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DISCLAIMER

The information contained in this document has been prepared by L’Air Liquide S.A. and/or its controlled subsidiaries (“Air
Liquide”), exclusively for their use, and is Air Liquide property. Air Liquide believes the information is current and accurate,
but circumstances may warrant additional requirements or procedures. This document is subject to periodic review and
users are cautioned to obtain the latest edition.

Air Liquide makes no representations or warranties to third parties as to the quality, accuracy or completeness of
information contained in this document and EXPRESSLY DISCLAIMS ALL WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE WARRANTY OF MERCHANTABILITY AND THE WARRANTY OF FITNESS FOR A PARTICULAR
PURPOSE.

No part of this document may be copied or otherwise shown or disclosed to third parties without the prior consent of Air
Liquide.

Unauthorized use of this document by any third Party, including Air Liquide contractors and subcontractors, shall be at
such Party’s own risk, and Air Liquide assumes no liability in connection with information contained herein. Air Liquide
disclaims any liability for any damage suffered by any company or person as a result of or in connection with the use,
application or implementation of the information contained herein or any part thereof. The benefit of this disclaimer shall
inure to Air Liquide and its affiliates.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations, insurance
requirements or national safety codes.

OTKA3 OT OTBETCTBEHHOCTWU

MHopmaums, coaepxalyascs B 3TOM AOKyMeHTe, bbina nogrotosneHa Air Liquide S.A. n/vnu KoHTponupyemon num
no4yepHer komnaHuen («Air Liquide”) ncknountenbHo Ans BHYTPEHHErO MCNONb30BaHNsA U ABnseTcs cobcTBeHHOCTbI0 Air
Liquide. Air Liquide npegnonaraet, 4Tto aTa MHOPMaLMs MOANMHHANA U TOYHAs!, HO 06CTOATENLCTBA MOTYT MOCMYXUTb
OCHOBaHVeM Ans AONOMHUTENbHbLIX TpeboBaHWA 1 Npoueayp. ATOT AOKYMEHT Neproanyeckv nepecMaTpusaeTcs, u
nonb3oBaTensam creayeT MMeTb NOCNEAHIO peaKLmio.

Air Liquide He paét rapaHTuii 1 3aBepeHuii TPeTbMM CTOPOHaM KacaTernbHO KayecTBa, TOYHOCTU MUINN NOMHOThI
MHOpMaLMK, coaepxalleiics B 3ToM JokymeHTe n KATEFTOPUUECKU OTKASLIBAETCA OT BCEX FTAPAHTUN,
BKIMIOYAA, HO HE OTPAHUYMBAACH FAPAHTUMEN HA TOBAPHOE COCTOAHUE W FAPAHTUEN NMPUrOOHOCTU
ONA OTOENBbHbLIX LIENEN.

Hw ogHa 13 YacTel HacToSILLEro AOKYMEHTa He MOXeT OblTb CKOMMPOBaHa, NokasaHa unu pasrnalleHa TPeTbiM CTOPpoHaM
6e3 npeaBapuTensHoro cornacus Air Liquide.

HecaHKLUMOHNPOBaHHOE UCMONb30BaHWE 3TOro AOKyMeHTa noboi TpeTbelt CTOPOHOM, BKMHOYas NOAPSAYMKOB U
cybnoppsiguukos Air Liquide, nonyckaetcsi Takon CTOpoHoW Ha cobCcTBEHHbIN puck, Air Liquide e He HEeCET Hukakomn
OTBETCTBEHHOCTU B CBSI3M C MHpopMaLimen, cogepalleincsa B AaHHOM AokymeHTe. Air Liquide oTkasbiBaeTcs oT ntobon
OTBETCTBEHHOCTU 3a Kakon-nnbo yLuep6, NOHECEHHIN NMoboi hMPMON UNu NULIOM BCNEACTBUE UMW KacaTenbHO
MCMOoNb30BaHWs, NMPUMEHEHNS UNK BBoAa B paboTy nHdopmaLuum, cofepxalleincs B JaHHOM JOKYMeHTe unu ntobon ero
yacTw. MpuBunerun Ha ocHoBaHuW AaHHoro 3asiBneHns 06 oTkase OT OTBETCTBEHHOCTU MpUHaAnexat komnaHum Air
Liquide n eé dwununanos.

He crnenyert nytatb OaHHbI OOKYMEHT C d)eﬂepa]'leblMVl, rocyfapCTBe€HHbIMU, MECTHbIMU NN MyHULUNANbHbIMN
HOpMaTtuBamu, npasunamu, CTpaxosbiMu TpeGOBaHMﬂMM WY HaumMoHanbHbIMK Koaamu 6esonacHocTy.

DISCLAIMER: Read the disclaimer in this document prior to use.
3AABNEHNE OB OTKA3E OT OTBETCTBEHHOCTW: 03HakoMbTeCh C 3asiBIEHMEM B HACTOSALLEM JOKYMEHTE [0 UCMOMNb30BaHUS.
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This document is issued and administered by the Air Liquide Global E&C Solutions Standards

Department.

Paper copies of this document are considered to be “uncontrolled” and users should always check

for the most recent revision.

OTOT LOKYMEHT BbINYLLEH M NPOKOHTPONMPOBAaH oTaernoM no ctaHgaptam Air Liquide Global E&C

Solutions.

ByMaxHble KoMK HacTOSILLEro AOKYMEHTa CUUTATCH «HEKOHTPONMpyeMbiMU», N NOMNb30oBaTenu
OOIMKHbI BCerga npoBepsTh, ABASAOTCS S OHM CaMOW NocrneaHen pegakumen.

INFORMATION HANDLING GUIDELINES

oINTERNAL

¢eCONFIDENTIAL-RESTRICTED

©0oCONFIDENTIAL-SECRET

Access to the document on a need-to-
know basis

Do not share this document outside of
Air Liquide unless approved by the
department manager.

The electronic version of the
document must be stored into an Air
Liquide approved IT media, server, or
equipment.

Report to your IPC incidents related to
the respect of confidentiality rules.

Do not share or transfer the document
out of the distribution list unless it is
approved by the owner.

Access by non-Air Liquide party must
be covered by a specific confidentiality
agreement.

Share the document using a link to
corporate file share, corporate
database, ALAIR, LiveLink, or via
Large File Transfer.

Email attachment tolerated as
encrypted/password-protected archive
only.

The electronic version of the
document must be stored into an Air
Liquide IT approved device with
encrypted media storage.

Print only when necessary and use
the secure print function.

Report to your IPC incidents related to
the respect of confidentiality rules.

Do not share this document out of Air
Liquide and the distribution list.

Only the owner can share the
document out of Air Liquide and with a
confidentiality agreement in place.
The electronic version of the
document must be stored into an Air
Liquide approved IT device with
encrypted media storage.

Share the document using a link to
corporate file share, corporate
database, ALAIR, Livelink, or via
Large File Transfer.

Print only when necessary and use
the secure print function.

Do not scan. Do not fax.

Paper shredding is mandatory.
Secure erase the document from
personal computer

Store the document in a locked
environment with access restriction.
Report to your IPC incidents related to
the respect of confidentiality rules.

DISCLAIMER: Read the disclaimer in this document prior to use.

3AABNEHNE OB OTKA3E OT OTBETCTBEHHOCTW: 03HakoMbTeCh C 3asiBIEHMEM B HACTOSALLEM JOKYMEHTE [0 UCMOMNb30BaHUS.
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eBHYTPEHHSIS K ng&)ﬁ:&nngHAﬂ K Hq’l{IriaTqLLMAanAﬂ
Joctyn K [okymMeHTy ucxogsa w3 | 3anpelieHo nepegasarb wnu | 3anpelieHo nepegasaTb  AaHHbLIN
npuHUMna cnyebHOM | pacnpocTpaHATb [aHHbIA [OKYMEHT | [OKYMEHT BHE Crvcka pacnpeneneHus
HeobxoauMocCTy. BHE Cnucka pacnpefeneHus, ecnu 31o | u 3a npegensl Air Liquide.

3anpeweHo nepegaBaTb  AaHHbIN
OOKyMeHT 3a npegenbl Air Liquide,
ecnum 3710 He paspeLLeHo
pykoBoauTenem otaena.

OneKkTpoHHass Bepcusi  LOKYMeEHTa
[OIMKHA XpaHUTLCS Ha YTBEPXKOEHHBIX
MHPOPMALMOHHBIX HOCUTENSX,
cepeepe unu obopynoBaHun  Air
Liquide.

Heobxogumo nepepaBatb B CBOW
oTAEen Mnpov3BOACTBEHHOIO KOHTPOIS
MHOPMaLMIO O  MPOUCLLECTBUSIX,
CBSI3@aHHbIX C HapyLUeHWeM npaBwurn
KOHMAEHUMANbHOCTW.

He paspelleHo Bnajenbuem.

HocTyn ansa nuua, He oTHOcALEerocs K
komnaHum  Air  Liquide, pomkeH
npefocTaBnsiTbCsi  Ha  OCHOBaHWU
cneunanbHoro norosopa o]
KOHOMAEHUMANBHOCTMW.

MogenutbCA  AaHHBIM - JOKYMEHTOM
MOXHO MO CCbINKe Ha KOpPropaTUBHbIN
HannoobMeHHUK, KOpnopaTUBHYIO
6a3y padHbix, ALAIR, LivelLink wnmn
Yepe3 cnyxby nepefjayv KpymnHbIX
daiinos.

MpUNoXeHusi B 3NMEKTPOHHOM MUCbME
[JOMycKalTCcA TOMbko B KayecTse
3aLMPOBaHHbIX/3aLLMLLEHHBIX
naposiemM apxvuBoB.

OnekTpoHHas  Bepcus  OOKYMeEHTa
[OIMKHA XPaHUTLCS Ha YTBEPXKAEHHOM
MHOPMaLMOHHOM  ycTponcteBe  Air
Liquide [ 3alnpoBaHHbIM
MyNbTUMEONNHBIM XPaHUMULLEM.

MeyataTb AonyckaeTcs TOMbKO Npw
HeobxoaMMOCTM C  UCMOSb30BaHWEM
DYHKUMN 3aLLMLLEHHOW NeYaTy.

Heobxogumo nepepaBatb B CBOM
oTAen NpPOM3BOACTBEHHOrO KOHTPOINS
MHopMaLMI0O O MPOUCLLECTBUSIX,
CBSi3aHHbIX C HapylleHWeMm npasun
KOHMAEHLMANbHOCTH.

Tonbko Bnageney MOXeT AEnUTbCH
AaHHbIM [JOKYMEHTOM 3a npegenamu
Air Liquide Ha ocHoBaHuu forosopa o
KOHMAEHUMANbHOCTW.

OnekTpoHHasi  Bepcusi  [OKyMeHTa
[OIKHA XPaHWUTLCS Ha YTBEPXAEHHOM
MHOPMaLUMoHHOM  ycTporcTBe  Air
Liquide ¢ dyHkumen s3alumndpoBaHHOro
XpaHeHUst MynbTUMeauiHbIX annoB.

Mopenutbcst  AaHHLIM  JOKYMEHTOM
MOXXHO MO CCbIfike Ha KOpropaTUBHbIN
ainoobMeHHUK, KOpropaTuBHYI0
6a3y padHbix, ALAIR, LivelLink wnmn
yepe3 cnyxby nepegayn KpyrHbiX
daiinos.

MevataTb gonyckaeTcsi TOMbKO Mpu
HeobXooMMOCTM C  WUCMOMNb30BaHWEM
DYHKLMN 3aLMLLEHHOW NevaTy.

3anpeLeHo CKaHMPOBATb.
3anpelleHo nepefaBaTth Yepes dakc.

Wcnonb3oBaHue wpepepa
obs3aTenbHo.

Heobxogmmo 6e3onacHeiM 0bpa3om
cTepeTb AOKYMEHT C NepcoHanbHOro
KOMMbloTEPA.

XpaHWTb  [OKYMEHT B  3aKpblTOM
NMoMeLLEeHNM c OrpaHU4YEHHbIM
[AOCTYNOM.

Heobxogumo nepepaBatb B CBOW
oTAen nNpou3BOACTBEHHOrO KOHTPOSS
MHOPMaLMIO O  MPOUCLLECTBUSIX,
CBfI3@aHHbIX C HapyLUeHWeM npaBwurn
KOHMAEHUMANbHOCTW.

DISCLAIMER: Read the disclaimer in this document prior to use.
3AABNEHNE OB OTKA3E OT OTBETCTBEHHOCTW: 03HakoMbTeCh C 3asiBIEHMEM B HACTOSALLEM JOKYMEHTE [0 UCMOMNb30BaHUS.
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1. Introduction

1.1 Purpose
This general specification shall be used for
structural design of foundations, reinforced

concrete, and steel structures.

1.2 Scope of Application

1.2.1 This specification provides the design basis
which shall be read together with the applicable
local and international regulations, standards, and
project specifications.

1.2.2 This document applies to the following types
of plants/technology: ALL

1.3 Specific Requirements

1.3.1. Equipment shall be constructed in
accordance with the applicable provisions listed in
section 1.6. Where any provision presents a direct

or implied conflict with any jurisdictional
regulation, the jurisdictional regulation shall
govern.

1.3.2. It is the Vendor’'s responsibility that all
aspects of the construction conform to the
requirements of the specified codes, and meet the
legal requirements of the authorities having
jurisdiction over the installation and operation of
the equipment.

1.3.3. The Vendor shall submit to Purchaser data
and drawings listed in the project specific
documents in compliance with the requirements of
the specification G-GS-19-1-1  (or local
equivalent).

1. BBegeHue

1.1 Uenb
Hactodwasa obwaa  TY wucnone3yloTrca Ans
NMPOEKTMPOBAHUSA  KOHCTPYKUMM  DYHOAMEHTOB,

Kene3obeTOHHbIX U CTanbHbIX KOHCprKLI,I/II7I.

1.2 ObnacTtb npumMeHeHus

1.2.1 B HacTtosawmx TY npencraBneHbl UCxogHble
JaHHble  Ona  NPOEeKTUPOBaHWUA,  KOTOPbIMU
HeobxoOMMO  pYKOBOACTBOBATbLCA CHapsgy C
NPUMEHUMBIMW MECTHBIMU U MEXOYHapOOHbIMU
HOopMamu, cTaHgapTaMun NPOEKTHbIMK TY.

1.2.2. [aHHbIA  OOKYMEHT npuMeHsieTcs K
cnegylowuMm  TunaMm  YCTaHOBOK/TEXHOSOMMIA:
BCEM.

1.3. Oco6ble TpebGoBaHuA

1.3.1. O6opynoBaHue KOHCTpyupyeTcs B
COOTBETCTBMM C MPUMEHUMbBIMU MOMNOXEHUSIMMU,
npueeneHHbIMKU B pasgene 1.6. B cnyyasx, korga
noboe nNonoxeHme HaNpPsiMyld UMAU  KOCBEHHO
npotMeBopeunTt  nobon npaBsoBoW HopMe,
npasoBoasi Hopma GyaeT npeBanupoBaTh.

1.3.2. NpousBoanTens HECET OTBETCTBEHHOCTL 3a

COOTBETCTBME BCEX OTanoB CTPOMTENbLCTBA
TpeboBaHUAM OnpenenéHHbIX HOPM, a Takke
0PUANYECKAM TpeboBaHUAM opraHos,
obnajalolmnx  lopuUcaMKUMEN B BOMpocax

YCTaHOBKW W 3KCnnyaTauny obopyagoBaHus.
1.3.3. NpownssoguTens npegocTaBnaeT 3akasynky

OaHHbIE U YepTexu, NpUBEAEHHbIE B AOKYMEHTaX
Nno OTAEeNbHOMY MPOEKTY corfacHo TpeboBaHusiM
TY G-GS-19-1-1 (unu aHanornMyHbiM MECTHbIM
TY).

DISCLAIMER: Read the disclaimer in this document prior to use.
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1.4 Principles 1.4 [MpuHUUNbI
Not applicable He npumeHstoTcs.
1.5 Definitions 1.5 OnpepeneHus
Company The Owner KomnaHusa Bnageney,
Contractor Air  Liquide Global E&C Moapsguuk Air Liquide Global E&C
Solutions Solutions
Plant Site The Project site MpousBoacTBeHHas [lpoekTHasa nnowagka

Subcontractor  The firm, entities or corporation

Vendor selected by Contractor to
execute the Subcontract or
during the Tender Phase the
firm, entities or corporation
invited by the Contractor to
tender for the work

Sub-Let Any and or all firms, entities, or

Subcontractor  corporations

approved in

writing by the Contractor to

whom the

Subcontractor

intends to award or has
awarded any part or parts of
the Subcontract Works

1.6 Applicable Codes, Standards, and
Air Liquide Reference Documents

1.6.1 Industry Codes and Standards

nnowagka

Cybnogpsagymk dupma, nogpasgeneHus
Mpoussogutens unu Kopnopauus,
BblGpaHHble Moapsaayumkom
ans NUCNoSTHeHUA

cybpooroBopa  unu, Ha
3Tane nogayn TeHOEpOoB,
cdvpma, nogpasgeneHuve
unm Kopnopauus,
npurnaweHHble
Mogpsagyukom Ha yyactue
B TeHAepe Ha paboThl

CybapeHaa JTobasa n/vinn Bce upmsl,

Cybnogpsag4mk nogpasgeneHus nmnm
Koprnopauuw,
YyTBEPXAEHHbIE B
NMUCbMEHHOM dopme

MopopsaunMKoM M KOTOPbIM
Cybnogpsagyvk nnaHvpyet
npucyanTb, uUnu npucygun
nobyo yacTtb, UnNKu 4vactm
cybnoapsiaHbIx pabdoT

1.6. TlpumMeHUMBbIe HOPMbI, CTaHAAPTDI
M CCbINTOYHbIEe AOKYMEHTbI Air
Liquide

1.6.1. MNpombiwneHHbIe HOPMbI U CTaHOapThbI

Hopmbl no CraHgapThbl

DISCLAIMER: Read the disclaimer in this document prior to use.
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Concrete and Steel European EN, | TMPOEKTMPOBaHMIO Esponeiickoro  EN,
Design Code American ASCE, OETOHHbIX U CTanbHbIX  AMEPUKAHCKOro
Indian IS, Chinese GB | KOHCTPyKuuiA obwectsa
or any other NHXEHEpOB-
international code. ctpoutenenn (ASCE),
MeXayHapoaHble
cTaHgapThl NHgun,
obsa3aTenbHbIv
HaUWOHanbHbIN
ctaHgapT Kutas wnu
nobas apyras
MeXayHapoaHas
Hopma
1.6.2. ConyTtcTBYylowme AOKYMeHTbI Air
1.6.2 Associated Air Liquide Documents Liquide
CPY-CTP-7-6- CPY-CTP-7-6-3 [etanu ceTu 3a3emneHus
3 Earthing Networks Details CPY-DS-1-0-1  WcnaputenbHas ama
CPY-DS-1-0-1 Vaporization pit [locTyn, nnarhopms,
Access, Platforms, Grating, orpaxgaroLme peLléTKu,
CPY-DS-2-0-1 Stairs and Ladders CPY-DS-2-0-1  cTyneHu u necTHUUbI
CPY-DS-2-1-  Detailing Standard of Cold CraHgapT ¢ getanamu
1** Boxes and Cryogenic Casings XONoAHbIX 6MoKoB u
. . . . CPY-DS-2-1-1"" KpMOreHHbIX KOXYXOB
Civil Engineering — Calculation
CPY-EP-1-0-1 notes procedure Mpouenypa cosgaHus
. pPacYETHbLIX BEAOMOCTEN MO
Steel Structures — Calculation n
POEKTUPOBAHUIO
CPY-EP-2-0-1  notes procedure CPY-EP-1-0-1  o6uiecTponTenbHbix paboT
CPY-FRM-2-0-
. Mpouenypa cosgaHus
3 Anchor bolt and Insert list PACUETHBIX BEOMOCTEN M0
CPY-GS-1-0-  Soil Investigation and survey CPY-EP-2-0-1  meTannokoHCTpyKuMam
2 report lMepe4veHb aHKepHbIX GONTOB
Underground Installation — CPY-FRM-2-0-3 1 BcTaBok
4C*PY—G|S—1—0— IP|p|ng, Electrlcal and OTU&T 06 UCCEaoBaHUM 1
nstrumentation CPY-GS-1-0-2*  u3bICKaHUAX rPYHTOB
CPY-GS-1-1-1  Piling Work
CPY-GS-1-1-
2" Site Preparation and Earthwork

DISCLAIMER: Read the disclaimer in this document prior to use.
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CPY-GS-1-3-
3 Anchor Bolts Systems
CPY-GS-1-4-1 Electrical room building design
CPY-GS-1-5-
1* Roads and Paving
CPY-GS-2-0- Welding, NDE requirements for
11 Structural Steel

Cold Box — Design,
CPY-GS-2-1-  Fabrication, Transportation &
1 Erection

Gaseous system oxygen
G-EP-1-4-2**  barriers
G-GS-1-0-2 Fire Proofing Work
G-GS-1-3-2 Concrete Work
G-GS-1-3-4 Grouting

Steel Structures according to
G-GS-2-0-1 EN 1090

* Under reading by a committee for approval as
Global Standard

** Cryo technology specific standards

1.7 Conflicts, Omissions and
Alternatives

MoasemHble COOpYXeHUs -

Tpybonposoabl
anekTpoobopyaoBaHUa n
CPY-GS-1-0-4* KUIMunA
CPY-GS-1-1-1  CaawiHble paboThl

NoaroToBka NnoLwaaku m

CPY-GS-1-1-2* 3emnsaHble paboThl

CPY-GS-1-3-3* CwucteMbl aHKkepHbIX 60M1TOB

IMpoekTnpoBaHmne 3gaHus

CPY-GS-1-4-1  anekTponomeLleHus

CPY-GS-1-5-1* [Ooporu n nokpbiTne

TpeboBaHus k cBapke,
HepaspyLlarLLnm
NCNbITaHMAM

CPY-GS-2-0-11 MeTannokoHCTpyKLMIA

lMpoekTnpoBaHue,
N3roTOBMEHUE N MOHTaX

CPY-GS-2-1-1** xonogHoro 6noka

KucnopogHble 6apbepbl

G-EP-1-4-2** rasoBOW CUCTEMBI
PaboTbl No yctaHoBKe
G-GS-1-0-2 OrHECTOMKOro NOKPbITUS
G-GS-1-3-2 BeToHHbIE paboThl
3anueka CTPOUTENbHbIM
G-GS-1-3-4 pacTBOpOM
CrarnbHble KOHCTPYKL UK
G-GS-2-0-1 cornacHo EN 1090

* Tlpn ycrnoBUM pacCMOTPEHUS KOMUTETOM B
Lensx yTBEPXKOEHUSA B KayecTBe
MeXZAyHapoaHoro ctaHaapTa

** CTangapTbl AN OTAENbHbIX KPUMOTEXHOMOIMI

1.7. MpoTnBopeumns, NPONyckn n
anbTepHaTUBbI

DISCLAIMER: Read the disclaimer in this document prior to use.
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1.7.1. In case of conflicting requirements between | 1.7.1. B cnyd4ae npoTueBopeuns  mexay

this specification and applicable requirements of
the documents listed in section 1.6, the more
stringent shall apply.

1.7.2. In case of conflicting requirements, the
following items govern in descending order of
precedence.

a. Agreements outlined in mutually approved
minutes of review meetings subsequent to the
issuance of the Purchase Order

b. Purchase Order and subsequent related
correspondence

C. Project specific addenda

d. This specification and accompanying

documents listed in 1.6.2.

1.7.3. Any exceptions, deviations, omissions, or
alternatives to the requirements shall be
submitted for Purchaser’s approval prior to award
of Purchase Order.

2 GUARANTEES AND WARRANTY
Not applicable.

3 PRIMARY MATERIALS

3.1 Concrete

3.1.1.  Characteristic  compressive  cylinder
strength of concrete at 28 days shall not be less
than:

o fck= 10 N/mm2 for
ffilling concrete

e fck= 30 N/mm2 for reinforced
concrete structures, foundations and
paving

blinding

TpeboBaHnsMn HacToawmx TY N NpMMEHUMbIMU
TpeboBaHNAMM [OOKYMEHTOB, MEPEYNUCIIEHHbIX B
pasgene 1.6, NMpeMMyLLECTBEHHYK CUIy MMEKT
bonee cTporne TpebdoBaHus.

1.7.2. B cnyyae npotmBopeuns TpebOOBaHWM
cneayrowmne NyHKTbl MMEKT MPEeMMYLLECTBEHHYIO
CWIy B HUCXOZSLLEM MOPSAKE NMPUOPUTETHOCTH.

a. [JoroBop&HHOCTW, NpuBedeHHble BO B3aMMHO
YTBEPXXAEHHOM NPOTOKONE 0B30pPHbIX 3acefaHni,
NPOBEAEHHBIX Mocne BbiMycka 3aka3a Ha
nocTaBKy

b. B8akaz3 Ha nocTtaBky nu
COMyTCTBYHOLLAsA KOPPECNOHAEHLUS

C. |_|pI/IJ'IO)KeHMF| no oTAeNnbHOMY MPOEKTY

d. Hactoawme TY wu conposoxparwoLime
OOKYMEHTbI, nepeyvmcneHHble B n. 1.6.2.

1.7.3. JlioOble WCKITIOYEHUS, OTKINOHEHUS,
nponyckn Wnu anbTepHaTuBbl k TpeboBaHMAM
rnogatTcs Ha yTBepxaeHue 3akasumky [o
npucyxaeHus 3akasa Ha NnocTaBky.

2. TAPAHTUU U TAPAHTUMHBIE
OBA3ATEJIbCTBA

He npumeHsioTes.

nocnenyouas

3 OCHOBHbIE MATEPUAIbI

3.1 BeToH

3.1.1. HopmaTtuBHasi NpOYHOCTb Ha cCxatue
uunuHapudeckmx obpasyos 6eToHa B TeyeHune 28
OHen He OomkHa OblTb MeHee:

» HopwmaTusHoe conpoTtusnerHne= 10
H/MM2 gng  ToLlero/3anvMBOYHOroO
6eToHa

» HopwmaTusHoe conpoTtusnerHune = 30
H/mm2 ans Xene3obeTOHHbIX
KOHCTPYKLMHN, dyHOameHTa "

DISCLAIMER: Read the disclaimer in this document prior to use.
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3.2 Reinforcement steel

3.2.1. Reinforcing steel bars shall be hot rolled
high yield deformed with a minimum characteristic
strength of 420N/mm2. Minimum diameter of
reinforcement bar shall be 8mm, except for
welded steel fabric which diameter may be
smaller.

3.2.2.In order to be able to pour the concrete
properly between the reinforcement bars, the
reinforcement ratio should be:

e Between 50 kg/m? and 120 kg/m?3
for general concrete foundations
and structures

e Between 80 kg/m® and 150 kg/m?3
for compressor concrete slabs

e Between 160 kg/m3 and 240
kg/m3 for compressor concrete
columns

3.3 Formwork
3.3.1. As many problems were faced on
formworks in past projects, especially for

compressor structures, special attention shall be
paid in order to select an appropriate formwork.
An appropriate formwork for typically compressors
foundation/ structural elements shall be composed
of structural steel metallic profiles and covered
with sheeting in steel. This formwork steel
structure shall accommodate the appropriate full
height of the concrete element, in order to ensure
hydrostatic liquid pressure resistance, while
pouring the concrete continuously. Indeed,
formwork shall have sufficient strength in order to
ensure a continuous and one-shot pouring. This
must be checked before contract award.

NOKPbITUA

3.2 ApwmartypHas ctanb

3.2.1. ApmaTtypHble CTanbHble CTEPXHU OOJPKHbI
OblTb ropsyekataHbiMu, AedopMupyemMbIMU  C
BbICOKUM NpeaenioMm TeKy4yecT U MUHUManbHON
HOpMaTUBHON NPOYHOCTLIO 420 H/mm2.
MuHManbHbIN auamMeTp apMaTypHOro CTEPXHS
JOIMmKeH ObITb 8 MM, 3a WCKIOYEHMEM CBapHOWN
CTanbHOW CETKWU, AMaMeTp KOTOPOWN OOImKeH BbiTb
MEHbLLIE.

3.2.2. Ina obecnevyeHnsa npaBuIIbHOW 3anuBKK

GeToHa MexOy apMaTypHbiMM  CTEPXKHAMM
koa(ppULMEHT apMuMpoBaHus [OIKeH
COCTaBNATh:

e wmexagy 50 kr/m3 n 120 kr/m3 gns
OEeTOHHbIX dhyHaAaMeHTOB 7]
KOHCTPYKLMI 06LLero HasHa4vyeHns

e wmexagy 80 kr/m3 n 150 kr/m® gns
GETOHHbIX MMMT KOMNpeccopa

e wmexagy 160 kr/m3 n 240 kr/m3 gns
GETOHHbIX KONOHH KOoMMpeccopa

3.3. Onany6ka

3.3.1. B cBs13M ¢ MHOXECTBOM Npobrem, KoTopble
BO3HWMKNM C onanybkol B pamkax MpOLLSbIX
MPOEKTOB, B YaCTHOCTM C KOMMPECCOPHbLIMU
KOHCTPYKLUMsIMU, ocoboe BHMMaHue Heobxoaumo
yoenate  BblbOpy  npaBunbHOM  onanybku.
MpaBunbHas onanybka ans TMNOBOIO
dyHaAameHTa/anemMeHToB KOHCTPYKLMM
KOMMpPEeCCOopOB AOMKHA COCTOATb U3 npodunen 13
METanfOKOHCTPYKUUA M 3aKpblBaTbCA MCTOBON
cTanblo. Takasa cranbHad KOHCTPYKUMA onanybku
OOMKHa MNOAXOAWTb NO4 HaAMNEXallyl MOJHYI0
BbiCOTY  OETOHHbIX  3MEMEHTOB B  LEensX
obecneyeHuns COMNpPOTUBMEHMNS
rMApOCTaTMYECKOMY [OABMEHUI0  XMOKOCTM  BO
Bpemsi HenpepbIBHOM 3anuBKu beToHa.
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dakTnyecky, onanybka OOIKHa nmeTb
[OCTaTOMHYI0O  MPOYHOCTb  Ans  obecnedveHus
HenpepbiBHOW 3anMuBKM 3a oOauH pas. J3To
HeobxoaMMO  MpoOBEpPUTb [0  MPUCYXAEHUS
3.3.2. Appropriate scaffolding shall be used for | woptpakra.
cantilever parts of compressor tables in order to 3.32. CremyeT WCTONbaoBaTh Haanexalime

ensure one-shot pouring of concrete from bottom
level of the columns to the top level of the table in

MOAMOCTU [ KOHCOSbHbIX YacTen NroLanku
KOMMPECcopoB, YTobbl o6ecneunTs 3anme GeToHa

ne shot.
one shot 32 OOWH pa3 C HWKHEro YPOBHS KOMOHH K

BEpPXHEMY YPOBHIO nriolaaky 3a ogunH paas.

Table 1: Compressor foundation problems, example 1

Issue No. Description Pngfo
#1 Inadequate formwork: inappropriate formwork for one shot concrete pouring 1
leading to honeycombs at bottom level of foundation columns and lack of sufficient | (Fig. 2)
concrete cover thickness.
#2 Column starter bars offsets: starter bars localization coming up from foundation 2
with big offsets in comparison to their designed position leading to formwork shifts. | (Fig. 3)
#3 Beam starter bars offsets: beam starter bars placed with big off sets comparison 3
to their designed position. (Fig. 4)
#4 PVC concreting pipe: not enough space for PVC concreting pipe introduction. 4
(Fig. 5)
Ta6nuua 2. NMpobnemsi ¢ hyHaameHTOM Komnpeccopa. Mpumep 1
Ne OnucaHue Ne cHumKa
npo6nembl
Ne1 Henopxopsawas onany6ka: Henoaxoasas onanybka ans sanveka 6etoHa 1
3a 04VH pas, npuBoasas kK obpa3oBaHNIO PakoBUH Ha NOBEPXHOCTU BeToHa (Puc. 2)
CHMW3Y KONMOHH hyHOaMeHTa, a Takke HeJocTaTouHas TonwmuHa 6€TOHHOro
NOKpbITUS
Ne2 CmMmelLleHUA apMaTypPHbIX BbIMYCKOB KOJIOHHbI: TOYKW YCTaHOBKM 2
apmaTypHbIX BbIMYCKOB, ncxoaawux n3 dyHaameHTa ¢ 6onswmnmm (Puc. 3)
CMELLEHNSIMU MO CPABHEHMIO C MX PACYETHLIM NMOJOXKEHMEM, YTO MPUBOLMUT K
CMELLIEHMIO onanyoku.
Ne3 CMelleHMA apMaTypPHbIX BbIMYCKOB 6anok: apMaTypHble BbiMyckn 6anok 3
pacnonoXxeHbl ¢ 60NbLUIMMM CMELLLEHMSMM NO CPABHEHMUIO C PACYETHBIM (Puc. 4)

DISCLAIMER: Read the disclaimer in this document prior to use.
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NonoXeHnem.
Ne4 NBX-Tpy6a ansa 6eTOHMPOBaHUA: HE4OCTAaTOYHOE NPOCTPAHCTBO ANs 4
BBeaeHus MNBX-Tpybbl Anst 6eToOHNMpOBaHUA (Puc. 5)

Figure 1: Problems location mapping in the compressor structure
Puc. 1. Cxema pacnonoxeHusi Npo6rnemMHbIX MeCT B KOHCTPYKLUM KOoMNpeccopa

#4 No place for PVC
concreting pipe

/ #1 Inadequate formwork

#3 Beam starter

bars offsets

=

#2 Column starter bars
offsets

Figure 2: #1 Inadequate formwork
Puc. 2. Ne 1 Henopxoasiwas onany6ka

Ne4 OtcyTtcTByeT MecTo Ansi
MBX-Tpy6bl B Lensix

6eToHnpoBaHNsA

Ne1 Henoaxoasiwas
onany6ka

Ne3 CwmelleHns apmaTypHbIX
BbIMyckoB 6arnok

Ne2 CmelueHns apmaTypHbIX
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Figure 3: #2 Column starter bars off-sets
Puc. 3. Ne 2 CmeLeHus apMaTypHbIX BbIYyCKOB KOMOHH

P A"\- !
Figure 4: #3 Beam starter bars off-sets
Puc. 4. Ne 3 CmeLLeHUs apMaTypHbIX BbINMYyCKOB 6anok

L
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Figure 5: #4 PVC concreting pipe

Puc. 5. Ne4 NBX-Tpy6bl Ans 6eToHMpoOBaHUA

CwmelleHne apmaTypHOro
‘ npocuns B Lensix obecneyeHms

mMecTa ansa 6etoHmpoBanus MBX-
Tpy6bI
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Table 3: Compressor foundation problems, example 2

Issue No. Description Photo No.
#11 Water and grout leaking: water and grout leaking out of concrete, 11
especially at interface between two concreted phases.
#12 Heterogeneous concrete 11
#13 Many hidden big voids: many hidden big voids inside the concrete 11
detected during demolition of the foundation.

Ta6nuua 2. NMpobnemsbl ¢ hyHAaMeHTOM Komnpeccopa. Mpumep 2

Ne OnucaHue Ne cHumKa
npobnemsbl
Ne11 YTeuka BoAbl U pacTBopa: yTeuka BoAbl 1 pacTBopa u3 6eToHa, 11
0COBEHHO B MeCTax CTblka ABYX BETOHHbIX CNOEB.
Ne12 HeogHopogHoCTbL 6eTOHa. 11
Ne13 MHOXeCTBO CKPbITbIX KPYNHbIX KAPMaHOB: MHOXXECTBO CKpPbITbIX 11
KpYnHbIX kKapMaHoB B 6eTOHe, 0BHapyXeHHbIX B X04e cHoca (pyHAaMeHTa.

These defects (water leaking, grouting leaking, [aHHble nedekTbl (yTeyka Bogbl, pacTBopa,

heterogeneous concrete, voids) have a main HEeOOHOPOAHOCTb BGeTOHa, KapMaHbl) BbI3BaHbI

cause which is insufficient formworking. O[IHOW rMaBHOW MPUYNHOW — HENPAaBUIbHON
onanybkon.

