHUX MaTepialiB JijIsl BUKOPHC-
TaHHS B pO3paxyHKax.

E.2 3anponoHoBaHi 3HaYeHHS

(1) 3HaueHHs1, K1 CJTiI BAKOPUCTOBYBATH B PO-
3paxyHKax, HaBoJsAThCs B Ta0numi E. 1.

np. ACTY-H b EN 1991-4:20XX

ANNEX E
(Normative)

VALUES OF THE PROPERTIES OF
PARTICULATE SOLIDS

E.l General

(1) This annex provides values of stored solid
properties for design.

E.2 Defined values

(1) The values that should be used in design are
given in Table E.1.
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Tabmuus E.1 — XapakTepucTuKu CUITyYHX MaTepiajiB
Table E.1 — Particulate solids properties

.8 Koedirmient teptst 00
o 2 ¢’ g E K g q)CTiHKl/Icp S 8
Bun cunkoro ) ‘. ) © 2 £ = 2> o = 2
TKOTO = = = 2 £ 8 ¢z 5|8 s (C IS
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sy|2y|es & ‘3, Zg B K2 K Wall friction coefficient s o
) p= 2 = 9|& EE|lSS|& |8 5 BlE
Type of particulate = = = 2|0 25l |8 g & = 8 5
solid ¢ = (5 |58 |27 |2E|¥EE H 2 55
o ==
= g T 8|3 (u=tangp,) |5 5 Co
2 =22
— |l =D en E ol =)
alalrialArlA L =18
HEEEER = 5l
71| Y ¢, b | 4 | K| ax |5\ 25|2|5|2| % 8 R[E
= = = <
El S| E| | E| = I~ i~
SEEEEE
= 5 5 = 5 = G G 5 E
gl 2| g8 E|S|E|S|E|S|2|C|E|S|E| || 8|58
B I IR E R A I =
glal g~ SIS E=|TE == EI=2TE
% g, o S o S ) o o <
= 15 o o o o o
T | A &) &) S| |3 |3
xH/ xH/
M3 M3 rpang rpang
1 2 3 4 5 6 7 8 9 10 11 12 13
Marepian B3arami® 6,0 | 22,0 40 35 1,3 10,50 | 1,5 {0,321 0,39 | 0,50 | 1,40 1,0
Default material *
3aIroBHIOBAY 17,0 | 18,0 36 31 (1,16 10,52 | 1,15 0,39 | 0,49 | 0,59 | 1,12 0,4
Aggregate
I'nmuHo3eM 10,0 | 12,0 36 30 [ 1,22 10,541,201 041 | 0,46 | 0,51 | 1,07 0,5
Alumina
Cymirn KoMOIKOpMY 5,0 | 6,0 39 36 | 1,08 1045 | 1,10 | 0,22 | 0,30 | 0,43 | 1,28 1,0
Animal feed mix
I'panynboBaHuit 6,5 | 8,0 37 35 | 1,06 | 0,47 | 1,07 | 0,23 | 0,28 | 0,37 | 1,20 0,7
KOMOIKOpM
Animal feed pellets
Sumine * 7,0 | 8,0 31 28 | 1,14 ]0,59 | 1,11 | 0,24 | 0,33 | 0,48 | 1,16 0,5
Barley *
Iemenr 13,0 | 16,0 36 30 | 1,22 10,54 | 1,20 | 0,41 | 0,46 | 0,51 | 1,07 0,5
Cement
LleMenTHMIT KITiHKep # 15,0 | 18,0 47 40 | 1,20 0,38 [ 1,31 | 0,46 | 0,56 | 0,62 | 1,07 0,7
Cement clinker #
Byrimis * 7,0 | 10,0 36 31 1,16 10,52 | 1,15 044 | 0,49 | 0,59 | 1,12 0,6
Coal *
ByrinpHuii vt * 6,0 | 8,0 34 27 | 1,26 | 0,58 | 1,20 | 0,41 | 0,51 | 0,56 | 1,07 0,5
Coal, powdered *
Koxke 6,5 | 8,0 36 31 | 1,16 10,52 | 1,15 | 0,49 | 0,54 | 0,59 | 1,12 0,6
Coke
JpibHa 3011a 8,0 | 15,0 41 35 | 1,16 | 0,46 | 1,20 | 0,51 | 0,62 | 0,72 | 1,07 0,5
Flyash
Bopomniao * 6,5 | 7,0 45 42 11,06 036 | 1,11 0,24 |0,33|0,48 | 1,16 0,6
Flour *
Okaruiin 3a1i3H01 pyau 19,0 | 22,0 36 31 | 1,16 | 0,52 | 1,15 0,49 | 0,54 | 0,59 | 1,12 0,5
Iron ore pellets
Tamrene BamHo 6,0 | 8,0 34 27 | 1,26 | 0,58 | 1,20 | 0,36 | 0,41 | 0,51 | 1,07 0,6
Lime, hydrated
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BarHskoBHii HOpOILIOK 11,0 | 13,0 36 30 | 1,22 | 0,54 | 1,20 | 0,41 | 0,51 | 0,56 | 1,07 0,5
Limestone powder

Kykypynza * 7,0 | 8,0 35 31 | 1,14 10,53 | 1,14 | 0,22 | 0,36 | 0,53 | 1,24 0,9
Maize *

docdar 16,0 | 22,0 34 29 (1,18 10,56 | 1,15] 0,39 | 0,49 | 0,54 | 1,12 0,5
Phosphate

Kapromst 6,0 | 8,0 34 30 | 1,12 | 0,54 | 1,11 | 0,33 | 0,38 | 0,48 | 1,16 0,5
Potatoes

[Ticok 14,0 | 16,0 39 36 | 1,09 | 0,45 | 1,11 | 0,38 | 0,48 | 0,57 | 1,16 0,4
Sand

[1akoBu# KIIIHKEp 10,5 | 12,0 39 36 | 1,09 | 0,45 | 1,11 | 0,48 | 0,57 | 0,67 | 1,16 0,6
Slag clinkers

Coesi 0001 7,0 | 8,0 29 25 (1,16 | 0,63 | 1,11 | 0,24 | 0,38 | 0,48 | 1,16 0,5
Soya beans

Iykop * 80 | 9,5 38 32 | 1,19 | 0,50 | 1,20 | 0,46 | 0,51 | 0,56 | 1,07 0,4
Sugar *

Oxarui Oypstunoro | 6,5 | 7,0 36 31 | 1,16 | 0,52 | 1,15 ] 0,35 | 0,44 | 0,54 | 1,12 0,5
LyKpy

Sugarbeet pellets

[Mienurs * 7,5 1 9,0 34 30 | 1,121 0,54 | 1,11 | 0,24 | 0,38 | 0,57 | 1,16 0,5
Wheat *

IpumiTka. Skio marepian He MICTUTBCS B TaOJIUII, CJTi/i BAKOHATH BUIIPOOYBaHHS.

NOTE Where this table does not contain the material to be stored, testing should be undertaken.

a

SIK1io BUTpaTH Ha BUIPOOYBAHHS HE BHITPABIaHi, OCKUJIbKM BUKOPUCTAHHS IIMPOKOTO Jiarna3oHy XapaKTePUCTUK LIS
MPOEKTYBAHHS Ma€ HE3HAYHUI BIUIMB HA 3arajbHi BUTPATH, TO MOXKYTh BUKOPHCTOBYBATHCS 3HAUCHHS JIJIS «HCBH3HA-
4yeHoro Matepiayy». L{i 3HaueHHS MOXKYTh OyTH aleKBaTHI JUIs HEBEIMKUX YCTaHOBOK. OJIHAK JUIs BEHKHX OYHKEpiB
BOHM ITPHU3BOJIATH 10 TyKEe HEEKOHOMIYHHX MPOEKTIB, 1 MOTPIOHO 3aBXKAM BUKOHYBATH BUMIPOOYBaHHS.

