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€BPOKOQ 1. Al HA KOHCTPYKLUII

YactuHa 1-7. 3aranbHi gii.
Oco6nuBi AMHaMiYHi BNNUBU

(EN 1991-1-7:2006, IDT)

1 PO3POBJIEHO: TexHi4yHun komiTeT cTanHgapTu3auii «MeTtanobyaisHmuyteo» (TK 301), ToBapucTteo 3 06-
MEXEHOI0 BiANoBiAaNbHICTIO «YKPATHCbKUIA IHCTUTYT CTaneBmX KOHCTPYKLUin iMeHi B. M. LUnmaHoBCbKOro»

2 NMPUMHATO TA HAOAHO YMHHOCTI: Hakas [epxaBHoro nianpvemcTea «YKpaiHCbKui HayKoBO-gocCnia-

HWI | HaBYanbHUI LEHTP Npobnem ctaHgapTusawii, ceptudpikadii Ta akocTi» Big 14 nuctonaga 2018 p. Ne 414
32019-02-01
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CTtopiHka 2
EBPOMEWNCbLKNI CTAHOAPT EN 1991-1-7:2006/A1
YepeeHb 2014 pik
ICS 91.010.30

(YkpalHCbKMI nepeknag aHrnoMOBHOI BepCii)

€spokoa 1. [ii Ha KOHCTPyKUii
YactuHa 1-7. 3aranbHi gii. Ocobnuei gMHaMiYHi BNNMBK

Llsa 3miHa A1 BHOCUTbL 3MiHK B €Bponelicbkuii ctaHgapt EN 1991-1-7:2006; ii 6yno cxsaneHo CEN
6 ntotoro 2014 poky.

Unenn CEN 30608’a3aHi gotpumysatmca BHyTpiwHix noctaHoB CEN/CENELEC, ski nepegbavatotb yMOBU
BKIMIOYEHHS L€l 3MiHM 0 BiAMOBIAHOMO HauioHanbHOro ctaHgapty 6e3 6yab-AKoro 3amiHOBaHHSA. AKTyarbHi
nepeniku Ta 6ibniorpadivHi NOCMNaHHS, sKi CTOCYHTBCA TakMX HaLiOHaNbHUX CTaHAApTIB, MoXe ByTn oTpu-
MaHo 3a 3BepHeHHAM g0 LleHTpy ynpasniHHa CEN-CENELEC a6o go 6yab-akoro uneHa CEN.

Lia 3miHa icHye B TpbOX 0QiLiiHMX Bepciax (aHrnincbLKo, opaHLy3bKo, HiMeLbko MoBaMu). Bepcis
Oyab-SIKOK iHLWOK MOBOIO, NepeknazeHa 3a BianosigansHocTi uneHa CEN lioro moBoto i goBegeHa oo
Bigoma LeHTpy ynpaeniHHa CEN-CENELEC, mae To camuin ctaTtyc, Wwo 1 ogiliniHi Bepcil.

UneHn CEN — pepxaBHi opraHu ctangaptusauii AscTpii, benbrii, Bonrapii, Xopsarii, Kinpy, Yecbkoi
Pecny6nikn, Oanii, EcToHil, ®iHnanaii, KonuwHeoi KOrocnascbkoi Pecnybnikn MakegoHii, ®paHuii,
Himeuunnun, Mpeuii, YropwuHn, lcnanaii, lpnanaii, ITanii, Nateii, Jinteu, Jltokcembypry, Manbtu,
HinepnaHgis, Hopsgerii, MonbLwi, MopTtyranii, PymyHii, Cepbii, CnoBayunHu, CnoseHii, lcnanii, LUBeuit,
Weenuapii, TypeydnHu ta Benukoi bputanii.

g — |

EBPOIMENCBHKNA KOMITET 31 CTAHOAPTU3ALIT

Llentp ynpaBniHHa: Avenue Marnix 17, B-1000 Brussels

© 2014 CEN Yci npaBa Ha BUKOpUCTaHHS B Oyab-skin popmi Ta B Oyab-akuii cnoci® 36epiratoTbCs B yCbOMy
CBIiTi 3a HauioHanbHUMK 4YneHammn CEN.
Ref. No.: EN 1991-1-7:2006/A1:2014 E
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EUROPEAN STANDARD EN 1991-1-7:2006/A1

NORME EUROPEENNE

EUROPAISCHE NORM June 2014

ICS 91.010.30

English Version
Eurocode 1 — Actions on structures —
Part 1-7: Plated structural
Elements
Eurocode 1 — Actions sur les structures — Eurocode 1 — Einwirkungen auf Tragwerke —

Partie 1-7 : Actionsgénérales — Actions accidentelles Teil 1-7: Allgemeine Einwirkungen —

AuRergewdhnliche
Einwirkungen

This amendment A1 modifies the European Standard EN 1991-1-7:2006; it was approved by CEN on
6 Febuary 2014.

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

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

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

g — |

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

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

© 2014 CEN All rights of exploitation in any form and by any means reserved worldwide for CEN
national Members.
Ref. No.: EN 1991-1-7:2006/A1:2014 E
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CTtopiHka 4
3MICT C.
[T o1=Ta1 Y L] - - 4
1 3wmina po 5.3 «[puHunnu
MPOEKTYBAHHA .. .euieeiiieeieiecteiieeeiianeeaas 4
2 3miHa go gogatka D (moBigkoBoro)
«Bunbyxun BcepeanHi NpuMILLEHbY........... 5
MepepmoBa

Llen indbopmaTtusHmii gokymeHT EN 1991-1-7:2006/
A1:2014 nigrotoBaHo TexHi4HMM KomiTeTom CEN/
TC 250 «byaisenbHi €EBpokoamn», cekpeTapiaTt akoro
nigTpumyetbcsa BSI.