Figure 6: #11 Inappropriate formworking impact
Puc. 6. Ne 11 BnusaHue HenpaBunbHOW onanyo6ku
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#11 Water and grout leaking -‘

#12 Heterogeneous concrete

Ne11 YTeuka Bogpl 1 pacTeopa V Ne12 HeogHopoaHocTb 6eToHa

#13 Many hidden big voids

Ne13 MHoxecTBO 60MnbLUNX CKPbITBIX KAPMaHOB
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3.3.3. Sound formworking principles: 3.3.3. MpuHumnbl obecneyeHns NpoYHoOM

1) One shot concrete pouring with | ONanyoku:
associated appropriate scaffolding, | 1) 3anuska 6eToHa 3a oauH pas ¢

specifically for COMpressors | UICNonb30BaHNEM COOTBETCTBYHOLLMX MNOAXOASALLMX
structures/ vertical elements, concrete | noamocTen, 0cobeHHO ANA KOMMPECCOPHbIX
supporting tables and foundations. KOHCTPYKLMIA/BEPTUKANbHbIX 9NEMEHTOB,

3) Hydrostatic pressure resistant steel | 2) CneumnanbHas onanybka Ans KOHCOMbHbIX
formwork Hacten

3) CtanbHasg onanybka, ycTonymsas K
rMAPOCTAaTUYECKOMY AaBIEHUIO

Figure 7: Sound Formworking
Puc. 7. NMpoyHas onany6ka

2)Special formwork for

Formwork ;
. cantilever part

onany6ka
2) CneumnanbHas onany6ka ans e

3)Hydrostatic [ ] [ KOHCOSBLHOM YacTy

pressure resistant
steel formwork
2) CranbHas onany6ka,

ycTon4mBas K
rMapocTaTMyeckoMy AaBneHuio ] X

Formwork shall resist

Omax =f (htotal)
Onany6ka aomkHa
o6ecneumBaTb CONPOTUBNIEHUE 5 3 1)All in one shot

| )
omax= f(htotal) E concrete pouring

/////_/7777777777717 777777, //-;/-;/7//////////////////////I/////////
= Z 1)3anveka 6eToHa
O =pgh [N/m’] Concrete slab )

. 3a oAuH pa3
o=pgh[HMm2] Scaffolding BeTOHHas NAUTa AVH P!

noamMmocCTu

Figure 8: Concreting
Puc. 8. BetoHnpoBaHue
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Concreting must be in one shot.
// Different phasing is forbidden.

Concrete
poured in 2nd step BeToHupoBaHue ocylecTBnsaeTcsa 3a O4uH
« 3anueka 6eToHoM — 201 war pas. MokpbITMe pa3nUyHLIMU COSMU

WMWMWM'\ 3anpeLieHo.

Concrete poured

in 1st step
3anuBka 6eTOHOM —
1bIlA Wwar
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3.4. Anchor bolts

Material, type, details, supply and installation shall
be as specified in Air Liquide specification CPY-
GS-1-3-3 : Anchor Bolt systems

3.5. Grouting

Material, supply and installation shall be as
specified in Air Liquide specification G-GS-1-3-4 :
Grouting

As many problems were faced on grouting in past
projects, special attention shall be paid to this
specification, in particular on the type of grout to
be selected, the precautions of implementation,
and the mandatory testing phases.

3.6. Earthing lug for foundations

Earthing lug shall be provided to the foundations
and reinforced concrete elements based on
electrical design requirements. For details of the
earthing lug refer to section 12.10 of this
specification.

3.7. Structural Steel

3.7.1. Steel material

Structural steel shall be selected according to
specific standard defined in Section 1.6.2 of this
standard. The minimum requirements for steel
grade for carbon steel (CS) and stainless steel
(SS) shall be as given in table below:

3.4. AHKepHble 6oNnTbI

Matepuan, Tunbl, getann, 06 bEM NOCTaBKM U
yCTaHOBKa COOTBETCTBYIOT ykasaHmsam B TY
«Cuctembl aHkepHbix 6ontoB» CPY-GS-1-3-3 Air
Liquide.

3.5. 3anuBka cTpouTesnibHbIM PAacCTBOPOM

Matepuan, o0ObEM NOCTaBkM UM  yCTaAHOBKA
COOTBETCTBYIOT ykazauuam B TY G-GS-1-3-4

«3anuBka  CTpoOUTENbHbIM  pacTBOpom»  Air
Liquide.
B cBsA3M co MHOXecTBOM npobnem, KoTopble

BO3HWKNWN C 3aNMBKOW CTPOUTENbHLIM PacTBOPOM
B pamMKax MpoLsbIX NPOEKToB, 0coboe BHUMaHUE
HeobxoouMO yaenaTb AaHHbIM TY, B YacTHOCTM
BbIOOPY TWMa CTPOUTENBLHOrO pacTBopa, Mepam
NPeAOCTOPOXHOCTU KacaTefnbHO MPUMEHEHUS U
obs3aTenbHbIM 3Tanam UCMbITaHWUMNA.

3.6. bonT 3azemneHna ana doyHaAaMeHTOB
bont  3asemneHnss  obecnednBaeTcs  AOns
(yHOAMEHTOB M KeNe306eTOHHbIX 3NIEMEHTOB Ha
OCHOBaHUM TpeboBaHMN K NPOEKTMPOBAHMUIO
ANEeKTPUYECcKUX netanen. MoppobHas
nHgpopmauums no 6ontam 3asemneHust 4OCTyrNHa B
pasgene 12.10 HacTosAwmx TY.

3.7. MeTannoKoHCTPYKLMU

3.7.1. CtanbHOM MaTepuan

MeTannokoHCTPYKUMM  BblIGMpaoTCs  COrnacHo
ocoBoMmy cTaHaapTy, onpedenéHHomy B pasgene

1.6.2 HacTtoswero craHgapta. MuHMManbHble
TpeboBaHuss Kk  yrnmepogucton  (YC)  wnm
HepXXaBetoLen cTanu (HC) OOJIDKHbI

COOTBETCTBOBATb 3HAYEHUAM B Tabnuue Huxe:
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Table 4: Steel Characteristics

Type of steel Material Thickness (mm) Minimum Yield stress Minimum Elongation
(N/mm?2)* (%)**
T<=16 Ren =235 17
Carbon steel* 16 <T <40 Ren =225 17
40<T <63 Ren=215 17
Stainless steel 3<T<63 Rpo2= 170 35

Ta6nuua 5. XapaktepucTuku cranm

Tun ctanum TonwmHa maTtepuana (Mm) MuHuManbHbIN npeaen | MMHUManNbHbIN
Tekyyectu (H/mm?2)* npepen pacTsXeHus
(%)**
T<=16 Ren = 235 17
yrnepoauctas 4o 1 _49 Ren = 225 17
cTanb
40<T <63 Ren =215 17
HepxaBetolwas 3<T<63 Rpo2= 170 35
cTanb
Note: *The use of rimmed (not deoxidized) | NpumeyaHme: *mMcnonb3oBaHWE HEYCMOKOEHHOW
carbon steel is forbidden (ex. Q235A). yrnepoancTom cTtanu (HepackmcnéHHon)
**Elongation calculated with the following | 3@nPeieHo (Hanp., Q235A).
formula: **Mpegen pacTsXeHuMs  paccuunTbiBaeTcd Mo

Figure 9: Steel Minimum Elongation

5.65,/S, ; where S, (1)
= section of the tensile test sample

Sub-grade of steel (JR, JO, J2 etc.) shall be per
project specific environmental (temperature)
requirements, according to EN 1993-1-10 or
equivalent, with the corresponding Charpy test.

cnegytwoulen opmyne:

Puc. 9. MMHMManbHbLIN npeaen pacTAXeHUs
ctanu

5.65./S, ; rae S, (1)
= cevyeHUe 06pasia s UCIBITAaHUN

Ha pacCTAaXeHue

Mopcopt cranm (JR, JO, J2 u np.) pomkeH
COOTBETCTBOBaTb TpebOBaHMSAM K OKpyXatoLlen
cpege (TemnepaTtypa) ONS OTAENbHOrO NpPoekTa
cormacHo ctangapty EN  1993-1-10 wnm
aHanorMyHoMy cTaHgapTy C COOTBETCTBYHOLUMM
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In order to avoid any confusions and mistakes
during fabrication and erection phases, only one
type of steel grade and sub-grade shall be
selected for each steel profile.

Example: For a given piperack, with columns
HEA300 and some main beams HEA300 and
other main beam HEA200: both columns and
beams HEA300 shall have the same steel grade
and sub-grade. However, beams HEAZ200 can
have a steel grade and sub-grade different from
HEA 300.

Steel structure material, fabrication and welding
shall be in accordance with EN1090 or equivalent.
Otherwise, a written authorization from Contractor
shall be requested for any deviation.

3.7.2. Steel sub-grade selection

Below table is an extract of EN 1993-1-10, for
appropriate selection of steel sub-grade; with
allowable thickness, internal stress and steel
grade.

ncnblTaHnem no LIJapnM.

Bo wu3bexaHue nwoboro 3amellatenbctBa U
OWMOOK Ha 3Tanax W3roTOBMEHUA W MOHTaxa
BblOMpaeTcs TONbKO OAMH TWMN copTa M nogcopTa
cTanu Ans KaXKgoro ctanbHOro npoduns.

[lpumep: 8 onpedenéHHoU scmakade O0nst mpyb ¢
KkonoHHamu HEA300 u HeckonbKUMU OCHOBHbIMU
bankamu HEA300, a makxe Opyaumu OCHO8HbIMU
b6ankamu HEAZ200: kaKk KOMTOHHbI, maK u u 6arnku
HEA300 domxHbl 6bimb U3 00UuHaKo8o20 copma u
nodcopma cmanu. Hecmompsi Ha amo, 6anku
HEA200 moeym 6bimb u3 copma u nodcopma
cmanu, omnu4yHozo om HEA 300.

MaTtepwuan, N3roToBrneHne " cBapka
METanNMOKOHCTPYKLUMIA [OMKHbI COOTBETCTBOBATHL
cTaHpapTty EN1090 unu aHarnormyHomy

CTaHOapTy. B NPOTUBHOM Crly4yae OT I'Iop,pﬂ,quKa
Tpe6yeTc;| NMMCbMEHHOE paspelleHne Ha nobble
OTKITOHEHUA.

3.7.2. Bbibop noacopTa ctanm

Tabnuua Hwxke B3aTa K3 ctaHgapta EN 1993-1-
10 wn npenctaBneHa B UeNsiX NpaBWUIbHOMO
BblOOpa nogcopta crtamM  C  AOMYCTMMOM
TONLMHON, BHYTPEHHUM HanpsikeHWeM u copToMm
cTanu.

Table 6: Maximum permissible values of element thickness t in mm
Ta6nuua 4. MakcMmManbHbie AONYCTUMbIE 3HAaY€HUSA TOJMHBI 3neMeHTa t B Mm
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Charpy energy Reference temperature / 3tanoHHas Temneparypa [°C]
Steel Sub- CVNat/
grade | grades [ Oveerano 10‘ 0 ‘-10‘-20‘-30|-40|-50 1o| 0 |-10|-20|-30|-40 -50 10‘ 0 ‘-10‘-20'-30‘-40‘-50
/Copt Mopcop L
eam T AR Jmin oes = 0,75 (1) oeq = 0,50 f,(t) oee = 0,25 f(t)
S235| JR | 20 [ 27 |60 |50 [40 35|30 [25 20|90 [75]65|55 (45|40 |35 |135/115/100] 85 | 75 | 65 | 60
Jo 0 | 27|90 |75 [60 |50 |40 |35]|30]125[105] 90 | 75 | 65 | 55 | 45 |175]|155]135[115[100] 85 | 75
J2 |-20] 27 [125[105] 90 | 75 [ 60 | 50 | 40 [170[145]125]105] 90 | 75 | 65 |200[200[175[155]135]115[100
8275 JR |20 [ 27 | 554535 |30 |25 20 15|80 [ 70|55 |50 |40 35]30]125[110[ 95|80 70| 60|55
Jo 0 [ 27| 75|65 |55 4535|3025 |115/ 95 |80 | 70 | 55 | 50 | 40 |165]145[125[110] 95 [ 80 | 70
J2 |-20| 27 |110|95 |75 |65 |55 | 45 | 35 |155|130|115| 95 | 80 | 70 | 55 | 200|190 (165|145|125|110| 95
M,N | -20 | 40 |135][110][ 95 [ 75 [ 65 [ 55 | 45 |180[155[130[115] 95 | 80 | 70 | 200200190 165[145[125[110
ML,NL] -50 | 27 |185]160[135]110] 95 | 75 | 65 |200]200]180[155[130]115] 95 | 230]200]|200[200]190]165[145
S355] JR [ 20 [ 27 J40 (352520 15|15 /1065|5545 |40 |30 25]25]110[95[80[70]60]|55]45
Jo 0 [27]e0[50 4035|2520 |15 |95 80|65 |55 45|40 |30 |150[130([110[ 95 [ 80| 70|60
J2 20| 27 |90 | 75 |60 | 50 | 40 | 35 | 25 |135/110| 95 | 80 | 65 | 55 | 45 |200(175[150(130/110| 95 | 80
K2,M,N| -20 | 40 [110] 90 [ 75 [ 60 [ 50 | 40 | 35 |155[135[110[ 95 | 80 | 65 | 55 |200(|200[175[150[130[110] 95
ML,NL| -50 | 27 |155[130(110| 90 | 75 | 60 | 50 | 200|180 [155[135/110| 95 | 80 |210]200|200|200|175[150[130
S420 M,N | -20 [ 40 | 95 [ 80 [ 65 | 55 [ 45 | 35 | 30 [140[120[100| 85 | 70 | 60 | 50 |200[185[160[140]120[100| 85
ML,NL] -50 | 27 |135[115| 95 | 80 | 65 | 55 | 45 [190[165]|140]120]100| 85 | 70 | 200|200 |200| 185|160/ 140[120
8460 Q |[-20] 30 |70 {60 |50 |40 |30 |25 20 |110[ 95| 75|65 | 55|45 |35 ]|175(155[130[115| 95 | 80 | 70
M,N | -20] 40 |90 |70 [ 60 [ 50 [ 40 | 30 | 25 |130[110[ 95 [ 75 | 65 | 55 | 45 |200|175]155[130[115] 95 | 80
QL | -40| 30 |105) 90 | 70 | 60 | 50 | 40 | 30 |155|130[110| 95 | 75 | 65 | 55 |200|200)|175|155[130]115] 95
ML,NL] -50 [ 27 |125[105[ 90 | 70 [ 60 | 50 | 40 [180[155]|130[110[ 95 | 75 | 65 | 200|200 200175[155[130[115
QL1 | -60 | 30 |150[125[105| 90 | 70 | 60 | 50 |200(180|155/130]|110| 95 | 75 |215]200|200|200|175|155]130
S690| Q 0 |40 4030 252015 10| 10]65|55[45]35[30] 2020 |120[100| 85| 75|60 | 50 | 45
Q |-20[30]|50[40 |30 |25|20 15|10 |80 |65 |55]|45|35|30]20]|140{120[100] 85 | 75 | 60 | 50
QL | -20] 40 |s0[50[40 30252015 95]80|65[55]45] 35| 30[165]140[120[100] 85| 75 [ 60
QL | -40] 30 | 7560 [50 [40 |30 |25 |20 115/ 95 [ 80 | 65 | 55 | 45 | 35 |190[165[140[120[100] 85 | 75
QL1 | 40| 40 | 90 |75 |60 | 50 | 40 | 30 | 25 |135[115| 95 | 80 | 65 | 55 | 45 | 200[190 (165|140 120]/100| 85
QL1 | -60 | 30 |110] 90 | 75 [ 60 [ 50 | 40 | 30 |160|135]|115| 95 | 80 | 65 | 55 | 200|200 [ 190|165 140[120]100
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3.7.3. Steel Sections

Hot rolled structural sections and hollow sections
shall conform to:

« EN 10025, EN 10210 or equivalent
Cold formed sections shall conform to:
« EN 10219 or equivalent

Steel structure design shall be performed keeping
in mind economical optimization and an easy
constructability in terms of fabrication,
transportation and lifting.

3.7.4. Connection bolts for structural steel

Except as noted below, bolts for all steelwork
connections shall be, as a minimum, hot deep
galvanized high strength (grade 8.8) bolts. High
strength friction grip bolts or pre-stressed bolts
shall not be used.

For secondary steelwork i.e. walkway joints
ladders and handrails, hot deep galvanized grade
8.8 bolts or equivalent should also be used.

3.7.3. CtanbHble npocunu

[opayekaTaHble cTanbHble NpodunM M nosble
nNpoduny OOMKHBI COOTBETCTBOBATh:

« EN 10025, EN 10210 nnn aHanornyHomy
cTanaapTy

XonoaHorHyTble Npounu AOMKHbI
COOTBETCTBOBATh:

* EN 10219 nnu aHanornyHomy ctaHgapTy
MpoeKTUpyTCS METANNOKOHCTPYKLMN C Y4ETOM

MOBbILLIEHUSA 3KOHOMHOCTU n NpoCTOThI
KOHCTPYMPOBaHMS B XOOE€  W3rOTOBMEHMUS,
TPaHCMOPTUPOBKM N NogbEMA.

3.7.4. CoeauHuTEnNbHbIE oonThl ansa
METanoKOHCTPYKLNI

3a MCKNIOYEHNEM ONUCAHHbLIX HWXE Cry4Yaes,
oonThl ans coeIHEH U cTanbHbIX

MEeTanNOKOHCTPYKLNIA OOIMKHbI ObiTh, NO KpaiHewn
Mepe, ropsiyekataHbiMW, OLMWHKOBAHHbIMU U
BbICOKOMPOYHbIMK (copT 8,8). BblcokonpouHbie
6onTbl MNX NpeaBapuUTENbHO 3aTsiHyTble GOonThbI
NCnosnb30BaThb 3anpeLleHo.

[ns BTOPWYHBIX CTamnbHbIX METaNNOKOHCTPYKLMA,
Hanp. COEeAVMHEHMs1 MpOXOOOB, JECTHUL U
rnopydHen, Takke [OIMKHbl  MCNonb3oBaTbCs
ropsiyekaTaHble OLMHKOBaHHble 6onThbl copTa 8,8
WINW aHanorn4yHble 6onThbl.

Figure 10: Bolts and bolted structural elements material finishing
Puc. 10. ®nHuwHan obpaboTka matepuana 60nToB U 60NTOBbLIX 3IEMEHTOB KOHCTPYKLUN
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Legend:

galvanized
painted or galvanized
painted or galvanized or rough

OUMHKOBaHHbIN

YcnoBHble 0603Ha4YeHUs:

OKpaLLEeHHbIN UNU OLUHKOBAHHbIN
:OkpameHHbm, OLMHKOBaHHbIM Unu 6e3 obpaboTku

All bolts shall comply to EN-ISO 898-1 or
equivalent.

All nuts, bolts and washers shall conform to EN-
ISO 1460 or equivalent.

Minimum bolt diameter shall be:

e Primary Structural Components
20mm

» Secondary Structural Steel
16mm

e Handrails and ladders
12mm

3.7.5 Flooring, Stairs, Ladders, Handrails

Bce 6onTbl JOMKHBI COOTBETCTBOBATL CTaHOAPTY
EN-ISO 898-1 unun aHanornyHomy ctaHgapTy.
Bce raiikn, 6ontbl 1 Wanbbl AOMKHbI
cooTBeTcTBOBaTh cTaHgapty EN-ISO 1460 vnu
aHanorM4HoMy ctaHgapTy.
MuHuManbHbI gnameTp 60NTOB LOMKEH ObITb:
e [lepBnYHbIE 3NEMEHTbLI KOHCTPYKLMM
20 mm
e BTOpMYHbIE METANNOKOHCTPYKLMM
16 MM
e [lopy4Hu N NecTHULbI:
12 Mm

3.7.5 HacTtunebl, cTyneHn, necTHuUbl, NOPYyYHU
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Steel used for flooring, stair treads, ladders,
handrails and stairways shall conform to EN
10025, minimum grade S235.

Material and details shall be as specified in Air
Liquide specification CPY-DS-2-0-1 : Access,
Platforms, Grating, Stairs and Ladders

4 DESIGN LOADS

4.1

4.1.1. In general, the following conditions shall be
considered for the calculation and design of steel
structures and foundations: erection/construction,
testing, operation, and maintenance.

4.1.2. The loads shown herein shall be considered
as a minimum requirement. Whenever higher
loads are required per local codes, those shall be
used for design.

4.1.3. Future loading shall be considered when
specified by the project.

4.1.4 All project specific loads shall be considered
in the designs.

4.1.5. Consideration shall be given to hydrostatic,
dynamic, impact, earth pressure, and traffic loads
and to any specific upset condition loading.

General

Crtanb, ucnonb3yemas And HacTUMOB, CTyrneHewn
NEeCcTHWL, NecTHUL, nNopyyHerh U MNponéTos
nectHuu, JormkHa cooteBeTcTBoBaTb EN 10025,
MUHUManbHoMy copTy S235.

MaTtepuanbl 1 getanu OOMKHbI COOTBETCTBOBATL
ykasaHHeiM B TY  «[ocTtyn, nnatdopmsbl,
orpaxpjatoLine peLléTkn, CTyneHn M NecTHULbI»
CPY-DS-2-0-1 Air Liquide.

4 PACYETHBIE HATPY3KU

4.1 O6wasn nicgpopmauusa

4.1.1. B Lenow, cnegywowmne  ycrnosus
HeobGXxoQMMO  y4MTblBaTb MpUM  pacyéte MU
NPOEeKTUPOBaHN MeTanoKOHCTPYKLUIA "

(yHOAMEHTOB B XO4E€ MOHTaXa/CTpOUTENbCTBa,
UCNbITaHUI, AKCNNyaTaumm 1 TeXobCny>xmBaHus.
4.1.2. Harpyskn, ykasaHHble B HaCTOSLLEM
OOKYMeHTe, y4uTbIBaKOTCA B KayecTBe
MUHUManbHbIX TpeboBaHui. [Npn HeobxoanmocTu
MCNONb30BaHUA BOMbLWINX Harpysok CornacHo
MECTHbIM HOpPMaM Takue HOpPMbl MPUMEHSAITCA
ONsl NPOEKTUPOBaHUS.

41.3. Heobxogumo Takke npuHMMaTb BO
BHUMaHWE MNIaHWpyeMble Harpysku, Korga aTo
yKa3aHo B NPOEKTe.

4.1.4. Bce Harpyskm no OTAENbHOMY MNPOEKTY
YYUTBIBAKOTCS B KOHCTPYKLUMNSX.

4.1.5. BHumaHue TaKkke yoensieTcq
rmapocTaTtmyeckum, AMHaAMUYECKUM, YOapHbIM,
NOABWXHbLIM Harpyskam, Harpyske npu AaBneHuu
rpyHTa, 1 NobbiM onpeaenéHHbIM Harpyskam npu
ocafke.
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4.1.6. List of Primary load cases: 4.1.6. Cnncok cnyvyaeB ¢ OCHOBHOW HarpysKow:

Abbreviation | Description
CokpauweHue | OnucaHue
DL Dead Load/llocTosiHHasa Harpyska
LL Live Load/HenocTtosiHHasi Harpyska
Equipment Empty load/Harpyska nopoxHero
EQE obopygoBaHus
Equipment Fluid load/Harpyska xuakocTtn B
EQF obopygoBaHun
Equipment Operating load EQO = EQE +
EQO EQF/Harpyska paboTatouiero obopygosaHus
Equipment Water Testing load/Harpyska npu
EQWT rMapaBiMyecKoM UCMbITaHMM 06opyaoBaHUs
Equipment Testing load EQT = EQE +
EQWT/Harpy3ska npu ucnsitaHum
EQT obopygoBaHus
Piping Empty load/Harpyska nopoxHero
PPE TpybonpoBoaa
Piping Fluid load/Harpyska xugkoctu B
PPF TpybonpoBoae
Piping Operating load PPO = PPE +
PPO PPF/Harpyska paboTtatouwero Tpybonposoga
Piping Water Testing load/ Harpy3ska npwu
PPWT rmgpaBnn4yeckom McnbiTaHnm TpybonpoBoaa
Piping Testing load PPT = PPO +
PPWT/Harpyska npu ucnbitaHum
PPT Tpybonposoaa
FR Friction load/Cuna TpeHus
AN Anchor load/Harpy3ka aHkepHbIX KpenneHum
GD Guide load/Harpyska ckonb3silien nogBecku
Thermal Piping loads THPP = FR + AN +
THPP GD/TennoBas Harpyska Ha TpybonpoBog
Thermal Equipment load/Tennosas Harpyska
THEQ obopydoBaHus
WL Wind Load/BeTpoBas Harpy3ka
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SN Snow Load/CHeroBast Harpy3ska
TL Temperature Load/TemnepatypHas Harpyska
Earthquake load EX / EY / EZ/Celicmuyeckas
E Harpyska
Road Transportation Load/Harpy3ska npwu
RTL [OPOXHbBIX MepeBO3Kax
Marine Transportation Load/Harpy3ska npwu
MTL MOPCKMX NepeBo3Kax
CRL Crane Load/Harpyska oT kpaHa
LFL Lifting Load/lMTogbéMHas Harpyska
BL Blast Load/B3pbiBHas Harpyska
INS Insulation load/M3ongaunoHHas Harpyska
Nitrogen Pressure load/Harpy3ka ot gaBsneHus
NP asoTa
4.2. Dead Load (DL) 4.2. NoctosiHHana Harpy3ka (MH)
4.21. The dead weight of the structures shall 491 COBCTBEHHbII BEC  KOHCTOVKLVIA
be calculated, including the weight of | pyku

fireproofing and/or insulation and permanent soil
load, E&I cables.

4.2.2. The following are the unit weights of
major construction materials.

noanexnT pacyéTy, BKNYasa BeC OrHECTOMKOro
MOKPLITUST  W/UIM  U3ONAUUN, U  TMOCTOSIHHYIO
Harpy3ky TrpyHTa, a TaKkKe JIIeKTPUYECKUX WU
KOHTPOIbHbIX Kabenen.

4.2.2. Hwxe npeacTasBneHbl 3Ha4YeHUs
YOENbHOrO BeCa OCHOBHbIX CTPOMUTESbHbIX
MaTepwarnos.

Table 7: Unit weights of major construction materials
Tabnuua 5. 3Ha4eHUA yaenbHOro Beca OCHOBHbIX CTPOUTENIbHbLIX MaTepuanos

Material Unit Weight kN/m?
Martepuan YpenbHbin Bec kH/M3
Reinforced Concrete/’KenesobeTtoH 25
Plain Concrete/HeapmupoBaHHbIi 6eTOH 24
Brick Wall/KupnuyHas cteHa 20
Structural Steel/MeTannokoHCTpyKUUn 78,5
Fireproofing Concrete (Lightweight)/OrHecToikuii 9

6eTOH (nerkoBecHbIN)
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4.2.3. Electrical cable trays
Consider a uniformly distributed dead load as

following:

. for a single level of cable trays : 1,0
kN/m2

. for a double level of cable trays : 2,0
kN/m2

4.3. Live Load (LL)

4.3.1. Live loads are those loads produced by
the use and occupancy of the space such as
personnel, tools, miscellaneous equipment,
movable partitions, cranes, hoists, parts of
dismantled equipment and stored material.
Loads due to equipment handling, construction
activities, operation and upset loads shall also
be considered as live loads.

4.3.2. Live Loads on Floors LL1

The following minimum live loads shall be
considered.

4.2.3. JloTkn anektpokabenen
YyuTblBaTb  paBHOMEPHO  pacnpeaenéHHyto

MOCTOSIHHYIO Harpysky HeoGxoanmo
cnepyoLwmm o6pasom:
. Ons  ogHoro cnosi  kKaberbHbIX

notkos: 1,0 kH/m?2

. Ona pBonHoro crnosi kabenbHbIX
notkoB: 2,0 kH/m?2

4.3. HenoctosiHHasa Harpy3ka (HH)

4.3.1. HenocTtosiHHasi Harpy3ka — 3TO Takas
Harpyska, koTopasi Cco3gaéTcsl BCreacTBue
MCMONb30BaHMS W 3amnofiHeHWsT NPOCTPaHCTBA,
Hanpumep, MNEepcoHanoM,  WHCTPYMEHTaMM,
pas3nuyHbiM 060pyAOBaHNEM, NepeaBWKHBIMU
neperopoakamu, KpaHamu, NOABEMHbBIMU
YyCTpOMCTBaMMU, YacTamM pa3obpaHHoro
06opyaoBaHUS U XpPaHUMbIM  MaTepuanom.
Harpy3ku  BcnegctBMe  NOrpysku-pasrpysku
060opyaoBaHUst, CTPOUTENbHbLIX paboT, Harpy3ku
npu 3KcnnyaTaumm M ocafke Takke cUMTalOTCs
HENOCTOSIHHBIMMU.

4.3.2. HenocTosiHHble Harpyskum Ha HacTurbl
LL1

Heobxoaumo YUYNTBIBATb crnenytouwue
MWUHUMarnbHblE 3HaYeHus HEenoCTOSAHHOW
Harpysku:

Table 8: Minimum live loads
Ta6nuua 6. MMHUManbHbIe 3Ha4eHUSA HeNOCTOSAHHOM Harpy3ku

Area / Element
YyacTok/anemMeHT

Live Load
(uniformly distributed vertical load)

Platforms for operation and maintenance/lNnaTtcdopmbl
AN 3KcnnyaTauum n TexobcnyxmnsaHus

5.00 kN/m?2 (Note 1)/ kH/m?2 (Mpumeyarue 1)

Platforms for access and inspection/lnatdopmbl ons
[0CTyna n NpoBepKu

2.50 kN/m?2/ kH/m?
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Area / Element
YyacTok/anemMeHT

Live Load
(uniformly distributed vertical load)

Platform attached to equipments and
vessels/[natdopma, koTopasi KpenuTes K 06opyaoBaHmio
n cocynam

2.50 kN/m?2/ kH/m?

Stairways/INecTHUYHbIE NPONETHI

2.50 kN/m?/ kH/m?

Roof accessible for inspection and repair/Kpbiwa,
OOCTyMHas Ansi NPOBEPKU N PEMOHTa

1.0 kN/m?/ kH/m?

Handrails/Mopy4Hn 0.4 KN/m/ kH/m
Ladders//TecTHuubl 0.6 kN/m/ kH/m
Electrical control rooms, battery rooms/3nektpuyeckue 10.0 kKN/m2/ kH/m?2
nNynbTOBbIE, aKKYMYMATOPHbIE '
Note 1: Live load reduction on columns MpumeuaHe 1: npuBedeHWe  3HAYEHUs

For process floor areas not used for storage, the | yenocrosHHoi Harpy3ki Ha KOMOHHbI

reductions given in the following table (based on
the number of floors qualifying for load reduction
carried by the member under consideration)
may be applied to the uniformly distributed live
load in the design of columns, their supports
and foundations.

Ons  y4acTKOB TEXHONOIMYECKUX HACTUIIOB,
KOTOpbl€ HEe MCMONb3YITCA B LENsX XpPaHeHus,
NpVMBEAEHHbIE 3HAYeHUs, NpPeACcTaBfeHHble B
Tabnuue HwWxe (Ha OCHOBaHMM KONWMYecTBa
HacTWUIOB, MO OTHOLUEHWID K KOTOPOMY MOryT
NMPUMBOAUTBCH 3HAYeHMs Harpysku, KoTopble
NpuUXoaATCA Ha OnNpefenéHHbli  SMNeMeHT),
MoryT NPUMEHSTLCS K paBHOMEpPHO
pacnpefenéHHo HEenoCTOSIHHOW Harpyske npu
NPOEKTUPOBAHWM  KOMIOHH, WX  onop U
dyHOAaMEHTOB.

Table 9: Live load reduction on columns
Ta6nuua 7. NMpuBeaeHne 3Ha4eHUN HEMOCTOAHHOM HArpy3Kn Ha KONMOHHbI
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Number of floors with loads qualifying for reduction

carried by member under consideration

KonnyecTBO HacTUNOB C Harpy3kamMu, 3Ha4YeHUA

Reduction in total distributed floor load %
MpuBepneHue obwen pacnpenenéHHON

KOTOPbIX MOTYT NPUBOANTLCA U NPUXOAALUNMMUCA Ha Harpy3ku Ha HacTun, %
onpeaenéHHbIN aNemMeHT
1 0
2 10
3 20
4 30
5to 10/ o1 5 no 10 40

Over 10/6onee 10

50 max/50 makc.

4.3.3. Live Load : Bundle Pulling Force LL2

4.3.4. Bundle pulling force (LL2) is defined as
the force on a support, which is induced by
pulling of bundles from heat exchanger for
maintenance.

4.3.5. This load shall be under maintenance
condition.

4.3.6. The supports of heat exchangers with
removable bundles shall be calculated on a
pulling force of:
A: 100% bundle weight for bundles less than
22kN.

B: 22kN for bundles 22kN to 44kN

C: 50% bundle weight for bundles greater than
44kN

4.3.7. Total bundle pull shall be considered on
fixed pedestal alone.

4.3.8. Bundle pull load shall be applied at the
center of the bundle.

4.3.9. In case of more than one exchanger on a
structure or foundation, bundle pull load shall be
considered for one exchanger at a time.

4.3.3. HenocTtosiHHast Harpy3ka: cuna BbITSXK/
Tpy6 LL2

4.3.4. Cwvna BbITSXKM Tpyo (LL2)
onpefensieTcs Kak cuna, AencTBylowas Ha
onopy n obpasyroLlascs NyTém BbITSXKU TPyO
n3 TennoobMeHH1Ka B Lensax
TexobenyXnBaHus.

4.3.5. [laHHasa Harpy3ka nosBnsieTcs B pexvme
TexobCcnyxMBaHus.

4.3.6. XapakTepucTukm onop
TENNOOOMEHHMKOB CO CbEMHbLIMU TPYOHBIMU
ny4YkamMy pacCUMTbLIBAKOTCS NPU CUME BbITSXKKK:
A: 100% Beca nyyka meHee 22 kH.

B: 22 kH ons nyykoB 22-44 kH

C: 50% Beca nyuka 6onee 44 kH

4.3.7. Obwasa BbITAXKKA Nydyka Yy4uTblBaETCH
TONbKO Ha OOHOM HEMNOABMXXHOM LLOKOSE.

4.3.8. Harpyska npu BbITSXKKE  nydka
NpUMeHSEeTCa nocepeauHe ny4ka.

4.3.9. Mpwn Hanuynuu bonee  opgHoro
TENNOOOMEHHUKA  Ha  KOHCTPYKLUUW MMM
yHOAMEHTE Harpyska npu BbITSKKE MNy4ka
yYnTbiBaETCS ANst OOHOro TennoobmeHHMKa 3a
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4.3.10. Very large exchangers may require the | 4.3.10. OuyeHb KpynHble TEMNIOOOMEHHNKM
use of special “tube bundle pullers,” which exert | moryT notpeboBaTtb NCMNOMb30BaHNs

all of the forces directly onto the exchanger shell.
The Engineer shall verify if special “tub bundle
pullers” are planned to be used for future
maintenance on the equipment in consideration.
When verified, the high friction forces exerted on
the foundation or structure may be reduced
significantly.

4.4. Equipment Load (EQE/ EQF / EQO
/ EQWT / EQT)

4.41. The equipment load is the weight of the
equipment or machinery, including
appurtenances.

4.4.2. The weight of equipment shall be derived
from Vendor data and/or Mechanical Data Sheet
and this shall include attached platforms,
ladders, piping, insulation, fireproofing, etc.

4.4.3. Normally, the weight of attached pipe is
not included in the Vendor data/Mechanical Data
Sheets. Applying judgment, the designer shall
increase the empty load by 15% to include the
weight of the attached pipes.

4.4.4. The following loads of rotating and static
equipment shall be included in the calculations.

a. The Equipment Empty load (EQE) is the
load imposed during empty conditions, including

chneumanbHbIX YCTPOMUCTB HATSXKKM  TPYOHbIX
Ny4yKkoOB, KOTOpble BO3AEWCTBYIOT CUMOW BCEX
TUNOB HenocpeacTBEHHO Ha Kopnyc
TennoobMeHHMKa.

