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OOBEKTOM HCCJICIOBAHMS SBIISACTCS JIMHCHHBIH Y4acTOK MarucTpaibHOTO
HeTenpoBoa.

B mepBBIX pasjienax MPOBOJMTHCS KpaTKas XapaKTEPHCTHKA ydacTKa, Ha
KOTOPOM PACTOJIOKEeH He(TempoBoa, 0030p CYyMIECTBYIOMUX TPYOOIPOBOJOB U
BO3MOXHBIX e()eKTOB Ha HUX.

B nocrnenyromux pasznenax npuBeieH KJIACCUYECKUM pacdeT HedrenpoBoaa
Ha TIPOYHOCTb.

B uccrnenoBaTenbCkoi yacTH JIJisl aHaJIN3a HAMPSHKEHHO-1€(POPMUPOBAHHOTO
COCTOSIHUSI TpyOONpOBOJIa HCMOJBb30BaH mporpaMMHbli  komiuiekc ANSYS,
MTO3BOJIMBIIINI CMOJICTUPOBATh BO3MOJXKHBIE JE(PEKTHI W IMPOBECTH JICTAIHLHOE
UCCJICIOBAHUE C BBIJICJICHUEM HauOOJiee HarpyXEHHBIX 30H, BIMUSIONIMX Ha

MPOYHOCTb.

essay
Final qualifying work 101 p., 32 fig., 7 tab. 24 source.

The object of study is the linear portion of the main oil pipeline.

The first section provides a brief description of the site, which is an oil pipeline, a
review of existing pipelines and the possible defects on them.

The following sections provide a classic calculation of the pipeline strength.

The research part of the analysis of the stress-strain state of the pipeline used
software package ANSYS, will simulate the possible defects and carry out a
detailed study with the release of the most loaded areas affect the strength.



BBenenue

Marucrtpanbasie HedTenpoBoabl (MH) BkitouaoT B ce0s KOMIUIEKC pa3IMYHBIX
COOPY)KEHUI — JUHEHWHYI0 4YacTh, He(TeNnepeKauyruBalolie CTaHIINH,
pesepByapHbie mnapku. JlunedHas dacth psga MH wumeer mnpoTsSKEHHOCTbH
TBICSYN KHUJIOMETPOB, MPOXOJIUT B PA3TUYHBIX NPUPOTHO-KIMMATHUYCCKUX H
THAPOTEOJIOTUYECKUX YCIOBUSAX, TMEPECeKaeT MHOMXECTBO €CTECTBEHHBIX U
HCKYCCTBEHHBIX TIPETpajl.

B name Bpems nepuoa Poccuiickas
deneparus 001a1aeT MPOYHYIO KOHIIETIIUIO TPYOOTPOBOIHOTO aBTOTPAHCIIOPTA C
1e1bI0 He(pTH,ra3a U TOBApOB MX 00Pa0OTKH M HanboJIee JIUTEIHHYIO B 00IIECTBE.
C uHoM Kpast, TpyOONnpOBOAHbIE KOHILIETIIIUU KUTUIITHO-

00111eCTBEHHOH c(ephbl TOUYTH HUKAK

HE yJIy4dIladnuch B MPOTHKEHUE MUHYBIIUX MATHAAATH TO/1a, u
WX MPOMBIIIJIEHHOE MOJ0KEHUECOXPAHSIET XOTeTh Hamtyuiiero.C

1EIbI0 KPUTEPUATBHBIX

OIICHOK KPEnoCTU TPYOOIPOBOIHBIX KOHIEIIIUN U JanbHEHIIel 0amma ux

pecypca, ciaenyer, B HEPBYIO ouepespb
I1€JI0M, TIOHUMATh CTENEHb PA00YNX YCUIIMM M TUCTPYKIIMH, Pa3BHBAIONIUXCS B
TpyOax. YpoBeHb PaBINBOCTHYCTAHOBIICHHUS MOJOTHA YCHIICHHO-
1e(OPMUPOBAHHOTO KAMTUTAIOM,B OKOHYATEITLbHOM PE3YNIbTATE, ONMPEIEISICTIOCTOBR
€pHOCTH U a0COJIOTHO BCEX CIEAYIOUINX OIICHOK, TAKUM 00pa3oM paBHO
KaK OTpaHUYHMBAIONINE 3HAYNMOCTH JTAHHBIX TPYOHBIX