For situations where it is difficult to justify the cost of testing, because the cost implications of using a wide property
range for the design are minor, the properties of the “default material” may be used. For small installations, these prop-
erties may be adequate. However, they will lead to very uneconomic designs for large silos, and testing should always
be preferred.

[Tutoma Bara martepiany y, € BEPXHIM XapakTE€PUCTHYHMM 3HAYEHHSM, SK€ BUKOPMCTOBYETbCS JUIS OOUMCIICHHS

BIUMBIB. HIKHE XapakTepuCTHYHE 3HAYEHHs ) HaBOAWTHCS B Tabmuui E.1 ans oninku HeoOXimHOoro obcary 6ynkepa,

10 Ma€ NEeBHY €EMKICTb.
The unit weight of the solid y,, is the upper characteristic value, to be used for all calculations of actions. The lower

characteristic value }; is provided in Table E.1 to assist in estimating the required volume of a silo that will have a

defined capacity.

EdexruBauii koedinieHT TepTst 00 CTiHKM st THITy cTinu D4 (rogpoBaHa criHKa) MOke OyTH BH3HAUEHHH METO/IOM,
3a3HaueHnM y gogatky D, D.2.

Effective wall friction for wall Type D4 (corrugated wall) may be found using the method defined in Annex D.D.2.
Cunydi Marepiaim, siKi BBKAIOThCS CXHJIBHUMU JI0 BUOYXY THJTY, TO3HAYEHI CUMBOJIOM X

Solids in this table that are known to be susceptible to dust explosion are identified by the symbol *

Currydi MaTepianm, SKi CXWIbHI 0 MEXaHIYHOTO 3aYiITFOBaHHS, TIO3HAYEHI CHMBOJIOM #.

Solids that are susceptible to mechanical interlocking are identified by the symbol #
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JOAATOK F
(moBigKOBMIA)

BU3HAYEHHSA ®OPMU IIOTOKY

F.1 MacoBuii KOHIYHUH OTOK

(1) Buznauennst popmMu MOTOKY HJIsi TEXHOJIO-
TYHOTO MPOEKTYBaHHS OyHKEpa 3HAXOIMTHCS
3a MeXaMHu 00J1acTi 3aCTOCYBaHHS JAaHOTO CTa-
HAapTy. TuM He MeHie, iHpopMallis Ha pUCy-
HKy F.1 maeTbcst anst momepemkeHHsT POEKTY-
BAIBHUKA NP0 MOXIIHMBICTH IOSIBH MacOBOTO
notoky B Oynkepi. Llst iHpopmamis Takox He-
00XiHa TPU BUKOPHCTAHHI aJIbTEPHATHUBHOIO
METOAY pO3paxyHKy BOPOHKH 3a nonaTkoM G.

1.0 7
|

0.9

08 1 1
0.7

061 3

05
0.4
031+ 2

0.1 \
0.0

Hh

0 15 30 45 60 75 90

a - KOHIYHA BOPOHKA
a) Conical hoppers
Po3’sicHeHns
1 KOHIYHHH IOTIK
2 MacOBHi IOTIK

3 MDK MMM MEXaMU MOXE BiOyBaTHCs Ma-
COBHII ITOTIK a00 KOHIYHUI MOTIK

[ momoBHMHA KyTa BEPUIMHHU BOPOHKH

Uh  KoedimieHT TepTsi 00 CTIHKH BOPOHKH

IpumiTka. Y 30HI MiXX TpaHULISIMH MacOBOT'O 1 KOHIYHOT
MOTOKY, THII TIOTOKY 3aJIeXHUTh BiIl IMapaMeTpiB, HE
BKJIIOYCHHX Y JIQHUI CTaHIapT.

ANNEX F
(Informative)

FLOW PATTERN DETERMINATION

F.l Mass and funnel flow

(1) Determination of the flow pattern for the func-
tional design of the silo is outside the scope of
this standard. However, the information in Figure
F.1 is given to alert the designer to the possibility
that mass flow pressures may occur in the silo.
This information is also needed when the alterna-
tive hopper design method of Annex G is used.

10
09
08 \\
lird 1
06 3 AN
05—~
04
03
02 2
0.1
0.0 T T 1
0 15 30 45 60 75 90
B

b - kmHONOIOHA BOpOHKA

I_l,ll

b) Wedge hoppers

1  Funnel flow
2 Mass flow

3 Mass flow or funnel flow may occur be-
tween these limits

B Hopper apex half angle (degrees)

un  Hopper wall friction coefficient

NOTE: In the zone between the limits of mass flow and
funnel flow, the mode of flow depends on parameters not
included in this standard.

Pucynok F.1 — YM0OBU MacoBOTO i KOHIYHOTO TMOTOKY, /U KOHIYHUX 1 KIIMHOTIOAI0HMX BOPOHOK

Figure F.l: The conditions under which mass flow or funnel flow occur in conical and wedge-shaped
hoppers
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NOJATOK G
(000B's13K0BHIN)

AJIBTEPHATHUBHI IIPABUJIA JIJISA
THUCKIB Y BOPOHIII

G.1 3arajnHi HoJI0KeHHA

(1) Le#t nomaTox nae aBa aJlbTEPHATUBHUX MeE-
TOJIU OIIIHKU THCKIB y BOPOHIII.

(2) Meron, 3aznauenuii y G.3 - G.9, Mmoxe BU-
KOPUCTOBYBATHCS JUII BHU3HAYCHHS THUCKIB Y
BOPOHIII BiJl 3alIOBHEHHS 1 MPU BUBAHTAXKCHHI.
TuM HE MeHmI, ciif 3a3HAYWTH, IO CyMapHi
TUCKM HE BIANOBIIAIOTH Basi MaTepiaiy, IO
30epiraeThCsi, TOMy 110 IUX (GOPMYJ CIiJl CTa-
BUTHUCS 00EPEIKHO.

(3) ®opmyin, 3a3HaueHi y G.10, momyckaeTses
aIbTEPHATHBHO 3aCTOCOBYBATU CIJIBHO 3 (o-
pmynamu (6.3) ans BU3HAYEHHS THCKIB IIPH
BUBAHTA)XEHHI ISl KDY TUX BOPOHOK.

G.2 Ilo3uayenns

BiJICTaHb Y3/IOBXX TIOXWJIOI ITOBEPXHi
I, MK BEpIIMHOIO BOPOHKHU 1 TOUYKOIO Tie-
pexony (auB. pucyHok G.1);

D, THCK, HOPMaJIbHUH MOXMIIN CTIHII BO-
POHKHU;
p,, ~ KOMIIOHEHTH THCKY, HOPMAaJbHOIO II0-

XWIiH cTiH BopoHKH (1= 1,21 3);

D, yIAApHHUMA TUCK B TOYIIl TIEPEXOTY.
G.3 Buznauenus

G.3.1
ylapHe HABAHTAKeHHS

JIOKaJIbHE HAaBAaHTAXXEHHS, K€ MOXE BUHHKATH
B TOYIIl NEpexoy B OyHKEpi 3 MacOBHM IOTO-
KOM B TIPOLIECi BUBAaHTAKEHHS.