WHxeHep  pomkeH ybegutbcs B TOM,
nnaHupyeTcs v ncrnonb3oBaHue
crneumnanbHbIX «YCTPOMCTB HATSKKM TPYOHbIX
My4KoB» B uensx TexobcnyxneaHms
COOTBETCTBYIOLLIErO o6opyaoBaHns B
oyayuwem. lMocne Takon nposepkn Gonbline
cunbl TpeHus, BO34eNCTBYIOLLMNE Ha
yHOAMEHT WM KOHCTPYKLMIO, MOTyT ObITb
3HAYUTENBHO CHWDKEHDI.

4.4. Harpyska obopyaoBaHus (EQE /

EQF / EQO / EQWT / EQT)

4.4.1. Harpyska obopymoBaHus — 3TO BecC
obopygoBaHMs  MNM TEXHUKKM,  BKIOYas
KOMMIIEKTYOLLME.

4.4.2. Bec obopynoBaHUsA yka3aH B AaHHbIX
Mpomssogutena wu/vnn Jlncte TEXHUYECKUX
OaHHbIX Ha MexaHu4yeckoe 0bopydoBaHue,
Kyga Tawkke BK/OYEHbl  MpUKpEnssieMble
nnaTgopmel, NecTHULbI, TpybonpoBoabl,
N30NSLUMs, OTHECTONKMNE MOKPLITUS 1 Mp.

4.4.3. B uenowm, Bec npukpennsemoun Tpybbl He
BKMWOYEH B pfAaHHble [lpoussoautens/fuct
TEXHUYECKNX OaHHblX Ha  MexaHuyeckoe
obopygoBaHune.  [1pOEKTMPOBLUMK  OOIDKEH
uenecoobpasHo noaAxoauTb K yBENTUYEHUIO
NMOpOXXHEN Harpy3km Ha 15% cC BKOYEHUEM
BeCa npuKpennsembix Tpyo.

4.4 4. Cnepyolwme Harpy3km BpallaLLlerocs u
crtatmdeckoro obopyagoBaHWsl OOIDKHbI  ObITb
BKMIOYEHbI B pacyeér.

a. Harpyska npu nopoxHem oGopygoBaHum
(EQE) — aTo Harpyska, BO3gelcTByloLlasi B
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the weight of internals and all the external | nopoxHem COCTOSIHUM, BKItOYas BeC
attachments, such as platforms, ladders, and | BHyTpeHHUX W BHELWHUX NPUCOEANHSEMbIX
piping to be attached to the equipment or | cpeacts, Taknx Kak nnaTgopmel,
machinery, equipment and piping insulation, and | Tpy6onpoBsogpl, KoTopble Kpensitcs K
fireproofing on the equipment. obopydoBaHMIO U TeXHWKe,  u3onsauus

b. The Equipment Fluid load (EQF) is the
weight of fluids (and solids if applicable) within
the equipment during normal operating
conditions.

c. The Equipment Operating load (EQO) is
the operating weight of the equipment during
normal operating conditions, with EQO = EQE +
EQF

d. The Equipment Water Testing load
(EQWT) is the weight of water used during
hydro-testing of the equipment.

e. The Equipment Testing load (EQT) is the
total weight of the equipment during hydro-
testing of the equipment, with EQT = EQE +
EQWT.

4.4.5. When more than one piece of equipment
is supported by one structure, the structure need
only be designed on the basis that one piece of
equipment will be hydro-tested at one point of
time and that the others will either be empty or in
operation.

4.5. Piping Load (PPE / PPF/PPO/
PPWT / PPT)

4.5.1. The piping load is the weight of the
pipes, fittings, valves, insulation, and the fluid in
the piping during empty, operation, and testing
conditions.

4.5.2. Below are the different piping load cases:

obopynoBaHuss M TpybOMpPOBOAOB, a Takke
OrHECTOMKOe MOKpbITUE 060pyAOBaHMS.

b. Harpyska »xxugkoctu B obopyaosaHun (EQF)
— 3TO BEC XMAKOCTEN (M TBEPAbIX BeLLecTB B
cnydae Hanuumsi) B obopygoBaHuM B
HOpMarnbHOM paboyem pexume.

c. Harpyska pabGoTtatowero obopynoBaHus
3To  paboun Bec  obopyaoBaHuUs
HopManbHOM paboyem pexume npu EQO
EQE + EQF

d. Harpyska npu rugpaBrvM4yeckomM WUCMbITaHUK
obopynoBaHuss (EQWT) — 310 Bec BoOAbl,
MCMNONb30BaHHOM B X04e rnapaBfiNYeCcKux
ucnbITaHM 06opyaoBaHUS.

e. Harpyska npv wucnbiTaHum oGopyAoBaHus
(EQT) — ato obwmun Bec obopygoBaHus BO
Bpemsi rMAapaBInNYecKmx UCnbITaHWI
obopynosanus npy EQT = EQE + EQWT.

4.4.5. Mpu nogaepxke Gonee ogHowm AeTtanu
0bopyaoBaHUA OOHOW KOHCTPYKUMEN OaHHasi
KOHCTPYKUMSI JOImKHa NPOEKTUPOBATLCS
TONbKO C YY4ETOM NPOBEAEHUS TMAPaBNNYECKMX
MCNbITaHUN Takon oaHoun netanu
obopynoBaHua B onpenenéHHon BpeMEHHOM
TOYKe, a oCTalbHble OOMKHbI ObITb MOPOXHUMMN
unu npeboiBaTb B pabovem pexunme.

n o |

4.5. Harpy3ska Tpy6onpoBoaa (PPE /
PPF / PPO / PPWT / PPT)

4.5.1. Harpyska TpybonpoBoaa — 310 Bec Tpy0,
PUTUHIOB, KNamnaHoB, U30NALUN N XKXUOKOCTU B
TpybonpoBoge B MOPOXHEM, paboyem U
ucnbITaTenbHOM COCTOSIHUSAX.

452. Hwxe npeactaBneHbl  pas’nuyHble
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PPE  Piping Empty load cryyam Harpy3sku TpyGonposoga:
PPF  Piping Fluid load HargWKa MopoXHero
Piping Operating load PPO = PPE + PPE Tpybonposoaa
PPO  PPF Harpyska XKNIKOCTM B
PPWT Piping Water Testing load PPF Tpy6onposone
Piping Testing load PPT = PPE + Harpyska pabGoTatoLlero
PPT ~ PPWT Tpy6onposoga PPO = PPE +
PPO PPF
Harpyska npu ryapasiv4eckom
PPWT  McrnbiTaHun Tpy6onposoaa
PPT PPWT

4.5.3. Piperacks and Skids Piping Load
4.5.3.1. Pipes diameter & < 12” (300mm)
Piperack pipes with diameter less than or equal

to 12” shall be taken as uniformly distributed load

as following:

. PPE =50 daN/m?

. PPO = 150 daN/m?
. PPT = 200 daN/m?

Skids pipes loads, with diameter less or equal to
12", could, for the design of the skid, either be

based on the uniformly distributed load as above,

or on the actual vertical load given by the piping
designer, in which case these vertical loads
integrate a minimum of 20% margin.

4.5.3.2. Pipes diameter & > 12” (300mm)

Pipes with diameter greater than 12” shall be
considered as concentrated loads in their actual
position under empty, operational and test
conditions.

4.5.3. Harpyska actakag wn pamHoro 6noka
Tpybonposoaa

4.5.3.1. OuameTtp Tpy6 & < 12 gronimor (300
MM)

TpyObl Ha acTakagax ¢ AMaMeTPoOM MeHee Uiu

paBHbiIM 12  gooAmMaM  NpuMHUMaeTcs  3a
paBHOMEPHO  pacrnpefenéHHyl  Harpysky
Takum obpasom:

. PPE = 50 paH/m?

. PPO = 150 paH/m?

. PPT =200 gaH/m?

Harpyska pamHoro 6noka Tpyb6 AnameTpom
MeHee wunuM paBHbiM 12 aovimMam B Lensax
NPOEKTUPOBaHMSA paMHOro Grioka MOXeT ObITb
OCHOBaHa Ha paBHOMEPHO pacnpenenéHHomn

Harpyske, Kak YyKkasaHO Bbllle, WM Ha
dakTmnyeckom BEpPTUKANbHOWM Harpyske,
yKasaHHOW NPOEKTUPOBLLMKOM

TpybonpoBoaoB, M B 3TOM CryyYae [AaHHble
BepTMKarnbHble Harpysku BKIOYaloT
MUHMMarnbHY0 norpewHocTb 20%.

4.5.3.2. QnameTp Tpybbl & > 12 AtoimoB
(300Mmm)

TpyObbl  anameTpoM, npeBbiwakwmum 12
OIOVIMOB, MPVHUMAIOTCS 3a COCpPedoTOYEHHbIe
Harpysku B CBOEM (haKTUYECKOM MOSIOXKEHUN B
nopoxHem, paboyem wunM UCNbITaTENbHOM
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COCTOSIHUMN.
Alternatively, in order to avoid recycling of [lONONHNTENBHO, 4TOBbI n36exaThb
calculations, the following concentrated load HEOBXOAMMOCTM B  MOBTOPHBIX — pacuyérax,
arrangement (ref to MOXeT NPUHUMATBLCS cnepyioLiee
pacrnosioXeHne CoCpeAoTOYEHHbIX Harpysok
(cm. MpunoxeHune 2 «Harpysku
TpybonpoeBodoB Ha 3cTakady») B Lensax

13.2.Appendix 2: Piping loads on piperacks) may
be assumed, for erection, operation and
hydrostatic test phases:

. concentrated loads equally spaced
on the traverse beam
. The 1st and the 3™ concentrated

loads equal to '4 of the total piping load over 12”
diameter, for each phase
. The 2 concentrated load equal to
the half 2 of the total piping load over 12”
diameter, for each phase.

MOHTa)a, JaKkcnnyaTauum um rmapocTaTudeckux
UCIMbITAHUNA:

. CocpenoToyeHHble Harpysku,
pPaBHOMEPHO PacrOfIOXKEHHbIE Ha NMonepeyHon
banke

. 137 n 3  cocpedoTOYEeHHbIe
Harpy3ku, paBHble "2 OT obLien Harpysku
TpybonpoBoaa anameTpom Gonee 12 aronmos
ONS Kaxkgoro atana.

. 23 cocpedoTOYeHHas Harpyska,
paBHas nonosuHe Y2 obwen Harpysku
TpybonpoBoaa avametpom Gonee 12 aronmos
ONs kaxkgoro atana.

4.5.3.3.0cobble TpeboBaHMA K Harpyskam
TpybonpoBoga Ha 3Tane rmgpocTaTu4eckux
ucnblTaHWn

B OTHOWEHWM TMOpPOCTaTUYECKMX Harpysok

TpybonpoBoaa Heob6xoaMmMo YyYMTbIBaATHL
cnepyouine aktopbl:
. Ona ycraHoBok BPY 0Oepytcs

TONbKO TPYObI, coAepxaline BoAy, nap wunm
OPYryl0 >XMAOKOCTb B HOpManbHbIX paboumx
YCINOBMSAX C MOMHbIM OObEMOM BOAbl AnNS
rMapocTaTNYecKoro aTana. dakTuyecku,
apyrue Tpyobl yctaHoBok BPY ¢ cogepxaHnem
rasa B HopmanbHOM paboyem pexume He
npoxogaT rmgpaBnuyeckne UcnbITaHus.
CnepoBarenbHo, Harpysku Takmx
rasocoepxatumx Tpyd ans aTana
rmapocTaTU4eCcKmx ncnbiTaHWM paBHbl
Harpyskam Ha paboyem aTane.

. IOnsa ycraHoBok H2 n H2/CO Bce
TpyObl  OOIDKHBI  paccmaTpuBaTbCd  Kak
MOMHOCTBIO 3amnofiHEHHbIE BOAOW AN HArpy3ku
npyM  rMOpocTaTUY4ecKnx  UCMbITaHMAX,  3a
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4.5.3.3. Specific requirement for hydrostatic test
phase piping loads

Regarding the hydrostatic piping
following points shall considered:

loads the

. For ASU units, only the pipes
containing water, steam or other liquid, in normal
operation, are to be considered with their weight
full of water for the hydrostatic phase. Effectively
the other pipes for ASU units containing gas, in
normal operation, are not tested hydraulically.
Therefore these gas containing pipes loads for

hydrostatic test phase are equal to their
operating phase loads.
. For H2 and H2/CO units, all the

pipes are to be considered full of water for their
hydrostatic test loads, except the flare pipe which
is a gaseous pipe, therefore its hydrostatic test
load is equal to its operating phase load.

In addition to the above, test loads should not be
applied on more than one piping level
simultaneously.

4.6.Piping thermal loads (FR/ AN/ GD /

THPP)
4.6.1. Below are the different piping thermal
load cases to be taken into account:
FR Friction load
AN Anchor load
GD Guide load
Thermal Piping loads THPP
=FR + AN + GD
THPP

uckrtoveHvem Tpybbl ¢ pactpybom, koTopas
ABNSETCA rasoBon Tpybow, u, Takum obpasom,
eé Harpyska npu rMapocTaTUYeCcKnX
UCMbITaHWAX paBHa Harpyske Ha pabodyem
aTane.

B [AOMOoNHeHne K BbILLECKa3aHHOMY,
UcnbiTaTenbHble  HAarpyskM  He  [OIMKHbI
NpUMeHATbLCS Ha Goree 4YeM OAMH YpPOBEHb
Tpy6 0OHOBPEMEHHO.

4.6.TennoBble Harpy3ku Tpybonposoaa
(FR/ AN/ GD / THPP)

46.1. Hwke npepnctaBneHbl  pasnnyHble
cnyyau TennoBoW Harpysku TpybGonposoaa,

KOTopble ~ Heobxooumo  MpuUHMMaTtb  BO
BHMMaHWeE:
FR Cwuna TpeHus
Harpyska aHkepHbIX
AN KpenneHun
Harpyska ckonb3sien
GD noaBecku
TennoBble Harpysku
Tpybonposoga THPP = FR
THPP +AN + GD
4.6.2.0TM Harpy3km OygyT pasdutbl no

HanpaeneHusam X, Y 1 Z cornacHo criegyroLium
Ha3BaHUAM:

THPP_X, THPP_Y, THPP_Z

4.6.3. Tennosble Harpy3ku Tpybornposoaa Ha
acTakaabl U pamMHble 6noKu

Tennosble Harpysku Tpy6onpoBoaos
NOSIBNAOTCS TOMbKO B paGoyeM pexunme.
HwxenpeacTaBneHHble MPOLEHTHbIE

COOTHOLLUEHUSI MPUMEHAIOTCS K 3cTakagam U
pamMHbIM Griokam.
TennoBble Harpysku Ans 3TanoB MOHTaxa W

rMapocTaTUYeCcKnx NCMbITaHWN He
YUYUTbIBAKOTCS.

4.6.4 HnxeykasaHHble TennoBble  Harpysku,
onncaHHble B criegylowmux  pasgenax,

SABMSAOTCA HEeNnocpeaCTBEHHbIMU  Harpyskammu
THPP, a 31O 3HauuT, 4YTO B _HUX VKE BXOOAT
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4.6.2. These loads will be split in the X, Y and Z
directions according to the following naming:
THPP_X, THPP_Y, THPP_Z

4.6.3. Piping thermal loads for Piperacks and
Skids

Piping Pipes thermal loads exist only for the
operation phase.

The here below given percentages do apply for
piperacks and skids.

No thermal loads are to be considered for the
erection and hydrostatic test phases.

4.6.4.The following thermal loads described in
the next sections are directly THPP loads, which
means _that they already include Friction loads
FR + Anchor loads AN + Guide loads GD. They
may be replaced entirely by factual stress piping
loads with the differentiation of FR, AN and GD,
but only if stress piping loads are more
conservative.

4.6.5.Piping thermal loads in longitudinal
direction (parallel to piping)

The longitudinal direction is illustrated on the
sketch of the

cuna _TpeHusa FR + Harpyska aHKepHbIX
kpennieHun AN+ Harpyska  CKOmb3siLLen
noaseckn  GD. WX  MOXHO  MOJTHOCTbIO
3aMeHUTb dakTn4eckumm Harpyskamu
Tpybonposoaa c Hanps»keHMem c
pasgenennem FR, AN n GD, ogHako TONbKO
npu_6GonblUuen KOHCEpPBATMBHOCTM _Harpy3ok
TpybonpoBoaa ¢ HanpsHKEeHUEM.

4.6.5. Tennosble Harpy3kum TpybonpoBoda B
NpoA4ONbHOM  HanmpaeneHun  (napannensHo

Tpybonposoay)
lMpooonbHOE HamnpasneHue npeacTtaBneHo Ha
cxeme B [lpunoxeHun 2  «Harpysku

TpybonpoBoda Ha acTakadbl» B HACTOSILLUX
TVY.

B cnegyoLien Tabnuue TEnnoBbIX
KoahdpmUneHTOB «Lg» yKasaHo ans
KoadhdmumeHTa NpoaofibHOro HanpaBfeHus, a
«Tr» - gna TenmoBoro ko3dduuneHTa
nonepeyHoro HanpaeneHus.

4.6.5.1. TennoBble Harpysku TpybonpoBoda B
NpOAONbHOM HanpaBneHuun: Tpybbl guameTpomM
< 12 aonmos.

B Tpybax pguametpom MeHee 12 pAlorimoB
npogonbHas Tepmuyeckass cuna As % OT
paboyeln BepTMKanbHOW Harpy3ku paBHOMEPHO
pacnpefensietcd Mo KaXZoMy  YPOBHIO
nonepeyHon 6anku Kaxxaon pamsbl.

4.6.5.2. TennoBble Harpysku TpybonpoBoda B
Npo4ONbHOM HanpaBfieHun acTakagbl: TPyobl
OnameTpom > 12 gronmMoB.

B Tpybax puametpom 6Gonee 12 prorimoB
npogonbHas TennoBas Harpy3ka sBhseTcs
COCPeAOTOYEHHOW Harpyskon, paBHon A % OT
pabouen BepTUKanNbLHOWN Harpysku,
BO3JENCTBYIOLLEN Ha NonepeyHyto Barky.

YTo KacaeTcs pacrnonoXeHWst Harpysku, U BO

nsbexaHue MOBTOPHOrO pacuéra,
npuMeHseTcs pacronoXeHne  Harpysku,
yKkasaHHoe B pasgene «Harpysku

Tpybonposoaa (Va; Vz; a)» (cm. MNpunoxexue 2
«Harpyskn TpybonpoBoga Ha acTakagpl»). B
cryyYae ecnu cuibl, BbiSIBNEHHbIE NPU aHanu3e

DISCLAIMER: Read the disclaimer in this document prior to use.
3AABNEHNE OB OTKA3E OT OTBETCTBEHHOCTW: 03HakoMbTeCh C 3asiBIEHMEM B HACTOSALLEM JOKYMEHTE [0 UCMOMNb30BaHUS.




. g . GENERAL SPECIFICATION
@ H ir I.lq u Ide Cryogenics & Lurgi
ENGINEERING & CONSTRUCTION OEI_U‘ME TEXHUWYECKUE YCNhOBUA technologies
CIVIL AND STRUCTURAL 6.GS.1.0.1
DESIGN & CONSTRUCTION BASIS Rev. I Pon. 1
UCXOAHbLIE OAHHbLIE AN MPOEKTUPOBAHUA U Page 42/ Ctp. 42 of /
CTPOUTEJNIbCTBA 30AHUUN U COOPYXXEHUA u3 122

¢INTERNAL/BHYTPEHHW/N LOKYMEHT

HanpsbkeHns  TpybonpoBoaa, NpoBeAEHHOM
BNOCNEACTBUM, NPUBOAAT K NOAydYeHuo 6onee
KOHCEPBATMBHOIO _ CTanbHOro npoduns  no
CpaBHEHUIO c npodunem, nony4yeHHbIM
BCNeACTBME CWUMbl TPEHUSA, NPUHATOWN Bbille,
Takue dakTnyeckune cunbl TpybonpoBoga
ABNATCA nNpeobnagamnwmmm, a  CcralnbHOW
npoduib  0OBHOBNSAETCS  COOTBETCTBYHOLLNM

o6pasom.
4.6.6. Tennosble Harpysku Ha Tpybonposopn B
nonepeyHom HanpasneHun acTakagbl

(nepneHankynsapHoO Tpybonposoay)
4.6.6.1.Tennosble Harpy3sku Tpybornposoga B
nonepeyHoM HanpasneHuu: Tpyba guameTpom
<12 nonmos.

B Tpybax pguameTpom MeHee 12 pgroirimoB
Yy4UTbIBAETCA MonepeyHas TepMmyeckas cuna
TpybonpoBoaa, paBHad As % OT pabouen
BEPTUKAINbHOW Harpys3ku, KoTopasi [JOJKHa
BO30ENCTBOBATb Ha YPOBHW  MONepeyHon
Bankn pambl kKak cocpegoToOYeHHas Harpyska.
4.6.6.2. TennoBble Harpysku TpybonpoBoda B
NpOAONbHOM HanpaBfieHMM 3cTakagbl: TPyObl
anameTpom > 12 oroMmoB.

13.2.Appendix 2: Piping loads on piperacks in
this Specification.

In the following thermal coefficients table ‘Lg’ is
meant for longitudinal direction coefficient, and
“Tr’ for transverse direction thermal coefficient.

4.6.5.1. Piping thermal loads in longitudinal
direction — pipe <12” diameter

For pipes smaller than 12" diameter, a
longitudinal thermal force of As % of the
operating vertical load shall be uniformly
distributed at each transverse beam level of each
frame.

YunTbiBaeTCs nonepeyHas Tepmuyeckasi cuna
TpybonpoBoga, paBHas AL % OT paboden
BEPTUKANbHOW Harpysku, KoTopasi [OJbKHa
BO3JENCTBOBATb Ha YPOBHM  MOMEPEYHOW
Bankn pambl kKak cocpegoToOYeHHas Harpyaka.
B cnyyae ecnu cwnbl, BbIsIBMEHHblE B XoAe
aHanmsa HanpshkeHus Tpybonposoaa, KOTopbIN
Obln NpoBedéH BMOCNEACTBUWM, MPUBOAAT K
nony4yeHnto bonee KOHCEpBaTUBHOIO
CTanbHOrO  Mpodufsi N0  CPaBHEHWIO C
npocunem, MOMy4YeHHbIM BCNEACTBUE CUIbI
TPEeHUs, NPUHATON BbILLE, Takne chakTuyeckme
cunbl TpybonpoBeoaa SABNATCA
npeobnagatwowmmmn, a cranbHOW npodunb
0BHOBNSAETCSt COOTBETCTBYOLLUM 0Opa3om.
4.6.7. KoachbdbuumneHTbl TENNOBOW Harpy3ku
apply. (ref Kaxxaoast pama o6nagaet OLHUM
KO3hPMLUMEHTOM B 3aBMCUMOCTU oT

4.6.5.2.Piping thermal loads in Piperack
longitudinal direction — Pipe >12” diameter

For pipes larger than 12" diameter, the
longitudinal thermal load shall be a concentrated
load equal to A% of the operating vertical load
applied on the transverse beam.

Regarding the load arrangement, and in order to
avoid repetition of calculations, load arrangement
specified in Section Piping Load (V4; V2; V4) shall
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Konun4yecrtBa ypOBHeI;I.

13.2.Appendix 2: Piping loads on piperacks).

In_case the forces provided by the piping stress
analysis, given afterwards, result to a more
conservative steel section than the section
resulting from the friction forces taken here
above, then these piping actual forces shall
prevail, and the steel section updated

accordingly.

4.6.6.Piping thermal loads in Piperack transverse
direction (perpendicular to piping)

4.6.6.1.Piping thermal loads in transverse
direction — pipe <12” diameter

For pipes smaller than 12” diameter, a transverse
piping thermal force equal to As % of the
operating vertical load, to act at the transverse
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beam levels of the frame as concentrated load,
shall be considered.

4.6.6.2.Piping thermal loads in transverse
direction- Pipe >12” diameter

A transverse piping thermal force equal to AL %
of the operating vertical load, to act at the
transverse beam levels of the frame as
concentrated load, shall be considered.

In case the forces provided by the piping stress
analysis given afterwards result to a more
conservative steel section than the section
resulting from the friction forces taken here
above, then these piping actual forces shall
prevail, and the steel section updated
accordingly.

4.6.7. Thermal loads coefficients
Each frame will have one coefficient, depending
of its number of levels.

Table 10: Piping Thermal Horizontal Loads Coefficient A (AL and As ) to Vertical Operating Loads

Ta6nuua 8. KoadcpnumeHT ropnsoHTanbHbIX TENNOBLIX HAarpy3ok Tpybonposoaa A (AL 1 As ) no
OTHOLLEHUIO K BePTUKaJIbHbIM PaGo4yuM Harpyskam

. AL ( Large Pipes > 12" dia) As ( Small Pipes < 12" dia)
Piperack
humber of AL ( KpynHbIe pr?bl AnameTpom > 12 As ( HeGonblKe 'rpy6|=| AnameTpom < 12
Levels AIOAMOE ) Alo1NMOB)
KonuuecTts Str Steel/ Foundation/ Str Steel Foundation/
0 YpOBHeii Both Direct Both Direct MeTannokoHCTpyKuMn Both Direct
3cTaKa MeTannoKoHCTPYKUM dyHaameHT/06a dyHaameHT/06a
Abl
n/ HanpaBneHus Tr Lg HanpaBneHus
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ob6a HanpaBneHus
1 0,30 0,30 0,15
2 0,20 0,20 0,10
3 0,15 0,05 0,05
4 0,05 0,05 0,05
5 0,05
4.6.8.In case of piping lines on isolated pipe | 4.6.8.B cnyyae ¢ TpybonpoBogamn  Ha
supports, the following friction coefficients shall | nsonupoBaHHbIX ornopax cnegywouine

apply in both horizontal directions:

KO3 PULMEHTbI TPEHUS MPUMEHNAIOTCS B 0BOmX
rOPU3OHTarbHbIX HanpaBneHnsXx:

Table 11: Friction coefficient
Ta6nuua 9. KoadcpuumneHT TpeHus

Number of piping lines on
isolated support

KonuyecTtBO
TpybonpoBOAOB Ha
M30JIMPOBaHHOM onope

Friction coefficient to be
used in both longitudinal
and traverse direction

KoadhdmumeHT TpeHus,
MCNonb3yeMbIi Kak B
NpoaosibHOM, TaK 1
nonepevyHoOM HamnpaBreHun

1to 3/1-3 30%
4 to 6/4-6 20%
7 or more/He meHee 7 10%
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4.6.9. Fixed/anchor point loads at battery
limit of the unit
At fixed / anchor points, generally at battery limit
of the unit, the horizontal piping thermal loads to
be considered is equal to 100% of the piping
operating vertical load at this point only, in the
longitudinal and in the transverse direction.
Regarding the load arrangement, and in order to
avoid repetition of  calculations, load
arrangement as specified in Piping Loads (V4; V2;
Va) (ref to

13.2.Appendix 2: Piping loads on piperacks)
may be applied, in longitudinal and transverse
direction.

4.6.10. Other Multi-directional thermal load

4.6.9. Harpysku B TOouKe
¢ukcauum/aHkepoBKM B rpaHuLax
NPOEKTMPOBaHUSA YCTaHOBKMU

B Toukax dukcauuwn/aHkepoBkM, B LENOM B
rpaHuuax NPOEKTMPOBaHNS YCTaHOBKM,
rOpM3oHTasnbHbIe Tennosble Harpysku
TpybGonpoBoAa AOMKHbI MPUHMMATBCS PaBHbIMU
100% BepTuKanbHOM  pabo4vert  Harpysku
TpybonpoBoAa TOMbKO B 9TOW TOYKE B
NpoaoSIbHOM U NONEPEYHOM HanpaBneHUsX.

UTo kacaetcs pacrnonioXeHusi Harpysku, M BO
n3bexaHne MNOBTOPHOrO  pacyéTra, MOXeT
NPUMEHSATLCS pacnonoxeHune Harpysku,
yKkasaHHoe B pasgene «Harpysku
Tpybonposoaa (Vs; Vz; V4)» (cm. lNMpunoxeHne 2
«Harpyskn TpybonpoBoga Ha 3cTakagpl»), B
NpoAOoSIbHOM U MONEPEYHOM HanpaBneHusX.

4.6.10. Opyrue MHOroHarnpaBfeHHble
TennoBble Harpy3Kku

Kaxgbil anemMeHT KOHCTPYKUMW 3ScTakadbl (3a
UCKITIOYEHMEM  pPacCropoK) MNpoBepsieTcs  Ha
npeamet eavHudyHow Harpysku B 500 pgaH B
camom Henoaxoasiiem NOMNOXXeHNN B
OOMNOSHEHME K BbllleyKa3daHHbIM BEPTUKaNbHbIM
pacnpenenéHHblM Harpy3kam. Takum obpasom,
Hanpumep, Ans 6anok nepekpbiTua, ato byget
ropusoHTarnbHasi ToYyeyHas Harpyska B
cepeovHe nponéta MNoOMUMO BepTMKaSbHbIX
Harpysokx.

TennoBas Harpyska [Ansi ypOBHEW FOTKOB
anekTpokabenen He y4nTbIBaeTCS.

4.7.TennoBas Harpy3ka oGopyaoBaHuA
(THEQ)

4.7.1.TennoBoe paclUMpeHne n cxatne Moryr
NPUBECTU K TPEHUO mexay obopynoBaHWEM U
OMOPHbIM 31EMEHTOM. Cuna TpeHUs
obopynosanus (THEQ) npuHMmaeTcsa cornacHo
yKa3aHHOMY B JIUCTE TEXHWYECKUX [OaHHbIX
Mpounssogutens.

4.7.2.B CMpaBOYHbIX Lensax HWXe
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Each pipe-rack structural member (excluding | npeacTtaBneHsl onpedenéHHble CTaHAapTHblE
bracing) shall be checked for a single load of | 3HaueHus KoappumLmeHToB TpeHus
500 daN, in the least favorable position, in | noBepxHoOCTW.

addition to the vertical distributed loads
mentioned above. Hence, for tie-beams for
example, this will be a horizontal point load at
mid-span in addition to the vertical loads.

No thermal load is to be considered for electrical
cable trays levels.

4.7. Thermal Load of Equipment
(THEQ)

4.7.1. Thermal expansion and contraction may
result in friction between equipment and its
supporting element. The friction force of
equipment (THEQ) shall be taken as specified in
the vendor technical datasheet.

4.7.2. For information, below are some usual
surface friction coefficients.

Table 12 : Surfaces friction coefficient
Ta6bnuua 10. KoadhdnumeHT TpeHns noBepxHOCTU

Surface Friction Co-efficient

NMoBepxHOCTb KoadhdmumeHT TpeHus
Steel to steel or concrete/ctanb 06| 0.15to 0.30/ ot 0,15 no
cTanb unu 6eToH 0,30
Stainless Steel to PTFE/Ctanb o 0.08
dToponnact
PTFE to PTFE/®Toponnact o 0.08
dToponnact
Graphite to graphite/Tpacdut 06 0.15
rpacdout
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4.8. Wind Load (WL) 4.8.BeTtpoBas Harpy3ka (BH)

4.8.1. General 4.8.1.06wwan uHdopmayums

4.8.1.1.No reduction shall be made for the
shielding effect of one structural frame on the
other.

4.8.1.2.No reduction shall be made for the
shielding effect of vessels or structures adjacent
to the structure being designed.

4.8.1.3. Special consideration may be required
in the case where vertical vessels or tall slender
structures are in close proximity to each other,
thus potentially creating amplified wind loading
conditions. Referenced codes and standards
should be applied in such cases.

4.8.1.4. Wind loads will be split in both horizontal
directions according to the following naming:
WLX, WLY, WL45° (when applicable).

4.8.2. Wind Load on Equipment

When calculating wind load on equipment, the
following increase factors (I.F.) shall be
considered in order to take into account the
wind loads on pipes, platforms and ladders
attached to the equipment.

4.8.1.1.NMonpaBok Ha addekT TennosawuTbl
OAHOW HecyLlen pamMbl Ha APYron He aenaeTcs.

4.8.1.2. lonpaBok Ha adekT TennosawuTbl
COCYyQOB WNU  KOHCTPYKUWWA, CMEXHBbIX C
NPOEKTUPYEMOMN KOHCTPYKLUNEN, HE AenaeTcs.

4.8.1.3. Ocoboe BHUMaHve MoXeT
notpeboBaTbCs B Criydyae, eCnu BepTUKarbHble
cocyabl WM BbICOKME TOHKME KOHCTPYKL MM
6nM3Kko pacnonoXeHbl OpPYr K Opyry, Takum
obpa3oM noTeHuuanbHO co3gaBasi  yCIoBus
YCUINEHHOW BETPOBOW Harpysku. B Taknx cnydvae
cnegyeT MNPUMEHSATb YMOMSHYTble HOPMbl U
CTaHdapTbl.

4.8.1.4. BeTpoBble Harpysku 6yayT pa3buTbl Kak
B TrOPU3OHTanNbHOM, Tak WU BepTUKaNbHOM
HanpaBreHunsix cornacHo crnegyowum
Ha3BaHWAM:

WLX, WLY, WL45° (B npuMeHUMbIX crny4vasix).
4.8.2.BeTpoBble Harpy3ku Ha obopyanoBaHue
Mpn  pacyéTe  BETPOBOW  Harpyskn  Ha
obopygoBaHue  nNpuHMMalOTCA  crnegyowme
koappumumeHTbl nosbiweHua (KM) ana ydéra
BETPOBOW Harpysku Ha Tpybbl, nnatdopmbl U
NeCcTHULbI, KoTopble KpensaTcs K
obopynoBaHuio.

Table 13: Wind Load Increase Factors
Ta6nuua 11. KoaddnumeHTbl NOBbILWEHUA BETPOBOW Harpy3ku

Outside Diameter of Vessel (including insulation) I.F.
HapyxHbIn guameTp cocyna (Bkno4Yasa U3onsayuro) Kn
D <1000 mm/mMm 1.5

1000 mm/mMm < D <1500 mm/mm 1.4

1500 mm/mMm < D < 2000 mm/mm 1.3

2000 mm/mm < D < 3000 mm/mMm 1.2
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Outside Diameter of Vessel (including insulation) I.F.
HapyxHbIn agnameTp cocyaa (BKo4Yasa U3onsauumio) Kn
3000 mm/mm < D < 5000 mm/mMm 1.15
5000 mm/mm < D < 7000 mm/mMm 1.10
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In addition, the usual shape factor Cs= 0.7 shall | NMomumo 3TOro, KoacpdULMEHT CTaHLAPTHON
be considered for cylindrical equipments. ¢dopmbel Gt = 0,7 yuuTbiBaeTcs  4ns

4.8.3. Wind Load on Pipe Rack

4.8.3.1. Wind load on structural elements in
transverse direction

In the transverse direction wind load may be
applied by one of the following methods:

. On front and rear structural members
only, i.e. columns, beams, vertical bracing,
without shielding effect, nor extra allowances for
connections.

. Considering a frontal area consisting of
a lump summed full panel of 1.5m high,
integrating the structural members (beam,
column , bracings), together with secondary
steel items, such as handrail, ladder, etc). This
panel is considered at the concerned piping
level on the piperack/ skid. It integrates a wind
shape factor of Cs =1.3.

4.8.3.2. Wind load on structural elements in
longitudinal direction

In the longitudinal direction wind load will be
applied on all frames structural members only,
without shielding effect, nor extra allowances for
connections.