Crartyc uiei «3MiHM» oo €Bponencbkoro ctaHaap-
Ty EN 1991-1-7:2006 moxHa 6yae npupiBHATU 4O
cTaTycy HauioHanbHOro ctaHaapTy 3 nybnikadieto
i0EHTUYHOrO TekCTy abo cxBaneHHsM He nisHiwe
yepBHSA 2015, y UbOMY pasi He CYMICHi 3 HUM
HauioHanbHi cTaHaapTM Mae ByTu cKacoBaHO He
nisHiwe yepsHa 2015 poky.

3BepTaemMo yBary Ha Te, WO AesKi eNeMeHTH
LbOro AJOKyMeHTa MOXyTb ByTn npegMeTom na-
TeHTHMxX npaB. CEN (i/abo CENELEC) He Hece
BigMoOBiAanbHICTb 3a igeHTUdiKauito 6yab-aKoro
YK BCiX TaKMX NaTEHTHUX MpaB.

BignoBigHO o BHYTpiwHiIX noctaHoB CEN/
CENELEC uewn ctaHgapt 3060B’a3aHi NpUAHATK
HaLioHanbHi opraHy cTaHgapTu3adil Takmx KpaiH,
ak: ABcTpisa, benbris, bonrapia, Xopsaris, Kinp,
Yecbka Pecnybnika, daHia, EcToHia, iHnangis,
Pecnybnika MakegoHia, ®paHuia, HimeyunHa,
peuisa, YropwuHa, lcnaHgiqa, lpnangisa, ITanis,
Jatsis, Jlutea, INtokcembypr, Manbta, HigepnaHan,
Hopseris, MonbLya, Moptyranisa, PymyHia, Cnosay-
ymnHa, CrnoseHis, Icnania, LWseuis, LWsenuapis, Ty-
peyynHa Ta Benvka bpuTaHis.

1 3mina o 5.3 «[MpuHUMNN NpOeKTyBaHHA»

MyHKT 1
3amMiHumu TeKCT HasiBHOI NPUMITKN Ha TakKuu:

«MpumiTKa. Y HauioHansHoOMY fogaTky moxe OyTu BCTaHOBMEHO
HeobXxigHi po3paxyHKOBi MeTOAM, AKi BUKOPUCTOBYIOTb CTOCOBHO
pi3HMx BMOyXiB ycepeauHi npumileHs. Y gogatky D HaBegeHo
pekomMeHaaUii Woao BpaxyBaHHSA Takux BUAIB BUOYXiB:

— BUOYXK rasy i NaponoBiTPSHUX CyMilLEN Y MPUMILLEHHSAX Ta
3aKpUTKX CTIYHUX pesepByapax;

CONTENTS Pages
Foreword.........ccoiiiiii e, 4
Modification to 5.3, Principles
fordesign.......ccoooiiiiiiiii 4
2 Modification to Annex D (informative),
Internal explosions........................... 5
Foreword

This document (EN 1991-1 -7:2006/ A1:2014) has
been prepared by Technical Committee CEN/TC
250 «Structural Eurocodes», the secretariat of
which is held by BSI.

This Amendment to the European Standard
EN 1991-1-7 :2006 shall be given the status of
a national standard, either by publication of an
identical text or by endorsement, at the latest by
June 2015, and conflicting national standards
shall be withdrawn at the latest by June 2015.

Attention is drawn to the possibility that some of
the elements of this document may be the subject
of patent rights. CEN [and/or CENELEC] shall not
be held responsible for identifying any or all such
patent rights.

According to the CEN-CENELEC Internal
Regulations, the national standards organizations
of the following countries are bound to implement
this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, Former Yugoslav Republic of Macedonia,
France, Germany, Greece, Hungary, Iceland,
Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.

1 Modification to 5.3, Principles for design

In Paragraph (1), replace the existing Note by the
following one:

«NOTE The National Annex may give the procedures to be used
for the types of internal explosions. Guidance on dealing with the
following specific types of explosion is given in Annex D:

— gas and vapour/air explosions in rooms and closed sewage
basins;
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— BMOYXM NuMy B NpUMILLEHHSAX, pe3epByapax i OyHkepax;

— BUOYXHM rasy i MaponoBiTPSHMX CyMillel B aBTOMOBINbHUX Ta
3ani3HUYHUX TYHeNsX;

— BMOYXM nuny, rady i NaponoBiTPSIHUX Cymiwen y Tpybonpo-
BOAAX.

3HadveHHs1, HaBeaeHi B goaaTtky D uboro ctaHaap-
TY, MOXHa po3rngagatn gk HOMiHarnbHi 3Ha4YeHHs
3a YMOBMW BUHWKHEHHS BUOYXY.

MMig Yac BM3HaAYEHHA peakLil KOHCTPYKLiT 4onyCTu-
MO BpaxoByBaTW AMHAMIYHI Ta HEMiHINHI XapakTe-
puctnkn. MoxHa 3aCTOCOBYBaTU HaBAHTAXEHHS
TpuBanictio 0,2 ¢, y uboMy pasi 4ONYyCTUMUMU
€ MOLUKOLKEHHS 32 YMOBMU, IO BOHU HE NPU3BO-
OATb A0 HENPONOPLINHUX PYyNHYBaHb.

@PyYHKUit0 3aNeXHOCTI HABaHTaXEHHS 1 Yacy MOX-
Ha BBaXkaTu (PYHKLIEI0 TPUKYTHUKA.

HeobxigHo aHanisyBatn 4yTnuBicTb hyHKLUIT 3a-
NEeXHOCTI HaBaHTaXeHHs Ta Yacy Ans Toro, wob
BM3HAYUTU NiKOBE HaBaHTaXeHHS 3a nepiof Yacy
0,2 c.».