G.4 Po3paxyHkoBi curyamii

(1) Boponka moBuHHA OyTH po3paxoBaHa IJis
CTaHIB IICJIA 3aIIOBHEHHS 1 IPH BUBAHTAXKECHHI.
(2) OuikyBana ¢opma MOTOKY B BOPOHII IO-
BUHHA BHU3HAYaTUCS 1O pUCYHKY F.1.
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ANNEX G
(Normative)

ALTERNATIVE RULES FOR PRESSURES
IN HOPPERS

G.] General

(1) This annex gives two alternative methods of
assessing the pressures in hoppers.

(2) The method defined in G.3 to G.9 may be
used to define hopper pressures under both fill-
ing and discharge conditions. However, it
should be noted that the integrated pressures do
not correspond to the weight of the stored solid,
so these expressions should be treated with cau-
tion.

(3) The expressions given in G. 10 may alterna-
tively be used in conjunction with those of 6.3 to
define the discharge pressures in steep hoppers.

G.2 Notation

inclined distance from hopper apex to the
[,  transition (see Figure G. 1)

p, pressure normal to inclined hopper wall

p,, components of pressure normal to in-
clined hopper (i =1, 2 and 3)

p, kick pressure at transition.
G.3 Definitions

G.3.1
kick load

a local load that can occur at the transition dur-
ing discharge from a mass flow silo.

G.4 Design situations

(1) hopper should be designed for filling and
discharge conditions.

(2) The expected flow mode for the hopper
should be determined using Figure F.1.
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(3) SIxmo B OyHKepi MOXKE 3'SBHTHUCS KOHIYHUN
noTiK ab0 MacoBHii MOTIK, TO IPU PO3PAXYHKY
CJIiJT BpaXOBYBaTH 0OM/IBI MOXJIHMBI (hopMu 110-
TOKY.

G.5 BusnaueHHs KoedinieHTa 30i1b1IEHHS
HABAHTAKEHHS B 0CHOBI ()

(1) Jns OyHkepiB, 110 HE BIANOBITAIOTH 3a3Ha-
YeHHUM HUX4Ye B (2), Koe]ilieHT 301IbIIeHHS
HAaBaHTA)KEHHS B OCHOBI CJIiJ, BM3HAYaTH 3a
dbopmyIoro:

C, =13

(2) ko icHye BHpOTITHICTH BUHUKHEHS JU-
HaMIYHUX HaBaHTa)XCHb BiJ MaTepiany (IuB.
(3) OinbII BHCOKI HaBaHTAXKEHHS AIFOTh HAa BO-
POHKY 1 mHuUIIE OyHKepa, Koe]irieHT 30151b-
[ICHHS] HABAHTA)KEHHS B OCHOBI CIIiJl MPUIiMAaTH
SK:

Cb = 1,6

(3) Curyarii, B KUX BBaXAETHCS MOMJIMBUM
MOSIBH YMOB 3 (2), BKIIOYaIOTh:

— sAKImo OYHKEep 3 THYYKHM BEpPTUKAIHLHUM
CTBOJIOM BHKOPHCTOBYEThCS UIs 30epiraH-
HS MarepiajiB, sKi HE MOXYTh OyTH Kia-
cudikoBaHI K TakKi, M0 MalOThb HHU3bKE
3ueruieHHs (quB. 1.5.23);

— KO Marepiand mo 30epiraeTbCsi CXUIb-
HUHN 70 MEXaHIYHOTO 3aueIUIeHHs (HaIpH-
KJIaJl, ICMEHTHUH KIIIHKED).

IpumiTtka. BusHaueHHs 34Y€IUICHHS C MaTepiany

HaBoauThes B C.9. 3uemuieHHs ¢ KinacH]iKyeTbCs SIK

HU3bKE, SKIIO MICNIsA  YUIJIbHEHHS  HOPMAaIbHUM
HAlpYXEHHAM O,  CHIBBiJIHOIIEHHS c/ O, He

nepeBumye 3HadeHHs 0,04 (qus. 1.5.23).

G.6 Tucku Bix 3amoBHEHHS HA IJIOCKI 200
Maiizke IJIOCKI JHHUINA

(1) BepTukanbHi HaBaHTa)KEHHS, 110 AIIOTh Ha
IUIOCKI 200 MaibKe IUIOCKI JHUWIIA OyHKepiB

(maxun @ <20°) nopuuni pO3paxoByBaTUCA 3a
bopmyoro

pvfb = cbpvf

e

Py obuncroeTbes 3a Gopmysor (5.3) abo
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(3) Where a silo may flow in either mass flow or
funnel flow, the design should account for both
possible flow modes.

G.5 Evaluation of the bottom load
multiplier C,

(1) For silos other than those identified in (2)
below, the bottom load magnifier should be de-
termined as:

(G.I)

(2) Where there is a significant probability that
the stored solid can develop dynamic loading
conditions (see (3), higher loads are applied to
the hopper or silo bottom, the bottom load mag-
nifier should be taken as:

(G.2)
(3) Situations under which the conditions of (2)
may be deemed to occur include:

— where a silo with a slender vertical walled
section is used to store solids that cannot be
classed as of low cohesion (see 1.5.23);

— where the stored solid is identified as sus-
ceptible to mechanical interlocking (e.g.
cement clinker).

NOTE: The evaluation of the cohesion C of a solid is giv-
en in C.9. The cohesion is classed as low if, following

consolidation to a normal stress level O, the assessed

cohesion € does not exceed ¢/ o, =0,04 (see 1.5.23).

G.6 Filling pressures on flat and nearly-flat
bottoms

(1) Vertical loads acting on flat or nearly-flat

silo bottoms (inclinations @ <20°) should be
calculated using:

(G.3)

where:

Py is calculated using Expression (5.3) or



(5.79) na BignoBiAHIN TIIMOWHI Z HUX-
4e eKBIBAJICHTHOI MOBEPXHI;

KoeQillieHT 30UTBIICHAS HAaBAaHTAXKCHHS
B OCHOBI.

G.7 Tucku Bix 3an10BHeHHs1 Y BOPOHI

(1) S0 Haxwui CTIHKKM BOPOHKH BITHOCHO TO-
PU30HTAIBHOI ITUIOIIMHM « mnepeBuinye 20°
(muB. pucyHok 1.1, b), HOpManpHHII THCK Ha
MOXWIY CTIHKY BOPOHKH p, Ha OyIb sSKOMY

PiBHI CIIiJl BU3HAYATH 32 (hOPMYJIaMU:

e

e

X
pn :pn3+pn2+(pnl_pn2)7

Pn= pvﬁ(Cb sin’ B+ cos’ B)

S
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(5.79) at the relevant depth z below the
equivalent surface;

is the bottom load magnifier.