4.8.3.3. Wind load on pipes in transverse and

longitudinal directions

In the transverse direction, wind load on all the

pipes located on each level of the piperack will

be calculated according to the following formula:
gz.Ci. A

Where gz = wind design pressure at z height.
Ct = 0.70 (shape factor of round pipes)
A=L. (Dmax+0.10.W)

where L = contributory length of pipe

Dmax = diameter of the biggest pipe on the

UUNMHAPUYECKOTO 060pyaoBaHUS.
4.8.3.BeTpoBasi Harpy3ka Ha 3acTakagbl Ons
TPYyO
4.8.3.1.BeTpoBass Harpyska Ha 3NeMeHTbl
KOHCTPYKLMM B NONEPEYHOM HanpasnieHnn
B nonepeyHom  HanpaBneHwM  BeTpoOBas
Harpyska MoXeT BO34eVCTBOBaTb CriegyloLmmMu
crnocobamu:
. Tonbko Ha nepegHMe W 3agHue
3MNEMEHTbl  KOHCTPYKLUMW, Hamnp., KOJOHHbI,
Ganku, BepTukaneHble pacnopku 6e3 addekta
Tenno3awuTbl U JOMOSTHUTENbHBIX JOMYCKOB Ha
COeOUHEHUS.
. C y4yéToM nepegHero  y4acTka,
coctosiiero 13 obwen nonHom naHenu
BbicoTon 1,5 M, oObeauHSAKLEN SNEMEHTHI
KOHCTPyKUMM  (Danky, KOFMOHHY, pacnopku
BMECTE CO BTOPUYHBLIMW CTanbHbIMWU AEeTaNsiMu,
TaKMMMK Kak MOPY4YHM, NeCTHUUbI 1 np.). [JaHHas
naHenb Y4UTbIBAETCA Ha COOTBETCTBYHOLLEM
ypoBHe TpybonpoBoga Ha ScTakage/paMHOM
6rnoke. OHa Bknto4YaeT KoaPPULNEHT OPMbI
BeTpa Cr =1.3.
4.8.3.2.BeTpoBass Harpyska Ha 3NEeMEHTbI
KOHCTPYKLMM B NPOAOSIbHOM HanpaseHum
B npoponbHOM  HampaBneHun — BeTpoBasi
Harpyska BO3L4eNCTBYeT TOMbKO Ha BCE pambl
ANeMeHTOB  KOHCTpykuun  6e3  adpdekta
Tenno3awmTbl U JOMONHUTENbHBLIX OOMYCKOB Ha
COeaUHEHUS.
4.8.3.3.BetpoBass Harpyska Ha Tpybbl B
nonepeyHoM 1 NPOAOSNIbHOM HanpaBneHnsax
B nonepeyHom HanpaBneHws  BeTpoOBas
Harpy3ka Ha Bce TpyObl, pacrnosioXeHHble Ha
Ka>kQoOM YpPOBHe acTakafbl, paccyMTbIBaeTCs Mno
cnegytwoulen opmyne:
gz.Cr. A
loe 0z = pac4éTHoe faBneHune BeTpa Ha
BbICOTE Z.

Ct = 0.70 (koachbdpuumeHT dopMbl
Kpyrnbix Tpy6)
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concerned level A=L. (Dmax+0.10.W)
W = width of the piperack roe L = coBokynHasa anviHa Tpy6bl
In the longitudinal direction, wind load on pipes Dmax = AnameTp Hanbonbluen Tpybbl Ha
is considered negligible. COOTBETCTBYIOLLIEM YPOBHE
W = wupwuHa actakagpl ang tpyo.
B npogonbHOM  HampaBneHun — BeTpoBasi
Harpyska Ha TpyObI cuutaetcs
He3HauYnTenbHON.
4.8.3.4. Wind load on cable trays (electrical and | 4.8.3.4. BetpoBass Harpy3ka Ha kabenbHble
Instrumentation). NOTKM (3NeKTpnYeckme u KOHTPOorbHble kabenu)
In the transverse direction, wind load on each B nonepeyHom  HanpaBneHunm  BeTpoBas
cable trays will be calculated according to the Harpyska Ha Kaxablh kabenbHOW  NOTOK
following formula: paccunTbiBaeTcd Mo cneaytowen popmyne:
gz.Ci. A loe 0z = pac4éTHoe faBneHune BeTpa Ha
Where q: = wind design pressure at z height. BbICOTE Z.
Ct = 2.0 (shape factor) Ct = 2.0 (koachdpuumeHT hopmbl)
A=L.0.10 where L = A=L.0.10
contributory length of cable tray roe L = coBokynHas panuHa kKabenbHOro
0.10 meters = assumed height of one | notka
cable tray. 0.10 meTpoB = npeanonoXnTenbHas
For n cable trays the design height is then n x | BeicoTa ogHoro kabensHOro notka.
0.10m. Ona n-kabenbHbIX NOTKOB pacyéTHas BbiCOTa
In the longitudinal direction, wind load on cable | 3atem ctaHoButca n x 0,10 m.
trays is considered negligible B npoponbHOM  HanpaBneHun  BeTpoBas
Harpyska Ha KabernbHble TOTKM cuMTaeTcs
He3HaunTenbHON.
4.8.3.5. Wind Load on Secondary Steel 4.8.3.5.BeTpoBasi Harpyska Ha BTOpMWYHbIE
CTanbHble KOHCTPYKLUK
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Table 14: Wind load on secondary steel
Tabnuua 12. BeTpoBasi Harpy3ka Ha BTOPU4HbIe CTalbHble KOHCTPYKLUKU

Frontal Area

C KIneTKomn

Cf .
MNepegHuit yyactok
Handrail/mopy4Hu 2.0 0.25 sq.m /m/kB.M./M
Ladder without 2.0 0.15 sgq.m /m/kB.Mm./M
cage/llectHuua 6e3 kKneTku
Ladder with cage/JlecTHuua 2.0 0.25 sg.m /m/kB.M./M
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4.8.3.6. Wind Load on Grating Floor
No additional force needs to be considered on
account of flooring.

4.9. Snow load (SN)

49.1. Snow load shall be considered on
unsheltered platforms only.

49.2. Snow load shall be considered over
unsheltered cable trays.

4.9.3. Snow load shall not be considered over
pipe or air coolers in operating condition.
However, design engineer should consider the
snow load effect on pipe or air cooler if it is not
operational condition during snow fall.

49.4. Snow load shall not be considered
simultaneously with the live load

4.10. Temperature Load (TL)

4.10.1. The Temperature Load is the force
occurring due to thermal expansion or
contraction of the materials of the structure due
to change in atmospheric temperature variation.
410.2. A temperature expansion and
contraction of +15°C and -15°C in relation to the
reference temperature shall be taken into
account; but only if the steel structure has a
height or length more than 30m.

4.11. Earthquake Load (EX/EY / EZ)
Earthquake load shall be calculated as per the
specific applicable codes.

4.12. Crane Load (CRL)

4.12.1. Crane loads or impact loads shall be
calculated with the minimum impact factors
listed in the following table:

4.8.3.6.BeTpoBas Harpyska Ha pellétyaTbii
HacTun

[ononHuTenbHble CUNbl MO  OTHOLUEHUIO K
HacCTUIy He Y4YMTbIBaKOTCS.

4.9.CHeroBas Harpy3ka (CH)
4.9.1.CHeroBasl Harpyska [OIDKHa y4MTbIBaTbCA
TONbKO AN HEMPUKPbITBIX MriaTgopm.
4.9.2.CHeroBass Harpyska y4duTbiBaeTcs [Anis
HEeNPUKPbLITLIX KabernbHbIX JTOTKOB.
4.9.3.CHeroBas Harpyska He y4uTbiBaeTcs Ans
Tpy6 Mnu Bo3AyLUHbIX Oxnagutenen B paboyem
pexume. HecmoTps Ha  3TO, UHXeHep-
MPOEKTUPOBLUMK  OOIDKEH  MpUMHUMaTb  BO
BHMMaHME [ENCTBME CHEroBOW Harpysku Ha
TpyOy wWnM  BO3AyWHbIA  oxnaguTenb B
Hepaboyem pexrmMe BO BpeMs cHeronaa.
4.9.4.CHeroBasl Harpy3ka He y4duTbiBaeTCs
OHOBPEMEHHO C HEMOCTOSHHOM.

4.10. TemnepatypHas Harpy3ka (TH)

4.10.1.TemnepaTypHaa Harpyska — 3TO cuna,
nosiBnsitoLLascs BCrneacTBme TennoBoro
paclwupeHus  unu  ckatua  maTepuanos
KOHCTPYKUMM MK3-32 M3MEHEeHMs TemnepaTypbl
BO34yXa.

4.10.2. YuutbiBaeTcs TemnepaTypHoe
pacwupeHne un cxatne +15°C u -15°C no
OTHOLLUEHMIO K UCXOOHOW TemnepaType, OOHakKo,
TONBbKO €Cnv  MEeTarnIOKOHCTPYKLUMS BbICOTON
unn gnuHon 6onee 30 m.

4.11. Cencmunyeckasn Harpy3ska (EX/ EY /
EZ)

Ceiicmuyeckass  Harpyska  paccuuTbiBaeTcs
COornacHo onpenenéHHbIM NPUMEHUMBIM
HopMaMm.

4.12.Harpy3ka ot kpaHa (HK)

412.1. Harpy3ka OT kpaHa wunuM ygapHas
Harpyska paccuuTbiBaeTcs Ha OCHOBaHWUU
MUHMManbHbIX  KO3MULMEHTOB  yOapHOM
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| Harpys3ku, npnBeaeHHbIX B Tabnuue Huxe:

Table 15: Crane load: minimum impact factors

Ta6nuua 13. Harpy3ka ot KpaHa. MMHuManbHble Ko3dpUumneHTbl yaapHOW Harpy3ku

. Hand
Electric Operation
Operation y
. | Py4Hon
AneKkTpuyeckumn
pexum
pexnm paboThbl
paboTbl
A | Traveling Crane/llepeaBnxxHon KpaH
1 Vertical crane loads increase maximum wheel loads
by:/BepTukanbHble Harpysku oT KpaHa nosbILWAT 25% 10%
MaKCMMarbHble Harpysku Ha konéca
2 | Horizontal forces on rails taken as a percentage of the rated
capacity of the crane and the weight of the hoist and trolley
Transverse to each rail: /[opu3oHTanbHble  cunbl,
BO3[ENCTBYIOLLME Ha PenbChbl, MPUHUMAOTCA B MPOLEHTHOM 20% 10%
OTHOLLEHMM pacYETHOW Trpy30NOABLEMHOCTM KpaHa W Beca
NogbLEMHOrO  yCTPOMCTBA, W TEMEXKM B  MNONEPEYHOM
HanpaBfeHUN Ka KaXkaow penbce:
3 | Horizontal forces on rails taken as a percentage of the
maximum wheel loads of the crane:/ 'opusoHTanbHbIE CUIbI,
BO3OEWCTBYIOLIME HA penbCbl, MPUHMMAKTCA B MPOLEHTHOM 10% 5%
OTHOLUEHMN MaKCUMarbHbIX Harpy3oK Ha Konéca KpaHa:
Along the rails:/Bgoonb penbcos:
B | Monorails/MoHopenbchbl
Vertical crane loads increase maximum wheel loads
by:/BepTukanbHble  Harpyskm  OT  KpaHa noBbILAT 25% 10%
MaKCMMarbHblE€ Harpy3ku Ha konéca Ha:
C |Trolley beams, Davits/Banku Tenexku, norpy3o4Hble
6ankmn
Vertical crane loads/BepTukanbHbie Harpy3ku OT kKpaHa 50%
D |Lifting lugs/MoabéMHbIe cKOOLI
Vertical crane loads/BepTukanbHbie Harpy3km OT kKpaHa 100%
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4.12.2. Wherever in the local codes higher
loads are given, these shall be used for design.
4.12.3. Crane load shall be defined as an
equivalent static force caused by a moving
object, such as traveling cranes and hoists,
including those to be used for lifting equipment
and materials during construction.

4.12.4. Gantry girders and their supports shall
be designed on the assumption that either of the
horizontal forces A.2 or A.3 (of the above table)
may act at the same time as the vertical load.
4.12.5. Crane load shall not be considered in
the member displacement calculation.

Crane load shall have the same load factor (in
load combination) as live load.

4.13.Road Transportation Load (RTL)

Road Transportation load RTL: refer to Air
Liquide specification CPY-GS-2-1-1 Cold Box
Design, Fabrication, Transportation & Erection

4.14.Marine Transportation Load (MTL)

Marine Transportation load MTL: refer to Air
Liquide specification CPY-GS-2-1-1 Cold Box
Design, Fabrication, Transportation & Erection

4.15.Lifting Load (LFL)

Lifting Load LFL: refer to Air Liquide
specification CPY-GS-2-1-1 Cold Box Design,
Fabrication, Transportation & Erection

4.12.2.B cnyyasx, korga B MECTHbIX HOpMax
yka3aHbl 6ornee BbICOKME 3HAYEeHUS Harpysku,
Takve 3HayeHns NCMOMb3YyKTCH B
NPOEKTUPOBaHNN.

4.12.3.Harpy3skn OT KpaHa onpegenswTca B
KayecTBe 3KBMBAIIEHTHOW CTaTUYECKOW CUIbl,
BbI3BAHHON [ABWralOLMMCH NPeaMETOM, TakuM
Kak nepeaBWKHOW KpaH W NOOABbEMHblE
YCTPOWCTBA, BKMoYas Te, KoTopble
ncnonb3yTca Ans NoabEMHOro obopyaoBaHus
N MaTepunaroB B XOL€e CTPOUTENbCTBA.
4.12.4.MNMopgkpaHoBble Gankn UK KMX ONOpbI
NPOEKTUPYIOTCA C TeM pacdéTom, 4To niobasa n3
ropmsoHTanbHbix cun A.2 unu A.3 (B Tabnuue
BbILLIE) MOXET BO3[AEeNCTBOBaTb OAHOBPEMEHHO
Kak BepTuKanbHasi Harpyska.

4.12.5.Harpy3ska OT kpaHa y4uTbIBaeTCs Npwu
pacyéTe CMeLleHns anemMeHTa.

Harpyska OT KpaHa WMeeT TakoM Xe
KOa(ppMLMEHT Harpyskm (B  COBMeLLEHUU
Harpysok), kak U HEMOCTOSIHHas Harpyaka.

4.13.Harpy3ka npu 4OpPOXHbIX
nepeBo3kax (HAM)

Harpyska npu popoxHbix nepesoskax (HAM):
cm. TY CPY-GS-2-1-1 «[lpoekTtupoBaHue,
N3roTOBIEHNEe, TPaHCMOPTMPOBKA W MOHTaX
xonoaHoro 6noka» Air Liquide.

4.14.Harpy3ka npy1 MOpPCKUX nepeBo3Kax

(HMI)
Harpyska npu mopckux nepesoskax (HMI1): cwm.
TY CPY-GS-2-1-1 «[1poekTnpoBaHue,

N3roTOBMEHWe, TPaHCMOPTUPOBKA U MOHTaX
xonogHoro 6roka» Air Liquide.

4.15. Noab€EmHas Harpy3ka (MH)
MoavémHas Harpyska (MH): cm. TY CPY-GS-2-
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1-1 «[1poekTnpoBaHue, N3roToBrieHune,
4.16.Insulation Load (INS) TPaHCMOPTUPOBKA U MOHTaX XOnoaHoro 6noka»
B Air Liquide.

Insulation Load INS: refer to Air Liquide
specification CPY-GS-2-1-1 Cold Box Design,
Fabrication, Transportation & Erection

4.16. U3onaumoHHas Harpy3ka (UH)
M3onsumoHHasa Harpyska (MH): cm. TY CPY-

GS-2-1-1  «[NpoekTupoBaHMe, W3roTOBIEHME,
TPaHCMOPTUPOBKa U MOHTaX XONoAHoro 6roka»
4.17.Nitrogen Pressure load (NP) Air Liquide.
Nitrogen Pressure: refer to Air Liquide 4.17. Harpyska ot paBneHus asora
specification CPY-GS-2-1-1 Cold Box Design, | (HBA)
Fabrication, Transportation & Erection Harpyska ot pgasneHus asota (HOA): cm. TY
CPY-GS-2-1-1 «[1poekTnpoBaHue,
M3roTOBMNEHWE, TPAHCMOPTMPOBKA U MOHTax

4.18.Blast Load (BL)

Refer to the specific appropriate standard

xonopaHoro 6noka» Air Liquide.
4.18.B3pbiBHas Harpy3ka (BH)
CM. KOHKPETHbI COOTBETCTBYIOLNIA CTaHOAPT.

5. LOAD COMBINATIONS 5. COYETAHUE HAITPY30K

5.1. All structures, equipments, and foundations | 5.1. Bce koHcTpykumu, obopyooBaHne u
shall be investigated for each of the loading | dyHaameHTbl  nNpoBepslOTCA Ha  Hanuuue
combinations given in the table below and the | coyeTaHuin Harpy3ok, nNpeacTaBneHHbIX B

most severe shall determine the final design.
The load factors that apply to each of the
combinations shall be selected from the design
code that is being used and shall reflect the
classification given to each load i.e. Dead Load,
Live Load, etc.

* 1: Only 50% of the platform live load for
the test condition shall be taken into
account.

* 2: Only 70% of the wind load shall be
taken into account.

 3: Earthquake Iload shall
combined with Wind load

not be

Tabnuvue HWXe, U caMoe CepbEé3Hoe coyveTaHune
onpependeTr XapakTepUCTUKU OKOHYaTeslbHOro

npoekTa.

KoahuumneHTsl Harpyskn, npuMeHaemble K
codyeTaHusM, BbIOMpalOTCAd Ha  OCHOBaHUM
MCMONMb3yeMOW HOPMbl  MPOEKTUPOBAHUSA U

OOIMKHbI OTpaXaTb Knaccudukaumio no Kaxxgomn
Harpyske, Hamp., NOCTOSIHHasi, HernoCcTosiHHas
Harpysku u np.
e 1 y4mTbIBaETCA TONbKO 50%
HEMNOCTOSIHHON Harpysku nnatgopmbl
ONs MCNbITaTENbHOMO YCIOBUS.
* 2: yyutbiBaetcsa Tonbko 70% BeTpoBON
Harpysku.
e 3 cencMunyeckas Harpyska He
COBMeLLaeTCs C BETPOBOWA.
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Empty Operating Testing Erection Transportation
LOAD Mopoxuan  [PaBouan Mowﬁ{ TpaHcnopTMpoBKa
LOAD DESCRIPTION (including including Wcnbirakus f. o Rckiding,,
HATPY3KA maintenance accidental and lifting/skniovan
OI_I MCAH ME HArPy3KM /8Kniodan Fases)/skatouas CTpouTe/ibHbIE N
Texobcnykusanme) |skcTpeHHble cayyan) NoAbEMHbIE paboTbl
Dead Load/noctosHHas Harpyska
DL /
Live Load/HenocTosHHan Harpy3ka
LL Py X X X (1)
EQE Equipment Empty load/ Harpyska nopoxHero o6opyaosaHusa X X X
Equipment Operating load EQO = EQE + EQF/
EQ EQO Harpyska paboratowero o6opyaosaHus X
Equipment Testing load EQT = EQE + EQWT/
EQT  |Harpyska npuucnoimarmm obopyaosanmn X
PPE Piping Empty load/Harpyska noposxHero Tpy6onposoaa X X X
Piping Operating load PPO = PPE + PPF/Harpy3ka pa6oTatowero
PP PPO Tpy6onposoaa X
Piping Testing load PPT = PPO + PPWT/
PPT _ [Herpyaca npw ucnsimasur oyGonpososa X
Thermal Piping loads THPP = FR + AN + GD/
THPP Tennossie warpyaw TpyGonpoaoaa X
TH EQ Thermal Equipment load/Tennosan Harpy3ka o6opyaoBaHna X
WL Wind Load/BeTposas Harpyska X X X (2) X (2) X
SN Snow Load/CHeroBas Harpyska X X
TL Temperature Load/TemnepatypHas Harpyska X X X
E Earthquake load EX / EY / EZ/Ceiicmmueckan Harpyska X (3) X (3)
RTL Road Transportation Load/Harpyska npu AOpoHbIX Nepeso3kax X
MTL Marine Transportation Load/Harpyska npu Mopckux nepesoskax X
CR L Crane Transportation Load/Harpyska ot kpaHa X X
LF I. Lifting Load/MNoabémHan Harpyska X
BL Blast Load /B3pbiBHas Harpyska X
INS Insulation load//W3onsumnoHHan Harpyska
N P Nitrogen Pressure load/Harpyska ot aasnexus asota X
5.2. Take only 15% of the Live load when in | 5.2. bepétca Tonbko 15% HenocTosHHON

combination with Earthquake load.
5.3.When in testing conditions, only test one
equipment / pipe line at a time.

5.4.Factors and load combinations for piperacks
and structures is as following:

Harpysku B codeTaHum ¢ CEMCMUYECKOMN.

5.3.B wucnbiTaTenbHbIX YCIOBUSIX  MCMbITAHNE
npoxoaut TOMbKO ogHa eavHuua
obopynoBaHus/TpybonpoBoaa 3a pas.
5.4.KoacbdpuumeHTbl M coyeTaHus Harpy3ok Ansg
acTakag 1 KOHCTPYKLUI yKa3aHbl HUXE:
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Figure 11: Piperack Loadings Combinations and factors for Stress and Deformation Checking
Puc. CoyeTtaHus Harpy3ok Ha acTtakaay, hakTopbl NPOBEPKU Ha HanpsixeHue n aedopmauuto

Deformation Check Stress Check
lNMpoBepka Ha lNMpoBepka Ha
aedopmauumro HanpsxeHue
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Comments: a 1

KommeHTapuum:
a=12o0rmnna=1,0
c=1,0o0rmnnc=0,9
d=1,0or/nnd = 0,25

Note: For equipments supporting structures the | [1P¥Me4aHne: K ONOPHBLIM  KOHCTPYKUMAM
above load factors tables shall apply through | 00OPyAOBaHMA  3HayeHns  kodpULMEHTOB

integrating the equipment thermal loads THEQ | Harpyskn B Tabnuuax Bblle NPUMEHAIOTCS
DISCLAIMER: Read the disclaimer in this document prior to use.
3AABITIEHVE OB OTKA3E OT OTBETCTBEHHOCTW: o3HakoMbTeCh C 3asiBlieHMEM B HACTOSALLEM AOKYMEHTE 40 UCMOMb30BaHUS.




. g . GENERAL SPECIFICATION
@ H ir I.lq u Ide Cryogenics & Lurgi
ENGINEERING & CONSTRUCTION OEI_U‘ME TEXHUWYECKUE YCNhOBUA technologies
CIVIL AND STRUCTURAL 6.GS.1.0.1
DESIGN & CONSTRUCTION BASIS Rev. I Pon. 1
UCXOAHbLIE OAHHbLIE AN MPOEKTUPOBAHUA U Page 59/ C1p. 39 of /
CTPOUTEJNIbCTBA 30AHUUN U COOPYXXEHUA u3 122

¢INTERNAL/BHYTPEHHW/N LOKYMEHT

with the same load factors as for piping thermal
loads THPP.

5.5. For diagonal direction horizontal loads
(wind, thermal) multiply each direction by 0,71.
5.6. For earthquake combination consider
Newmark combination, with 1,0 for one
direction X, Y or Z and 0,3 for the other two
directions.

6.DESIGN OF FOUNDATIONS AND
REINFORCED CONCRETE
STRUCTURES

6.1. Concrete Cover
6.1.1.Concrete cover to all outer faces of bars in
reinforced concrete shall be as follows:

Concrete below grade:

- Foundation faces in contact with soil:
75mm

- Grade slabs:
50mm

Concrete above grade:

- Columns, beams, walls and foundation piers:
50mm

- Concrete exposed to sea water:
75mm

6.1.2.Concrete cover shall not exceed 75mm to
avoid shrinkage cracks.

6.1.3.Above requirements shall not apply to the
following concrete items:

- Concrete pavement 100mm thick : wire mesh
at center.

nyTém obbeanHeHuss TennoBbix Harpy3ok THEQ
C nofoGHbIMU  KO3(hULMEHTAMU Harpy3Kkamu,
KaK 1 Ans TennoBbIX Harpy3ok Ha TpybonpoBoabl
THPP.

5.5.lNo rOpU3oHTamNbHbIM Harpyskam B
[auaroHanbHOM HanpaBneHun (BeTpoBas,
Tennosasl) HeOOXOOUMO YMHOXMWTb  Kaxgoe
HanpaerneHue Ha 0,71.

5.6. [Ina coyeTaHuUs CENCMUYECKON Harpysku
HeobxoaMMo yunTbiBaTb codeTaHne Newmark c
1,0 no ogHomy HanpasneHuto X, Y unn Z, n 0,3 —
no ABYM ApPYrMM HanpasneHusiM.

6.MPOEKTUPOBAHUE
®YHOAMEHTOB U 5
XENE3OBETOHHbLIX KOHCTPYKUUA

6.1.5eToHHOE NMOKpbITHE

6.1.1.beToHHOE nNOKpbITUE BCEX HapYXHbIX
noBepxXHOCTEN CTepxHeun XenesobeToHa
OOIMKHO ObITb TaKnM:

BeToH Nof YpoOBHEM 3eMN:
-InueBasi CTOpPOHa dyHOoameHTa,
KOHTaKTUpYytoLLasi C FPYHTOM:

75MMm
- ®yHOAMEHTHbIE MNTbI:

50mMm
BeToH Haa ypoBHEM 3eMnun:
- KonoHHbl, 6anku, cTteHbl U dyHOAMEHTHble
onopsbl: 50mMm
- beToH, noaBepXeHHbIN OENCTBUID MOPCKOM
BOAbI: 75Mm
6.1.2. DBEeToOHHOEe MNOKpbITUE HEe  AOJHKHO
npesbilaTtb 75 MM BO wu3bexaHne TpeLmH
ycagku.
6.1.3.BbiweykasaHHble TpeboBaHusi He
NPUMEHAIOTCA K cnegylowuM  6eTOHHbIM
netansm:
- ©0eToHHOe nokpbiTMe TonwmHonm 100 mmMm:
NPOBOJIOYHAsA CeTKa NocepeamnHe.
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- Concrete cable trenches, manholes up to
150mm thick: reinforcing bars at center

6.2. Spacing of bars

6.2.1.Spacers between reinforcement bars and
formwork shall be of firm material such as
concrete, and not wood or plastic.
6.2.2.Minimum free spacing between
reinforcement bars (not center to center) shall
be:
- Longitudinal bars, including overlapping bars :
100mm
- Stirrups :
100mm

6.2.3. Coupling of reinforcement bars is advised,
if needed, in order to respect above requests.
6.2.4.Additionally, orthogonal bars could be
disposed to double the number of reinforcement
bars, if required, and hence, respect the clear
spacing of 100mm between the reinforcement
bars.

-6eTOHHblIE KabenbHble TpaHweu, CMOTPOBbIE
konoaubl TonwuHon o 150 mMm: ykpennswowime
CTEP)KHU NOCEpPEOVHE.

6.2.MponéTbl cTepxHen

6.2.1.Pacnopku mMexay apmMatypHbIiMU
CTEPXHAMM M onanybkon AOMkHbl OblTb ©3
TBEPAOro mMartepuana, Takoro kak 6eToH, a He u3
aepeBa unu nnacTtumka.

6.2.2.MnHMManbHbIN CBOGOAHLIV NPONET MeXay
apmaTypHbIMU CTEPXHSIMU (HE OT LeHTpa K
LeHTpY):
- MPOAOSbHbIE CTPEXHM, BKIKOYas CTEPXKHU C
HaxnécTom: 100MMm
- XOMyTbl apMaTypsbl :

100 mm

6.2.3.PekomeHgyeTca  npu  HeobxoouMoCTH
NCMNONb30BaHMe COeAVHEHWA CTepXHen AOns

obecrnevyeHnss  cooTBeTCcTBMS  TpeboBaHMAM
BblILLE.

6.2.4.[10NONHNTENBHO  MOXHO  PacCnoNOXUTb
NPSMOYrosibHble CTEPXHMU, YTOObI npu
HeobXxoaMMocTH yOBOUTb KONMYecTBO

apMaTypHbIX CTEpPXHEN W, Takum obpasom,
obecneunte nponét B ceety 100 mm mexpgy
HUMM.
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Figure 12: Typical cross-section of a column (plan view)
Puc. 12.TunoBoe nonepevyHoe ce4yeHne KONOHHbI (BUA B nraHe)
L@ o/
concrete
cover
BeToHHOE NOKpbITHE SpaCer bar
concrete o
formwork o0, P o0 PacnopHbiit
CTepXeHb
BeToHHas onany6ka Q. (L] CT ) o0 t1 ) .’

A 22100 mm
a 2100 mm
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Figure 13: Typical elevation of a column (section a-a)
Puc.13. TunoBas oTMeTKa YPOBHSA KOJNOHHLI (pa3pes3 a-a)
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6.3.Foundation Type and Depth

6.3.1.In general, the type of foundation to be
used should follow the recommendations listed
in the soil investigation report.

6.3.2.Globally, only one type of foundation shall
be used thorough the plant: either a piled
foundation system or a shallow foundation
system.

However, if the soil is not strong enough and
does not enable to have a full shallow
foundation system, then piles can also be used
in parallel under the critical equipments and the
settlement sensitive equipments.

If the soil is weak or the water table level is high,
then piled foundations shall be adopted.

6.3.Tvn n rnybmnHa cdoyHaameHTa

6.3.1.B Lernowm, T™n NCNosib3yemoro
dyHaoameHTa DOIKEH COOTBETCTBOBATb
pekomeHgauuam, npuBedeHHbIM B OT4ETE 06
nccneaoBaHUKM rPyHTOB.

6.3.2.Ecnn roBoputb B 06WEM, TOMbKO OOMH
TMN (byHOAaAMeHTa OOMKEH MCMonb3oBaTbCa Ans
BCEN YCTaHOBKW: NGO CBaWHbI QYHOAMEHT,
nmnbo pyHOAMEHT MENKOro 3anoXeHus.
HecmoTps Ha 93TO, nNpu HEOOCTAaTOYHON
NMPOYHOCTU rpyHTa " HecnocobHoCcTH
MCMOMb30BaHMUST HA  HEM  MOSIHOLEEHHOro
dyHOAaMeHTa MENKOro 3ariokeHusi, MOXHO
napannenbHO  ucnonb3oBaTb  CcBau  Nofg
KpUTMYEecKOoe U 4YyBCTBUTENbHOE K Ocajke
obopynoBaHue.

Mpu cnaboHecylleM TrpyHTE UMM  BbICOKOM
YPOBHE  TPYHTOBbLIX  BOA  YTBepxAaawTcd
cBaviHble (PyHOAMEHTbI.

Figure 14: Foundation type and depth
Puc. 14. Tun n rny6uHa doyHaameHTa
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Foundation on piles Shallow foundation Slab on grade
dyHAAMEHT Ha cBasix dyHOaMEHT MENKoro MnuTa Ha ypoBHe
3anoxeHus 3emnu
1m deep 250 mm thick
minimum minimum

MuH.
rny6buHa 1 m

)

MuH. TonwuHa 250 mMm

MuH. 300 mm

To be used where the soil is weak or ~ To be used where the soil is To be used for modules,
for settlement sensitive equipment strong or for non-critical skids and small items
foundations eauipment foundations Wcnonb3yeTcs Ans MOAYnew, pamMHbIX Gr10KOB 1
cnonbayeTcs Npu cnaBoHecyLLLeM rpyHTe Unu Ans Wcronbayetes npu TBEPAOM rpyHTe Mnu Ans HeGonblmx feTanei
(bYHOAMEHTOB YyBCTBUTENBHOTO K 0CaAKE hyHAAMEHTOB HEKpUTMYECKOro o6opyaoBaHus
oBopynosaHus
6.3.3. Minimum height of foundation pedestal 6.3.3.MuHmanbHas BbICOTa LOKOSISA
shall not be less than the required length of dyHOameHTa He [JomkHa OblTb  MeHblue
anchor bolts. HeobxooMMON ANVHBI aHKEPHbIX OONTOB.
6.3.4.Minimum depth of shallow foundation shall | 6.3.4.MuHumanbHas rmybuHa dyHaameHTa
be 1 meter. MESIKOro 3anoXeHusi AOMKHa CcocTaenaTb 1
MeTp.
6.3.5. Minimum thickness of shallow foundation | 6-3.5.MuHUmManbHas  TonwmHa  dyHaameHTa
shall be 300mm. MEIKOro 3arnoxeHuss OormkHa coctaenatb 300
MM.

6.3.6.0yHOaMeHTbl  ANs HAcoCOoB, pPaMHbIX
6rnokoB, moaynem u HebonblKx JeTtanen
(Hanpumep, dyHOoameHT  ana  goctyna)
JOonycKkalTCa C UCMonb3oBaHMeM MNuTbl Ha
YPOBHE 3eMnu.

6.3.7. Plpe Supports foundations should be 6.3.7.CDyH,D,aMeHTbI pr6Hb|X onop  AOMXHbI

6.3.6. Foundations for pumps, skids, modules
and small items (such as access foundations)
could be made of slab on grade.

DISCLAIMER: Read the disclaimer in this document prior to use.
3AABNEHNE OB OTKA3E OT OTBETCTBEHHOCTW: 03HakoMbTeCh C 3asiBIEHMEM B HACTOSALLEM JOKYMEHTE [0 UCMOMNb30BaHUS.



. g . GENERAL SPECIFICATION
@ H ir I.lq u Ide Cryogenics & Lurgi
ENGINEERING & CONSTRUCTION OBLU‘ME TEXHUWYECKUE YCNhOBUA technologies
CIVIL AND STRUCTURAL 6.GS.1.0.1
DESIGN & CONSTRUCTION BASIS Rev. I Pon. 1
UCXOAHbLIE OAHHbLIE AN MPOEKTUPOBAHUA U Page 65/ C1p. 65 of /
CTPOUTEJNIbCTBA 30AHUUN U COOPYXXEHUA u3 122

¢INTERNAL/BHYTPEHHW/N LOKYMEHT

grouped as much as possible even though each
of pipe support has its own pedestal.

OblTb MakCcMMarnbHO CrpynnupoBaHbl Aaxe npu
TOM, 4YTO NOA KaXaon Onopon Tpybbl ecTb
ornopHasi nnaura.

Figure 15: Pipe supports grouped foundation plan view
Puc. 15. Bug B nnaHe chyHAameHTa CO CrpynnyMpoBaHHbIMU TPYOHbLIMM onopamu

Pipe supports pedestals

LIOKONM TPYBHbIX OMNOP

’ A Common foundation A |

OBLUA ®YHOAMEHT

Figure 16: Pipe supports grouped foundation elevation (A-A section)
Puc. 16. OTmMeTKa BbICOTbI (pyHOaMeHTa CO CrpynnupoBaHHbIMU TPYOHLIMU onopamu (pa3pe3 A-A)
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A-A

Pipe supports pedestals

LIOKONM TPYBHbIX OMNoP

VI T IIIIIII IOyl VoI T I I IIryd

Common foundation
OBLLLI/II?I OYHOAMEHT

6.3.8.So0il bearing capacities and pile capacities
will be defined in the soil investigation report.
6.3.9.Piling system shall be as specified in Air
Liquide specification CPY-GS-1-1-1 : Piling

6.4.Foundation stability design criteria
6.4.1.For foundation design, safe bearing
capacities values given in the soil investigation
report shall be followed.

6.4.2.Foundation shall be checked for:

a. Overturning stability

Absolute and differential settlements
Sliding stability

Uplift stability

Soil bearing resistance capacity

. Vibration  stability = for  vibrating
equipments

g.

6.5.Stability of foundations and factors
of safety

-0 Qoo0CT

6.3.8. Hecywaa cnocobHOCTb rpyHTa U cBaw AOMKHa
ObiTb onpegeneHa B O0OT4€Te 00 wmccnegoBaHUM
FPYHTOB.

6.3.9.CBariHass cuctemMa [OmkHa COOTBETCTBOBATb
ykasaHHow B TY CPY-GS-1-1-1 «Cau» Air Liquide.

6.4.TpoeKTHble KPUTEPUU YCTOMYMBOCTHU
¢yHpameHTa

6.4.1. lMpn npoekTnpoBaHun yHAaMeHTa OOJKHbI
cobnofatbCs  3HayeHus  BesonacHon  Hecyllen
cnocobHoCTW, npuBedeHHble B  OT4éTe 00
nccrnegoBaHuM rpyHTa

6.4.2. dyHoameHT pormkeH ObiTb NPOBEPEH Ha: a.
YCTONYMBOCTb K OMPOKMAbIBAHUIO

b. AGcontoTHyo n anddepeHumnanbHyo ocagky

C. YCTOMYMNBOCTb K CKOMNBXEHMUIO

d. YCTONYMBOCTb K OTPbIBY

e. Hecywiee conpoTtuBneHune rpyHToB

e. BwubpoyctonumBocte  ansa  BubBpupyloLlero
obopynoBaHus.