2 3miHa po popatka D (moBigkoBoro) «Bnéyxu
BCcepeauHi NpUMilleHb»

3aMiHnTn HasBHUI aoaaTok D Ha Takih goaaTok:

«dopaTtok D
(moBiokoBuM)
Bubyxu BcepeaunHi npuMilleHb

D.1 Bubyxu npupogHoro rasy

(1) Ona 6yaisenb i3 razoBumn Tpybonposogamm
4Yun Takux, oe moxe B6yTu BCTaHOBMEHO rasosi 6a-
NOHW, AONYCTUMO PO3paxoByBaTh KOHCTPYKLUIl
Ha CTiMKiCTb 40 Hacniakisa BMOyxy npuMpogHOro
razy BcepeuHi npuMilleHb, BUKOPUCTOBYHOUM
€KBiBaNeHTHUN CTaTUYHUIA HOMIHANbHUIW TUCK,
KM BU3Ha4vatoTb 3a hopmynamm (D.1) ta (D.2):

— dust explosions in rooms, vessels and bunkers;
— gas and vapour/air explosions in road and rail tunnels;

— dust, gas and vapour/air explosions in energy ducts.

The values presented in Annex D of this part may
be considered as nominal values given that the
explosion occurs.

When calculating the structural response, dynamic
and nonlinear behaviour may be taken into account.
A load duration of 0,2 s may be adopted and
damage is acceptable provided it does not lead to
disproportional collapse.

The load-time function may be assumed triangular.
A sensitivity study on the load-time function should
be performed to identify the peak load time within
the 0,2 s duration.».

2 Modification to Annex D (informative),
Internal explosions

Replace the existing Annex D with the following
one:

«Annex D
(informative)
Internal explosions

D.1 Natural gas explosions

(1) For buildings which might have piped natural
gas installed, or where gas canisters can be
present, the structure may be designed to withstand
the effects of an internal natural gas explosion
using a nominal equivalent static pressure given by
Formulae (D.1) and (D.2):

Pa = 3 * Pstat (D-1)
abo or
Pg =3+ Pstar/ 2 + 0,04/(A,/ V)2, (D.2)
npurmMmatoTb Binblue 3 4BOX 3HAYEHD, whichever is the greater;
Oe py — eKBiBaNeHTHUN cTaTUYHUIN HOMiIHaMb- where
HUI TUCK AN PO3PaxyHKYy KOHCTPYKUT, pg is the nominal equivalent static pressure to
kH/Mm?; design the structure in [kN/m?];

Pstat — PIBHOMIPHO pO3MoAifieHnin CTaTUu4HUN
TUCK, 3a AKOro BigbyBaeTbCH cnpaubo-
BYBaHHS NErkoCKMAyBaHUX €rieMeHTIB,
kH/M?;

Pstat iS the uniformly distributed static pressure
at which venting components will fail in [kN/m2];
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A, — nnouwia nerkockMayBaHUX efieMeHTIB,
M;
V  — o6’eM NpAMOKYTHOIO NMPUMILLEHHS, mS.

®opmynu (D.1) Ta (D.2) 3aCTOCOBHO ANS OAHOrO
npumiweHHa o6’emom go 1 000 mS.

MpumiTtka 1. Tuck Bia Aednarpadii epekTMBHO Aie ogHOYacHo Ha
BCi OropofixyBarnbHi NepekpuTTs NPUMILLEHHS.

Mpumitka 2. Bubyxun B KiNbKOX NPUMILLLEHHAX MOXYTb CNpUYu-
HUTK HabaraTto CUNbHIWWUN TUCK. Taki 3HAYEHHS TUCKY BaXKo
niaAalTbCs po3paxyHKy Yepes Te, LU0 BOHM 3anexaTb He nuie
Bil MiLLHOCTi NerkockuayBaHux BEHTUNALINHUX NaHenen; Tomy
ONSA Takoro Tuny BubyxiB HEOOXiAHO 3acTOCOBYBaTW CTpaTerito,
3acHOBaHy Ha obMmexeHHi 06cary nokanbHOro pymHyBaHHSA
(ovB. pucyHok 3.1).

(2) Y Tnx Bunagkax, konu OyaiBenbHi enemMeHTH
l'IpI/IMiLLl,eHHf-I 3 pi3HI/IMVI 3HAYEHHAMMN Pgigr HANE-
XaTb 0O CMCTeEMM BeHTUNAUIi, Tpeba 3acToco-
ByBaTW MaKCuMMalsibHE 3HA4YeHHS Pgiat- 3Ha4yeHH4
Py > 50 kH/M? He BpaxoByOTb.

(3) BigHOLIEHHA NoLLi NerkockMayBaHMX BEHTU-
NAUINHUX enemMeHTiB 40 06’eMy Mae 3a40BOSbHSA-
v ymosy (D.3):

A, is the area of venting components in [m?];

V is the volume of rectangular enclosure in [m3].

Formulae (D.1) and (D.2) are valid for a single
room up to 1 000 m? total volume.

NOTE 1 The pressure due to deflagration acts effectively
simultaneously on all of the bounding surfaces of the room.
NOTE 2 Multi-room explosions may give much higher pressures.
The pressures are difficult to calculate as they are not simply
limited by the strength of the vent panels; therefore, for this
type of explosion, the strategy based on limiting the extend of
localized failure (see Figure 3.1) should be adopted.

(2) Where building components with different
Pstat Values contribute to the venting area, the
largest value of pg,t should be used. No value
of py greater than 50 kN/m? need be taken into
account.