G.7 Filling pressures in hoppers

(1) When the inclination of the hopper wall to
the horizontal is greater than 20° (see Figure
1.1b) the pressure normal to the inclined hopper
wall p, at any level should be calculated as fol-

lows:

(G.4)

h

in which:

P = pvfth sin’ B

HaxWI CTIHKM BOPOHKH BIJHOCHO Bep-
TUKaJIbHOI oci (auB. pucyHok G.1);

Bigzctaup Mk 0 1 [,

HOK G.1);

(nuB. pucy-

P, 1 p,, THCK Y BOPOHILI BHAacCJiJOK BEepTHKa-

Pn3

pvft

Hy

JBHOTO THCKY Marepiaiy, o 30epira-
€THCSI, B TOULII TIEPEXOY;

THCK Yy BOPOHIII BiJl MaTepialy B Mexax
BOPOHKH;

Koe(ilieHT 30UTBIICHAS] HAaBAaHTAXKCHHS
B OCHOBI;

BEPTUKAJIbHUM TUCK pvf, MIIOYUNA Ha

PiBHI TOYKH MEPEXOAy MicCIsl 3alIOBHEH-
HSl, BU3Ha4yaeThes 3a ¢opmynoro (5.3)
abo (5.79);

HIDKHE XapaKTepUCTHYHE 3HAYCHHS KO-
edimienrta TepTst 00 CTIHKH BOPOHKHU;

XapaKTepUCTHUYHE 3HaYEHHS KoeillieH-
Ta OOKOBOTO THCKY Y BEPTHUKAIBHOMY
CTBOJII;

lu h

where:

B

(G.5)

(G.6)

(G.7)

is the slope of the hopper to the vertical
(see Figure G. 1);

is a length between 0 and /, (see Figure
G.1);

p,, and p , define the hopper pressures due to

the

stored material vertical pressure at

the transition;

pn3

o

pvft

Hy

is the hopper pressure due to solid within
the hopper;

is the bottom load magnifier;

is the vertical pressure Pr acting at the

transition level after filling, calculated
using Expression (5.3) or (5.79) as ap-
propriate;

is the characteristic value of wall friction

coefficient in the hopper (lower charac-
teristic value);

is the characteristic value of the lateral
pressure ratio in the vertical walled seg-
ment;
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A Iona MOMEePEeYHOro Tepepidy BepTH-
KaJIbHOTO CTBOJIA;

U BHYTpIIIHIA TNEPUMETp MOMEPEUHOro
nepepizy BepTUKAIBHOTO CTBOJIA.

(2) 3nayenHs THCKY TepTd 00 CTIHKY p; BHU-
3HAYAETHCS 32 POPMYIIOI0

Pt = PnHy

ne
p po3paxoByeThes 3a hopmyioro (G.4).

(3) Skuio TMCKM BU3HAYAIOTHCS 33 GOpMYyIaMu
(G.5), (G.6), (G.7), TO MOBUHHO BHUKOPHCTOBY-
BaTHUCS TE K CaM€ XapaKTePUCTUYHE 3HAUCHHS
K . TloBuHHI pO3TasgaTUCs SK HWKHE, TaK 1
BEPXHE XapaKTePUCTUYHI 3HAUCHHS.

Hpumitka. Tak SK HIWKHE XapaKTePUCTUYHE 3HAYCHHS

K mae makcumanbHe 3HaueHHS pvﬁ (muB. dopmyny

G.3), a BepxHe XapaKTEpHUCTHYHE 3HadeHHs K - Makcu-
MaJlbHE 3HA4EHHA P,3, HE MOXKHA 3pOOMTH BHCHOBOK

Opo Te, SIKe XapaKTepPUCTHYHE 3HAUCHHS BHKIIHMKA€E
HafOIIbII HECHPHUATIMBHA BHIIAJOK HATPYKEHUS IS
BopoHKH. Tomy moBuHHI OyTH BHU3Ha4YeHi o0OuaBa
XapaKTepPUCTUYHI 3HAYCHHS.

A plan cross-sectional area of vertical
walled segment;

U internal perimeter of the plan cross-
section of the vertical walled segment.

(2) The value of the wall frictional pressure Py,
is given by:

(G.8)

where:

p is calculated from Expression (G.4).

(3) When evaluating the pressures according to
Expressions G.5, G.6 and G.7, the same charac-
teristic value of K should be used. Both the up-
per and lower characteristic values should be
considered.

NOTE: Because the lower characteristic value of K pro-
duces the highest value of pvﬁ , but the upper character-

istic value of K produces the highest value of p,3, it is

not possible to make general statements about which char-

acteristic value will induce the worst loading case for the

hopper. Both characteristic values should be examined.

LA A

Pht

Pn3
pm

B

Ps
0,2dc

Pucynoxk G.1 — AnbrepHaTHBHE NPaBUIIO JJI1 HABAHTAXXEHb Ha BOPOHKY

Figure G.I: Alternative rule for hopper loads
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G.8 Tucku npu BUBaHTAKEHHI HA IJIOCKI
200 MaiiKe IUIOCKI JTHHUIIA

(1) dns mmockux abo Maibke TIOCKMX JTHHUII

OyHkepiB (Haxuin « <20°) HaBaHTaKEHHS [IPU
BHUBaHTKEHHI JIOMyCKAEThCS BU3HAYATH 3 BH-
KOPHCTAHHSM BKAa31BOK JIJI1 HABAHTaXCHH BiJl
3anoBHeHHS (nuB. G.6).

G.9 Tucku npu BUBAHTAKEHHI HA BOPOHKY

(1) Jnst 6yHkepiB 3 KOHIYHUM MOTOKOM HaBaH-
Ta)KCHHS NPH BUBAHTAXKEHHI JOMYCKAETHCS BU-
3HAYaTH 3 BUKOPHCTAHHSM BKa3iBOK Ui HaBa-
HTa)XCHb BiJI 3armoBHeHHS (nuB. G.7).

(2) B OyHkepax 3 MacoBUM IOTOKOM IpHKJIA-
JA€ThCS TOJATKOBHNA (DIKCOBaHHMI HOpMAaJIbHUI
THUCK - YAapHE HaBaHTQKEHHSA p, - Ha MOXWIIN

noBxkuHl 0,2d, BHU3 IO BOPOHI 1 110 BCbOMY
EPUMETPY:

Ps = 2vafl

e

P BEePTUKAIBHUIA THUCK, MIO [i€ B TOMYII
' Mepexoy MICisl 3allOBHEHHS 1 00YucC-
Tro€eThCs 3a popmynoro (5.3) abo (5.79).

G.10 AabTepHaTuBHA dopmy.aa 1Js
Koe(dilieHTa THCKY HA BOPOHKY
NPpH BUBAHTAKeHHI £,

(1) B ymoBax BUBaHTa)XeHHS CEpEeIHIN BEpTHU-
KaJbHUU TUCK B MaTepiaii 1o 30epiraerbes Ha
OyIlb-IKOMY piBHI KPYyTOi BOPOHKH JOITyCKa-
€Thcsl BU3HA4aTu 3a popmymnamu (6.7) 1 (6.8) 3
BUKOPUCTAHHSM QJIbTEPHATUBHOTO 3HAYCHHS
napaMerpa £, , BU3HaYEHOT 0 32 (GOPMYIIOL0:

sing,
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G.8 Discharge pressures on flat or nearly-flat
bottoms

(1) For flat or nearly-flat silo bottoms (inclina-

tions a <20°), the discharge load may be calcu-
lated using the guidance for filling loads (sec
G.6).

G.9 Discharge pressures on hoppers

(1) For funnel flow silos, the discharge loads on
hoppers may be calculated using the guidance
for filling loads (sec G.7).

(2) For mass flow silos, an additional fixed
normal pressure, the kick load p, (see Figure
G.l) is applied, over an inclined distance of
0,2d, down the hopper wall and all around the

perimeter:
(G.9)

where:

p,, s the vertical pressure acting at the tran-
' sition after filling calculated using Ex-
pression (5.3) or (5.79) as appropriate.