6.5.YcTonunBoctb hyHAAMEHTOB U
K03 hpULMEHTbI YCTONYNBOCTHU
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6.5.1.Safety against overturning

The factors of safety against overturning (the
ratio of stabilizing moment due to vertical
downward loading to overturning moment due
to both horizontal and uplift forces) based upon
working loads (non-factored loads) shall be
equal to or greater than the following:

For square or rectanqular foundations:

Load Combination ES
Erection + Wind 1.5
Normal Operation + Wind 2.0
Shutdown + Wind 2.0
Test + Wind 1.5
Normal Operation + Earthquake 1.5
For octagonal foundations about side of
octagon:

Load Combination ES
Erection + Wind 1.7
Normal Operation + Wind 2.5
Shutdown + Wind 2.5
Test + Wind 1.7
Normal Operation + Earthquake 1.7

The above factors of safety provide for a
minimum  area  of  foundation  under
compression of 50% for erection and test and
75% for normal operation.

An additional minimum requirement for
foundations for towers and tall slender
structures with a ratio of height to base width
greater than 10 and over 30m in height, shall
have 85% of the area of the foundation under
compression during erection and 100% under
compression during normal operation.

For stacks over 90m high, the entire chimney

6.5.1.YCcTONUYNBOCTb K ONPOKMAbIBAHUIO

KoahdpuumneHTbl yCTOMYMBOCTU OT OMNPOKMAbIBAHUS
(oTHOWeEHMe ctabunusupytoLero MOMeHTa
BCreAcCTBUE BEPTUKANbHOW HUCXOOALEN Harpy3ku K
onpokupiBalowemMy MOMEHTY BCMEeACTBME — Kak
FOpM3OHTamnbHLIX CUM, Tak W cun OTpbiBa),
OCHOBaHHble Ha pabo4ymx Harpyskax (HOpMaTUBHbIE
Harpysku), OOIDKHbI ObiTb PaBHATBCA CReayloLwum
3HAYEHNAM UNK NpeBbIWAaTh UX:

Ons KBagpaTHbIX nnm NPAMOYTOSIbHbIX
yHOAMEHTOB:

CoBmelLLeHMe Harpy3ok ES

MoHTax + BeTep 1.5

HopmanbHbin paboumnin pexum + BeTtep 2.0

ABapUIHbIA OCTAHOB + BETEpP 2.0
McnbiTaHus + BeTep 1.5
HopmanbHbIn paboumnin pexum

+ 3eMreTpsiceHne 1.5

Ons BOCbMWYronbHbIX YHAAMEHTOB OTHOCUTENBHO
CTOPOHbI BOCbMMWYrOMbHUKA:

CoBmelLLeHMe Harpy3ok ES

MoHTax + BeTep 1.7
HopmanbHbIn paboumnin pexum + BeTtep 2.5

ABapuIHbIN OCTAHOB + BeTep 2.5
McnbiTaHus + BeTep 1.7
HopmanbHbIn paboumnin pexumm

+ 3eMreTpsiceHne 1.7
YKkasaHHble Bblwe Ko3((UUNEHTbI YCTOMYMBOCTMU
obecneuunBatoT MUHUMAanbHYHO nnowagp

dyHaameHTa npu cxkatm 50% B Lensix MOHTaxa U
ucnbltaHun, n 75% - B HopManbHoOM paboyem
pexume. JononHutensHoe MUHUManbHOEe
TpeboBaHve Kk pyHOameHTam Ans BalleH U BbICOKUX
TOHKMX KOHCTPYKUMA C OTHOLUEHMEM BbICOTbl K
LWwnpuHe ocHoBaHus 6onee 10 u BeicoTon 6onee 30 m
OOJDKHO npegycmaTpusaTtbh 85% nnowaamn
dyHOamMeHTa, nogBepraemMoro oxatuio B xode
MoHTaxa, n 100% - npu cxatmm B HOpPManbHOM
paboyeM pexume.
Ona wTabenen bornee 90 ™

BbICOTOW BECb
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foundation shall be under compression for all
loading conditions regardless of soil type.

6.5.2.Safety against sliding

The factors of safety against sliding based
upon working loads shall be equal to or greater
than 1.5 and 1.2 for accidental loads.

Passive resistance shall be ignored.
6.5.3.Safety against uplift

The factor of safety against uplift, calculated as
the sum of dead load, the weight of the
foundation and backfill divided by the total uplift
force, shall be equal to or greater than 1.5.

6.5.4.Safety against buoyancy

The effect of buoyancy shall be considered
when the water table is above the underside of
the foundation and when there is the possibility
of a “perched water table” in impermeable
soils. The factor of safety against buoyancy
during operating condition shall be equal to or
greater than 1.2. Careful consideration shall be
given to the likely methods of dewatering and
construction.

The factor of safety against buoyancy of
concrete pits channels, underground pipes etc,
in an empty condition shall be equal to or
greater than 1.05.

6.6. Allowable Settlement

6.6.1.The total allowable settlement for footings
foundation (width until 5m) is 20mm.

6.6.2.The total allowable settlement for mat
foundation (width up from 10m) is 40mm, but
the settlement remaining after the construction
is finished, shall stay within 20mm.

6.6.3.The differential allowable settlement, or

dyHOAaMeHT ObIMOBOM TpYyObl NOABEpPraeTcsl CXaTuio
ONa BCeX YCMOBWM Harpys3kM He3aBMCUMO OT Tuna
rpyHTa.

6.5.2.YCTOMYNBOCTb K CKOJIbXXEHUIO

KoadhdpuumneHTbl  YCTOMYMBOCTM K  CKOJIbXKEHWUIO,
OCHOBaHHble Ha pabouux Harpyskax, AOMKHbl ObiTb
paBHbl 1,5 1 1,2, unu npeebiwaTb 3TN 3HAYEHMSA MO

crnyyYawHblM  Harpyskam. [laccuBHoe — pgaBneHve
rpyHTa He y4nTblBaeTcs.

6.5.3.YcTOMYNBOCTb K OTPbLIBY

KoadhpuumneHT YCTOMYMBOCTU K OTpbIBY,

paccyuMTaHHbI Kak CyMMa MOCTOSAHHOW Harpysku,
Beca yHOaMeHTa W 3acbinkuW, pasgenéHHas Ha
obwyo cuny oTpbiBa, OOMKEH OblTb paBeH wnu
oonblie 1,5.

6.5.4.YCTONYMBOCTDb K NSIaBy4YeCcTun

OppekT nnaBydecTn AOMKEH Yy4YUTbIBaATbCS, Koraa
YPOBEHb FPYHTOBbLIX BOA HaxoAUTCH Bbille NOAOLLBbI
dyHOameHTa UK Korga CyllecTBYyeT BepPOSITHOCTb
NOSIBNIEHUS «YPOBHS MOABELUEHHbIX TPYHTOBbLIX BOA»
B HenpoHuLaeMbIxX rpyHTax. KoadhdpuumeHt
YCTOMYMBOCTU K MNaByvyecTn B paboyem pexunme
OOJDKeH ObiTb paBeH unu Gonbwe 1,2. TwarensHoe
BHMMaHWe [OIDKHO ObiTb yOEneHO BepOSsiTHbIM
crnocobam OoCyLIEHNsI U CTPOUTENBCTBA.

KoadhuumMeHT yCTOMYMBOCTU K MMaBY4ECTN KaHarnos
OETOHHbIX AM, NOA3EMHbIX TPYO M T. 4. B MOPOXHEM
COCTOSIHUM JOIMKeH ObiTb paBeH unu 6onble 1,05.

6.6. lonycTumasn ocagka

6.6.1. O6wasn gonycTnmasn ocagka yHAaMeHTa co
CNIIOLWHBIMY NoAyLKamn (LUMpuHa 4o 5 m)
coctasnseTt 20 mm.

6.6.2. O6lwasn gonycTnmas ocagka niamnTHOro
dyHaameHTa (wupuHa oT 10 M) coctaBnsieT 40 mm,
HO 3Ha4YeHusa ocafku, ocTaloLencs nocne
3aBepLUEHNsi CTPOUTENbCTBA, JOMKHbI OCTaBaTbCS B
npegenax 20 mm.

6.6.3. dudpbepeHuymnansHas gonycTtumas ocagka unm
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angular distortion, is as following:

. 0,5cm for 10m (0,0005) for cold
box foundation

. icm for 10m (0,001) for other
critical and non-critical equipments
foundations.

6.7.Foundation Elevations
6.7.1.All foundation Top elevations shall be as
a minimum above the reference level EL

100.000 of the plant, as follows, except
otherwise specified:
a. All equipments
EL. 100.200
b. Steel Structure/Pipe Rack
EL. 100.200
c. Stair pads
EL. 100.200
d. Ladder pads
EL. 100.200

e. Administrative Building grade elevation
EL. 100.300
f.  On-site erected cold boxes
EL. 100.300
g. Packaged Cold Boxes/ Skids
EL. 100.200
h. Sloped paving high point
EL. 100.150
i. Road high point level
EL. 100.300
6.7.2. The indicated elevations are Top of
Grouting. Top of Concrete is 30mm lower.

yrnoBoe UCKaxxeHue ABnAeTCA OOJIKHbI
COOTBETCTBOBATH CrneyrwmMm 3Ha4YeHUAM:

* 0,5 cm Ha 10 m (0,0005) ana doyHaameHTa
xonoaHoro 6noka

*1cmHa 10 m (0,001) gnsa dpyHOamMeHTOB Apyroro
KPUTMYECKOIrO M HEKPUTMYECKOrO 000pYyaOBaHMS.

6.7.0TMeTKM BbICOTbI (PyHAAMEHTOB

6.7.1. Bce BepxHMe OTMETKM (PyHAAMEHTa OOJPKHbI
OblTb, MO KparHen Mepe, Bbille MCXOOHOrO YPOBHS
OTM.BbIC. 100.000 YCTaHOBKM cornacHo
HWXeyKazaHHOMY, eCNu He YCTaHOBMEHO MHOrO:
a. Bce obopynosanne OTM. BbIC. 100.200

b. MetannokoHcTpykumsa/actakaga OTM.
100,200

c. JlectHnuHble gopoxkun OTM.BbIC. 100.200
d. BepTtukaneHble nectHuubl OTM. BbIC. 100.200

e. YpoBeHb 3eMnu agMUHUCTPATUBHOIO Kopryca
OTM.BbIC. 100.300

f. XonogHble 6M0KM, yCTaHOBMNEHHbIE Ha Mnowagke
OTM.BbIC. 100.300

g. YKOMNneKkToBaHHble XOnoaHble 6nokn / pamHble
6nokn OTM.BbIC. 100,200

h. Bbicokas Touka nokatoro nokpbitua OTM. BbIC
100.150

i. YpoBeHb Bbicokon Touku poporn OTM. BbIC.
100.300

BbIC.

6.7.2. YKkasaHHble TOYKM BbICOTbl SBMSKOTCS BEPXHUM
YPOBHEM  3a5iMBKM  CTPOMTENbHBLIM  PaCTBOPOM.
BepxHsas YacTb GETOHHOIMO MOKPbLITUS Haxo4MTCs Ha
30 MM HUXe.

Figure 17: Foundation Top Elevations
Puc. 17. BepxHue otmeTKkn dpyHaameHTa

DISCLAIMER: Read the disclaimer in this document prior to use.

3AABNEHNE OB OTKA3E OT OTBETCTBEHHOCTW: 03HakoMbTeCh C 3asiBIEHMEM B HACTOSALLEM JOKYMEHTE [0 UCMOMNb30BaHUS.



. g . GENERAL SPECIFICATION
@ H ir I.lq u Ide Cryogenics & Lurgi
ENGINEERING & CONSTRUCTION OELU‘ME TEXHUWYECKUE YCNhOBUA technologies
CIVIL AND STRUCTURAL G-GS-1-0-1
DESIGN & CONSTRUCTION BASIS Rev. / Pen, 1
UCXOAHbLIE OAHHbLIE AN MPOEKTUPOBAHUA U Page 70/ Ctp. 70 of /
CTPOUTEJNIbCTBA 30AHUUN U COOPYXXEHUA u3 122

¢INTERNAL/BHYTPEHHW/N LOKYMEHT

TOG: EL 100.20
BEPX 3ANIBKW CTPOUT. PACTBOPOM: OTM. BbIC. 100.200
TOC: EL 100.170

BEPX BETOHHOIO MOKPbITUA: OTM. BbIC. 100.170
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6.8.Soil

6.8.1.Any specific requests and
recommendations about Soil shall be in
accordance with the Soil investigation report as
well as Air Liquide specification CPY-GS-1-0-2 :
Soil Investigation and survey report.

6.9. Water table level

6.9.1.Water table level design value shall be
based on the soil investigation report.

6.9.2.Water table level contributes to the
definition of the bottom level of foundation in
general and especially for the Flat Bottom Tank
foundations, for which the bottom level of
foundation shall be 50cm higher than the water
table design level, and so irrespective of shallow
foundation or piles foundation. If this is not
possible, then the reference level shall be
increased locally in order to reach this
requirement.

6.10. Specific safety requirements for
cryogenic plants civil design and works

6.10.1. For safety purposes inherent to the
specificities of cryogenic plants (such as
combustion and explosion risks), any organic
material of any kind (for example, asphalt,
bitumen, etc. shall be prohibited to be
designed and/or applied on the concrete
elements supporting cryogenic equipments,
specifically in the cold storage area and the cold
boxes. This requirement is applicable to
foundations, pavings, roads, or other structural
elements such as slabs, columns, walls or
beams and the like.

6.8.NpyHT

6.8.1.JTtobble ocobble TpeboBaHus n
pekoMeHZauun KacaTeflbHO T[pPyHTa [OOMKHb
cooTBEeTCTBOBaTL OT4ETY 006 uccrnenoBaHum
rpyHTa, a Takke TY CPY-GS-1-0-2 «Otyér
nccrnegoBaHun U n3bickaHuii rpyHTa» Air Liquide.

6.9.YpoBeHb rpyHTOBbIX BOA

6.9.1. PacyéTtHoe 3HayeHue ypOBHSA IPYHTOBbIX
BOA [AOMKHO ObITb OCHOBaHO Ha OT4€Te 06
nccnegoBaHUY rpyHTa.

6.9.2. YpoBeHb TpYHTOBbIX BOA NOMOraeT
onpeaenuTb HWKHUN YpoBeHb (pyHOaMeHTa B
uenoMm wu, B YacTHOCTW, Anst (PyHOAMEHTOB C
NAOCKMM OHULLEM pe3epByapa, Yy KOTOPbIX
HWKHUA YypPOBEHb (hyHOAMEHTa LOMKEH OblTb Ha
50 cM BbilWwe pac4ETHOrO YPOBHS FPYHTOBLIX BOA,
M TakoBbIM He3aBUCUMO OT yHOaAMeHTa
MEJIKOro 3arnoXeHusi UM CBanHoro pyHaameHTa.
Ecnvu 9TO HEBO3MOXHO, TOrga WCXOAOHbIV
YPOBEHb A0MMKEH BbITb yBEnMYeH NnokanbHO Ans
obecneyeHns cCOOTBETCTBUS 3TOMY TpeboBaHmIo0.

6.10. Oco6ble TpeboBaHUA 6Ge3onNacHOCTH
npu nNpoOeKTUpPoOBaHUMU KPUOTreHHbIX
yCTaHOBOK U paboTam Ha HuX

6.10.1.B  uenax 6esonacHocTu, KoTOpas
Heobxoouma ana  cneumdukn  paboTbl €
KPUOTEHHbIMW  YCTaHOBKaMu (Hanpvmep, npwu
pucKax BOCMTaMEeHeHMs " B3pbIBa),
opraHm4yeckun matepuan  moboro  Tuna,
Hanpumep, acdanbT, GUTYM 1 T.4., 3anpeLieHo
NPOEKTUPOBaTb W/MN HaHOCUTb Ha OETOHHble
anemeHTbl, obecneudnBatoline onopy Ans
KpuoreHHoro obopyaoBaHuWs, B 4aCTHOCTU, Ha
yyacTKe XONOAHOIMO0 XpPaHEHUst U XONOAHbIX
6rnokax. 3To TpeboBaHWe npuUMeEHAeTCa K
dyHOamMeHTaM, MOKPbITUSIM,  Joporam  Wnu
OPYrMM  3MeMeHTaM KOHCTPYKLMKW, TakmMm Kak

DISCLAIMER: Read the disclaimer in this document prior to use.
3AABNEHNE OB OTKA3E OT OTBETCTBEHHOCTW: 03HakoMbTeCh C 3asiBIEHMEM B HACTOSALLEM JOKYMEHTE [0 UCMOMNb30BaHUS.




. g . GENERAL SPECIFICATION
@ H ir I.lq u Ide Cryogenics & Lurgi
ENGINEERING & CONSTRUCTION OEI_U‘ME TEXHUWYECKUE YCNhOBUA technologies
CIVIL AND STRUCTURAL 6.GS.1.0.1
DESIGN & CONSTRUCTION BASIS Rev. I Pon. 1
UCXOAHbLIE OAHHbLIE AN MPOEKTUPOBAHUA U Page 72/ Ctp. 72 of /
CTPOUTEJNIbCTBA 30AHUUN U COOPYXXEHUA u3 122

¢INTERNAL/BHYTPEHHW/N LOKYMEHT

6.10.2.When the foundations supporting soil
environment is qualified in the soil report as
aggressive, for which case generally this
bitumen coating would be necessary, then
alternative  specific measures shall be
investigated, such as adaptation of concrete
cement characteristics and/or increasing the
concrete cover of the reinforcements.

6.10.3.In other cases, when the local rules
indicate the use of such coating, then a non-
organic material should be applied for the above
mentioned cryogenic equipments civil
foundations, after formal written approval of
E&C process department authorities, based on
adequate testing carried out within Air Liquide
laboratories in that respect, and at the cost of
the required party.

6.11.Roads and Paving

Roads and paving systems shall be as specified
in Air Liquide specification CPY-GS-1-5-1

7.DESIGN OF FOUNDATION FOR
VERTICAL VESSELS

7.1.General

A foundation for a vertical vessel shall consist of
a pedestal/ pier/ plinth supported by a spread/
footing /shallow foundation.

7.2. Pedestal design

7.21.The minimum distance between the
vertical vessel base ring and the edge of

NAUTbI, KONTOHHbI, CTEHbI UNK Banku, 1 T.0..

6.10.2. Ecnun rpyHToBas cpeaa,

obecnevnBatoas onopy yHOAMEHTY,
OTHeceHa B OT4YéTe 00 MccrnefoBaHWM TpyHTa K
KaTeropum arpeccuBHOW, B Cryvae 4ero, Kak
npaeuno, TpebyeTca OUTyMHOE MOKpbITUE,
paccMaTpuBalTCs  anbTepHaTUBHblE  OCobble
Mepbl, TaKne Kak 3aMMCTBOBaHWE XapaKTePUCTUK
LLEMEHTHOro OeToHa w/vnn yBenMyeHne
GETOHHOro NOKPLITUS apMaTypbl.

6.10.3.B gpyrux cnyyasx, korga B MECTHbIX
npaBunax ykasblBaeTcs pakT MCnonb3oBaHUA
Takoro  MOKpPbITUS, TO  NO  OTHOLUEHUIO
BbllLeyKasaHHOMY YHAAMEHTY paXgaHCKoro
HasHayeHns Ans KpuoreHHoro obopyaoBaHus
crnegyeT NPUMEHSTb HEOPraHWYeCcKuin maTtepuvarn
nocne odhmUMansHOro NMCbMEHHOTo
paspeLleHns opraHosB TEXHOJOrM4YEeCcKoro
NHXXEHEPHO-KOHCTPYKTOPCKOIO oTgena Ha
OCHOBaHUM pe3ynbTaTOB COOTBETCTBYHOLLENO
UCMblTaHWs, MPOBOAMMOIO B 9TUX UENsX B
nabopatopusax Air Liquide, n 3a CY4ET CTOPOHHI,
yCTaHaBnuBalLLen TpeboBaHue.

6.11.0oporu n noKpbITUA

Joporn n nokpbITUS OOMKHbI COOTBETCTBOBATb
ykazaHHomy B TY CPY-GS-1-5-1 Air Liquide.

7.NMPOEKTUPOBAHUE ®YHOAMEHTA
AndA BEPTUKAJIbHbIX COCYAOB

7.1.06was nHcpopmaums

dyHoameHT BepTMKanbHOrO cocyda [AOSKeH
COCTOSITb M3 LIOKOMSsi/OnopbI/LLOKONIbHOM  Banku,
nogaepXxuBaemble YLUINPEHHbBIM KHU3Y
dyHAamMeHTOM/PyHOAMEHTOM B BMAE CMNIIOLLIHON
noayLwKw/cyHOaMEHTOM MESKOro 3arioKeHUs.

7.2. NpoeKkTupoBaHue LLOKONA

7.2.1. MwvHMManbHoe pacCTOosiHue  Mexagy
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pedestal shall not be less 100mm.

7.2.2.Pedestal with a minimum cross-sectional
dimension requirement of less than 1200mm
shall be square

7.2.3.Pedestal which supports a vessel with
skirts and which have a minimum cross-
sectional dimension of equal to or greater than
1200mm shall be octagonal.

7.2.4 Minimum height of the pedestal shall be
not less than the required length of anchor bolts
(ref. 6.3).

7.2.5.Pedestal and footing could have the same
dimensions if justified by design.

7.3. Footing Design

7.3.1.Footings for square pedestals shall be
square. Footings for octagonal pedestals may
be octagonal or square

8. DESIGN OF FOUNDATION FOR
HORIZONTAL VESSELS AND
EXCHANGERS

8.1. General

8.1.1.A foundation for a horizontal vessel or
exchanger shall consist of a pedestal under
each saddle support. The pedestal shall be
supported on a combined footing or on
individual footings as required by vessel size or
soil conditions, or both.

8.2.Pedestal Design

8.2.1.Cross-sectional dimensions shall not be
less than the saddle base plate length plus
100mm or as required to provide the minimum

OMOPHbLIM  KOMbLIOM BEpPTUKaNbHOro cocyaa U
Kpaem LIOKONSA OOMKHO ObiTb, NO KpanHen mepe,
100 mm.

7.2.2.Llokonb ¢ MWHMManbHbIM HEOGXOANMBIM
nonepeyvHbIM cevyeHneM meHee 1200 Mm gormkeH
ObITb KBaApaTHbIM.

7.2.3. Uokonb, nopoepxuBawowmi cocyn C
IOOKOM M UMELWUA  MWHUMAnbHbLIN  pasMmep
rnonepeYHoro ceyeHus, paBHbIN nnm
npesbiwatowmin 1200 MM, JomkeH  ObiTb
BOCbMWYTOSbHbLIM.

7.2.4.MvHuMmanbHas BblCOTa LOKOMSA AOJKHA
ObiTb HE MeHee HeobXoOMMOWN ANUHbI aHKEPHbIX
6onTo. (cMm. 6.3).

7.2.5. Uokonb w©n noaywka MOryT uUMeTb
OQMHaKOBblE pasMepbl, ecnu 3TO onpaBhaHo
NMPOEKTOM.

7.3.lMpoekTMpoBaHMe NoAayLIKU

7.3.1. TlMogywkn pana kKBagpaTHbIX LOKONewn
OOMKHbI  OblTb  KBagpaTHbiMu. [logywikn ang
BOCbMWYrOMNbHbIX LloKonemn MoryT ObITb
BOCbMWYrONbHbIMU UMK KBaApaTHbIMU

8.NPOEKTUPOBAHUE ®YHOAMEHTA
AnA roPM3OHTAJIbHbIX COCYNOB
U TENNMOOBMEHHUKOB

8.1.06was nHcpopmauus

8.1.1. ®yHoamMeHT Ans ropu3oHTanbHOro cocyaa
unn TennoobMeHHMKa [OMKEH COCTOATb W3
LOKOMS NoAd Kaxaon cennoBMOHOM OMOpPOW.
Llokonb AomkeH onupaTtbCsA Ha COBMELLEHHbIE
UNW Ha oTAenbHble NOAYLIKW, B 3aBUCUMOCTU OT
pasmepa cocyda WM COCTOSIHUS TPyHTa, WNu
000MX 3TUX YCINOBUN.

8.2.lpoekTpoBaHue LoKons

8.2.1.Pa3amepbl nonepeyHoro cevyeHust OOIDKHbI
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edge distance for anchor

drawings.

bolts or design

8.2.2.Minimum height shall be not less than the
required length of anchor bolts (ref. 6.3).

8.3. Footing Design

8.3.1.1f temperature variation induces thermal
loads on the equipment itself, then these loads
are transferred to the concrete foundation and
may lead to specific rotation effects at the
bottom of the concrete footing, which can impact
heavily on soil bearing pressure.
In that case, horizontal equipment concrete
footings should be linked together with a
concrete beam or slab, or alternatively adopting
a mat foundation, in order to limit these effects
and better transfer moments and shear forces.

This solution shall be widely used and selected
with or without piles.

Alternatively, when linking beam is to be
skipped, especially when the distance between
equipment saddles is over 20meters for
example, then the stability of each foundation
should be checked against overturning under
temperature induced moment.

OblTb HE MeHbLLE AfNMHbI CEeANOBUAHON HecyLen
namtel nmoc 100 MM M cornacHo
TpeboBaHusM, 4TOOLI 06ecneunTb MUHUMaNbHOE
paccTosiHMe OT Kpas Onsi aHKepHbIX 60NTOB vnn
NPOEKTHbIX YepTexXen.

8.2.2.MuHumanbHas BblcOTa OOMKHA OblTb He
MeHbLUEe HeobXoaMMON ANMHbLI aHKEPHLIX BONTOB
(cm.n. 6.3).

8.3.lNpoekTpoBaHue nogyLuek

8.3.1. Ecnun N3MEeHeHne TemnepaTypbl
MpoBOLMPYET MOSIBMIEHWE TENMOBbLIX HArpy3oK Ha
camo obopynoBaHue, Takue Harpysku

nepeHocaTcs Ha 6eTOHHbIN PyHOAAMEHT U MOryT
npuBecTM K ocobbiM adpekTam BpalleHus B
HWKHeN YacTu GEeTOHHOM NOoAYLUKWU, YTO MOXeT
CWMbHO MNOBMUATHL HA AaBfEeHUe Ha rpyHT.

B atom cnyvae ropusoHTanbHble OETOHHblEe
noAayLKn obopyaoBaHus JOMKHbI ObITb
CoeIHeHbl BMecTe C OeToHHoW Gankow unu
nOMTOM uWAKW, B KadecTBe anbTepHaTuBbl,
cnegyeT 3anoXunTb NAUTHBIA PYHOAMEHT, YTOObI
orpaHn4nTb BblLleyKa3aHHble appeKThl,
YyNyuylUTb nepefaBaeMble MOMEHTbl U YyCUMUA
cosura.

OTO pelleHue LWMPOKO  UCnonb3yetcd MU
BblOupaeTcsa co ceassmm unu 6eas.

B kayectBe anbTepHaTuBbl, Korga Heobxogumo
NponycTUTb COEOUHUTENBbHYK Barnky, ocobeHHO
Korga pacctosiHMe Mexay CeAanoBbiMy Onopamu
obopyaoBaHus npeBbllwaeT, Hanpumep, 20
MeTpOB, criegyeT nNpOBEPUTb YCTONYMBOCTb
Kaxgoro yHoamMeHTa K ONpPOKWAbIBAHMIO Mog
BO34ENCTBMEM MOMEHTa, CMPOBOLMPOBAHHOM
TemnepaTypow.
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Figure 18: Footing design

Puc. 18. MpoekTupoBaHne nogyek

{1720
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9. DESIGN OF FOUNDATION FOR FLAT
STORAGE TANKS

9.1.1.Flat bottom storage tank concrete structure is
composed of:

A / A foundation raft which is usually with an
octagonal shape

B / A series of 6, 8, 12 or 16 concrete vertical radial
walls. These walls shall be 200mm thick minimum,
and may have a symmetrical trapezoidal shape
(wall bottom level length smaller than top level
length).

C / An upper concrete table, with an octagonal
shape. This table supports the flat bottom tank
which is made of an inner tank and an outer tank.

9.1.2. Specific loads shall be applied according to
the flat bottom tank manufacturer's datasheet.
These are vertical peripheral concentrated and
uniform loads as well as specific tensile forces
acting on anchor straps, defined by the
manufacturer.

9.1.3. The embedded length of the anchor straps
and anchor bolts may be confirmed by the civil
design office.

9.1.4. Water table level influence: refer to the
above specific chapter “Water Table Level”.

9.1.5.Special reinforcement shall be implemented
around the anchor bolts and straps in the upper
concrete table. For more details, refer to Air Liquide
specification CPY-GS-1-3-3 : Anchor Bolt systems.

9.NMPOEKTUPOBAHUE ®YHOAMEHTA
ANnA PESEPBYAPOB C NJIOCKUM
OHULLEM

9.1.1.beToHHaa  KOHCTPYKUMS  HAKOMUTESNbHOro
pesepByapa C MOCKUM OHULLEM COCTOMUT U3:

A / A ¢dyHOoameHTHOe OCHOBaHME CTaHOapTHOW
BOCbMMWYrOSibHON hOPMbl

B / Pagp m3 6, 8, 12 wunn 16 OETOHHbIX
BEPTUKANbHLIX paguanbHblX CTEeH. OTU  CTEHbI
OOIDKHbI UMEeTh TONWKMHY He meHee 200 MM, MoryT
OblTb CUMMETPUYHOM TpaneumeBugHon GopMbl
(ONWHA HWXKHEro YpoBHS CTEHbl MeHblUe AMWHbI
BEPXHEro YpOBHS).

C / BepxHsig 6eTOHHas nnowjagka BOCbMUYToSibHOM
dopMbl. Ta Nnowagka NoaaepKuBaeT pesepeyap
C NMNOCKMM [OHWLWEM, KOTOpbIA COCTOUT U3
BHYTPEHHEro 1 BHELUHEro pe3epByapoB.

9.1.2. YgenbHble Harpy3ku JOJDKHbI MPUMEHATLCS B
COOTBETCTBMM C JIUCTOM TEXHUYECKUX [AaHHbIX
N3roTOBMTENS pe3epByapa C NITOCKUM OHULLEM.

3710 — BepTUKanbHble nepudepudeckune
COCPeAOTOYEHHbIE M pPaBHOMEPHbIE Harpysku, a
Takke yaenbHble pacTtarmesatowme cunbl,
BO34enCTBYyOLWME Ha onpeaenéHHble
npon3BoauTENEM aHKEPHbIE CKODBbI.

9.1.3. [In1MHy 3agenaHHOM YacTu aHKEpHbIX CKOO 1
OONTOB MOXHO MOATBEPAMTb B KOHCTPYKTOPCKOM
areHTCTBE MPOEKTUPOBAHUA  ObLLerpaxxgaHCKux
COOPYXXEHUN.

9.1.4. BnvaHue ypOBHSA T[PYHTOBbLIX BOA4: CM.
KOHKPETHYI0O rnaBy «YpPOBEHb [PYHTOBLIX BOA»
BblLLE.

9.1.5. CneuuvanbHble apmupylolie aetanu
HeobXxo4MMO YCTaHOBUTb BOKPYr aHKepHbIX 60nToB
M ckob6 Ha BepxHen OGeTOHHOM nnowiagke.
MoapobHyto uHdopmaumto cm. B TY CPY-GS-1-3-3
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«Cuctembl aHkepHbIx 6onTos» Air Liquide.

Figure 19: Flat Bottom Tank Concrete Structure: Elevation

Puc. 19. OTMeTKa BbICOTbI 6€6TOHHOM KOHCTPYKLMU pe3epByapa C NNOCKUM OHULLEM

Axis

0oCb

Upper concrete table

BepxHss1 6eToHHas mnowagka

Foundation raft

dVHOAaMEHTHOE OCHOBaHVE

0.5 m minimum
MuH. 0.5 ™

Water table level
YDOBEHb NDVHTOBLIX BOA
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Figure 20: Flat Bottom Tank Concrete Structure: Plan View

Puc. 20. Bug 6eTOHHOM KOHCTPYKLUN pe3epByapa C NJIOCKUM AHULLEM B NjiaHe

“n.fertica | wal Isr
BepTI/I KanbHbl€ CTEHbI

~ '
AV

9.1.6.The spillage area around the flat bottom tank | 9.1.6. Yuactok pasnuBa BOKpyr @yHAameHTa
foundation shall be designed according to the | pesepByapa ¢ nnockum JdHWLIEM [OIDKEH ObITb
following detail (extract from Roads and Paving | cnpoektMpoBaH B COOTBETCTBMM CO CreAyHOLWMMM
specification): petanamm (B3ATo U3 TY «[loporu u nokpbITUE»):

Figure 21: Spillage area

Puc. 21. YyacTok pasnuBa
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L Variable | Variable
/‘ N nepemeHHas ; /| nepemeHHas ﬁ\@
Sillage Area (Basin) Industrial Area

YuacTok pasnuea (pesepsyap) MpOMBILLNEHHbIN V4acTok

Gravel (4 cm)
Base In Granular

around(99.70)* 1
Bokpyr (99,70)" T 8T 9 1?
o

|
T < S RODLLRILGRRLL
= I T DR A Comcrete whith Material (WOcm)
Q e Gravel. = \\éﬁﬁ\\iﬁ@/ steel reinforcement
J = [y b v IR 75 /\4\
S| 3 RRRRRTRRLLTTRTRIPT
s

Compacted Sail
(95% - Modified
Proctor test)

YNNOTHEHHDINA TPYHT (95% - UCNbITaHWe N3MEHEHHOI
NNOTHOCTM rpyHTa no MpokTopy)

*level to be defined based on spillage area volume
calculation on project

| |
'0.30'0.30'0.30"

9.1.7.In addition to the structural concrete, there is | 9.1.7.

an extra concrete layer and footing in top of the
upper concrete table, just below the inner tank.
Refer to the detail below. The reinforcement
included in this additional footing shall be checked
by the Civil Design Office, especially for the

Momumo cTpouTenbHoro ©OeToHa ecTb
OOMONHUTENbBbHBLIN  Cro GeToHa M Mogylika B
BEPXHEN 4acTu BepxHen 6EeTOHHOM nroLwaaKku
HenocpeaCTBEHHO MOA BHYTPEHHUM pe3epByapoM.
Cm. petann Hwke. Apmupylollne  aetanu,
cojepxallmecs B 9TON AOMOMHUTENbHOW NOAYLLKE,

OOMKHbl  OblTb  MPOBEPEHbl  KOHCTPYKTOPCKUM
areHTCTBOM MNPOEKTMPOBaHUS obLLerpaxaaHCcKnx
COOPYXXEeHUI., 0COBEHHO Ha CMOCOBHOCTb K COABUTY
npu NpoaaBnMBaHuu.

punching shear capacity.

Figure 22: Upper Concrete Table Details

Puc. 22. [letann BepxHen 6€TOHHOM NNoLaaKN
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|
Anchor straps,

AHKepHble
cKkobbl

Check reinforcement

TMpoBepuTh apMupyioLL1e AeTanu

Concrete extra laver,
[ononHuTenbHbIN cnoi 6eToHa

PR

Anchor: _ T —
bolt
AHkepHbIit GonT A o
' /
T ——

|
J
Foamglass layer I

Cnoi neHocTekna

el R e T W %

Structural concrete : upper table

CTpouTesbHblit 6ETOH: BEPXHSS nrowaaka

9.1.8.Foam glass layer resistance, under the tank
circular footing, shall be checked as its ultimate
state capacity is assumed to be 1MPa.

9.1.9. Seismic analysis shall be performed
whenever applicable, taking into account the
interaction between the flat bottom tank and the
concrete structure+ foundation.
Behavior of the whole system {equipment +
concrete superstructure} shall be properly modeled
and analyzed.

9.1.10.Drainage system of the spillage area shall
be carefully designed for safety reasons, according
to Air Liquide Underground specification CPY-GS-
1-0-4 and Roads and Paving specification CPY-
GS-1-5-1.

9.1.8. ConpoTuBrieHne cnosi NeHOCTeKkna MoA
Kpyrrowm NnogyLLKON pesepsyapa OOJITKHO
npoBepsATbCA,  MOCKOMbKYy  €ero  npegernbHas
Hecylas CrnocobHOCTb nNpuHMMaeTcs pasBHon 1
M a.