(3) The ratio of the area of venting components
and the volume should comply with Formula (D.3):

0,06 m'<A/V<0,15 m™. (D.3)

MpumiTtka. MpupogHuii ra3 — ue rasonogibHe npupoaHe nanbHe,
L0 CKNaAaeTbCA NepeBaxHo 3 MeTaHy, ane TakoX MiCTUTb 3HauHy
KinbKicTb eTaHy, ByTaHy, nponaHy, giokcuay ByrreLto, as3oty, refito Ta
cipkoBoAHI0. [1o NoYaTKy BUKOPUCTAHHSA NPUPOAHOIO rasy sk nanb-
HOro #oro nigAatoTb MacuTabHoMy 06pobneHHto, y npoLeci Akoro
BUIYYatoTb NPaKTUYHO BCi CKNAAHUKN rady, OKpiM MeTaHy.

D.2 Bubyxu nuny BcepeauHi npumilleHb, y pe-
3epByapax i 6yHkepax

(1) Po3spaxyHkoBe 3Ha4YeHHs py MakCMMarnbHOro
TUCKY Y BEHTUNBbOBAHUX KyBiYHMX Ta BUTATHYTUX
NPUMILLEHHSAX, pe3epByapax i OyHkepax y pasi BU-
OyxiB Nnuny BcepenuHi 0QHOIo NPUMILLEHHS Aony-
CTUMO BM3Ha4aTy 3a emnipnyHoto copmynoto (D.4):

A, =[4,485x10°° K5t g™

ae A, — nrowa nerkockMayBaHUX eneMeHTIB, M2

V  — o6’em npumilleHHs, pesepByapa abo
ByHkepa, M°;

Kst — koedpiuieHT gednarpadii xmapu nuny,

kH/M? (guB. posain (2));

Pmax — MakcMMarnbHUA TUCK Nig Yyac BUOyxy
nuny, kH/m? (amB. posain (2));

Pstat — CTATUYHUIA TUCK akTMBaLii NEerkocku-
OYBaHUX BEHTUNSALINHUX eNeMeHTIB,
kH/Mm?;

Py — PO3paxyHKOBE 3HAYEHHS TUCKY Y BEH-
TUNbOBaHOMY pesepByapi, kH/M2.

NOTE Natural gas is a gaseous fossil fuel consisting
primarily of methane but including significant quantities of
ethane, butane, propane, carbon dioxide, nitrogen, helium
and hydrogen sulfide. Before natural gas can be used as
a fuel, it undergoes extensive processing to remove almost all
materials other than methane.

D.2 Dust explosions in rooms, vessels and
bunkers

(1) The design value p, for the maximum pressure
developed in vented cubic and elongated rooms,
vessels and bunkers for dust explosions within a
single room may be determined from the empirical
Formula (D.4):

+0,027(Ptar ~ 10)p° V07, (D-4)

where

A, is the venting area [m?];

V is the volume of room, vessel, bunker [m?];

Ks, is the deflagration index of a dust cloud [kN/m?]
(see Clause (2));

Pmax 1S the maximum pressure of an explosion
of the dust [kN/m?] (see Clause (2));

Psiat IS the static activation pressure of the vent
areas [kN/m?];

py is the design value of the pressure in the vented
vessel [kN/m?].
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(2) BHAYEHHS Prax Ta Ks; MOXXHA BM3HAYNTU €K-
cnepuMeHTaribHO CTaHgapTHUMK MeTogaMn Ond
KOXHOro tuny nuny.

Mpumitka 1. 3HayeHHA Kg; 3aneXnTb Bifl TaKUX YNHHUKIB, SK
XiMiYHUI cknag, po3Mip YacTUHOK i BonoricTb. OpieHTOBHI 3Ha-
YEHHS Prax Ta Ks; HaBeaeHo B Tabnuui D.1.

Mpumitka 2. WWogo ctaHgapTHUX MeTOAiB, AMB., Hanpuknag,
EN 14034-1:2004 ta EN 14034-2:2006.

(3) ®opmyny (D.4) 3acToCOBYIOTH i3 Takumu 06-
MeXeHHAMMU:

— 0,1 m®< V<10000 m3;

— L3/Dg £ 2, pe L3 — Hanbinbwun rabapur,
a De=2(Ly x Ly/m)°*% pe L, Ta L, — iHwi ABa
rabapuTn NPUMILLEHHS;

— 10 kH/M? < pgiar < 100 kH/M?, pyitHyBaHHS na-
Hernew i AUCKIB 3 Masiol Macoto, Lo MniaaatTbecA
Mamxe 6e3 iHepuil;

— 10 kH/M? < py < 200 kH/M?;
— 500 KH/M? < prax < 1 000 kH/Mm?

ans
1 000 kH/M? (m/c) < Kg; < 30 000 kH/m?;
500 kH/M? < prax < 1 200 kH/M? ans

30 000 KH/MZ (M/c) < Ks; < 80 000 KH/MZ.

(4) Ans BUTArHYTMX NpuMilieHb y pasi La/Dg > 2
Tpeba BpaxoByBaTh Take 30iNbLIEHHS NoLwi ner-
KOCKMAYBaAHUX BEHTUNALIMHUX elTEMEHTIB:

(2) Values for pyax and Kg; may be experimentally
determined by standard methods for each type
of dust.

NOTE 1 The value of Kg; depends on factors such as the chemical
composition, particle size and moisture content. Indicative values
for pmax @and Kg; are given in Table D.1.

NOTE 2 For standard methods, see for instance EN 14034-1:2004
and EN 14034-2:2006.

(3) Formula (D.4) is valid with the following
restrictions:

—0,1m¥<V<10000 m3

— L3/De < 2, where Lj is the largest dimension
and Dg = 2(L4 x L,/m)*®, where L, andL,are the
other two dimensions of the room;

- 10 kH/m? < pgiat < 100 kH/m?, rupture disks
and panels with low mass which respond almost
without intertia;

— 10 kH/m? < p, < 200 kH/m?;
— 500 kH/m? < ppax < 1000 kH/m?

for

1000 kH/m? (m/s) < Kg; < 30000 kH/m?;
500 kH/m? < pax < 1200 kH/m? gna
30000 kH/m? (m/s) < Kg; < 80000 kH/m?