G.10 Alternative expression for the discharge
hopper pressure ratio £,

(1) Under discharge conditions, the mean verti-
cal stress in the stored solid at any level in a
steep hopper may be determined using Expres-
sions (6.7) and (6.8), with the alternative value
of the parameter F, given by:

F, :(1 J{HZ{H{ -
1+ pcot 1+sing,
1 .
5=ﬂ+5 ., Tsin

By =tan” g,

Jec

Jc

H, HWKHE XapaKTCPUCTHYHE 3HAYCHHS KOC-

(G.10)

[emete-o]

in which:

qu”’H (G.11)

sing,
(G.12)

where:

4, the lower characteristic value of wall fric-
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¢imienrta Tepts 00 CTIHKH y BOPOHIII;

¢ KyT BHYTPIIIHLOTO TEPTS MaTepiaily 1o
30epiraeThesl.
Mpumirka. Skmo npuiiMaeTbes JaHa Teopis 00

TUCKIB y  BopoHmi, ¢opmyna (G.10) moBuHHA
3aCTOCOBYBaTHUCS 3aMicTh popmynu (6.21). Ils dhopmyrna

mwis F, rtpyHTyerbcs Ha OinbIl 3aBepLICHOIi Teopi

Enmrana s TUCKIB IPY BUBAHTAXKCHHI.
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tion coefficient in the hopper;

¢ 1is the angle of internal friction of the
stored solid.

NOTE: Where this theory of hopper pressures is adopted.
Expression (G.10) should be used in place of Expression

(6.21). This expression for F, is based on the more com-

plete theory of Enstad for discharge pressures.



JOJATOK H
(noBigKOBMIA)

BIIJIMBU BHACJILIOK BUBYXY IIWJ1Y

H.1 3araabHi moJoxeHHs

(1) Le#t momatoxk MICTUTh PEKOMEHMIAIl AJs
PO3paxyHKy Ha BIUTMBH BiJ BHOYXY TIHITY.

H.2 Cdepa 3acTocyBanHs

(1) Le#t momaTok MOMMPIOETHCS Ha BCi OyHKe-
pH 1 mOAiOHI MOCYIUHU, MPU POOOTI SKUX 30e-
piraeTbcs, BHPOOJIAETHCS, 0OpoOIIeTHCS abo
BHUBAHTAXY€EThCSA TMOXKEKeHeOe3meuHuii  1/abo
BUOYXOHEOe3MeYHNH HETOKCHUYHHMNA TMHJ y Be-
JIMKUX KIJIBKOCTSIX.

(2) Sxmo MoXNMBICTH BUOYXY MUITy MOXeE Oy-
TH MOBHICTIO BUKJIIOYEHA LUISIXOM CIIELi1abHUX
3aXO0JiB LIOJO0 3amo0iraHHs, NPUHHATHX IpH
MPOEKTYBaHHI JAHOTO MiANPHEMCTBA, PEKOMeE-
HJAI1 1aHOTO JT0/IaTKa BPaXOBYBaTH HE CIiJ.

(3) Lle#t nopaTok Moxke OyTH BUKOPUCTAHO MpPU
OLIiHIIl MOYJIMBOCTI BUOYXY MUYy Ha ICHYIOUYHX
MiIpUEMCTBaX. Y 1bOMY BHIIQJKy TIOBHHHI
BpaxoByBaTHCs (aKTU4HI, a HE PO3PaxyHKOBI
yMOBU. Y BHUNAJKaXx BUHUKHEHHS CYMHIBIB
CJIiJT 3BEpHYTHUCA JIO0 EKCIIEPTIB.

H.3 Io3HauenHs

Pmax MaKCHUMaJIbLHUN Ha,HJ'II/II_HKOBI/Iﬁ THCK,

Dreq ~ 3HWKEHHH MaKCUMallbHUH THCK BHOY-
Xy,

Pa MOYaTKOBUH THCK KHUOaHHA.

H.4 BuOyxone0e3ne4yHuii muJ i oro
XapaKTepPUCTUKHA

(1) barato pi3HHX BHIIB MaTepiais,
mo 30epiraloTbCs, BUIUISIIOTH  TIHII,
KU MOke OyTH BHOYXOHEOE3MEUHUM.
BulOyxu nuiry MOXIHBI B OpraHiYHOMY
ab0 HeopraHiuHiOMy MUY, SKILIO YacT-
KA JIOCUTH JpiOHI, pIBHOMIPHO pO3MO-
JIJIeHI B MOBITP1 1 MOXYTh pearyBaTH 3
KHCHEM, BHUKJIMKAIOUYH OE3IEepPEPBHY €K-
30T€pPMIYHY PEaKIIio.

)

np. ACTY-H b EN 1991-4:20XX

ANNEX H
(Informative)

ACTIONS DUE TO DUST EXPLOSIONS

H.1 General

(1) This annex gives advice on appropriate de-
sign for actions due to dust explosion

H.2 Scope

(1) This annex is valid for all silos and similar
vessels, where combustible or/and explosive
non-toxic dusts are stored, produced, handled
or discharged in significant quantities.

(2) Where the possibility of dust explosions can
be excluded with certainty as a result of special
taken in the design of the plant, the provisions
of this annex need not be considered.

(3) Where the possibility of dust explosions in
existing plants is being assessed, this annex
may also be used. In such cases, the actual
conditions, rather than the design conditions,
should be considered. Where doubt exists, ex-
perts should be consulted.

H.3 Notation

Pmax maximum overpressure

DPreq ~ Teduced maximum explosion pressure
Dy initial release pressure.
H.4 Explosive dusts and relevant properties

(1) Many different types of stored solids pro-
duce dust that can be explosive. Dust explo-
sions are possible in both organic and inorganic
dusts, when the particles are fine enough, dis-
tributed homogeneously in the air, and can re-
act with oxygen to produce a continuous exo-
thermic reaction.
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(2) Iix gac BuOyXy cumyd4i MaTepianu mo 30e-
piraloTbcst B OyHKepax MOKYyTh BUHUKATH HaJ-
JUIIKOBI TUCKHU 110 8-10 Gap B 3aMKHYTHX IPO-
cTopax 0e3 BeHTHIIALI].

(3) OcHOBHMMHM pO3PaxXyHKOBUMHM IapaMeTpa-
MH U1l BUOYXY THITY €:

— napamerp nuity Kgr;

—  MAaxkCHMaJbHHWW HaJJIMIIKOBUM TUCK P, -

(4) Iapamerp nuny Kg¢r I0MyCKAa€eTbCs BU3HA-

YyaTh 3a IIBUAKICTIO MIJBUIIEHHS

(d,/d,).

TUCKY

(5) Po3paxyHOK MOBUHEH BUKOHYBATHCS 3a Me-
ToaMKaMu, 3a3HaueHUMH B EN 26184-1.

(6) HaiiBaxuBiliuMu BUJaMH BUOYXOHEOE3-
MIEYHOTO TUITY €: T[eITI0103a, 100pHBa, TOPOXO-
Be OOpOIIHO, KOMOIKOPM, TyMa, 3€pHOBI, JIepe-
BO, THpca, Oype BYTijulsi, CHHTETHYHI MaTepia-
JM, MEJEHE 3EpPHO, KYKYpYyA3sHUI KpOXMab,
COJIOJ], )KUTHE OOPOIIHO, MIIEHUYHE OOPOIIHO,
MOJIOYHHUI MMOPONIOK, mamip , OapBHUKH, COEBE
OOPOIITHO, YUCTSY1 3aCO0H 1 IYKOP.