9.1.9. Cencmunyeckmm aHanus JOMmKeH
NPOBOAUTLCA B HEOOXOAUMBIX CIlydasix C Yy4ETOM
B3aMMOENCTBUS MEXAY pe3epByapoM C MIIOCKAM
OHULLIEM N BETOHHOWM KOHCTPYKUMEN + DYHOAMEHT.

®yHKUMOHArbHBIE BO3MOXHOCTU BCEM CUCTEMBbI
{o6opynoBaHue + OeTOHHasA HaACTPOWKa} AOSKHbI
Hagnexawwmm  obpasom  MogenupoBaTbCs U
aHanu3npoBaTbCs.

9.1.10. [peHaxHast cucTema y4yacTka pasnuea
OOMKHa TLATenbHO MNPOEKTUPOBATLCA B  LEnsx
6e3onacHocTn B cooTBeTCTBUM C TY «[loa3emHble
coopyxeHusi» CPY-GS-1-0-4 n TY CPY-GS-1-5-1
«[loporu n nokpbiTus» Air Liquide.
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10. DESIGN
FOUNDATION

10.1.General

10.1.1.Cold boxes foundation shall be composed of
one single raft, in order to control and limit

OF COLD BOX

differential settlements.
Combined foundations, if possible, shall be used
for main cold boxes and exchangers.

Raft foundation could be shallow foundation or
supported on piles.

10.1.2.For cryogenic pumps and casings, located
close to the cold boxes, they shall preferably be
supported on the same foundation as the cold
boxes. Otherwise the differential settlement
between their own foundations and the cold boxes

one shall be checked to comply with the
requirement stated in Section 6.6 of this
specification.

10.1.3.If a raft foundation is larger than cold boxes
immediate pedestals (in case of weak soil or piles
disposition requirement) then the raft could be
poured in first phase and the pedestal in second
phase.

Otherwise (in case no need of larger raft than
pedestal dimension) the complete foundation (raft +
pedestal) shall be poured in one phase, for which
case anchor systems and heating tubes for
temperature sensors shall be already placed in the
formwork.

Anchor systems of pre-embedded type shall be
placed within pedestal formwork before concrete
pouring.

The Anchors and their plates shall be positioned

10.MPOEKTUPOBAHUE ®YHOAMEHTA
XONoAHOrI O BJIOKA

10.1.06wasn nihopmauus

10.1.1. ®yHOamMeHT XOnoAHbiX OfIOKOB [AOSMKEH
COCTOSATb M3  OOHOIMO  OCHOBaHMUs,  4YTODOBbI
KOHTpOnMpoBaTb " orpaHu4MBaTb
andpepeHymansHyo ocaky.

CoBMeLLEHHbIE (hbyHOAMEHTBI, MO BO3MOXHOCTMH,
[OIXKHBbI NCrnonb3oBaThbCcs ans OCHOBHbIX
XONOAHbIX BIIOKOB M TENNO00OMEHHMKOB.

CDpr,ameHT C OCHOBaHMEM MOXeT ObITb MENKoro
3anoxXeHuna nnun nogaepXxXmBatbCA CcBasgMun.

10.1.2. [ONs KPUOreHHbIX HACOCOB W KOXYXOB,
pacnosnoXeHHbIX B6M3n xonoaHbix 6nokos, onopa
OOMKHa npeanoyvTuTenbHO obecneymBaTbCst TEM
Xe dyHOaMeHTOM, YTO 1 Anst XOnoAHbIX 6nokos. B
NPOTUBHOM crydyae AuddpepeHumanbHylo ocanky
Mexagy WX COOCTBEHHbIMM (yHOAMEHTaMU MU
XONoAHbIMK GriokaMu HeobXoaMMO MPOBEPUTHL Ha
cooTBeTCcTBME  TpebOBaHWMIO,  yKasaHHOMY B
pasgene 6.6 HacToswux TY.

10.1.3.MNMpn 6Gonbwem pasmepe dyHOameHTa Mo
CPaBHEHUIO C PSOOM PaCrOfOXEHHbIMU LIOKONSIMU
XOnogHbIx 6rokoB (B crydae cnaboHecyLllero
rpyHTa uUnum HeobXxo4MMOro pasMeLleHus ceaw), To
OCHOBaHMe MOXHO 3anuBaTb Ha NMepBOM 3Tane, a
Lokornb — obecneynBaTb Ha BTOPOM aTane.

B npotuBHOM crniyyae (ecnu HeT Heob6xooMMoCTh B
Oonee KpymHOM OCHOBaHUM MO CpPaBHEHUKO C
pa3vep uokons), Becb yHAaMeHT (LOKOMb +
OCHOBaHue) 3anvMBaeTcs Ha OAHOM 3Tane, U Ansi

3TMX uUenenm B  onanybky  OOMmKHbl  ObITb
YCTaHOBMEHbI aHKepHble CUCTEMBI "
HarpeBaTesbHble TpyObl ans [aT4MKoB
TemnepaTypbl.

AHKEepHble CUCTEMbI NpeaBapuUTENbHO BCTPOEHHOIO
TMNa OOMMKHbI ObITb MOMeLLLeHbI B onanyoKy Lokons
nepeg 3anvekon 6eToHa.

AHKepr M NX NNUTbl OOJMKHbI ObITb pa3melleHbl B
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within the foundation using templates as specified | npegenax cdyHaameHTa ¢ ncnons3oBaHnem opm,
and described in Air Liquide Specification G-GS-1- | yka3aHHbIX U onucaHHbix B TY G-GS-1-3-3, pasgen
3-3 Section 7.8. 7.8.

Example on sketches below.
Mpumep cxeM NpeacTaBrieH HUXe.

Figure 23: Foundation System versus Concrete Pouring Phasing / Anchors
Puc. 23. Cuctema chyHgameHTa no aTanam 3anuBkKyU 6eTOHa/aHKEPOBKMU
Pedestal

uokonb I I

Pedestal + raft

Llokonb+ocHoBaHue

Anchors

Raft Anchors

aHkepb! OCHOBaHue aHkepbl

DISCLAIMER: Read the disclaimer in this document prior to use.
3AABITIEHVE OB OTKA3E OT OTBETCTBEHHOCTW: o3HakoMbTeCh C 3asiBlieHMEM B HACTOSALLEM AOKYMEHTE 40 UCMOMb30BaHUS.




(@ AirLiquide

ENGINEERING & CONSTRUCTION

GENERAL SPECIFICATION
OBWHUE TEXHUYECKUE YCIIOBUA

Cryogenics & Lurgi
technologies

CIVIL AND STRUCTURAL
DESIGN & CONSTRUCTION BASIS

UCXOAHbLIE OAHHbLIE AN MPOEKTUPOBAHUA U
CTPOUTEJIbCTBA 30AHUNA U COOPYXEHUUN

G-GS-1-0-1
Rev. /Pen. 1

Page 83/ Ctp. 83 of /
n3 122

¢INTERNAL/BHYTPEHHW/N LOKYMEHT

10.1.4.Generally Cold Boxes have four steel
columns which shall be anchored on the same
pedestal, (without any specific pedestal for each of
the columns). On the other hand, the process
column located inside the Cold Box has additionally
its own 4 small feet (in case of packaged Cold Box)
or the process column itself is supported directly
through its skirt (in case of erected on site Cold
Box).

In both cases (process column supported by 4
small feet or through its skirt) the support of the
column must be over the same raft foundation as
for the Cold Box one and without any specific
pedestal for the 4 small feet / process column skirt
itself (ref. CPY-GS-2-1-1).

The gap between top of rough concrete of raft
foundation pedestals and Cold Boxes steel bottom
level plates shall be filled only with grouting. Any
additional reinforced concreting is forbidden within
this gap which shall not exceed 50mm.

The same rule is applicable for the process column
4 small feet / skirt where the gap between the top
of rough concrete level and small feet bottom
plates / skirt bottom plate shall be filled with
grouting  without any additional reinforced
concreting.

10.1.5.The foundation outline specified on the civil
guide drawing is not necessarily the one in direct
contact with the soil. The foundation surface in
contact with the soil (footing) depends on the soil

10.1.4. Kak npaBuno, B xonoAHbix 6rokax ecTb
YyeTblpe CTallbHbIX KONOHHbI, KOTOPbIe KPensaTcs Ha
ogHOM n ToM e uokone (6e3 kakoro-nubo
crneumanbHOro LoKONSA ANst KaXaow U3 KOJoHH). C
OpYron CTOPOHbI, B TEXHONIOrMYECKOW KOJSIOHHE,
pacnonoXXeHHOW BHYTPU XoriogHoro 6noka, ectb
[ononHUTenbHO 4 HebonbliMx nATbl (B criydae
YKOMMJIEKTOBAHHOIO X0oriogHoro 6noka), nnn cama
TexHonormyeckas KOJTOHHa noanepxuBaeTcst
HEeNnocpeACcTBEHHO C MOMOLLBI HUXKHEro 3BeHa (B

cnyydae  ycTaHOBKM  xonogHoro  6roka  Ha
nnowagke).
B o06oux cnyyaax (TexHonornyeckas KOMoOHHa

onupaetcs Ha 4 HebomblINX NSATbl UMM Yepes
HWXHee 3BEHO), onopa KOMOHHbI A0MKHA ObiTb Ha
TOM e dyHOaMeHTe C OCHOBaHWEM, 4YTO W
XonogHbI 6nok, n 6e3 kakoro-nnbo cneymansbHOro
uokona Ans 4 HebonblIMX MAT/CAMOro HWXHEro
3BEHA TEXHOJOMMYECKON KOSOHHbI (ccbinika CPY-
GS-2-1-1).

3a3op Mexay BEpPXOM M3 HeoTaenaHHoro GeTtoHa
uokons pyHAaMeHTa C OCHOBAHWEM U CTarnbHbIMU
NNUTaMM Ha HWKHEM YPOBHE XOrogHoro 6noka
JOmkeH ObiTb 3anofiHEH TOMBbKO CTPOUTENbHbLIM
pactBopoMm. Jliobaa pgononHuTenbHas 3anuBka
apMupoBaHHbIM OETOHOM 3anpelleHa B npegenax
3TOro 3a3opa, KOTOpbI HEe JOKEH npeBbiwaTth 50
MM.

To e npaBuno MnpuMMeHMMO K 4 HebonblWKM
NSTaM/HUXKHEMY 3BEHY TEXHOMOMMYECKOW KOMOHHBI,
roe 3asop Mexay BEPXOM YPOBHSI HEOTAENaHHOro
OeToHa M HWKHMMW nAuTamu HebonblKnx nAT/

HWKHEro 3BeHa  JosbkeH  OblTb  3amnosiHeH
cTpouTenbHbiM  pactBopom 6e3  kakoro-nubo
OOMONHUTENBHOTO apMUPOBaHHOTO
BeToHNpoBaHUS.

10.1.5. Cxema (pyHOameHTa, npeacraBneHHas Ha

pyKoBoAsLeM yepTexe rpakaaHcKoro
Ha3Ha4YeHwus, Heobs3aTenbHO AOIPKHa
HernocpeACTBEHHO KOHTaKTUPOBaTb C  TPYHTOM.
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bearing capacity.

10.1.6.Thickness of the overall combined concrete
raft can vary according to the load of the cold
boxes: i.e. thickness below exchanger cold box can
be smaller than below main cold boxes.

10.1.7. Thickness of cold box foundation is
impacted by anchor bolt length. This is why High
Strength anchor bolt shall be used in priority.

10.1.8. Specific reinforcement around pre-
embedded anchor bolts shall be used. Refer to Air
Liquide specification CPY-GS-1-3-3 : Anchor Bolt
systems.

10.1.9. For erected-on site cold boxes, a
continuous pre-embedded steel plate shall be
casted in the concrete all around the cold box
structure in order to ensure sealing tightness after
erection of the cold box and sheeting welding
activities. See below example of pre-embedded
insert plates:

10.2. Sketches

lMoBepxHOCTb yHAAMEHTa, KOHTaKTMpyloLwas ¢
rpyHTOM  (nofylluka), 3aBUCUT OT  Hecylien
CMOCOBHOCTM rpyHTA.

10.1.6. TonuwmHa Bcero coBMeLLLEHHOro BGETOHHOro
OCHOBaHWNA MOXeT KonebaTbCA B 3aBMCMMOCTU OT
Harpysky Ha xonofHble GMoku: T.e. TONWMHA nopg
XOnoAHbiM ONOKOM TenmnooObMeHHUKa MOXeT ObITb
MEeHblle, YeM o OCHOBHbIMWA  XONOAHBbIMU
onokamu.

10.1.7. TonwmnHa dyHoameHTa xonogHoro 6noka
3aBMCUT OT [ANUHbI aHkepHoro 6onta. WMeHHO
NMO3TOMY BbICOKOMPOYHBIN aHKEPHbIN 60NT AOMKeH
ncnonb3oBaTbCs B NOpsAKe npuopuTeTa.

10.1.8. CnegyeT wncnonb3oBatb crneuunanbHyio
apmaTypy BOKpYr npenBapuTenbHO BCTPOEHHbIX
aHkepHbix GontoB. Cm. TY CPY-GS-1-3-3
«Cuctema aHkepHbix 6ontos» Air Liquide.

10.1.9.0ns ycTaHaBnuBaeMbIX Ha nowagke
XOnogHbIX OrnokoB cnegyeTr 3anvBatb 6GETOHOM

CMITOLLHYHO npeaBapuTensHO BCTPOEHHYIO
CTanbHyld MAWTY MO MEpPUMETPY KOHCTPYKLUU
XOJI0AHOro 6noka, 4YTOGbI rapaHTupoBaTb

repMeTn4yHOCTb NOCrie MOHTa)Xa XOoJnoaHOoro 6noka
N CBApPO4HbIX pa60T C NNCTOBbIM MaTepunarom. Cwm.
npumep npegBapuUTesibHO BCTPOEHHbLIX BCTaBHbIX
NINT HNXKeE.

10.2. Cxembl

Figure 24: Packaged Cold Box Foundation Plan View
Puc. 24. Bua cbyHaameHTa YKOMNNEKTOBAHHOro XonoAHoro 6rnoka B nnaHe
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Figure 25: Packaged Cold Box Foundation Section
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10.3.Heating effects for non-packaged cold 10.3.TennoTtBopHas CNocoOHOCTbL

boxes or casings

The reinforced concrete foundation shall be
protected against freezing effects from the column
located inside the cold box in case the cold box is
erected-on-site in which case the process column
is directly supported on the concrete foundation.

10.3.1. Protection by heating tubes with
electrical heating device

In case of Cold Boxes erected on site the following
heating items shall be disposed inside the
foundation.

1) Heating tubes in galvanized steel (Dia. 60.3
mm / 3.2 mm) shall be incorporated on the top of
the pedestal.

Spacing between tubes shall be between 1m and
1,2m.

2) Furthermore, temperature probes will be
installed inside stainless steel pipes incorporated
into the foundation. These pipes shall be positioned
under the distillation columns and under the heat
exchanger. These temperature probes / sensors
shall be connected to the DCS.

Unless the groundwater table is located close to
the foundation (at a depth of less than 5 meters
beneath the foundation bottom level), the heating
cables are not installed immediately inside the
heating tubes.

As the process of cold transmission is very slow,
natural heating of the foundation (geothermal
heating) is often sufficient to protect the soil located
underneath the foundation from freezing.

If the temperature measured in the foundation
concrete approaches 0 ° C, a heating system with a
power of 10 W / m2 is appropriate to keep the soil
beneath the foundations from freezing.

All provisions shall be made to permit easy

HEeYKOMMNIIeKTOBAaHHbIX XOJTOOHbIX onokoB unu
KOXyXoB

>Kene3obeToHHbIN  PyHAAMEHT OOIMKEH ObITb
3alUULLEH oT 3amep3aHus KOTNOHHBI,
pacrnonoXXeHHOW BHYTpWM XxorogHoro 6noka, B
crniyyae, ecnu XornogHblii OnoK YCTaHOBMEH Ha
nnowagke, M B 3TOM crnydae TexHorornyeckas
KONMOHHA  OnupaeTcsi  HEemMoCcpeaCTBEHHO  Ha
OETOHHbIV PYHAAMEHT.

10.3.1. 3awumTta HarpeBaTenbHbIMU TPyOKaMmu ¢
aneKTpoHarpeBaTenem

B Ccny4yae YCTaHOBKM Ha nnowanke XonoaHbIX
6nokos cnepywuwme HarpeBaTellbHble 3N1eMEeHTbI
OOIXKHbI BbITb pasmMelLleHbl BHYTpU cbpr,ameHTa:

1) HarpeBaTenbHble TpybGKM U3  OLMHKOBaAHHOW
ctanu (gnametp 60,3 MM / 3,2 MM) AOMKHbI 6bITb
YCTaHOBMEHbI B BEPXHEN YacTW LIOKONS.

MpoceeT mexay Tpydamm JOIMKEH COCTaBMsATb OT 1
no 1,2 m.

2) Kpowme TOro, temnepaTtypHble 30HAbI OyayT
yCTaHOBMEHbl B Tpybax u3 Hepxaserolen cranm,
BCTPOEHHbLIX B (pyHAAMeHT. OTn TpyObl AOMKHbI
ObiTb  pacnonoxeHbl NoA  AUCTUMAALMOHHBLIMU
KONOHHaMW M nof  TenrnoobMeHHWKoM.  3Tu
TemnepaTtypHble 30HAbI/AaTYNKN  OOMKHbI  ObiTh
noakntoyeHbl k PCY.

Mpu ypoBHE MNOA3EMHbLIX BOA, PaACMONOXEHHOM
OnmM3ko K dyHOamMeHTy (Ha rnybnHe meHee 5
METPOB  HWKe YpPOBHA OHa  dyHOaMeHTa),
HarpeBaTesibHble kabenu yCTaHaBnMBawTCs
HenocpeacTBEHHO BHYTPU HarpeBaTenbHbIX TPYO.

B cBA3M C HU3KOM CKOPOCTbIO Mpouecca nepegayu
Xornofda ecTeCTBEHHOro HarpeBa yHAameHTa
(reoTepmarnbHOe TeMno) okasbiBaeTCsl 4OCTAaTOYHO
ONS 3aWmnTbl pacnosioXeHHOro nog yHAaMeHTOM
rpyHTa OT 3amep3aHus.

Ecnn TemnepaTypa, u3mMepeHHas B GETOHHOM
dyHOameHTe, npubnmkaetcs k 0°C, ons 3awuTbl
rpyHta noa dyHgameHTamuM OT  3aMep3aHus
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installation of the electrical heating cables. uenecoobpasHo ncnonb3oBaThb cucTemy

During operation of the unit the temperature shall
be measured every four months approximately.

If the temperature below the foundation is lower
than 5 ° C, electrical heating cables shall be
installed and the electrical heating shall start.

Care shall be taken to permit the easy possibility of
electrical heating cables installation.

10.3.2.Temperature gradient into the Cold
Boxes foundation

In case of heating tubes are disposed on the top of
the pedestal, then a temperature gradient of 40°C
between the upper face of pedestal and lower level
of foundation should be considered in the
foundation design (the bottom of the foundation

being warmer than the top of the pedestal).

10.3.3. Detail sketch of heating tube

oTonneHuns molHocTbio 10 BT/m2.

Heobxoanumo npuHATbL BO3MOXHbIE Mepbl  OJ1S
obecneyeHnss NErkocTU YCTAHOBKN 3MNEKTPUYECKMX
HarpeBaTerbHbIX kKabenen.

B pabGoyem pexume yCTaHOBKM TemnepaTtypa
nsmepsieTcs NPMMEpPHO Kaxable YeTbipe Mmecsua.

Ecnn Ttemnepatypa nog cyHaameHTOM nagaet
Hwxke 5°C, crnepyeT NpoOnoXuTb 3rekTpuveckme
HarpeBaTeNnbHble Kabenu, U [OIDKEH HadaTbes

31eKTpOHarpes.

Heobxoanmo NpUHUMaTb Mepbl
NpeaoCTOPOXHOCTM € uUenblo  obrneryeHus
BO3MOXHOCTU YCTaHOBKM 3MNEeKTPUYECKMX

HarpeBaTerbHbIX kKabenen.

10.3.2. MNMepenap Temnepatyp B dyHAaAMeEHTe
XOJI0AHbIX 6JI0KOB

Ecnu HarpeBaTenbHble TpyGbl pacrnonioxeHbl Ha
BEPXHEM 4YacTu UOKOMs, NpuU MNPOEKTUPOBaHWU

dyHoameHTa  crnegyeT  yuuTbiBaTb  mepenajg
TemnepaTyp B 40°C Mexay BEPXHEN
MOBEPXHOCTbIO  LIOKOMS U HWKHUM  YPOBHEM
dyHOamMeHTa  (Npy 3TOM  HWXKHSIA  4acTb

dyHOameHTa Tennee no CpaBHEHUIO C Bepxom
Lokons).

10.3.3.NMoagpobHas
TpyObl

cxema HarpeBaTeanoﬁ

Figure 26: Heating Tube Details
Puc. 26.[letanu HarpeBaTenbLHOMW TPYObI
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Civil engineering supply (initial supply):
Tubes for electrical heating

60.3 / 3.2 — galvanized steel tube
Tube spacing

equal to the smaller one of the following
values:

base slab thickness or 1200 mm
Tubes for temperature sensors
33.7 / 3.2 — galvanised steel tube

11. DESIGN OF VIBRATING MACHINE

FOUNDATION
11.1. Design
Requirements

Basic Information

The following vibrating machine input data shall
be required prior to foundation design:

a. General arrangement of the machine
with outlines and dimensions of all parts

b. Details on machine type and process:

A

) Founﬂoi_ﬁ}or} Concreley .

Lo . )
. . < :
/ ) . © " BeTOHHbHA (hyHAaMeHT - <5 - A < /
% a0 e ] ) FO . .

k= . . N o 3arnyLika- BUHT ANs rMagkoro
. . . KoHUa
. A - .

a7 . a

Jai] a

O6BLEM nNOCTaBKM WHXEHEpPHbIX Aetanen
rpaxxgaHcKoro Ha3Ha4YeHuA (ucxopHbIN
06bLEM):

Tpybbl gns anektpooborpesa 60,3/3,2 -
OLMHKOBaHHas ctanbHasi Tpyba

Mponét mexgy Tpybamu paBeH MeHbLueEMY W3
cnegyroLwmnx 3Ha4YeHUn:

TOnLMHa onopHon NuTbl unn 1200 mm

Tpybu onsa TemnepaTtypHbix gatymkos 33,7/3,2 -
OLMHKOBaHHas ctanbHasi Tpyba

NPOEKTUPOBAHUE
ans

11.
OYHOAMEHTA
BUBPALUOHHbLIX MALLUUH

11.1. MpoekTHble TpeboBaHuA
OCHOBHOM MHM oOpMaumnen

[na npoekTtupoBaHus dyHOamMeHTa TpedyoTcd

crnenylwolue BXOAHble [AaHHble BUBOpaLMOHHOWM
MaLLWHBbI:

a. ObLwasa nHgopmauus pacnosioXXeHne MaluvHbI
CO CXemaMu 1 pa3MepamMmu BCeEX aeTanem

C
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rotating machine, reciprocating machine?

C. Weights of all components, including
moving masses; with location of all component
centers of gravity.

d. Dynamic forces and frequencies:

1. For rotating machines: Frequencies and
directions of all moving masses.

2. For reciprocating machines: Free forces

and moments of horizontal and vertical axes of
the 1st and 2" degree in relation to the motor
shaft axis.

3. Nominal and critical speeds of moving
masses; as well as start-up and short-circuit
torques of the motor and point of application.

e. Allowable limits of Vibration
Displacement Amplitude, and Vibration Velocity
Amplitude. By default, these allowable limits will

be taken according to DIN ISO 10816-3:
Evaluation of machine vibration by
measurements on non-rotating parts.

Zone A/B:

= Maximum permitted root mean square
vibration speed: 3.5mm/sec

= Maximum permitted root mean square

displacement: 0.045mm. In addition, for rotating
machines specifically, allowable values indicated
in Section 11.8.1 shall be respected.

f. In absence of input data from the
machine supplier, Balance quality grade shall be
considered according to DIN ISO 21940-
11:2016: Balance quality requirements for rotors
in a constant state — part 11: Procedures and
tolerances for rotors with rigid behaviours.

= G2.5 for pinions

b. MogpobHas nHpopmauma o Tune n npoiecce
MalUMHbl: Bpallalollascs MaluvHa, NopLuHeBas
MaLumHa?

c. Bec Bcex KOMMNOHEHTOB, BKIOYas NOABMXHbLIE
MaccCbl; C pacnorfioxeHnem BCeX LEeHTpOoB
TAXECTUN KOMIMOHEHTOB.

d. InHamunyeckue cunbl 1 4acToThl:

1. Onsa Bpawarwnwmnxca MalnH: 4YacToTbl U
HanpaBneHna Bcex NnoaBM>XHbIX Macc.

2. [1ns nopLluHEeBbLIX MalUMH: CBOGOAHbIE CUMbI U
MOMEHTbI FTOPU3OHTANbHOM U BEPTUKAIbHOW OCEN
1-n n 2-n cTeneHn Kk ocx Bana asuraTtens.

3. HomuHanbHas U KpuTMYeckass CKOPOCTU
MOABWXKHBIX Macc; a TakkKe KpyTslue MOMEHTHI
nmycka W KOPOTKOIrO 3aMblKaHusl OBuUratens, u
TOYKM NMPUIOXKEHUS.

e. Honyctumble npegens amnnuTyapl
BMOpoCcMelLleHNsT 1 ckopocTn Bubpauun. [lo
YMOM4YaHuio 3TU JonycTuMble npegensl 6yayT
npuHATbl B cootBetcTBuMM ¢ DIN ISO 10816-3:

OueHka cTeneHu BubOpauMyM MaluHbl MNYTEM
N3MepeHnin HeBpalLaloLnxca getanen.

3oHa A/B:

= MakcumansHo aonyctumas

cpeaHekBagpaTuyHas CKOpocTb Bubpauuu: 3,5
MMm/c

= MakcrumansHo gonyctumoe
cpegHekBagpaTMyHoe cMmelleHne: 0,045 wmwm.
Momnmo aToro, cneunansHO AN BpallaloLmxcs
MalMH OOMKHbl cobnoaatbcs  AOMNYCTUMbIE
3Ha4eHus, ykasaHHble B pa3gene 11.8.1.

f. Tlpu OTCYTCTBMM BXOAHbIX AaHHbIX OT
nocTaBsLiuKa MaLUWHbI Knacc TOYHOCTHU
OanaHCMpOBKM OOMKEH paccmaTpmBaTbCd B
cootBeTctBMM Cc DIN ISO 21940-11: 2016:
TpeboBaHMsa K TOMHOCTM BanaHCUPOBKM POTOPOB
B MOCTOSIHHOM  COCTOsSiHMM - 4actb 11
«[lpouenypbl M NOrpelHocT! Ansi poTOpPOB C
XECTKMM pabounm pexxmumom».

= G2.5 gns wecTtepéH
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= G6.3 Grade Worse for motor and
bullgear

g. Thermal effects if applicable

h. All details of anchoring systems: type,
position, diameter, base plates, thickness, steel
grade, etc.

11.2.Design General Requirements
11.2.1.The foundation block will support the
complete machine unit including compressor,
gear and motor, forming one single overall
concrete block, for the whole equipment system.
11.2.2.When machines are mounted on tables
on a superstructure:

a. Tables on superstructures should be
joined so as to form one single concrete block
for the motor, the compressor and the gear.

b. Table supports must be extremely rigid
so as to reduce differential horizontal shift and
guarantee their compatibility with data specified
by the constructor.

C. Supports should preferably be made of
walls and not of columns, and avoiding
cantilevers.

d. Tables must be supported by a common
rigid foundation raft preventing differential
settlement.

=2 G6.3 Grade Worse ansa psuratens u
BonbLuon wecTepHn

g. TennoBoe gencrene, ecnun 3To NPUMEHNMO

Bce petann  cucTeM  aHKEpPOBKU:  TuUM,
nornoXxeHne, AvameTp,  Hecyliue  NIUTHI,
TONLWMHA, COPT CTanu u T. A.

11.2. Oowme TpeboBaHuA K
NPOEeKTUPOBaHUIO
11.2.1. dyHAAMEHTHBIN onok OOIKeH

obecneunBaTb onopy Anst YKOMMIEKTOBAHHOM
MalLMWHbI, BKIKOYas KOMMPEccop, PeaykTop U
npuratenb, o6pasys eavHbI 00O OETOHHbIV
Onok onsi Bcen cuctembl 060pyaAoBaHUS.

11.2.2. Tlpn MOHTae MalMH Ha NNoWaaKkM B
BEPXHEN KOHCTPYKLUUUK:

a. lnowagkn BEpPXHUX KOHCTPYKUUN OOIDKHbI
ObiTb COeanHeHbl Takum obpasomM, 4YTOObI
cchopmmpoBaTb €AuMHbIN OETOHHBbIA 6noK  ans
JBurarens, Komrnpeccopa u peaykropa.

b. Onopbl nnowagkM [OMKHbI ObITb KpariHe
XKECTKUMWN ONs CHWXeHUs auddrepeHumansHoro
CMELLEHMST MO TOPU3OHTaNM W rapaHTum Wux
COBMECTMMOCTM C  [AaHHbIMW,  YKa3aHHbIMU
cTpouTenem.

c. Onopbl NpeanoyTUTENBHO CO34aBaTh U3 CTEH,
a He 13 KOMNOHH, N n3beraTtb KOHCONbHbIX Banok.

d. lnowagkm [AoMKHbI onupaTbCs Ha 06K
TBEPAbIV dyHOaAMEHT c OCHOBaHMEM,
npenaTrcTeyoWmin auddepeHumansHon ocagke.
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Figure 27: Vibrating Machine Foundation Principle
Puc. 27. MpuHuun doopmupoBaHus cpyHgameHTa gns BU6paLMoHHON MaLLUHbI
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11.2.3.The lower slab must be sufficiently thick. The
thickness adopted will be at least equal to:
Thickness [m] = 0.6 + C/ 30 (2)

C = largest slab dimension (width or length).

11.2.4. The weight of the upper table + 50% of the
weight of the columns (or walls) shall be greater
than the weight of the machine.

11.2.5.The foundation base slab shall not weigh less
than the combined supported weight of the upper
table, columns (or walls) and machines (including
base plates).

11.2.6.Depth of machine foundation shall be at least
1m within the soil.

11.2.7.Rotating machine foundations shall be
isolated from all adjacent foundations with a
necessary isolating joint.

11.2.8.The dimensions of the lower slab (plane
view) should be defined in order to reduce as much
as possible the eccentricity between the center of
gravity of the loads (COG of equipments and
concrete superstructure and foundation) and the
center of gravity of the surface in contact with the
ground (COG of foundation raft).

The horizontal eccentricity, perpendicular to the
machine bearing axis, between the center of gravity
of the machine foundation system (machine and
foundation combined) and the centroid of the soil
contact area (or in case of piled foundations, the
elastic support point of the pile group) shall not
exceed 5%.

The horizontal eccentricity, parallel to the bearing
axis between the center of gravity of the machine
foundation system (machine and foundation
combined) and the centroid of the soil contact area
(or the pile group) shall not exceed 5%.

11.2.3.HmwxHsasa nnuTa JOoMmKHa UMETb
OOCTaTOYHYK TOMWMHY. TomnwmMHa npuHUMaeTcs,
no KparvHen mepe, B COOTBETCTBUM C YCIIOBUEM
HUXE:

TonuwwmHa [M] = 0,6 + C/ 30 (2)

C = HanbonbLunii pa3mep NNUTbI (LLUMPUHA UK ANWHA).

11.2.4.Bec BepxHen nnowagkm + 50% Beca
KOMOHH (MnM CTEH) [OOIMKEeH MpeBbIlaTb BeC
MaLUVHBbl.

11.2.5.0yHagamMeHTHaa onopHas nnuta [AorKHa
BECUTb He MeHbLLe COBOKYMHOIo
NOOAEPXKUBAEMOrO Beca BepxHer nnowagku,
KOMOHH (MNn CTEH) U MawuH (BKM4Yasa Hecylime
NnnThI).

11.2.6.mybuHa cdyHaameHTa MallvHbl JOMKHa
COCTaBnATb, NO KpariHen Mepe, 1 M B rpyHTe.

11.2.7.dyHaaMeHThI BpaLlaroLmxcs MaLlUuH
OOMMKHbI ObITb M30MMPOBaHbI OT BCEX CMEXHbIX
dyHOaMeHTOB C  NOMOLWbBD  Heobxoaumoro
N30NMPYIOLLLErO COEANHEHMS.

11.2.8.Pasmepbl HWXHeN nnutbl (BUA B MraHe)
JOMKHbI ObITb onpeaeneHs.l c uernbto
MaKCUManbHOrO  CHWXKEHUS  3KCLLEHTPUYHOCTHU
MEeXAy LEHTPOM THXEeCTU Harpy3ok (UeHTpbl
TsKeCTM obopynoBaHusa, 6€TOHHON HaAOCTPONKN n
dyHOAaMeHTa) U LUEHTPOM TSXECTU MOBEPXHOCTH,
KOHTaKkTUpylolWen ¢ 3eMném (LeHTp TSKeCTu
yHAAMEHTHOIro OCHOBAHUS).

opusoHTanbHas 9KCLEHTPUYHOCTb,
neprneHavKynsipHass OCu NoALlMnHMKa MalluHbI,
MeXOy LEeHTPOM TSXKeCTU cucTembl pyHaameHTa
MalUWHbl (MawwnHa BMecTe ¢ (yHOAMEHTOM) U
LEHTPOMAOM y4acTka KOHTakTa C rpyHTOM (Mnv B
cnyyae cBaKHbIX (PYHOAMEHTOB — TOYKa ynpyrom
OMnopbl CBaMHOIO KycTa) He AOJPKHa MnpeBblwaTb
5%.

opusoHTanbHas 9KCLEHTPUYHOCTb,
napannenbHasi OCy MOALUMMHMKA MEXAY LeHTPOM
TSKECTM  cucTeMbl  PyHOAMEHTa  MalWHbI
(MawwmrHa BmecTe ¢ PyHOAMEHTOM) U LIEHTPONOOM
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TAXECTNU YydaCTka KOHTakta C TPYyHTOM (I/IJ'II/I

11.2.9. Foundation adequacy for static bearing
capacity and settlement considerations shall be
checked.

Net Allowable Bearing Capacity of Soil shall not
exceed 50% of the allowable bearing pressure
permitted for static loads, with increase of loads:
50% in vertical, 25% in longitudinal, 25% in lateral.

11.2.10. All foundation blocks will be fitted with six
level reference plates (3 on each side), embedded
on the upper part of the foundation at the time of
construction.

Plate characteristics:

Material Stainless steel

Dimensions 200x200x10mm

These plates will be specified on the formwork
drawings

After installation of the equipment, the levels in
relation to a permanent external reference will be
determined enabling the checking of possible later
deformation.

11.2.11. Maximum acceptable differential
deformation is Tmm. In other words, the differential
settlement based on remeasurement of 6 reference
base plates, after 6 to 12 months after machine
installation shall not exceed vertically Tmm from the
initial value measured right after machine
installation.

11.12.12. Design of the foundation shall take into
account the Concrete Dynamic Modulus of
Elasticity.

11.12.13. Formwork shall be able to support

CBalHOro KycTa) He JOoMMKeH npesbillaTth 5%.

11.2.9. MNMpurogHocTb hyHAAMEHTa K CTaTU4eCcKomn
Hecyllen CcnocobHOCTM M pacyE€THOM oOcajke
nogonexwT  nposepke. Yuctas  pgonyctumMas
Hecyllas CrnocobHOCTb [pyHTa He [OrkHa
npesbiwate 50% OT [JONYyCTMMOro Hecyllero
JaBrneHnss Mo  CTaTM4eckMM  Harpyskam C
yBenuyeHnem Harpysok: 50% no septukanu, 25%
- B NPOAOSIbHOM HanpaeneHun n 25% - B 60KoBOM
HanpaBreHnw.

11.2.10. Bce dyHOameHTHble 6nokn  6yayT
OCHaLleHbl  LIEeCTUYPOBHEBLIMU  KOHTPOISbHBIMM
nnutamn (N0 3 C KaXOoW CTOPOHbI), KOTOpble
BCTaBMSAOTCA B BEPXHIO YacTb pyHOAMEHTa BO
BpeEMS CTPOUTENLCTBA.