(4) For elongated rooms with L3/Dg > 2 the
following increase for the venting area should be
considered:

AA, = A,(—4,305logp, + 9,368)logL3/Dg, (D.5)

ne AA, — 36inblUeHHs NNOoLWi NerkockugyBaHnx
BEHTUMSAUIAHUX eNleMeHTIB, M.

MpwumiTka. MNig yac BUByxy nuny TUCK JocArae CBOro MakcvMmarb-
HOro 3HayeHHs Yyepe3 20—50 mc. Cnag A0 HOpManbHUX 3Ha-
YeHb CYTTEBO 3anexuTb Bif NErkoCKUAyBaHUX BEHTUNSALINHUX
erieMeHTIB i reoMeTpii MPUMILLEHHS.

where
AA, is the increase for venting area in [m?].

NOTE In dust explosions, pressures reach their maximum value
within a time span in the order of 20 ms to 50 ms.The decline to
normal values strongly depends on the venting device and the
geometry of the enclosure.

Tab6nuusa D.1 — 3HayeHHs Py Ta Kg; Ans Bubyxis nuny
Table D.1 — p,ax and Kg; values for dust explosions

Kst,
Tun nuny fH”m’z KH/SI:/IZ

Type of dust (kN/m?) (KN/m?)
Bype Byrinns .
Brown coal Bin 810 no1 000 18 000
Llentonosa » 800 » 980 27 000
Cellulose
KaBa
Coffee 9000
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KiHeub Tabnuui D.1

Pmax: Kst

P (kN/m?) (kN/m?)
Kykypyasa, Kykypyasa po3gpobneHa 12 000
Corn, corn crush
KyKypyassHui Kpoxmarnb
Corn starch 21000
gerzi*r'f 13 000
Monout Mopouox » 810 » 870 16 000
Kam’sHe Byrinns
Mineral coal 13000
3milaHi kopmu
Mixed provender 4000
Manip
Paper 6000
lopoxoBe GopoLIHO
Pea flour 14000
PapbyBanbHi pe4oBUHU (MIrMEHTH)
Pigment » 650 » 1 070 29 000
ma 740 14 000
YKnTHe 60poLlHO, neHnYHe 60pPOLIHO 10 000
Rye flour, wheat flour
CoeBe 6opoLwHO 12 000
Soya meal
gzggi’ » 820 » 940 15000
MpanbHWA NOPOLLIOK
Washing powder 27000
Aepesunia, Aepesiie Gopowo » 770 » 1050 22 000

D.3 Bubyxu B aBTOMOOGiINIbHUX i 3ani3HUYHUX

TyHensax

(1) Y pasi geToHauii B aBTOMOBINbHUX i 3ani3HNY-
HUX TYHEnAX JOMyCTUMO BU3HaYaTu PYHKLIO
3aneXHOoCTi M)XK TUCKOM i Yyacom BignoBiAHO A0
dopmyn (D.6)—(D.8), ans. pucyHok D.1(a):

p(x,t) = poexp {—[t - Lﬂj / to} ana (for)

D.3 Explosions in road and rail tunnels

(1) In case of a detonation in road and rail tunnels,
the pressure time function may be determined using
Formulae (D.6) to (D.8), see Figure D.1(a):

bl oI o5
C1 Co C1, '
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X _

p(x,t) = poexp H—

C2

p(x,t) = 0 ans scix iHwux ymos (for all other conditions),

ae po — nikosun trck (= 2 000 kH/M2 ona 3Bu-
YaNHOro 3pPig>KEHOro NPUPOAHOro rasy);
C1 — WBWUAKICTb MOLWMPEHHS yAapHOT XBuUNi

(~ 1 800 m/c);

Cy — LUBWAKICTb NOLMPEHHS 3BYKY B rapsiumx
rasax (~ 800 m/c);

fp — nocrTiitHa yacy (= 0,01 c);

|X] — BigcTaHb Big TOYKM BUMIPHOBAHHSA TUCKY
[0 LeHTpy BMOyXy;
t —uac.

(2) Y pasi gecnarpadii B aBTOMOGiNbHMX i 3ani3-
HUYHUX TYHENSaxX AONYyCTMMO BpaxoByBaTU TaKy
KpMBY «TUCK — Yac» (pucyHok D.1(b)):

t t
t)=4py—|1- —
p(t) poto[ .

0

ae po — nikosui Tnck (= 100 kH/M? ans 3suuaii-
HOro 3piAXKeHOro NPMPOAHOro rasy);

szlto} ans (for) m—ms t<—,
Cq Co

j ansa (for) 0 <t < ¢y,

tp — nocrTinHa yacy (= 0,1 c);
t —uyac.
P &
0 (xicy) — (x/c;) x/c, t
x/cq
a)

4 (D.7)
C1 C2

(D.8)
where

Po is the peak pressure (= 2000 kN/m? for a
typical liquefied natural gas);

C1 is the propagation velocity of the shock wave
(approximately 1800 m/s);

C, is the acoustic propagation velocity in hot
gasses (approximately 800 m/s);

to Ois the time constant (= 0,01 s);
|x| is the distance between the pressure sampling
point and the centre of the explosion;

tis the time.
(2) In case of a deflagration in road and rail

tunnels, the following pressure time characteristic
may be taken into account, see Figure D.1(b):

(D.9)

where

Po is the peak pressure (= 100 kN/m? for a typical
liquefied natural gas);

fo is the time constant (= 0,1 s);
tis the time.