H.5 [I:xepena 3aiiMmaHHA

(1) 3a3Buuail 1OCTaTHBO JKEpesia 3 MaJloko
SHepriero JUis cranaxy i1 BUOyXy BHIIEBKa3a-
HUX TUMOIB Twry. TUNOBMMH IpKepelamu 3a-
iiMaHHS B OyHKepax abo B CYCIIHIX HpHUMIi-
[IEHHAX 1 00JIafHaHH] €:

— Traps4l TOBEpPXHi, 10 BHUHHKAIOTh B pe-
3yJbTaTi TEPTS MOIIKOIKEHUX YaCTHH 00-
JaJHAHHS;

— ICKpW BiJ 3BaproBaHHS, 3a4yuIICHHA a0o
pi3aHHS IPH PEMOHTHUX pOOOTaX;

—  pO3KapeHl YacTKH, 1110 MOTpamnwii B OyH-
Kep 13 CUIIyYHM MaTepiaiom;

—  ICKpH BiJ CTOPOHHIX IPEIMETIB;

—  HEBIAMOBITHE a00 MOIIKOHKCHE EJIEKTPH-
yHe 00NaJHaHHA (HANpPUKIAA, OCBITIIIOBA-
JIBHI TIPWIIAJIN);

—  BHUJUICHHS TeIUIa B MPOILIECI CYIIIHHS;

— caMoO3aiiMaHHS BiJ
po3psiay.

CJIICKTPOCTATUYHOI'O
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(2) During an explosion in the types of solids
normally stored in silos, pressures of about 8 to
10 bar can be attained in a closed space without
venting.

(3) The key design parameters for dust explo-
sions are:

— the dust value K¢z
— the maximum overpressure p,..;

(4) The dust value may be determined from the
rate of pressure rise (d, / d,).

(5) The design should follow the procedures
defined in EN 26184-1.

(6) The most important types of explosive dusts
wood, wood dust, coal lignite, synthetic mate-
rials, ground com, maize starch, malt, rye flour,
wheat flour, milk powder, paper, pigment, soya
flour, cleaning products, sugar.

H.5 Ignition sources

(1) Normally, a small energy source is suffi-
cient to ignite an explosion in the above types
of dust. Typical ignition sources in silos or
neighbouring rooms and installations include:

— hot surfaces, generated through friction
caused by a defect in machinery;

— sparks from welding, grinding and cutting
during repair work;

— glowing cinders, carried into the silo with
the bulk material,

— sparks from foreign bodies;

— unsuitable or defective electrical products
(for example light fixtures);

— heat development during drying processes;

— self ignition by electrical static discharge.



H.6 3axoau 3axucry

(1) IlomkomkeHHS BHACHIIOK BHOYXYy MUY
MiHIMaJIBHI, SKIO 130JIF0BAaTH BUOYX BCEpEIUHI
pocTopy, Jie BiH BinOyBaeThes. Ciia 3amo0ir-
TH TIOIMIMPEHHIO BUOYXY Ha 1HII YaCTHHU TeX-
HOJIOTIYHOT yCTaHOBKM. HamnumkoBuil THCK
BUOYXY CIIiJ] TAKOK MiHIMi3yBaTH.

(2) Hacnigku BUOYyXy MOXYTh OyTH OOMEXeH1
[UIIXOM BIAMOBITHUX MPO(DITAKTUYHUX 3aXO0-
JiB Ha CTajli TUIaHyBaHHs TPH MPOCKTyBaHHI
(HampuKIaj, 3a paxXyHOK BCTAHOBJICHHS Oap'e-
piB 1151 BUOYXY, MOIIOHUX OpaHaMayepy).

(3) Oxpemi cekii mianpuemMcTBa Mix Oap'epa-
MU TIOBUHHI, B IPUHIINII, OyTH pO3paxoBaHi Ha
OJIHY 3 TAaKUX YMOB:

—  SKIIO HE BUKOPHCTOBYETHCS 3aXHCHA BEH-
TUJIALS, 37aTHI BUTPUMYBAaTH MaKCHUMa-
JBHUHA TUCK BUOYXY Ppjax s

—  SKIIO0 BUKOPUCTOBYETHCS BiJINOBiHA BEH-
TWIALISA, 3[aTHI BUTPUMYBATH 3HIKCHHUN
PO3PaxyHKOBUH THCK P, -

(4) 3HayeHHS 3HMXKEHOTO PO3PAXyHKOBOTO TH-
CKY P,y 3QJIEXKUTb BiI BUAY NIy, PO3MIpY

BEHTHJILOBAHOT'O MPOCTOPY, MEPBICHOTO TUCKY
CKUJIaHHS p, 1 1HEPTHOCTI BEHTUJIALIMHOI CHC-
TEMH.

(5) PozpaxyHok HacnigkiB BUOYXY MOBHHEH
BPaxOBYBAaTH BIUTUB TOJyM'sl, IO BUPUBAETHCS
3 BEHTWIALIHHOTO OTBOpY. Lle momym's He mo-
BUHHE BHUKJIMKATH MOIIKOJKCHHS HaBKOJIHIII-
HIX €JIEMEHTIB 1 He iHiliIOBaTH BHOYX B MpH-
MHUKAIOUYUX CEKIIIX.

(6) IIpoeKkT MOBUHEH PO3TISAAATH 3aXHUCT Iep-
COHAJTy BiJI OCKOJIKIB CKJIa 00 1HITUX KOHCTPY-
KTUBHHUX €JIeMEHTIB. Jle 1ie MOXXJIMBO, BEHTH-
TSIAHI OTBOPU MAIOTh BECTH 0€3MOCEPEIHBO Y
BIIKPUTHI MPOCTIp Yepe3 3alulaHOBaH1 OTBOPH
JUTSL 3MEHIIICHHsI TUCKY BUOYyXy. B okpeMo po3-
TaloBaHUX OYHKEpax Iie MOKe OyTH JIOCSATHY-
TO 32 PaxyHOK 3aXMCHOi BEHTHWJIAIIi B Jaxy.
st 610Ky OyHKEpiB, MOXXYTb OyTH BHKOPHC-
TaHl CXOJIOBI KIIITKM a0 BHCOKO PO3TaIllOBaHi
BIKHA.

(7) 3axucHa BeHTWJISLIHHA cHUCTEMa MOBHMHHA
CTpaIbOByBaTH NpPU HHU3BKOMY THUCKY 1 MarTu
HU3bKY 1HEPIIIHICTb.
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H.6 Protecting precautions

(1) The damage due to an explosion is mini-
mized by containing the explosion within the
space where it originates. It should be prevent-
ed from spreading to other parts of the installa-
tion. The overpressure of the explosion should
also be minimized.

(2) The consequences of the explosion can be
limited by taking appropriate preventive
measures during the planning stages of the pro-
ject (e.g. incorporating explosion barriers in a
manner similar to fire walls).

(3) The individual plant sections between barri-
ers should, in principle, be designed for one of
the following two conditions:

—  where no venting is used, capable of resist-
ing the maximum explosion pressure

pmax , OF

— where appropriate venting is used, capable
of resisting a reduced design pressure

Pred -

(4) The value of the reduced design pressure
depends on the type of dust, the dimensions of
the space to be vented, the venting area, the
initial release pressure p, and the inertia of the

venting system.