XapaKTepI/ICTI/I KN NMIATbI:

MaTtepunan  HepxaBsetowas
cTanb

Paamepbl 200x200x10 mm
O™m nnuTel OyaoyT ykasaHbl Ha 4depTexax
onany6ku
Mocne yCTaHOBKM obopynoBaHusi oyayt
onpefeneHbl  YpOBHWM MO  OTHOLIEHMIO K
MOCTOSIHHOMY BHELUHEMY KOHTPOINbHOMY

3Ha4Y€HUI0, YTO NO3BOJINT NPOBEPUTb BO3MOXHYHO
nocnenymowyro p,ecbopmau,wo.

11.2.11. MakcnmansHo gonyctnmasi
anddepeHumnansHas aedopmaums coctasnseT 1
MM. WHbiMM  cnoBamu, guddepeHumnanbHas

ocafgka, OCHOBaHHasi Ha NOBTOPHOM M3MepeHun 6
KOHTPOJbHbIX HECYLUUX NnuT Yyepes 6—12 mecsues
nocrne yCTAHOBKM  MalUMHbI, He  [OIDKHa
npeBbllaTb MO BepTMkanM 1 MM OT UCXOQHOro
3Ha4YeHus1, N3MEPEHHOIO HEMOCPEACTBEHHO MOCHe
YCTaAHOBKUN MaLLVHbI.

11.12.12. [lpu npoekTupoBaHuM dyHOaAMEHTaA
YYUTbIBAETCA OUHAMUYECKUA MOAYMb YrNpyrocTu
6eToHa.

11.12.13. Onanybka pgomxkHa BblaepXuBaTb
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concrete self weight in order to pour concrete in one
single phase, continuously without interruption,
for concrete rafts as well as for concrete columns or
walls.

11.12.14.All concrete tables and rafts shall be
poured in one single phase, continuously, without
interruption.

11.12.15.1f piles are required, then they must have a
minimum diameter of 500mm or a square section of
450x450mm; and a maximum diameter of 800mm
Pile capacity should be considered decreased as
half compared to those recommended for static
loads in the soil report.

11.12.16.1f a requirement for piles is established,
appropriate dynamic parameters for piles shall be
determined.

11.12.17.Piles used as supports are considered as
elastic supports. Their rigidity values shall be
defined in the soil report.

11.12.18.Eccentricity between the center of gravity
of the combined machine-foundation system and the
centroid of the piling system shall not exceed 5%; in
both longitudinal and transversal directions.

11.12.19.Differential temperature: in the absence of
information, a temperature increase of 20% shall be
assumed for uniform heating of the upper table
compared with the base slab.

11.12.20.Local temperature gradients across
structural members shall be considered whenever
applicable.

11.3.Dynamic Analysis
11.3.1.Design Procedure:

After determining a preliminary foundation size,

COOCTBEHHbIN Bec 6eToHa B uensax
HenpepbIBHOW €ro 3anvMBKM 3a OAMH pa3 B
OETOHHble OCHOBaHUA, a Takke OeTOHHble
KOJTOHHbI U CTEHBI.

11.12.14. Bce 6eTOHHbIE NNOLLIAAKA U OCHOBaHUA
OOIKHbI 3anuBaTbCsa 3a OOWH pa3, HEMPEpPbIBHO,
6e3 nays.

11.12.15.MNMpn HeobXxoaMMOCTU  MCMNOSb30BaHMS
cBa WX MWHUMAanbHbLIA  AnamMeTp  OOSDKeH
coctaenate 500 MM MnNu KkBagpaTtHOE CeyeHue -
450x450 mmMm, a makcumanbHbeln anametp - 800
MM. Hecyuwaa cnocobHoCTb cBan  OOMKHa
CYATATBbCSl CHWKEHHOW BOBOE MO CPABHEHWUIO C
PEKOMEHAOBAHHON AN CTATUYECKUX Harpy3ok B
OT4éTe 06 nccnegoBaHMM rPYHTOB.

11.12.16.Ecnn  yctaHoBneHo TpeboBaHne K
cBasim, OOIDKHbI ObITb onpeferneHsbl
COOTBETCTBYIOLUME AMHAMUYECKME MapameTpbl
cBan.

11.12.17. Ceaun, ncnonb3yemMble B Ka4ecTBe onop,
cunTaloTCca  ynpyrumum ornopamu. 3HaveHus ux
KECTKOCTU OOSMKHbI OblTb onpeaeneHbl B OTYETE
06 uccrnefoBaHum rpyHTa.

11.12.18.OKCLUEHTPMYHOCTE  MEXAy  LEeHTPOM
TSXKECTU COBMELLEHHOM cUCTEMbl «dyHOAMEHT-
MallMHa» U LLEeHTPOM TSXKEeCTU CBaMHOW CUCTEMbI
He [gomkHa npesbiwaTb 5% B NPOAONBHOM W
nornepevyHoOM HanpaBleHUsX.

11.12.19. [OudbcpepeHumanbHas TemnepaTypa:
npu  OTCYTCTBMM MHOPMauuM  MNpuHMMaeTcs
noBbilleHne  Temnepatypbl Ha 20% gns

pPaBHOMEPHOrO HarpeBa BepxXHen nnowagki no
CpaBHEHUIO C ONMOPHOK NANTOMN.

11.12.20. JlokanbHble Nnepenaabl TEMNepaTypbl Ha
3MNeMeHTax KOHCTPYKUUWM OOMMKHbl YYUTbIBATLCS B
NMPUMEHUMbIX CryYasix.

11.3. IuHamnyecknin aHanus

11.3.1. MNMpoueanypa NpoekTupoBaHus:
Mocne onpepeneHns NnpeaBapuUTeNbHOIO pasmepa
dyHOamMeHTa Ha  OCHOBE  reoMeTpuYecKuUx
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based on the geometry suggested in fabricator’s civil | pacuéToB, nNpeanoXeHHbIX Ha pPYKOBOAALLEM

engineering guide drawing; a dynamic analysis shall
be conducted in a second phase, through a
vibrating machine foundation specialist.

11.3.2. If this analysis does not establish the
dynamic stability, then the geometry of the structure
suggested should be modified until dynamic stability
is reached. This stability shall be based on all
operation cases indicated on fabricators’ guide
drawing.

11.3.3.The foundation system shall be analyzed
considering a range of soil shear modulus, damping,
and piling rigidity values as follows:

1. From 0.5 to 1.5 times the nominal value

2. If the nominal soil shear modulus is
determined by a direct soil testing method (cross
hole field measurement or resonant column test) the
range may be reduced to 0.75 to 1.25 times the
nominal value.

However, for machine foundations supported by a
vibration isolation system (e.g. on spring elements),
the variation of stiffness / rigidity requirements can
be omitted.

11.3.4.To avoid the danger of excessive vibration
due to resonance, the ratio between the operating
frequency of the machinery, f, and each natural
frequency of the machine foundation system, f(n)
shall not lie in the range of 0.8 to 1.25. (Reference:
DIN 4024 Part-2, Clause 5.4.4)

11.3.5.Under resonant conditions, a damped
response analysis shall be carried out according to
DIN 4024 T1 and T2 by a dynamic analysis

yepTexe C MNPOEKTOM rpaXAaHCKMUX COOPYXKEHUN
npovssBoauTens; OVNHaAMUYECKNI aHanua
NMPOBOAWTCA Ha BTOPOM 3Tane C MnpuBNeYeHueM
cneuvanucta no paspabotke dyHAameHTa
BUOpPaALUOHHON MALUMUHBI.

11.3.2. Ecnu B xoge 9TOoro adHanusa He
yCTaHaBMnvMBaeTCs AMHaMU4yecKkas YCTONYMBOCTb,
reomeTpuyeckme pacyéThl npeanoXXeHHomn

KOHCTPYKUMM OOMKHbI OblTb M3MEHEHLI, NOKa He
OypeT OOCTUrHyTa AUHaAMU4Yeckasi YCTOMYMBOCTb.
OTa YCTOWYMBOCTb [AOfKHA OCHOBbLIBAaTbCA Ha
BCEX Cryyasix aKcnnyaTauuu, YKasaHHbIX Ha
yepTexe NpomM3BoanTeENs.

11.3.3. ®dyHoameHTHas cuctema [ormkHa ObITb
npoaHanuM3uMpoBaHa C  Yy4€TOM  [JuanasoHa
3Ha4YeHWn MOAYNS cOBura rpyHTa, BRAXHOCTU
rPyHTa M 3HaAYeHUN >KECTKOCTU YKMagkn cBau
cnegywowmnm obpasom:

1. MNpeBblleHne HOMWHaNbBHOroO 3HadeHust ot 0,5
po1,5

2. Ecnu HOMUWHanbHbIN MOAYNb CABUra rpyHTa
onpegensieTca  MeTodoM MPSIMOro  UCMbITaHUS
rpyHTa (akcnnyaTaunoHHoe n3MepeHune
nornepevyHoro OTBEPCTUS UMM pPE3OHaHCHOoEe
UCMbITaHWE KOJIOHHbI), AManas3oH MOXeT ObiTb
cHmkeH po 0,75-1,25 pa3 oOT HOMMHanNbHOro
3HaYeHwus.

HecmoTps Ha 3710, Ans (pyHOAMEHTOB MallVH,
noaaepXuBaemMbiXx  CUCTEMOW  BMOPOM3ONSLMM
(Hanpumep, Ha MPYXWHHbIX 3NE€MEHTax), MOXHO
ONyCTUTb HEOOXOAUMbIE U3MEHEHUST MapaMeTpPoB
KECTKOCTWU/TBEPAOCTM.

11.3.4. Bo wusbexaHne pucka BO3HUKHOBEHMS
ype3MepHomn BUbpaumm M3-3da  pesoHaHca
COOTHOLLEHME Mexay paboyen YacTOTON MaLUUHBbI
f n kaxgonm CcobBCTBEHHOM 4YacTOTOW CUCTEMBbI
dyHoameHTa mawwuHel f (n)  He  OOMmKHO
HaxoguTbca B guanasoHe ot 0,8 go 1,25. (ccbinka:
DIN 4024, yactb 2, n. 5.4.4)

11.3.5. B ycnoBusix pesoHaHca cneumanucT no
ONHAMUYECKOMY aHanuay [OOMKEH BbINOMHUTb
aHanus nemMndupoBaHHbIX OTKMNKOB B
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specialist in order to satisfy the allowable limits of
vibration displacement and velocity amplitudes.

11.4. Compressor foundations not requiring
dynamic analysis

11.4.1.If the rotating machine has a power less than
750kW, or if the reciprocating machine has a power
less than 150kW, then a dynamic analysis is not
required.

11.4.2.In that case, the foundation design shall meet
the following requirements:

a. For rotating machine, the foundation weight
shall be at least 3 times the machine weight,
including base plates and piping supported from the
pedestal.

b. For reciprocating machine, the foundation
weight shall be at least 5 times the machine weight,
including base plates and piping supported from the
pedestal.

c. Horizontal cantilevers shall be avoided.

d. Haunches and brackets shall be avoided.

e. Eccentricities within the 5% allowable range.
f. Net Allowable Bearing Capacity of Soil shall

not exceed 50% of the allowable bearing pressure
permitted for static loads (with increase of loads:
50% in vertical, 25% in longitudinal, 25% in lateral).

11.5. Reinforcement requirements

The reinforcement arrangement has to ensure the
structural stability of the machine foundation.

cootBetcTBUM ¢ DIN 4024 T1 wn T2, 4T0oO6HI
yOOBMNEeTBOPUTL Jonyctumble npegenbl
BMOpPALIMOHHOIO CMELLEHNSA 1 aMNAnTy CKOPOCTH.

11.4.®dyHpamMeHTbI KoMrnpeccopa, He
TpebOyrowme npoBeaeHUs AUHAMUYECKOro
aHanu3sa

11.4.1. lMNMpn mMowHOCTN BpaLLaloLWENCa MaLUWHbI
coctaBnsiet meHee 750 kBT wunm MOLIHOCTU
NMopLUHEBOM MaLUUHBbI MeHee 150 kBT
ONHAMUYECKMI aHanu3 He TpebyeTcs.

11.4.2. B aTom cny4ae npoLecc npoeKkTMpoBaHus
dyHaameHTa OOIKEH COOTBETCTBOBaTb
cnegywowmnm TpeboBaHuAM:

a. Bec yHaoameHTa Bpawawwenca MallvHbl
OOIMKEH npeBbllaTh, MO KpanHen mepe, B 3 pasa
BEC MallWHbl, BKMOYas Hecywue nnuTel U
TpyboNpoBOALI, ONMPAOLLNECH HA LIOKOSb.

b. Bec doyHaameHTa NopLIHEBON MaLUUHbLI AOSHKEH
npesbiwaTb, NO KpanWHeh wMepe, 5 pa3 Bec
MalUWHbIl, BKMOYas Hecywue nnutel U Tpybhl,
onuparoLLmMecs Ha LIOKOSb.

c. CnepnyeT n3beraTb ropu3oHTasbHbIX KOHCONMEN.

d. Cneayet n3beratb KOHCOSbHbLIX YTOMLWEHUI U
KPOHLUTENHOB.

€. OKCLEHTPUYHOCTM [OIMKHblI ObITb B Npepenax
5% ponyctumoro gnanasoHa.

f. Yuctas pgonycTumasi Hecyllasi CnocoBGHOCTb
royHTa He pgorfbkHa npeblwatb  50% ot
A0nNyCcTMMOro HecyLlero OaBrieHus,
paspeléHHoro Ans CcTaTM4eckux Harpysok (c
noBbIlLeHneM Harpysok: 50% no BepTtukanu, 25%
- B MPOAONbHOM HanpasneHuu, 25% - B GOKOBOM
HanpasneHun).

11.5.Tpeb6oBaHus K apMUPOBaHUIO

ApmupyioLllee
obecneynBaTtb

npucnocobrenne
YCTOMYUBOCTb

HAOJDKHO
KOHCTPYKLUMM
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11.5.1.Reinforcement shall be tridimensional.

11.5.2.Reinforcement bars shall be on all faces of
the foundation.

11.5.3.Minimum
80kg/m3.

reinforcement ratio shall be:

11.5.4.Intermediate horizontal reinforcement layers
in both directions shall be used every 50cm.

11.5.5.Vertical bars can be spaced with a distance
no more than 1m between bars.

11.5.6.Reinforcement bars maximum spacing on all
faces shall be: 300mm both in vertical and horizontal
direction.

11.5.7.Minimum diameter of reinforcement bars
shall be: diameter 20mm for bars on faces; and
diameter 14mm (or 16mm if 14mm is not available)
for other bars.

11.5.8.Additional reinforcement requirements: refer
to Primary Materials chapter in this specification.

11.6. Anchor bolt requirements

11.6.1.Pre-tensioning shall be as per instructions
from machine manufacturer.

11.6.2.Pre-tensioned anchor bolts shall be installed
with a sleeve to prevent bond with concrete. The
length of the sleeve shall be sufficient for anchor bolt
to have a total minimum unbounded stretch length of
12 bolt diameter. Sleeves shall be filled with an
elastomeric material, or sand, after anchor bolt
installation.

11.6.3.The portion of the bolt that is passing through
the grout zone shall be taped or greased to prevent

q)YHD,aMeHTa MaLlUWHbI.

11.5.1. Apmupylowne pertanu OOSMKHbI
TPEXMEPHBLIMM.

11.5.2. ApmaTypHble CTEPXHM OOIMKHbI OblTb Ha
BCEX MOBEPXHOCTAX PyHAAMEHTA.

11.5.3. MuHV1ManbHbIN KoadhpuLmneHT
apMupoBaHusa OormkeH coctaenaTb 80 kr/m3.

11.5.4. MpoMeXyToYHble roOpun3oHTarbHbIe
apmupylowime crion B 0boux HanpaBneHusx
OOIMKHbI UCMONb30BaThCst Yepe3 kaxable 50 cm.

11.5.5. BepTukanbHble CTepXHW MOryT ObITb
pacnonoXeHbl Ha paccTosHUM He 6onee 1 M gpyr
OT gpyra.

11.5.6. MakcnmanbHbIn nponér Mexay
apMaTypHbIMU CTEPXKHSAMU Ha BCEX MOBEPXHOCTHAX
aorkeH coctaenaTb 300 MM Kak B BEPTUKAIbHOM,
TakK U B FOPU30OHTaNbHOM HanpaseHNN.

11.5.7. MuHumanbHbll OuaMeTp apmaTypHbIX
CTEPXXHEN AOMKeH cocTaenaTb: anameTp 20 um -
ONA CTepXHenW Ha MNoBepxHoCcTaX U anameTtp 14
MM (M 16 MM, ecnu 14 MM HegocTyneH) - Ans
OPpYrux CTepXXHEMN.

11.5.8. [ononHutenbHble
apMMpOBaHMI0  yKasaHbl B
Martepuanbl» HacToawmx TY.

ObITb

TpeboBaHuA K
rmaBe «OCHOBHbIE

11.6. Tpe6oBaHUA K aHKepPHbIM GonTam

11.6.1. [MpeaBaputenbHOe HaTSXKEHME [OIDKHO
COOTBETCTBOBATb WHCTPYKUMSIM MNpOM3BOAUTENS
MaLUVHbI.

11.6.2. lpenBapuTeNbHO HaTAHYTbIE aHKEPHbIE
0OonTbl OOIMKHbI ObITh YCTAHOBIIEHbI C TMITb30W ANS
npegoTBpalleHns cuennenma ¢ 6etoHom. [nvHa
Mnb3bl  OOMKHa  ObiITb  AoCTaTOMHOM  And
obecnevyeHuss obOLlEN MUHUMANbHOW  ANWHbI
HaTsbkeHus 6e3 cuenneHnsa aHkepHoro 6onTa,
cooTBeTCTBYyloLen aAnameTpy 12 6ontoB. [Mnb3bl
OOMKHbl  ObITb  3aMOfIHEHblI  3NAaCTOMEPHbIM
MaTepuanomMm WM MNEecKoM Mocre YCTaHOBKM
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bond.

11.7.Specific requirements for reciprocating
machines

11.7.1.Total amplitudes for reciprocating machines
shall be calculated by combining in-phase primary
and secondary amplitudes. No total peak to peak
amplitude on the foundation shall exceed values
defined earlier in chapter 11.1.

11.7.2.Reciprocating machine foundations when
piles are required will be supported on more than 2
rows of piles.

11.7.3.Unbalanced forces and moments: design
shall include unbalanced forces and moments. In
addition, unbalanced moments obtained by
multiplying the unbalances forces by their
eccentricities shall be considered.

11.7.4.Primary forces, couples and moments shall
be applied at the machine speed, over the full range
of specified operating speeds, for the calculation of
the primary amplitudes.

11.7.5.Secondary forces, couples and moments
shall be applied at twice the machine speed, over
the full range of specified operating speeds, for the
calculation of the secondary amplitudes.

11.8.Specific
machines

requirements for rotating

11.8.1.Total amplitudes for rotating machines shall
be calculated by combining in-phase amplitudes.
When there is more than one rotor, amplitudes shall
be computed with the rotor forces assumed both in-
phase and 180° out of phase, to obtain the
maximum translational and torsional amplitudes.

aHkepHoro bonTa.

11.6.3. Yactb ©OonTta, npoxopgsiwasi 4Yepes3 30HYy
CTPOUTENbHOIO pacTBopa, HEOOXOAMMO 3aKNenTb
TNEHTON UK cmasaTth Bo nsbexaHue cuenneHus.

11.7. OcobGble TpeboBaHUA K NOPLUHEBbIM
MallMHam

11.7.1. O6wme amnnuTygbl MOPLUHEBLIX MaLLUMWH
paccymTbiBalOTCA NYyTEM COBMELLEHNSA CUHAA3HbIX
NepPBUYHLIX W BTOPUYHBbIX amnnutyg. O6was
OBOWHaa amnnutyga dyHgameHTa He [OfKHa
npeBbiWaTb 3HAYEHUdA, onpedenéHHble Bbllle B
rnase 11.1.

11.7.2. ®dyHOamMeHTbl MOPLUHEBLIX MaLUWH, Npu
HeobXxoOuMMOCTM  UCMOSb30BaHMA CBaKl, OyayT
onupaTtbcsi Ha bornee 4Yem 2 psigax ceaw.

11.7.3 HeypaBHOBeLWlEHHbIE CUNbl U MOMEHTHI:
KOHCTPYKLMSA AOIKHa yu4nTbIBaTH
HeypaBHOBELLUEHHbIE CUMbl U MOMEHTbI. [omumo
3TOrO, HeobxoaMMo yynTbIBaTH
HeypaBHOBELUEHHbIE MOMEHTbI, PacCYUTaHHble
NYyTEM YMHOXEHUS HeypaBHOBELLUEHHbIX CUIT Ha KX
SKCLEHTPUYHOCTW.

11.7.4. lNepBUYHbIE CUNbI, Napbl CUIT U MOMEHTbI
OOIMKHbI MPUMEHATBLCS HA CKOPOCTM MalUMHbI MO
BCEMY AManasoHy 3afaHHbIXx paboumx ckopocTen
Ana pacyéTa NepBUYHbIX aMMNUTYA.

11.7.5. BTopuyHble cunbl, Napbl CUNT U MOMEHTbI
OOMMKHbI NMPUMEHATBCA Ha YOBOEHHOW CKOPOCTU
MaLLWHbI N0 BCEMY Auana3oHy 3afdaHHbIX pabo4mx
CKOpOCTeNn Ans pacdéTta BTOPUYHbIX amMnnuTya.

11.8. Ocob6ble TpeboBaHuA K
BpaLllaloWMUMCA MallMHaMm

11.8.1. OO6wue amnnuTygbl BpaLlaOLLMXCS
MalUWH pacCYUTBLIBAOTCS MYTEM COBMELLEHUS
cvHgasHbix amnmTyd. [pyu Hannuum ©Gonee
OfjHOTO poTopa aMnnuTyabl OOMKHbI
paccunTbiBaTbCsl C  Y4€TOM cwunl poTopa,
NPUHUMAEMbIX Kak B CUH(A3HOM pexume, Tak U
Ha 180 ° BHe (asel AnNg nNonyyYyeHus
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11.8.2.The amplitudes shall not exceed the following
values on the bearing points along the machine
shaft axis, the points of machine anchors and the
machine reference plates’ level/ top level of the
concrete supporting table.

MaKCMManbHON n00TynaTean0|71 aMmnnnTyabl u
amMnnnTyabl 3aKpyy4nBaHUA.

11.8.2. AMNnMTyabl He [OOJMKHbI NpPEeBbIATb
crnepywoLmne 3Ha4YeHNs Ha OMOPHbIX TOYKaxX BAOIb
ocY Bana MaluWHbl, TOYKaX aHKEPOBKN MalLVHbI U
KOHTPOSbHOrO YPOBHS MAWUTbI MalUUHbLI/BEPXHETO
YPOBHS 6ETOHHOM ONOPHOM NMOLLAaKN.
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Table 16: Rotating Machines Bearing Points Maximum Amplitudes
Ta6nuua 14. MakcMmanbHble aMNAUTYAbl B ONOPHbIX TOYKaX BpawalowWwmxcsa MalluvH

Speed of rotor (rpm) Effective half-peak
CKkopocTb poTopa amplitude (mm)
(06./MMH.) AdcpekTnBHaAnA
nonynukoBas amnnuTyaa
(Mm)
0-999 0,035
1000-1169 0,033
1170-1269 0,030
1270-1389 0,028
1390-1525 0,025
1526-1699 0,023
1700-1899 0,020
1900-2179 0,018
2180-2499 0,015
2500 and above/2500 u 0,013
BblLLIE
The effective half-peak amplitude being | 3ddekTnBHan nonynukoaas aMnnntyaa,
calculated based on DIN ISO 10816-1 (formula | paccuntbiBaemas cormacio DIN I1SO 10816-1
Ad): (dbopmyna A4):

Peak-to-peak amplitude 450*max allowable

velocity/ operation frequency.
Hence, for example for 250rpm:

Peak-to-peak amplitude = 450*3.5mm/s /
(2500 /60 Hz ) = 37.8 pm

Half-peak amplitude = 37.8 / 2 = 18.9 pm

Effective half-peak amplitude= 18.9/V2 = 13.4
pm

11.8.3. Amplitudes shall be determined using
dynamic forces from each rotor, calculated as

[OsoriHas amnnutypa = 450 * makc. gonyctumyto
cKopocTb/pabouyto yacToTy.

Taknm obpasom, Hanpumep, ns 250 06/MuH:

[BoriHas amnnutyga = 450*3,5 mm/c / (2500
/60 'y, ) = 37,8 Mkm

MonynukoBasi amnnutyga
37,8/2 =18,9 MKm

OddekTnBHaa nonynukoasa amnnutyga= 18.9 /
V2 = 13,4 MKM

11.8.3. AMNAnMTYabl  AOIMKHBbI

onpepgenAaATbCcA no
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follows in the absence of more accurate | gUHaMM4eckMm cunam OT Kaaoro poTtopa,

information: paccuntaHHbiM  crniegyowiuMm - obpasom  npwu
Dyn Force (kN) = Rotor weigth (kN) x Rotor | otcytcTBum 6onee ToyHON nHopmaumm:
speed (rpm) / 6000 OvH. cuna (kH) = Bec poTopa (kH) X ckopocTb

potopa (06/muH) / 6000

12. Design of Steel Structures 12.lMpoekTpoBaHune
MeTannoKOHCTPYKLMN
12.1.1. Deflection 12.1.1.Mpornd

MakcumanbHO gonycTuMmbln  60koBoW  nporné
METanfOKOHCTPYKUUIA OOMKEH ObITb TakuUM, Kak
yKasaHo B criegytoLlen Tabnuue:

Maximum allowable lateral deflection of steel
structures shall be as specified in following table:

Table 17: Maximum allowable lateral deflection for steel structures
Tabnuua 15. MakcMmManbHbIA 4ONYCTUMbIN GOKOBOM NPOrMG MeTannoKOHCTPYKLUNA

Pipe Rack/actakaga 1/ 150 of the height for columns/1.150
OT BbICOTbI KOJIOHH

Building/3pganue 1/200 of the height/ 1/200 oT BbICOTHI

Process Structure/TexHonornyeckas KOHCTPYKLUS 1/200 of the height/1/200 oT BbICOTBI

Cold boxes/XonoaHble 6r10km Refer to AL Specification
CPY-GS-2-1-1/Cm. TY CPY-GS-2-1-1
AL

Crane supporting structure (for crane in service during hurricane | 1/400 or 50mm,

winds) from the base of the support structure to the top of crane | whichever is less/ 1/400 unu 50 mm, B
runway beam/OnopHas KOHCTPYKUMS KpaHa (4ns KpaHa B | 3aBUCUMOCTM OT TOrO, YTO MEHbLUE
paboyem pexume npu yparaHHOM BeTpPe) OT OCHOBaHUS
OMOPHOW KOHCTPYKLMU K BEPXY Hanpaensitowen 6anku kpaHa
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12.1.2.Maximum allowable lateral deflection/drift of
steel structures for seismic forces shall be as per
the applicable codes/standards.

12.1.3.Maximum vertical deflection for other
components shall be as shown in the following
table:

2.1.2. MakcumanbHO  JonycTumbld  BOKOBOM
nNpornb/oTKNoOHeHne MEeTannoOKOHCTPYKLUIA B
cnydyae CeMCMUYEeCKUX  BO3OEWCTBUN  OOITKEH
COOTBETCTBOBATb NPYMEHUMBIM Hopmam/
npasunam.

12.1.3.MakcumanbHbll -~ BepTUKanbHbiA  Npornb

OpYrMx KOMMOHEHTOB [OfMKEH COOTBETCTBOBATb
yKasaHHOMY B crneaytollen Tabnuue:

Table 18: Maximum allowable vertical deflection for other components
Ta6bnuua 16. MakcMmManbHO AONYCTUMbIN BEPTUKaNbHbIN NPOrMé Ansa Apyrmx KOMNOHEHTOB

Piperack & process structure beams

(ocHOBHas 1 NpomexyTo4Hasl)

(main
intermediate)/actakaga n 6anky TeXHONOrMYeCKOM KOHCTPYKLUK

and | 1/300 of the span/nponéta

Building purlin/obpelweTtuHa 3gaHus

1/200 of the span/nponéTta

Building roof truss/cepma kpbilin 3aaHus

1/300 of the span/nponéta

Platforms and walkways/nnatdopmbl 1 NPOXoAbI

1/300 of the span/nponéTta

Grating and checkered plates/kapkac u pudnéHbie NUCThbI

1/200 of the span/nponéta

Monorail beams/moHopenbcoBble 6anku

1/450 of the span/nponéTta

Crane Runway Beams/HanpaBnsitowme 6anku kpaHa

1/800 of the span/nponéta
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12.2. Structural System of Piperacks

12.2.1. Longitudinal direction of piperack
Braced system with preferably hinged supports
at the foundation interface.

12.2.2. Transversal direction of piperack
Framed system with preferably hinged supports
at the foundation interface, in order to optimize
foundation design.

12.2.3.If braced system is possible in this
transverse direction, with bracings starting from
the foundation interface level, and not from mid-
height of columns, then this should be
privileged.

12.2.4. For small piperacks, chemical anchor
bolts could be used.

12.3. Structural System of Equipments
supporting structures

12.3.1.In  both directions of the structure,
longitudinal and transversal, vertical braced
system should be privileged for the general
stability, in compliance with the piping and
equipment installation requirements. This
requirement is however highly recommended in
the direction of the steel columns profiles weak
axis direction.

12.3.2. The equipments supporting levels shall
be horizontally braced below their platforms in
order to insure the appropriate transfer of their
horizontal loads to the vertical structure resisting
frames/ braced systems.

12.4. Calculation of Skid’s Center of

12.2.Cuctema COOpyXeHUA ICTaKagbl
TpybonpoBoaoB.

12.2.1._[MpogonbHOe HanpaBrieHne acTakadbl:
cuctema 3aTaXKek c npeanoyYTUTENbLHO
LIapHUPHBIMK ornopamu Ha 3aknajake
dyHOaMeHTa.

12.2.2. [Nonepe4yHoe HanpasneHuve 3cTakadbl:
pamMmHasi cuctema c npeanoyYTUTENLHO
LIapHUPHbIMK ornopamu Ha 3aknajake
dyHOaMeHTa B Lensx onTuMmsaumnmn
KOHCTpYKUMM PyHAAMEHTA.

12.2.3. Tlpn BO3MOXHOCTU MCMOMb30BaHMSA B
nonepeyHoM HanpaBfieHUN CUCTEMbI 3aTsPKeK, B
KOTOPOM  3aTshKKM  Ha4MHAOTCS C  YPOBHS
3aknagkm dyHOameHTa, a He CO cpefHen
BbICOTbI KOMOHH, NPeAnoYTUTENBHO NPUMEHNATH
OaHHbIA BapuaHT.

12.2.4.1na  HebonbWKX 3cTakag  MOXHO
MCMnosb3oBaTh XMMUYECKNE aHKEPHbIe GONThI.

12.3.Cuctema CcoOOpYXeHUS OMOPHbIX
KOHCTPYKLMI o6opyaoBaHUsA

12.3.1. B oboux HanpaBneHusIX KOHCTPYKLUUN -
NPOAONbHON W MONEPEYHON — MpegnoyvTeHne
OTAAéTCA cucTeMe BepTuKarbHbIX 3aTsXeK Anst
obecneyeHus obLen yCTONYMBOCTU B
COOTBETCTBMM C TpeboBaHUSIMM K YCTaHOBKe
Tpy®6 n obopymoBaHuio. HecmoTps Ha 37O,
HacToATEeNbHO PEKOMEHAYETCS BbINOMHUTE 3TO
TpeboBaHne B HanpaBneHun cnabow ocu
npodounen crasnbHbIX KOSTOHH.

12.3.2. YpoBHM onopbl 060pyAoBaHUSA AOMKHbI
ropn3oHTarnbHO 3aTarnBaTbhCcA nog nx
nnargopmamu B uenax  obecnedveHus
Hagnexawen nepegavm WX TOPU3OHTamNbHbIX
Harpy3ok Ha pambl C  COMPOTMBIIEHMEM
BEPTUKAITBHOW KOHCTPYKLMN/CUCTEMbI 3aTsHKEK.
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Gravity

12.4.1.Skids shall be checked, in addition to the
operational load case, for transportation and
handling phases, in compliance with CPY-GS-2-
1-1.

For the transportation and handling phase
structural checking, in order to calculate
properly the appropriate location of the center of
gravity, it is more appropriate to consider for the
pipes vertical loads the ones given by the piping
designer, which shall also integrates the vertical
loads relative to the potentially existing
equipments and valves on the skid.

These loads will be indicated by the piping
designer on the structural guide drawings in
terms of point loads with possibly the indication
of the origin of these loads (equipment, valve,
pipe diameter). The structural designer should
integrate these data within its calculation note.

12.4.2.Skid’s center of gravity shall be
calculated with the following information:

= Mass of piping + location of piping
center of gravity

= Mass of equipments + location of
equipment centers of gravity

= Mass of valves + location of valve
centers of gravity

= Mass of steel structure + location of

structure center of gravity

With this information, global skid’s center of
gravity shall be calculated with the following
formula:

12.4.PacyéT uUeHTpa TAXECTU paMHOro
6noka

12.4.1. TMomumo cny4dast paboyen Harpysks Ha
aTanax  TPaHCMOPTUMPOBKU " norpysku-
pasrpysku, HeobxoaMMO NPOBEPUTL pPaMHble
©noku B cootBeTcTBUMN ¢ CPY-GS-2-1-1.

Ona  npoBepks  KOHCTPYKUMM Ha  3Tane
TPaHCMOPTUPOBKU 7 MOrpy3K1-pasrpy3Ku,
NpaBuUbHOIO pacuyéta HagJsiexarlero
pacronoxeHus LleHTpa TSDKECTU
uernecoobpasHee NpuUHUMaTb 3a BepTUKasibHbie
Harpyskm Ha Tpybbl Te Harpysku, koTopble
onpeaeneHsbl MPOEKTUPOBLLIMKOM
TpyGOMNpoBOAOB, M B TakMe Harpysku Takke
JOIMKHbI BXOOUTb BepTMKalibHble Harpysku Mo
OTHOLLUEHMIO K MOTEHLMArbHO CYLLECTBYIOLLEMY
obopyaoBaHMWIo M KnanaHaMm Ha pamHoM Brioke.

o1n Harpysku oyayT yKa3aHbl
NPOEKTUPOBLLMKOM Tpybonposoaos Ha
KOHCTPYKTMBHbBIX PYKOBOSALMX YepTexax Kak
TOYEYHble Harpysku C BO3MOXHbIM yKaszaHuem
ux npoucxoxaeHua (obopygoBaHue, KnanaH,
OnameTp Tpy6bl). MNPOEKTUPOBLLUMK KOHCTPYKLNN
OOmKeH o0beauHWTb 3TU [daHHble B CBOEN
pacyéTHON BEAOMOCTW.

12.4.2. UeHTp TaXecTu pamHoro 6noka
paccuuTbiBaeTCs Ha OCHOBaHWM  crnefyoLlen
WHpopmaunm:

= Macca Tpy6onpoBoaa + pacnonoxeHue
LieHTpa TshxecTu Tpy6onposoaa

= Macca oGopyaoBaHusa + pacrnonoxeHue
LIeHTPOB TshxecTn o6opyaoBaHus

= Macca knanaHoB + pacrosiokeHue
LIEHTPOB TSXECTU KrnanaHoB

= macca MeTarnoKOHCTPYKLUM +

pacronoXXeHne LEHTPa THKECTU KOHCTPYKLIMU.