Py

b)

PucyHok D.1 — 3anexHicTb TUCKY Bif Yacy Ans geTtoHadii (a) i gecnarpadii (b)

Figure D.1 — Pressure as time function for (a) detonation and (b) deflagration
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D.4 Bubyxu nuny, rasy Ta naponoBiTpsAHUX
cymiwen y TpybonpoBoaax

D.4.1 3aranbHi nonoXxeHHA

(1) MoBiTpsAHi KaHanu, y SkMX NpoknageHo Tpybo-
nposoau, kabeni ToWwo ANs TpaHCNOpPTyBaHHA Ta
pO3MNOoAiNeHHs rasis, BOAM, CTUCHYTOrO NOBITPS
abo enekTpoeHeprii ona 3abe3neyeHHs NpoOMUC-
NoBUX NiANPUEMCTB, TPAHCNOPTHOT cuctemmn abo
notpeb HaceneHHs, Aki 3a3BMYaln OCTYNHI AN
TeXHi4YHoro obcryroByBaHHs, 3a3Bnyan Mae ByTu
po3paxoBaHO Ha onip nepegbadyBaHoMy nepe-
HaBaHTaXEHH, CNPUYNHEHOMY MOXITMBUM BU-
Byxom.

(2) Tpybu Ta Tpybonposoaun Ang TpaHCNOpPTyBaH-
Hs1 Ta PO3noAineHHs nNuny Ans 3abe3neyeHHs nNpo-
MWUCNOBUX MIANPUEMCTB, AKi 3a3BUYan JOCTYMHI
ANSA TexXHIYHOro obcnyroByBaHHS, 3a3BMyan mae
6yTVI po3paxoBaHO Ha onip nepep,6aquaHomy
nepeHaBaHTaXeHH, CNIPUYNHEHOMY MOXITNBUM
BUBYXOM.

MpumiTtka 1. Bubyxun nuny Ta rasy B TpybonpoBogax xapakre-
pU3yTbCA OAHAKOBOK AMHAMIKOK TUCKY. 3aranom, Bubyxu rasy
CMPUYUHIOIOTb BULLMIA MakcumanbHui Tuck. MpucTpoi, wo cnpu-
YUHSATb TYPOYNEeHTHICTb, Binblue BNMBaOTb Ha MNiABULLEHHS
TUCKY B pasi BUOyXxy rasy, Hix y pasi Bubyxy nuny.

MpumiTtka 2. Tpyb6onpoBoan (Ta NoOOBXeEHI pe3epByapu) xa-
pakTepu3yTbCa CMiBBIAHOLIEHHAM LOBXWUHWU 0 AiaMeTpa, Lo
OopiBHIOE abo nepeBuLLye 5.

Mpuwmitka 3. MapameTpu TpybonpoBoay (nepepis, JOBXNUHA),
cxema TpybonpoBoay (3akputuii 3 060x 60okiB, BigkpuTuii 3 060X
00KiB, BIOKpUTUI 3 040ro 60Ky i 3aKpUTUIA 3 IHLIOMO) Ta HasIBHICTb
abo BiACYTHICTb NepeLLKoA ycepeanHi TpybonpoBoay BrvBaoTb
Ha ropiHHA Ta pe3ynbTyBanbHUIA TUCK.

Mpumitka 4. Oco6nMBO BUCOKMIA TUCK BUHMKAE, KON XBUMS TU-
CKy, CMpVUYMHEHa AeTOoHaLli€e, pyxaeTbCsl NPsIMO Ha CTiHu abo
iHWi 3aKpinneHi KOHCTPYKUii (Hanpuknaa, KiHUeBy CTiHKY Tpy-
6onpoBogy). Y ubomy pasi XxBunto Tucky byae Bigbuto. Tuck Ha
dnaHui B LboMy pasi Moxe [ocsaraTu TPUKPATHOrO 3HAYEHHSA
TUCKY Ha BiyHiln CTiHi npsmoro Tpy6onposoay.

D.4.2 MNnowa nerkockMayBaHUX BeHTUNALIMHUX
ernemMeHTIiB

(1) Mnowy nerkocknayBaHUx BEHTUNALINHUX
eneMeHTiB Tpeba npuimatin Takot, Lo opiB-
HIOE NoLWi NonepeYyHoro nepepisy Tpybonposo-
AY B KOXHi TOYLi po3TallyBaHHA ferkockngysa-
HUX €NeMEHTIB Ha BiACTaHi, MEHLUIN 3a KPUTUYHY
BigctaHb L (gue. D.4.3). MoxnvBe po3TallyBaH-
HS KiNbKOX NErkockMayBaHUX eneMeHTIB y Mexax
KPUTUYHOI BigcTaHi L. Moxe 6yTn gogaHo nnouly
KiNbKOX OTBOPIB.

D.4 Dust, Gas and vapour/air explosions in
energy ducts

D.4.1 General

(1) Ducts including pipelines, cables, etc. for
transport and distribution of gases, water,
compressed air or electricity for the supply of
industry, traffic and/or population which are
normally accessible for maintenance should
normally be designed to resist the anticipated
overpressure of a possible explosion.

(2) Pipes and ducts for transport and distribution
of dusts for the supply of industry, which normally
are accessible for maintenance, should normally be
designed to resist the anticipated overpressure of a
possible dust explosion.

NOTE 1 Dust explosions and gas explosions in energy ducts
have a similar behaviour concerning the pressure. In general,
gas explosions result in higher maximum pressures. Turbulence-
producing devices have a greater influence on the increase of the
pressure for gas than for dust explosions.

NOTE 2 Ducts (and elongated vessels) are characterized with
length-to-diameter ratios equal or greater than 5.

NOTE 3 The measurements of the duct (cross-section, length)
as well as the layout of the duct (closed at both sides, open at
both sides, open at one side, closed at the other) and whether
obstacles are built in the duct influence the combustion and the
resulting pressures.