(5) Design for the consequences of an explo-
sion should consider the effects of the flash of
fire leaving a venting outlet. This fire should
neither cause any impairment of the surround-
ings nor initiate an explosion in an adjacent
section.

(6) The design should consider limitation of the
danger to persons from fragments of glass or
other structural elements. Where possible, vent
openings should lead directly into open spaces
through planned venting outlets that reduce the
explosion pressure. In single silos, this may be
achieved by use of a vented roof. In the case of
nested silos, stairwells or windows high above
ground level may be used.

(7) The venting system should be initiated at a
low pressure and should have a low inertia.
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(8) Cuiz BpaxyBaTH MOXJIHBICTH TOTO, IO MPHU
[IBUJKOMY CIIPAIlbOBYBaHHI 3aXHCHOi BEHTH-
JSIIAHOT CUCTEMH MOKE BHHUKHYTH BEIIMKA
KUIBKICTh CyMillll MWIy 1 HOBITps. Y Takux
BUIAJKaX CJiJ PO3TJISHYTH CHCTEMH 3
OLTBIIO0 1HEPIIHHICTIO.

H.7 Po3paxyHOK KOHCTPYKTHBHHX eJIEMEH-
TiB

(1) Po3paxyHnkoBuii THCK Bif BUOYXY NMOBHHEH
BB@)XATHCS aBapiMHUM BIUIMBOM Ha BCi KOHC-
TPYKTUBHI €JIEMEHTH.

H.8 PospaxynkoBuii THCK

(1) Yci Hecyui KOHCTPYKTHBHI €J1€MEHTH 1 BCl
€JIEMEHTH, sIKI BUKOPHCTOBYIOTHCS SIK Oap'ep
Juis BUOYXy, MOBHHHI OyTH po3paxoBaHi Tak,
00 BUTPUMYBATH PO3PAXYHKOBUH THCK BUOY-
Xy THITY.

H.9 Po3paxyHok Ha 3HH:KEHHSI TUCKY

(1) ImepuiiiHi cwiu, MO BUHUKAIOTH Yepe3
MIBUJIKANA BUKWJ Tazy 3 HACTYIHHM OXOJIO-
JOKCHHSIM Tapsiuoro JAUMY, CIIiJ] BpaXOBYBaTH B
po3paxyHky. Lli ebekTn mos's3ani 3 BHOyXoM 1
MOXYTh TIPHU3BECTH 0 3HIDKEHHS TUCKY, KN
CJIiJT BpaXOBYBaTH B PO3PAXYHKY.

H.10 IIpoexkTyBaHHSI 3aXHCHUX BEHTHJISILiN-
HHUX NIPUCTPOIB

(1) Bci BaknmuBi €I€eMEHTH 3aXMCHUX BEHTHIIS-
MIHHUX TPUCTPOIB MOBHHHI oOepiraTUCs BiJ
BIJJpMBY BHACIHIiJJOK BHOYXOBOi XBWJI (Hampu-
KJIaJl, JBEPKH BUBUIBHCHHS BHUOYXy MOBHHHI
OyTH 3aKpiIieHi y By3/ax, KpUIIKH MalOTh Oy-
TH 3aKpiIUIeH] KaHaTaMu a0 MOAIOHUMU elie-
MCHTaMH ).

Mpumirka. Po3paxyHOK MNOBHMHEH 3IiMCHIOBATHCS 3a
METOIMKAMH, HAaBEJCHUMH B CIEI[iaJbHOMY  3BiTi
DIN 3Bit 140 «Po3paxyHok OyHKepiB Ha BHOYX MHIY»,
omyOsikoBaHomy B ciuni 2005 p. BumaBHuUITBOM «Beuth-
Verlagy.

H.11 Cunu peaxuii Bix 3aXHCHOT BeHTHJISLT

(1) Ilpu BuKOpHCTaHHI 3aXUCHOi BEHTWJISALIT
PO3paxyHOK OIMOPHOT CUCTEMH TTOBHHEH BPaxo-
ByBaTH cwiM peakiii. lle ocoOimBoO BaxKIMBO
JUTSL JISTKUX KOHCTPYKINH 3 TOPU30HTAITBHUMU
BeHTWIIIMHUMH TUIOHIaAKaMH 1 Tpu Oyab-
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(8) The possibility should be considered that a
rapid initiation of the venting system under a
low pressure may cause a larger amount of
dust-air mixture to be released. Under such cir-
cumstances, consideration should be given to
use of a system with greater inertia.

H.7 Design of structural elements

(1) The design pressure of the explosion should
be treated as an accidental load on all structural
elements.

H.8 Design pressure

(1) All load bearing structural elements and all
elements used for the purpose of explosion bar-
riers should be designed to withstand the dust
explosion design pressure.

H.9 Design for underpressure

(1) The inertia forces arising from a rapid dis-
charge of gas, followed by cooling of the hot
fumes should be considered in the design. The-
se effects are associated with the explosion and
can result in an underpressure that should be
considered in the design.

H.10 Design of venting devices

(1) All relevant parts of venting devices should
be secured against detachment as a conse-
quence of the explosion pressure waves (e.g.
explosion relief doors should be fixed at joints;
caps should be fastened by ropes or similar fix-

ings).

NOTE: The design may follow the procedures described
in DIN Report 140 “Design of silos for dust explosion"
published in January 2005 by Beuth-Verlag.

H.11 Reaction forces by venting

(1) When venting is used, the reaction forces
must be considered in the design of support
systems. These are especially important in
lightweight structures with horizontal venting
areas and in any venting arrangement that is



SIKOMY HECUMETPHUYHOMY PO3MIIIECHHI 3aXHC-
HUX BEHTHUIALIMHAX CUCTEM B ILJIaHI.

Hpumitka. Po3paxyHOK MOXe BHKOHYBAaTHCA 3a
METOJMKAMH, HaBEJIIEHUMH B CIELiaJbHOMY 3BITi
DIN 3Bit 140 «Po3paxyHok OyHKepiB Ha [il0 BUOYXY
ATy », onyosikoBaHoMmy B ciuHi 2005 p. BUZaBHUIITBOM
«Beuth-Verlagy.
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unsymmetrical in the silo cross section.

NOTE: The design may follow the procedures described
in DIN Report 140 “Design of silos for dust explosion"
published in January 2005 by Beuth-Verlag.
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JOJATOK HA
(noBigKOBMIA)

MEPEJIIK HAIIIOHAJIBHUX CTAHJIAPTIB YKPATHHU (JICTY),
IJEHTUYHUX MIZKHAPOJHUM CTAHJIAPTAM (MC), IOCHUJIAHHA HA SIKI € B
EN 1991-4:2006

on structures: Part 1.7: Accidental

actions

[To3HaueHHs Tta Ha3Ba eBpornelchko- | CTymiHb [To3HaueHHs Ta Ha3Ba HAIIOHAIBHOTO CTAHAAP-
ro CTaHAapTy BinnoBiA- | Ty Ykpainu (JICTY)
HOCTI

EN 1990 Basis of structural design IDT JACTY-H b EN 1990:2008 «EBpoxoa. OcHoBH
npoekTyBaHHs KoHcTpykuin (EN 1990:2002,
IDT).