Ha ocHoBaHuUM 3TOWM WHGOPMaUUU  LEHTP
TSXKECTU obuwero pamMHoro onoka
paccunTbiBaeTCA No crieaytowen popmyne:
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Xg (3)
_ (axxy) + (b xxp) + (cXxc) Xg (3)
= 2+ bt _(axxy) + (b xxp) + (c X x)
Yo (4) a+b+c
(aXyA)+(b><yB)+(c><yC) Ve 4)
- atb+c _(axy )+ B xyy) +(exy)
Zg (5) B a+b+c
B (axzy)+ (bxzg)+ (cXz) Z; (5)
- a+b+c _(aXzA)+(b><zB)+(c><zC)
With a+b+c
= G: skid’s center of gravity e :
= x: North coordinate = G: LUeHTp TSHKeCcTn pamHoro 6noka
= y: East coordinate = X: ceBepHasi koopAnHaTa
= z: Elevation coordinate = y: BOCTOYHasi KOOpAUHaTa
= A, B, C, ...: equipments, piping, valves, | = Z: KOOpAVHATA OTMETKM BbICOTbI
structure, ... = A, B, G, obopynoBaHue,
= a,b,c,...massofA B,C, ... TpyGONpPOBOAbI, KnanaHbl, KOHCTPYKLMS, ...
. , = a,b,c,...macca A, B, C, ...
12.4.3.For the preliminary phase of the design, 1243
the following lump sum coupled assumption -4.3.Ans MPEABAPNTENEHOTO oTana
MPOEKTMPOBAHUS MOXHO paccMoTpeThb

(Weight; CoG) could be considered :

. Skid Total weight = Increase of 20% of
total weight of equipments, pipings, valves,
structure, etc, together with,

. Skid CoG = Centre of the Skid in all
directions.

12.5. Cold Box steel structure design

Refer to Air Liquide specification CPY-GS-2-1-1
: Cold Box Design

12.6. Casings steel structure design

Refer to Air Liquide specification CPY-DS-2-1-1
Detailing standards of cold boxes and
cryogenics casings

crnefyollee ycrnosue, BKNovawliee obLyo
CYMMY (BEC; LIEHTP TSHKECTN):

» O6wmi Bec pamHoro brnoka= yBenuyeHve Ha
20% ot obwero Beca o0bopygoBaHus,
TpybonpoBoAOB, KranaHoB, KOHCTPYKLUMU U T. 4.
BmecTte ¢

* LUEeHTp TAXeCTn paMHOro onoka = LEHTP
paMHOro ©noka BO Bcex HanpaBneHnax.
12.5. lNMpoekTupoBaHue

MeTamINMOKOHCTPYKUUKN XonogHoro 6noka

Cm. TY CPY-GS-2-1-1 «[poekTupoBaHue
xonogHoro 6noka» Air Liquide.

12.6.MpoekTpoBaHue
MEeTaNNMOKOHCTPYKLIMU KOXYXOB

Cm. TY CPY-DS-2-1-1 «[NogpobHblie cTaHaapThI

DISCLAIMER: Read the disclaimer in this document prior to use.
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12.7. Connections

Connection detail design shall be thoroughly
performed and analyzed, taking into account
constructability issues, in order to foster an easy
and quick erection on site.

12.8. Calculation notes

Calculation notes for steel structures shall follow
the requirements listed in Air Liquide
specification CPY-EP-2-0-1 : Calculation note
procedure.

12.9. Access, stairs, ladders, handrails
and grating

All details and requirements regarding access,
stairs, ladders, handrails and grating, shall
follow the requirements listed in Air Liquide
specification CPY-DS-2-0-1 : Access, platforms,
grating, stairs and ladders.

12.10. Earthing Lug for the Steel
Structures and Foundations

12.10.1. Steel structures, piperacks and the like
as well as structural concrete elements and
foundations shall be connected to the plant
earthing general network.

12.10.2.Although the wiring for connecting these
civil/ structural elements to this network is in the
scope of the electrical works, however the
earthing lugs are in the scope of the civil/
structural works.

Ansi XOnoaHbIX 6MT0KOB U KPUOTEHHBIX KOXYXOB>»
Air Liquide

12.7. CoegnHeHuns

Mpouecc NPOEKTMPOBaHNS netanen
COEeOQMHEHMI  TwaTenbHO  MPOBOAMTCA U
aHanuaupyetca € y4étom npobrnem c
KOHCTPYKTMBHOCTbIO, 4TOObI  0bneruntb U
YCKOPUTb MOHTaX Ha nnoLaake.

12.8. PacuyéTHble BeAOMOCTHU

PacueTHble BEAOMOCTM no
MEeTanmnoKOHCTPYKLUSAM OOIMKHBI
cooTBeTCTBOBaTb TpeboBaHWAM, NpUBEAEHHbLIM
B TY CPY-EP-2-0-1 «[pouenypa cocTtaeneHus
pacyéTHbIX BegomocTen» Air Liquide.

12.9.ocTyn, CTYNeHwu, necTHUUbI,
NOPYYHU U Oorpaxaarolume peLéeTku

Bce petanu un TpeboBaHus, Kacarowmecs
AocTyna, necTHWU, JeCTHUL, MOopyYyHen u
peLleTku, JOJDKHBI COOTBETCTBOBaTb
TpeboBaHUsM, nepeyncreHHbIM B
cneuncdukaumm Air  Liquide CPY-DS-2-0-1:
aoctyn, nnatdopMmbl, PeLeTkn, fecTHUUbl |
NecTHULUbI.

12.10. Bont 3a3eMreHus ansa
MeTanNoOKOHCTPYKUUNA N PyHAaMEHTOB

12.10.1. MeTannokoHCTpyKUMM, ONopbl U T.M., a
TakKe CTPYKTYpHble OETOHHbIE 3MeMeHTbl U
yHOAMEHTbI OOMKHbI ObITb COEAMHEHbI  C
obLLel ceTblo 3a3eMIeHNs1 YCTaHOBKM.

12.10.2. HecmoTpa Ha TO, 4TO ObGecnevyeHue
NPOBOAKM ans noacoeavHeHus 3TUX
rPaXOaHCKNX/CTPYKTYPHbBIX 31IEMEHTOB K 3TON
ceTu BXOOUT B OOBEM 3NEKTPOMOHTaKHbIX
paboT, 6onTbl 3a3eMieHuNs BXOAST B OOBEM
rpaXkgaHCKNX/KOHCTPYKLUMOHHbIX paboT.

DISCLAIMER: Read the disclaimer in this document prior to use.
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12.10.3. The earthing lug is a metallic plate, as
shown on the sketch below, integrating a hole
for the later coming electrical wire connection.
This plate should be welded at the bottom level
of the steel structures, close to the ground level,
in a accessible and visible location. For
concrete foundations they will be connected to
the foundations themselves, hence at the
underground level. For the details of the
connection of the earthing lug with the general
earthing circuit refer to Air Liquide specification
CPY-CTP-7-6-3.

12.10.4.The position and number of these lugs
will be based on electrical design project
requirements, and highlighted on civil/ structural
execution drawings.

12.10.3. bont 3asemneHus npeacTaBnseT
cobor MeTannuyeckylo nnuTy, yKasaHHyl Ha

PUCYHKe HUXe, C oTBepcTMemM AN
nocnenyoLlero NoAKMtoYeHns
anekTponposoaa. OT1a nnuTa OOrMmKHa
npuBapuBaThLC Ha HDKHEM ypoBHe

METaINTOKOHCTPYKUUIA Bnnke K YPOBHIO 3eMnu,
B OOCTYMHOM U BUOMMOM MecTe. B OeTOHHbIX
dyHOaMeHTax OHM OyayT CcoeauHsaTbcs C
cammmu dyHOamMeHTamu, T.e. Ha NOA3EMHOM
YpOBHe. MoapobHyto WHopmMaLnio o}
coeonHeHMn OonTta 3as3emneHns ¢ obllen
cxemon 3asemrneHuna cm. B TY CPY-CTP-7-6-3
Air Liquide.

12.10.4. MNonoxeHne 1 KonnyecTBo 3TUX bonToB
OyayT 3aBuUCETb OT MPOEKTHbIX TpeboBaHWMI K
ANEKTPUYECKMM KOHCTPYKLUMSAM M BbIOENATHCSA
Ha rpaXgaHCKUX/CTPOUTENbHbIX
WCMOSTHUTENBHbIX YepTexax.

Figure 28: Earthing Lug Details
Puc. 28. letanu 6onTta 3aseMneHus

-

Material: Stainless steel
_— Approximative plate dimensions: 50x50x4

MaTtepuan: HepxasetoLiasa ctanb

A1 MpnbnManTenbHbIE pasMmepbl NNUTLI:

Continuous weld

HenpepbiBHBbIN WOB

50x50x4
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12.11. Fireproofing of Steel Structures

Fireproofing of steel structures, shall follow the
requirements listed in Air Liquide specification
G-GS-1-0-2 : Fireproofing work

12.12. Corrosion allowance

Refer to the specific project painting specification

12.13. Embedded items

Refer to Air Liquide specification CPY-GS-1-3-3 :
Anchor Bolt systems

12.14. Welding and NDE

Refer to Air Liquide specification CPY-GS-2-0-11 :
Welding and NDE

12.15. Miscellaneous steel structure

12.15.1.Piping standard supports shall be handled
by Piping department and shall not be shown in
steel structure detail drawings. Refer to applicable
piping standards.

12.15.2.E&I standard supports shall be handled by
Installation/ E&| departments and shall not be
shown in steel structure detail drawings. Refer to
applicable relevant standards.

12.11.0rHecTOMNKOCTb
MeTannoOKOHCTPYKLUN

OrHecTorKoe NOoKpbITUE METaNSIOKOHCTPYKL I
OOIMKHO COOTBETCTBOBATL TpebOBaHMSM,
npuBeféHHbIM B TY G-GS-1-0-2 «PaboTbl no
obecnevyeHno OrHECTOMKMNX NMOKPbITUIA» Air
Liquide.

12.12.[lonyck Ha KOpPpPO3Uo

Cwm. TY Ha nokpacky no onpeaen&HHoOMy NpoeKkTy

12.13.3aknagHble getanu

Cm. TY CPY-GS-1-3-3 «AHKepHble GonTtbl» Air
Liquide.
12.14.CBapka u Hepa3pyLuiarowme UcnbITaHUA

Cm. TY «CBapka n HepaspyLualoLlue UChbITaHWs»
CPY-GS-2-0-11 Air Liquide

12.15.Pa3Hoobpa3Hble MeTanoKOHCTPYKLUN

12.15.1.CtaHgapTHble  onopbl  TpybonpoBoaoB
OOIKHBI obecneunBaTbCA oTaenom
TpyOONpPOBOAOB M HE [OMMKHbl YKa3biBaTbCA Ha
yepTexax AeTanenh MeTannoKOHCTpyKuuin. Cwm.
NpYMeHUMbIe CTaHdapTbl Ha Tpybonposoap.

12.15.2. CraHpapTHble 3neKTpuYeckue "
KOHTPOMbHbIE OMOpbl  AOMKHbI 0becneynBaTbCA
oTgenamy N0 BOMpPOCaM  YCTaHOBKW/AMEKTPO-
TEXHUYECKMM OTAESIOM W He YyKa3blBaloTCA Ha
yepTexax AeTanenh MeTannoKOHCTpyKuun. Cwm.

npuMeHnMble COOTBETCTBYOLLME CTaHOapPThI.

DISCLAIMER: Read the disclaimer in this document prior to use.
3AABITIEHVE OB OTKA3E OT OTBETCTBEHHOCTW: o3HakoMbTeCh C 3asiBlieHMEM B HACTOSALLEM AOKYMEHTE 40 UCMOMb30BaHUS.




GENERAL SPECIFICATION

(@ AirLiquide
OBLWWHME TEXHUYECKHUE YCITOBUA

ENGINEERING & CONSTRUCTION

Cryogenics & Lurgi
technologies

CIVIL AND STRUCTURAL G-GS-1-0-1

DESIGN & CONSTRUCTION BASIS Rev. / Pog. 1

WCXOAHBIE NAHHBIE AN TPOEKTUPOBAHMS U1 Page 109/ Cp. 109 of
n3

CTPOUTENbCTBA 30AHNA U COOPYXXEHUA

¢INTERNAL/BHYTPEHHW/N LOKYMEHT

13.APPENDICES/13. NPUITOXEHUA

13.1. Appendix 1: Industry codes and standards/13.1. MpunoxeHue 1: npombILWEeHHbIe
HOPMbI U CTaHAAPTbI

USA/CLUA
ASCE/SEI American Society of Civil Engineers/Structural Engineering Institute/
AMepurKkaHCKoe 0BLLECTBO MHXEHEPOB rpaXaaHCKoro CTpouTenbCcTBa
 ASCE/SEI7 Minimum Design Loads For Buildings and Other Structures/MuHumaneHbie

» ASCE/SEI 37

MPOEKTHbIe Harpy3kn Ha 30aHUs U Apyrue KOHCTPYKLMK

Design Loads on Structures During Construction/IIpoekTHble Harpysku Ha
KOHCTPYKLMM B XOA€E CTPOUTENbLCTBA

ANSI/AISC American National Standards Institute/American Institute of Steel
Construction/AmepukaHckmi HauMOHanbHbIN WUHCTUTYT
cTaHaapTusauun/AMeprKaHCKUA MHCTUTYT CTarnbHbIX KOHCTPYKLMIA

+ AISC 341 Seismic Provisions for Structural Steel Buildings/Cericmuyeckne nonoxeHus
Mo 34aHUSIM C METarNOKOHCTPYKLUAMM
+ AISC 358 Prequalified Connections for Special and Intermediate Steel Moment Frames

for Seismic Applications/[peaBaputenbHO MOArOTOBIIEHHbIE COEAVUHEHMS
ONs cneumanbHbIX U MPOMEXYTOYHbIX KECTKUX pPaMHbIX KOHCTPYKUUA Ans
NMPUMEHEHUS1 B CECMMUYECKMX YCIOBUSX

* ANSI/AISC 360 Specification  for  Structural Steel Buildings/TY Ha 3gaHua c
MEeTannoKOHCTPYKUUSMU
ACI American Concrete Institute/AmepukaHcknin MHCTUTYT GeToHa
+ ACI318 Building Code Requirements  for  Structural Concrete  and
Commentary/TpeboBaHnuss ~ CTPOUTENbHLIX  HOPM W MpaBun  Ans
CTPOUTENBHOIO 6ETOHA M KOMMEHTapum
IBC International Building Code/MexayHapogHble cTaHAapTbl CTPOUTENBLCTBA
Europe/EBpona
« BSCP2012 Code of practice for foundations for machinery. Foundations for reciprocating
machines/CTpouteneHble Npasuna n HOpMbl MO yHAAMEHTaM AN TEXHUKMN.
®yHOaMeHTbI Ans NopLUHEeBbIX MaLUuH
» DIN 4024-2 Machine foundations, rigid foundations for machinery with periodic

excitation/®yHgameHTbl MalUMH, XEcTkMe yHOaMeHTbl A MalivH C
nepuoanyecknm Bo3byxaeHvem
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« EN1090 Execution of Steel Structures — Part | Requirements for conformity
assessments of structural componenents. Part || Technical requirements for
steel Structures/BbinonHeHne meTannokoHCTpykumi. YacTe |. TpeboBaHus Kk
OLleHKE COOTBETCTBUSA 3MIEMEHTOB KOHCTpyKuuu. Yactb Il. TexHudeckue
TpeboBaHMsA K METANNTOKOHCTPYKLUAM.
« EN1990 Basis of structural design/OcHoBbl NPOEKTUPOBaHUS COOPYXEHUI
« EN1991 Actions on structures/BosgencTeme Ha CTPOUTENbHbIE KOHCTPYKLMK
» EN1991-1-1  Actions on structures. General actions. Densities, self-weight, imposed loads
for buildings/ BosgewctBne Ha cTpouTenbHble KOHCTpykumn. Obwme
aencteus. NNOTHOCTH, yaenbHble BEC, BPEMEHHbIE HArpy3k/ Ha 30aHus
> EN1991-1-3 Actions on structures. General actions. Snow loads/ BosgeicteBne Ha
cTpouTenbHble KOHCTpyKUunn. Oblune aencteus. CHerosble Harpyskm
» EN1991-1-4  Actions on structures. General actions. Wind actions/ BosgelictBue Ha
cTpouTenbHble KOHCTpyKUunn. Obline aencTems. BeTpoBble Harpysku
« EN1992-1 Design of concrete structures. General rules and rules for
buildings/lMpoekTupoBaHue xene3obeToHHbIX KOHCTpyKUniA. OBLLme npasuna
W npaBuna ans 3gaHun
« EN1993-1 Design of steel structures. General rules and rules for buildings/
MpoekTnpoBaHue Xenes3obeTOHHbIX KOHCTpykuMiA. OOwme npasBuna wu
npasuna gns 3gaHun
« EN 1998 Design of structures for earthquake resistance/llpoekTnpoBaHmne

China/Kutan
« GB50007-2011

+ (GB50009-2012

+ (GB50010-2010

+ GB50011-2010

+ (GB50017-2003

CENCMOYCTOMYMBLIX KOHCTPYKUUIA KOHCTPYKLIUA.

Code for design of building foundation/CtpoutenbHble npaBuna ans
NPOEKTMPOBaHNA PyHAAMEHTOB 34aHWI

Load Code for the Design of Building Structures/MecTHble CTpouTeENbHbIE
npaBuna Ans NPOeKTMPOBaHUSI KOHCTPYKLUMIA 30aHWIA

Code for design of concrete structures/ CTtpouTenbHble npaBuna ans
NPOEKTUPOBAHNSI BETOHHBIX KOHCTPYKLMIA

Code for Seismic Design of Buildings/CtpoutensHbele npaswna Ans
CENCMOCTOMNKOro NPOEKTUPOBaHNA 30aHUN

Code for design of steel structures/CtpoutensHble npaBuna Ang
MPOEKTUPOBAHUS METaNMOKOHCTPYKLIMIA
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3AABNEHNE OB OTKA3E OT OTBETCTBEHHOCTW: 03HakoMbTeCh C 3asiBIEHMEM B HACTOSALLEM JOKYMEHTE [0 UCMOMNb30BaHUS.




(@ AirLiquide

ENGINEERING & CONSTRUCTION

GENERAL SPECIFICATION
OBWHUE TEXHUYECKUE YCIIOBUA

Cryogenics & Lurgi
technologies

CIVIL AND STRUCTURAL G-GS-1-0-1

DESIGN & CONSTRUCTION BASIS Rev. / Pog. 1

WCXO[MHBIE [AHHBIE ANSi MPOEKTUPOBAHMS U Page 111/ Crp. 111 of
n3

CTPOUTENbCTBA 30AHNA U COOPYXXEHUA

¢INTERNAL/BHYTPEHHW/N LOKYMEHT

+  HG/T20670-2007

+  HG/T20674-2005

» SH/T3055-2007

India/Unans

o 1S:456

+ 1S:800

e IS:
2)/(4acTb 2)

o IS:
3)/(vacTb 3)

o IS:
4)/(vacTb 4)

e IS:

5)/(vacTb 5)

e |IS:

1)/(vactb 1)

e |IS:

4)/(vacTb 4)

(part

(part

(part

(part

(part

(part

Specification for design of pipe supports and pipe pier in chemical and
petrochemical industry/TY Ha npoekTupoBaHue onop Tpyb u TpybonpoBoaos
B XMMNYECKOMN N HEPTEXMMNYECKON NPOMbILLSIEHHOCTHN

Load Specification for Design of Construction/TY Ha pacdé€T Harpysku Ans
MPOEKTUPOBAHUS KOHCTPYKLWIA

Specification for Design of Pipe Supports in Petrochemical Industry/TY Ha
NpoeKTMpoBaHMe onop Tpyd B HEPTEXUMUYECKOW NPOMbILLNIEHHOCTH

Plain and Reinforced Concrete - Code of Practice/HeapmunpoBaHHbIi 1
apMupoBaHHbIi 6eToH. CTpouTernbHbIE NpaBunia 1 HOPMbI

General Construction In Steel - Code of Practice/Obwmne cranbHble
KOHCTPYKUMK. CTpouTenbHble NpaBuia U HOpMbI

Code of Practice for Design Loads (Other than Earthquake) for Buildings and
Structures: Part 2: Imposed Loads/CtpoutenbHble npaBuna v HOPMbl ANS
MPOEKTHbIX Harpy3ok (OTNMYHBIX OT CEWCMMYECKMX) Ha 34aHus U
KOHCTPYKUMU. YacTb 2: BpEMEeHHbIE Harpy3sku

Code of Practice for Design Loads (Other than Earthquake) for Buildings and
Structures: Part 3: Wind Loads/ CtpouTenbHble npaBuna M HOpMbl ON1s
MPOEKTHbIX Harpy3ok (OTNMUYHbIX OT CEWCMMWYECKMX) Ha 34aHus U
KOHCTpYyKUMKN. YacTb 3: BeTpOBble Harpysku

Code of Practice for Design Loads (Other than Earthquake) for Buildings and
Structures: Part 4: Snow Loads/ CtpoutenbHble npaBwuina M HOPMbl ANs
MPOEKTHbIX Harpy3ok (OTMMYHBIX OT CEWCMMYECKMX) Ha 34aHus U
KOHCTPYKUMU. YacTb 4: CHEroBble Harpysku

Code of Practice for Design Loads (Other than Earthquake) for Buildings and
Structures: Part 5: Special Loads And Combinations/ CtpoutenbHble
npaBuna u HOpMbl A1 NPOEKTHbIX HAarpy3oK (OTMAMYHbIX OT CEMCMUYECKMX) Ha
30aH1A U KOHCTPYKUMK. YacTb 5: ocobble Harpy3kv u codeTaHns

Criteria for Earthquake Resistant Design of Structures: Part 1: General
Provisions and Buildings/Kputepun npoektupoBaHMsi CENCMOCTOMKMX
KOHCTpyKUMI. YacTb 1: obLime nonoxeHusa n sgaHuns

Criteria for Earthquake Resistant Design of Structure: Part 4: Industrial
structures including stack-like structures)/ Kputepum npoekTnpoBaHus
CEACMOCTOMKNX KOHCTPYKUMW. YacTb 4: NpOMbIWIIEHHLIE KOHCTPYKLMM,
BKIHOYas WTabenbHble KOHCTPYKLMM
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13.2.Appendix 2: Piping loads on piperacks

MpunoxeHune 2.Harpy3ka TpybonpoBoaa Ha acTakagbl

13.2.1.Piperack Structure — Members Terminology

KoHcTpykuus actakagbl. O603HaYeHus aetanen

Figure 29: Piperack Structure — Members Terminology

Puc. 29. KoHcTpyKuusa actakagbl. O603HauYeHNA aeTanen
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Transverse intermediate beams

[MonepeyHble NPOMEXYTOYHbIE 6ankm

Tie beam \

Barka nepekpbiTus

A y 4

Cnlumn
e FEAME ] (oromma
Pama Transverse beam

MonepeyHas 6anka

Frarmes distance

PaccTosiHue pam
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Stability bracings

BaTsHkKy ANs YCTOMYNBOCTH

Trangyerse
diregtion

MonepeyHoe HanpasneHue

Longitudinal
e

direction

MpogonbHoe Hanpasnexne

Fiperack wadth

LnpuHa acTakagbl
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13.2.2.Piping Arrangement Example on a piperack & Piping Loads Terminology

13.2.2. Npumep pacnonoxeHus TpybonpoBona Ha acTakage U 0603HaYeHUs1 Harpy3oK Ha
TpybonpoBopn

Figure 30: Piping Arrangement Example

Puc. 30. Mpumep pacnonoxeHusa TpybonpoBoaa

0¥Q)

OO

Piping Loads Terminology/O603Ha4yeHusi Harpy3ok Ha Tpyb6onpoBobl
PUV_E/ Pipes Uniform Vertical Load in /PaBHoMepHas BepTukansHasi ~ Empty / Operation / Test Phase
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o/T

PCV_E1/
Oo1/T1

PCV_E2/
02/T2

PUL_E/
o/T

PCL_E1/
Oo1/T1

PCL_E2/
02/T2

PUT_E/
o/T

PCT_E/
o/T

Harpyska TpyGonpoBofoB

Pipes Concentrated 1st (and 3rd) Vertical Load in /1as (n 3b5)
BepTMKanbHas CocpefoToYeHHas Harpyaka TpybonposoaoB

Pipes Concentrated 2nd Vertical Load in/ 2as BepTukanbHas
COCpEeAOTOYEHHas Harpy3ka TpybonpoBooB

Pipes Uniform thermal Longitudinal Load in/PaBHomepHas
npogonbHas TennoBas Harpyska TpybonpoBoaoB

Pipes Concentrated thermal 1st (and 3rd) Longitudinal Load in/
1aa (n 3bsa) CocpenoToyeHHasi NpogosbHas TennoBas
Harpyska Tpybonposoaos

Pipes Concentrated thermal 2nd Longitudinal Load in/ 2as
cocpefoToYeHHas NpodonbHas TeNnoBas Harpyska
TpybonpoBoaos

Pipes Uniform loads thermal Transverse component
in/TennoBas nonepeyHasi KOMNOHEHTa PABHOMEPHbIX Harpy3oK
Tpybonposoaos

Pipes Concentrated thermal Transverse Load
in/CocpefoTo4eHHasn TennoBas nonepeyHas Harpyska
TpybonpoBoaoB

MopoxHuit/pabounin/
ucnblTaTenbHbIN PEXUM

Empty / Operation / Test Phase
MopoxxHuii/pabounin/
ncnbiTaTernbHbIA PeXUM

Empty / Operation / Test Phase
MopoxxHuii/paboumnin/
ucnblTaTenbHbIN PEXUM

Empty / Operation / Test Phase
MopoxHuiA/pabounin/
ucnblTaTenbHbIN PEXUM

Empty / Operation / Test Phase
MopoxxHuiA/paboumnin/
ucnblTaTenbHbIN PEXUM

Empty / Operation / Test Phase
MopoxHuiA/pabounin/
ucnblTaTenbHbIN PEXUM

Empty / Operation / Test Phase
MopoxHuiA/pabounin/
ucnblTaTenbHbIN PEXUM

Empty / Operation / Test Phase
MopoxxHuiA/paboumnin/
ucnblTaTenbHbIN PEXUM
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13.2.3.Piping Loads Application Figures — Operation, Erection and Hydrostatic phases

13.2.3.Cxema npunoxeHus Harpy3ok TpyoonpoBoaa Ha 3Tane 3Kcnnyatayum, MOHTaxa u B
rmapocTaTMYeCKOM pexume

Figure 31: Pipes Operating Loads
Puc. 31. Pabouue Harpy3ku TpybonpoBoaa

Kr
PCVO1=13T1Kg
Kr

PUV O = 150Kym-

Kr/m2

PUT Oz 15 kaim®

PCT O= 1097 ngf 2

Kr

FRE

TSl DN LA ]
ATl ST ST ST
S,

[ _PuL0= 201 e
| ~~_PcLOI= 274k
~_PeLo2-548a

Kr

PCV 02 = 7083 kn

K

PCVO1= 1041 kn

Kr
PUV O = 150kaim-=

Kr/m2

PUT 0= 15 kofm?
Kr/m2 H""‘"‘-a_ i it

RRHIRE. | 2 Y |
i APl L Wil
" S

PCTO =833 kg

Kr

o
“m PUL D= 3[) pte2
Kr/m2
J T—_peLot=208 fg
J S—_PCLO2= 417 xg

For pipes < 12” and for piperacks of 2 levels for Onga Tpy6 <12 gonmoB mn ons actakag 2 ypoBHEN
transversal direction As = 0,2 and for longitudinal Ons nonepeyHoro HanpasneHust As = 0,2 n ans
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direction As=0,10.

For pipes > 12" and for piperacks of 2 levels for
both directions AL= 0,2.

No thermal loads during Erection , nor Hydrostatic
test phases, then

PULE =0 PULT =0
PCLE1=0 PCL_T1=0
PCLE2=0 PCL_T2=0
PUT E =0 PUT_T =0
PCT.E =0 PCT.T =0

npoaosnbHoro HanpaeneHnsa As = 0,10.

Ona Tpy6 > 12 gonmMoB n Ansa actakag 2 ypoBHen
ans obounx HanpaeneHun AL = 0,2.

TennoBble Harpysku BO BpPEMSI MOHTaxa Wiu
rMAPOCTaTUYECKMUX UCMbITAHUIA OTCYTCTBYIOT, TOraa

PULE =0
PCL_E1=0
PCL_E2=0
PUT_E =0
PCT_E =0

PULT =0
PCL_T1=0
PCL_T2=0
PUT_T =0

PCT_T =0
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Figure 32: Erection (Empty) loads Figure 33 Hydrostatic test loads
Puc. 34. MoHTaXHble Harpy3ku (nopoxxHumn pexum) Puc. 35 Harpysku npu rugpocraTtuieckmnx

UCNbITaHNAX

'_
-

L . LA L . Lt LM LA L4

L
F'CVEE=1EL"5'|<-{G : : t y PCWTZ = 4604 ko
" Kr
PCVE! =853 kg PCYT1 =230 knt
Kr Kr
| [ PUVE = 50 kgim* PUY_T=200 kgim?
Kr/m2 e — Kr/m2
PCVEZ=1641 kn FCYT2=2428 ko
Kr | Kr
PCYE] =821 g FCYT1=1214 kot
Kr - Kr
PLVE = 50 kgfir# PUY_T=200 kgfm®
Krim2 H;r Kr/m2
L T zr Fors
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13.2.4. Piping Loads Calculation Details

Pipe-rack Frames Spacing : 6.0 m
Pipe-rack Frames width  :6.0 m

Tpyb6onpoBoz

LLnpmHa nponétoB acTakaabl

Table 19: Pipes Rack Level 1 - CONCENTRATED Loads
Tabnuua 17. Actakana ypoBHs 1. COCPEAOTOYEHHbIE Harpy3ku

13.2.4. leTanu pac4yéta Harpy3ok Ha

Mponét mexay pamamu acTakagbl: 6.0 m

:6.0m

Pipes Rack Level 1 - CONCENTRATED Loads (Pipes [0 > 12”’) — Vertical and

Thermal

AcTtakaaa yposHsa 1. COCPEAOTOYEHHbBIE Harpy3ku (Tpy6bl (1> 12 gronmoB).

BepTMKaanble n TennoBblie

Empty_ | Operation_ Hydrostatic_T
E (Kg) O (Kg) (Kg)
MopoxH | Pabouun | M'mgpoctatnyecku
mn (kr) (xr) " (kr)
(14" 660 1080 1152
120" 1098 1560 2178
124" (gaseous pipe)/(razosas Tpy6a) 1524 1524 1526
Total Loads over [112"/06wue Harpy3ku Ha [112
OHOMMOB 3282 4164 4856
Equivalent VERTICAL Concentrated PCV_E1
Loads/9keuBanenTHuie BEPTUKANbHBIE / PCV_01/ PCV_T1 /
PCV_02 PCV_T2
cocpenoToYeHHble HarpysKku PCV_E2
821 / 1041 /
P1 (Kg)/(kr) & P2 (Kg)/(kr) 1641 2083 1214 / 2428
Thermal LONGITUDINAL Concentrated Loads (Kg) — PCL_E1 PCL O1/
Note 1/TennoBble MPOOOJIbHbLIE cocpenoToyeHHble / — PCL_T1/ PCL_T2
PCL_0O2
Harpy3ku (kr). MpumeyaHue 1 PCL_E2
0 / 208 / 0 / 0
0 417
Thermal TRANSVERSE Concentrated Loads (Kg)/
TennoBblie MOMEPEYHbIE cocpeaoToyeHHble PCT E PCT O PCT T

Harpy3km (kr)
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| o | 833 0

Table 20: Pipes Rack Level 1 - DISTRIBUTED Loads
Ta6nuua 18. Actakaga yposHsa 1. PACMPEQENEHHbIE Harpy3ku

Pipes Rack Level 1 - DISTRIBUTED Loads (Pipes [0 < 12’’) — Vertical and Thermal
Odctakapa yposHs 1. PACMNPEOENEHHDbIE Harpy3ku (Tpy6bi O < 12 gronmoB).
BepTukanbHble U TennoBble

Operatio

Empty_E n O Hydrostatic_
(Kg/m2) — T (Kg/m2)
- (Kg/m2)
MopoxHun . | 'mapoctaTtny
(kr/m2) Pabounn eckum (Kr/m2)
(kr/m2)
Vertical Dls_t'rlbuted Loads (Kg/m2)/BepTukanbHbie PUV E PUV O PUV T
pacnpeaenéHHble Harpy3ku (Kr/m2)
50 150 200

Thermal LONGITUDINAL Distributed Loads
(Kg/m2)/Tennosslie MNPOAOJIbHbLIE pacnpenenéHHble PUL_E PUL_O PUL_T

Harpyskm (Kr/m2)
0 30 0

Thermal TRANSVERSE Distributed Load (Kg/m2)/
TennoBble MOMEPEYHbIE pacnpenenéHHble PUT_E PUT O PUT T
Harpyskm (Kr/m2)

0 15 0

Table 21: Pipes Rack Level 2 - CONCENTRATED Loads
Ta6nuua 19. 3ctakapa ypoBHs 1. COCPEQOTOYEHHDbIE Harpy3ku

Pipes Rack Level 2 - CONCENTRATED Loads (Pipes [0 > 12”’) — Vertical and
Thermal

AcTtakaaa yposHs 2. COCPEAOTOYEHHbBIE Harpy3ku (Tpy6bl (1> 12 gronmoB).
BepTukanbHble 1 TennoBbie

Empty_E | Operation Hydrostati
K, Sl e
Mopoxuu | PaGouuin ApoCTE
Z TUYECKUIA
" (kr) (kr) e
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28" 1626 3300 3789
34" 2184 2184 5418
Total Loads over [112"/o6wue Harpy3ku Ha [112 groiimos 3810 5484 9207
Equivalent VERTICAL Concentrated Loads/QkBuBaneHTHble | PCV_E1/ | PCV_O1/ | PCV_T1 /
BEPTUKAJIIbHbIE cocpeaoToyeHHble Harpy3ku PCV_E2 PCV_02 PCV_T2
953 / 1371 / 2302 /
P1 (Kg)/(kr) & P2 (Kg)/(kr) 1905 2742 4604
Thermal LONGITUDINAL Concentrated Loads (Kg) — Note 2
PCL E1/ | PCL_O1/ | PCL_T1/
/Tennosble NMPOOOJIbHbLIE cocpeaoToyeHHble PCL_E2 PCL 02 PCL_T2
Harpy3ku (kr). lMpumeyaHue 2
274 /
0 / 0 548 0o / 0
Thermal TRANSVERSE Concentrated Loads (Kg)/
Tennosble NOMNEPEYHbIE cocpegoTo4eHHble PCT E PCT O PCT T
Harpy3km (kr)
0 1097 0

Table 22: Pipes Rack Level 2 - DISTRIBUTED Loads
Ta6nuua 20. Actakaga yposHs 2. PACMPEQENEHHbIE Harpy3ku

Pipes Rack Level 2 - DISTRIBUTED Loads (Pipes [0 < 12”’) — Vertical and Thermal
Octakapa yposHs 2. PACMNPEOENEHHDbIE Harpy3ku (Tpy6si O < 12 gronmoB).
BepTukanbHbie u TennoBble

Empty Oopnergtl Hydrostati
E | Kgm2 | ST
(Kg/m2) ) (Kg/m2)
Hop?mu PaGoy I'vmpoc-r?'r
un Wit MnyYecKmm
(kr/m2) (Kr/m2) (kr/m2)
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14. ENTITY/CENTER SPECIFIC 14. NOMPABKM
AMENDMENTS LEHTPA/NOAPA3OENEHUA
Huxe npeacrasneH CMNCOoK TpeboBaHui

The following is a list of specific entity/center
requirements that differ from those given in this
standard.

These requirements are only applicable to the
engineering entity(ies)/center(s) for which they are
listed.

onpefenéHHoro LeHTpa/nogpasaeneHuns, KoTopble
OTNNYalOTCS OT COAEpXallMxcsi B HaCTOsILLEM
cTaHgaprTe.

OTn  TpeboBaHUS  NPUMEHUMBI
WH)XEHEPHO-KOHCTPYKTOPCKUM
LeHTpam/nogpasaeneHusm,
npuBeaeH.I.

TOJTbKO K

ana  KOTOopbIX  OHU

Entity/Center Specific Amendments
MonpaBku UeHTpa/noapasneneHus

Entity/Center Section Description
MoppasneneHne/ueHTp | Pasgen Onucanune
Table of Revisions
Tabnuvua pegakuuim
Section | Description
Pasgen | OnucaHue
All Multiple changes.
BCe MHoOrouncrneHHble U3MeHeHMs.
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