NOTE 4 Especially high pressure is reached when the pressure
wave of a detonation is moving directly against walls or other
fixed structures (for example the end wall of a duct). The
pressure wave will be reflected. The pressure at the flange will
be up to three times as high as the pressure at the side wall of
a straight duct.

D.4.2 Vent area

(1) The venting area should be taken as equal
to the cross-sectional area of the duct at each
venting location at distances less than the critical
distance L (see D.4.3). Multiple venting locations
within the critical distance L are possible. The
area of several openings may be added.
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(2) EdbekTnBHUI giameTp D HEKPYTNUX NErKOCKN-
OyBaHUX BEHTUNALUINHMX enemeHTiB y D.4.3 go-
nyctumo BuaHadatu sk D = 4A/U, pe A — nnowa
NEerkoCKNayBaHOro BEHTUNALIAHOIO eneMeHTa,
a U — nepumMeTp nerkockuayBaHoro BEHTUNALIn-
HOro ernieMeHTa.

(3) Maca Ha oauHULIO NAOLi BEHTUNALINHOIO
NerkocknayBaHOro NOKpUTTS Ansa npoTtuaii ged-
narpauii He NoBMHHa nepesuulyBati 12,2 kr/m?.

(4) NerkocknayBaHi BEHTUNALINHI eneMeHTn pos-
TallOBYOTb NOGNN3Y MOXMNBUX BUTOKIB Axepena
3aiMaHH4.

(5) JlerkockmpaysaHi BEHTUNALINHI enemMeHTH 3a-
BGOpOHEHO po3TalloByBaT B MiCLAX, e BOHU MO-
XyTb 3arpoxysatu 6esneui nogen.

D.4.3 Kputu4Hi BigcTaHi

(1) KputnyHy BigcTaHb L onsa BubyxiB nponaHy Ta
nuny y rmageHbKin npamin Tpybi abo Tpybdonposogai
A0MyCTUMO BU3Ha4yaTu 3a pucyHkom D.2.

MpumiTka. 3a fonoMoroto 0bnalLTyBaHHsI knanaHis, Lo eeKTUBHO
YHKLIOHYOTb, Ha BiACTaHi, MEHLLUI 3a KPUTUYHY BiACTaHb L, MOX-
nvBo 3anobirtn nepexoay Aednarpadii B AeToHaLj0.

(I—/D)max A

120

(2) The effective diameter D of non-circular venting
areas in D.4.3 may be determined as D = 4A/U,
where A is the venting area and U the venting
perimeter.

(3) The mass per unit area of the deflagration
venting closure should not exceed 12,2 kg/m?.

(4) Vent areas should be placed close to possible
leakage or ignition sources.

(5) Vent areas should not be placed in regions
where people can be endangered.

D.4.3 Critical distances

(1) For propane and dust explosions the critical
distance L for a smooth straight pipe or duct may
be determined from Figure D.2.

NOTE By providing sufficient vent areas at a distance less

than the critical length L, deflagration can be prevented from
transitioning into a detonation.

100

80

60 \

40

20 e ————— |

YMOBHI No3HaKu:

L — BiacTaHb MiX NErkOCKMAYBaHUMUN BEHTUNALINHUMU eNeMeH-
Tamu ansa npotuadii gednarpauii abo goexuHa Tpybu, abo go-
BXWHa TpybonpoBoay 3 OAHUM BiAKPUTUM KiHLIEM.

Mun 3 Kg; < 20 000 kH/m2.

MponaH, nun 3 Kg; > 20 000 kH/m2.

D(m)
Key:

L: distance between deflagration vents or length of pipe or duct
having one end open dusts with Kg; < 20 000 kH/m?propane,
dusts with Kg; > 20 000 kH/m?

PucyHok D.2 — KpuTnyHa BigctaHb L onga rnageHbkoi npsimoi Tpyou
abo Tpybonposoay (D aus. y D.4.2(2))

Figure D.2 — Critical distance L for a smooth straight pipe or duct
(for D see D.4.2(2))
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(2) MakcumanbHy BigCTaHb MiXK BEHTUNALINHUMMU (2) In order to keep the pressure during
nerkocknayBaHUMK erieMeHTaMu, dka gae 3Mory deflagration less than 17 kN/m? for an explosion
B pasi BuMbyxy nponaHy nigTpumyBaTu TUCK Nig of propane, the maximum distance between vents
yac gednarpauii o 17 kH/M?, nokasaHo Ha pu- is given in Figure D.3.

cyHky D.3.

L/D
15

10 \

D(m)

MponaH Ta nun 3 Kg; < 30 000 kH/Mm?. Propane and Dusts with Kg; < 30 000 kH/m?
MNoyaTkoBa wWBMAkKictb — 2—20 Mm/c initial velocity between 2 m/s and 20 m/s

PucyHok D.3 — 3HaudeHHs L/D nig vyac gednarpadii, ski BignosigatwoTb
MaKkcMManbHOMy TUCKY B pasi BuByxy nponaHy 17 kH/m?
(D omB. y D.4.2(2); onsa Bunagkis, konv no4aTkoBa LWBWAKICTb
NOTOKY CTaHOBUTb Bia 2 Ao 20 m/c)

Figure D.3 — L/D-values during a deflagration to comply with a maximum
pressure of propane explosion of 17 kN/m? (see D.4.2(2)

for D; to apply only when the initial flow velocity
is between 2 m/s and 20 m/s)

(3) Onsa iHwwKx rasie (okpiMm nponaHy) KPUTUYHY (3) For gases other than propane, the critical
BiACTaHb MiX KnanaHamu gOMNyCTUMO BM3HaYaTu distance between vents may be calculated using
3a gonomoroto dpopmynu (D.10): Formula (D.10):