EN 1991-1-1 Eurocode 1: Actions | IDT JACTY-H b EN 1991-1-1:2010 «EBpokox 1.

on structures: Part 1.1: Densities, Jii na xonctpykuii. Yactuna 1-1. 3araneHi aii.

self-weight and imposed loads [luToma Bara, BilacHa Bara, €KCIUTyaTalliiH1
HaBaHTaxeHHd s cnopyn (EN 1991-1-
1:2002, IDT)»

EN 1991-1-2 Eurocode 1: Actions | IDT JACTY-H b EN 1991-1-2:2010 «€EBpokox 1.

on structures: Part 1.2: Actions on Jii Ha xoHcTpykiii. Yactuna 1-2. 3aranbHi Aii.

structures exposed to fire Jii na koHcTpykuii mix gyac moxexi (EN 1991-
1-2:2002, IDT)»

EN 1991-1-3 Eurocode 1: Actions | IDT JACTY-H b EN 1991-1-3:2010 «€EBpoxox 1.

on structures: Part 1.3: Snow loads Mii Ha xoncTpykuii. Yactuna 1-3. 3aranpHi mii.
CuiroBi HaBanTaxkeHHs (EN 1991-1-3:2003,
IDT)»

EN 1991-1-4 Eurocode 1: Actions | IDT JACTY-H b EN 1991-1-4:2010 «EBpokox 1.

on structures: Part 1.4: Wind actions Jii Ha xoncTpykuii. Yactuna 1-4. 3aranpHi aii.
BitpoBi HnaBantaxkxenHs (EN 1991-1-4:2005,
IDT)»

EN 1991-1-5 Eurocode 1: Actions | IDT JACTY-H b EN 1991-1-5:20XX «€EBpokox 1.

on structures: Part 1.5: Thermal Jii na xoHctpykuii. Yactuna 1-5. 3aranpHi aii.

actions Temnosi aii (EN 1991-1-5:2003, IDT)»

EN 1991-1-6 Eurocode 1: Actions | IDT JACTY-H b EN 1991-1-6:20XX «€EBpokox 1.

on structures: Part1.6: General Hii na xoHctpykmii. Yactuna 1-6. 3arampHi

actions. Actions during execution i it i yac 3BEJCHHS
(EN 1991-1-6:2005, IDT)»

EN 1991-1-7 Eurocode 1: Actions | IDT JACTY-H b EN 1991-1-7:2010 «EBpokox 1.

Jii ma xonctpykmii. Yactuna 1-7. 3arambui
il Oco6muBi IUHAMIYHI BIUIMBH
(EN 1991-1-7:2006, IDT)»
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EN 1991-2 Eurocode 1: Actions on | IDT JNACTY-H B EN 1991-2:2010 «€Bpokon 1.
structures: Part 2: Traffic loads on Hit Ha KOHCTPYKIIIi. Yactuna 2.
bridges Pyxowmi HaBaHTAKCHHS Ha MOCTH
(EN 1991-2:2003, IDT)»
EN 1991-3 Eurocode 1: Actions on | IDT JCTY-H b EN 1991-3:20XX «EBpoxon 1. Jii
structures: Part 3: Actions induced Ha KoHCTpykIli. Yactuna 3. 3arampni mii. Jii,
by cranes and machinery 10 BUKJIMKaHI KpaHaMmu Ta oOnagHaHHsM (EN
1991-3:2006, IDT)»
EN 1992 Eurocode 2: Design of | IDT JACTY-H b EN 1992 «Epoxox 2. Ilpoekry-
concrete structures BaHHS 3aJ11300€TOHHUX KOHCTPYKIIil», BCi Yac-
TUHH
EN 1993 Eurocode 3: Design of | IDT JCTY-H b EN 1993 «€EBpoxon 3. Ilpoekty-
steel structures BaHHS CTAJIEBUX KOHCTPYKIIIi» , BC1 YaCTUHHU
EN 1993-1-6 Eurocode 3: Design of | IDT JACTY-H b EN 1993-1-6:2011 «€Bpokox 3.
steel structures: General rules: [IpoexTyBaHHs cTajeBUX KOHCTPYyKIii. YacTu-
Part 1.6: Supplementary rules for the Ha 1-6. MiuHicTh Ta cTiiiKicTh 000m0HOK (EN
strength and stability of shell 1993-1-6:2007, IDT)»
structures
EN 1993-4-1 Eurocode 3: Design of | IDT JNCTY-H b EN 1993-4-1:20XX
steel structures: Part 4.1: Silos «CBpokog 3. IlpoexTyBaHHS CTaJeBHX KOH-
cTpykuin. Yactuna 4-1. Cuocu
(EN 1993-4-1:2007, IDT)»
EN 1993-4-2 Eurocode 3: Design of | IDT JACTY-H b EN 1993-4-2:20XX
steel structures: Part 4.2: Tanks «EBpokon 3. ITlpoekTyBaHHS CTajleBUX KOH-
cTpykuiil. Yactuna 4-2. PesepByapu
(EN 1993-4-2:2007, IDT)»
EN 1994 Eurocode 4: Design of | IDT JACTY-H b EN 1994 «Epoxon 4. Ilpoekry-
composite  steel and concrete BaHHS CTaJe3aTi300€TOHHUX KOHCTPYKIIIH» |,
structures BC1 YaCTHHHU
EN 1995 Eurocode 5: Design of | IDT JCTY-H b EN 1995 «€EBpokox 5. IIpoekry-
timber structures BaHHS JIepeB’SHUX KOHCTPYKIIiil» , BCl YaCTUHU
EN 1996 Eurocode 6: Design of | IDT JNACTY-H b EN 1996 «EBpoxon 6. Ilpoekty-
masonry structures BaHHS KaM SIHUX KOHCTPYKIII» , BC1 YaCTUHH
EN 1997 Eurocode 7: Geotechnical | IDT JACTY-H b EN 1997 «€Bpokon 7. I'eorex-
design HiYHE TIPOCKTYBAaHH , BC1 YACTUHH
EN 1998 Eurocode 8: Design of | IDT JACTY-H b EN 1998 «Epoxox 8. Ilpoekry-
structures for earthquake resistance BaHHS CEHCMOCTIHKHX KOHCTPYKIIii» , BC1 4ac-
TUHH
EN 1999 Eurocode 9: Design of | IDT JACTY-H b EN 1999 «€Epoxon 9. Ilpoekty-

aluminium alloy structures

BaHHS aJTIOMIHIEBUX KOHCTPYKIIIH» , BC1 4aCTH-
HHN
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Kon YKH/: 91.080.10

Kuarouosi cioBa: bynkepu, pe3epByapu, BOPOHKH, HABAHTAKEHHS, BIUIUBH, YaCTKOBI Koe(iIieHTH,
(hopMU BOPOHKH, THYUKICTh OyHKEpa, Kilacu OyHKEpiB, METOAM BUNIPOOYBaHHS.

Pextop /lorOackkoi HaIllOHATBHOT aKaaeMii
OyIIBHUIITBA 1 apXITEKTYpH, 1.T.H., IPOd.
(HayKOBWHIA KEPIBHHK ) €. 'opoxos

[TpopekTop 3 HayKOBOi pOOOTH,
I.T.H., Ipod. B. Mymanon
BinmosinaibHUN BUKOHABEIh PO3POOKH,

K.T.H., JIOII. B. I'yGanos

Buxonagenb po3po0kw,
K.T.H., JIOII. I. Pomencekuit

Buxonaseup po3po0xu,
K.T.H., JIOII. C. IluenbHIKOB
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