Lx = LP(Su,P/Su,X)Zv (D-1O)

ae L, — KpuTn4yHa BigcTaHb MiXX CKWOHUMW OTBO- where
pamn ans rasy X, wm; L, is the critical distance between vents for gas X
Lp — KpUTUYHa BiACTaHb MK CKWAHUMU OTBO- in [m];
pamu Ons nporaxy, M. Lp is the critical distance between vents for
propane in [m].
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D.4.4 Po3paxyHKOBUM TUCK D.4.4 Design pressure
(1) Po3paxyHKOBWI TUCK Py Y BEHTUIBOBaHIN TPy6i, (1) The design pressure py in the vented pipe for
Y Kl MICTUTBCA NUM, BU3Ha4YaloTb 3a PUCYHKOM dust may be determined from Figure D.4.
D.4.
Mpumitka. 3HayeHHs p, HAaBeAEHO ANS TPbOX Pi3HMX 3HaYeHb Kg;. NOTE. Values of p, are given for three different Kg; values, For
[ns nuny 3 iHWKUM 3HaYeHHsM Kg; 4ONYCTUMO iHTepnonsiLito. dusts with other values of Kg, interpolation is allowed.
Py &
1000 - r r —7
- Kst = 30 000 kN/ms
\_\‘\
/
500 A4 Ks = 20 000 kN/ms' —
/ __-l'"-..-
4£‘j --""-—-
ﬁ;—--—-—'ﬁ& =10 000 kN/ms -
0 ' 1 L | -
0 20 40 60 80 100 LD
PucyHok D.4 — PospaxyHKOBU TUCK Py Y BEHTUMLOBAHIN Tpyoi,
y SKii MiCTUTBCA Mun
Figure D.4 — Design pressure p, for vented pipe containing dust
(2) PospaxyHKOBUIN HaAMULWKOBUIA TUCK Py ANS (2) The design overpressure py for the pipe for a
Tpybu, y AKi MiCTUTLCA ras, NOCTiNHaA LWBUAKICTb gas having a fundamental burning velocity of less
rOpiHHSA SIKOro CTaHOBUTb MeHLWe Hix 0,60 m/c, than 0,60 m/s may be determined from Figure D.5.
BU3Ha4alTb 3a pucyHkom D.5.
Pa
1000 — ey —
kD = LD=0,4m
D=16m '7‘ f"‘ —
/ ) _ —
7 *D=0,2m
500 /
/
’//
0 -
0 20 40 60 80 L/D

PucyHok D.5 — Po3paxyHkoBe 3Ha4eHHs1 HaanuLLIKOBOro TUCKY py AN rasis,
MOCTiHA WBWAKICTb FOPiHHS SIKMX CTAHOBUTbL MeHLLe Hix 0,60 m/c

Figure D.5 — Design value of the overpressure p, for gases
with fundamental burning velocity of less than 0,60 m/s
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(3) MakcmanbHUM TUCK Ta BiACTaHb MidXX CKUAHU-
MU OTBOpamu ANS iHWWX rasie (OKpiM nponaHy)
BU3HavatoTb 3a popmynoto (D.11):

Pdx = Pa.p(Sux! Su,P)Za

A€ Py x — MaKCUMarbHUN HAANULLIKOBUIA TUCK rasy X,

kH/m?;

Pgp— MaKCMManbHUN HaAANUWKOBUA TUCK
nponaHy, kH/m?;

Sy x — NOCTiNHa WBWIKICTb rOpiHHA rasy X, m/c,
avB. Tabnuuto D.2;

Sy p— NOCTiiHa WBWAKICTb FOPIHHA Mponaxy,
m/c.

(4) Ong rasis i3 NOCTINHOW LIBUAKICTIO FrOPIHHSA,
Ginbwoto Hix 0,60 m/c (amB. Tabnuuiw D.2),
HeobXigHO 36iNbWNTN NAOLWY NErkockMayBaHux
BEHTUNALINHUX eNeMeHTIB, WO MOXHa 3abesne-
YMTW BRaWTYBaAHHAM BENUKOI KiNMbKOCTi CKMOHUX
OTBOpIB, W06 3MEHLWNTM BiACTaHb MiXK CKUOAHUMU
OoTBOpamu 45151 Nponaxy.

Ta6nuua D.2 — lMocTiiHa WBUAKICTb ropiHHA S,
Table D.2 — Fundamental burning velocity S,

(3) For gases other than propane, the maximum
pressure and the distance between vents may be
calculated using Formula (D.11):

(D.11)

where

Pq.x is the maximum explosion overpressure of
the gas X in [kN/m?];

pg.p is the maximum explosion overpressure of
propane in [kN/m?];

S, x is the fundamental burning velocity for gas X
in [m/s], see Table D.2;

S, p is the fundamental burning velocity for
propane in [m/s].

(4) For gases with fundamental burning velocities
greater than 0,60 m/s (see Table D.2) additional
vent area is required by using multiple vent
locations to decrease the spacing between the
vents determined for propane.

Twun rasy S., M/c

Type of gas S,, m/s
AuUETOH 0,54
Acetone
AueTtuneH 1,66
Acetylene
BeHson 0,48
Benzene
ByTaH 0,45
Butane
ETtaHn 0,47
Ethane
Etunen 0,80
Ethylene
[a3oniH 0,40
Gasoline
[enTaH 0,46
Heptane
BopgeHb 3,12
Hydrogen
PeaktnBHe nanueo, knac JP-1 0,40
Jet fuel, grade JP-1
MeTtaH 0,40
Methane
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Kineub Tabnuui D.2

Twn rasy S, M/c
Type of gas Sy, m/s
MeHTaH 0,46
Pentane
MponaH 0,46
Propane
Tonyon 0,41
Toluene

(INC Ne 11-2018)