CTaJel yCTaHOBJIEHBI HOPMATUBHOU

nokymeHTaiuen. [lomumo 3Toro, clieryeT onpeaeuTh SKCILUTyaTallMOHHYIO KOHIIE
MIAI0IMATHOCTUYECKOTO OCBHUIETEICTBOBAHMSI TTIABHBIX U HAYYHO-

TEXHUYECKUX TPYOOIIPOBOIHBIX KOHIICTIINH, T03BOJISIONIYIO()OPMYIUPOBATE B X011
€ DKCIUTyaTallud HBIHEITHOE MOJIOKEHUE U TIPE/ICKa3bIBaTh OCTABIINIICS UCTOYHUK,
OCYIIECTBIISTHIIPOMBIITUICHHBIEC TTOCTAHOBIICHUSI COTJIACHO PEMOHTHBIM

paboram Tpyo.

B cBoiictBe cioco6a u3yuenus HJIC B memom kimacca  TpyOOmpoBOIOB
B Tpy/ie 0OOCHOBAHO NMPUMEHEHNE YUCIIOBOTO CIIoco0a —
crioco0a OKOHUYaTeIbHBIX KOMIIOHEHTOB (MKD), kakoit mprobpen MakCUMaIbHOE TT
PONBMXCHHE B MEXKTYHAPOIHBIN MPAKTUKE C

LEIbIONOCTAHOBJICHHS Pa3HBIX BOIIPOCOB. Taxum o0pa3oM paBHO



KaK UCCJIelyeMbIe CUCTEMbI BOOOpaXaroTcs cOO0I0 HEMPOCThIE MPSMOJIUMHENHBIE U
MJIACTHYECKUETPYOOTIPOBOTHBIE 00BsI3KH,
a pa3pelleHre IPaHUYHBIX BOIIPOCOB KPETOCTH MOTPEOYEeT 3a1auu HEMIPOCTHIX Kpa
€BBIX OOCTOATENHCTB: KMHEMAaTUYECKUX, HEIMHEHHBIX C TPEHHEM (B OIOpax), Ha
buznueckom YPOBHE HEJIMHEWHBIX (moacYeT MIaCTUYHOCTH),
JWHAMUYECKUX BOCCTAHUMN U T.I., B TaKoOM
cllydae CO3JaHHE [EJIOCTHOTO MHOTOIIEJIEBOIO IPOrPaMMHOTO aHCaMOJIsl MaJIOBEPO
ATHOEIMHUIIA 11eieco00pa3Ha

Bcenencrsue TOTO C
LEJIbI0 TOCTAHOBJICHHSI CTAHIAPTHBIX BONIPOCOB cornacHo uzydyennro HAJIOI tpy
0o1mpoBo10B ITpuMeHeH KOMITIEKTANSY'S,
C MOJJEPKKOM KAaKOTO UCIIOJIHSIETCS] IPOrHO3UPOBAHUE HAYYHO-
TEXHUUYECKUX TPyOOIpOBOIOB
B TJIaBHBIH, WM 000JI0YHOUIIOCTAHOBKAaX MPOOJIEMBI C IEPCIIEKTUBON 3a/1a4u a0Cco
JIOTHO BCEX HAPYKHBIX HACHJIbCTBEHHBIX YCIOBUH (aBJIECHUS, TEMIIEPATYphl, Beca
Tpy0), aKpOME€ TOrO HEJIMHEHWHBIX KPAaeBbIX OOCTOATEILCTB (KUHEMATUYECKHUX,

HEJIMHEVHBIX orop C TPEHUEM, JUHAMHUYECKHAX BO30YKIICHUIA).

C ommcaHHOTO H€06XOI[I/IMO SHAYUMOCTDb U aKTYaJIbHOCTb HpO6JIeMI>I OLCHKHA

KPETOCTH U pecypca TpyOOIpOBOAHBIX CUCTEM HE(TETra30BOTO HAIMpPABJICHMUS.



1. XapaKTepuCTUKA IMHEMHOro y4yacTka

MH “AneKkcaHapoBckoe-AHXepo-CyaKeHcK”.

JInHenHbIn  yyacTok MH  “AneKkcaHgpoBckoe-AHxepo-CyarkeHcK” 318-
329km pacnonoxkeH B Kapracokckom pailioHe Tomckon obnactm w

akcnayatupyetca J19C “Kapracok” ¢ 1972r.

Bonbwyto 4Yactb yyactka MH coctaBnsietr TpybonpoBoga AMaMETPOM
1220mm ¢ TONWwMHOM cTeHKM 6=12+19,1mm, a ¢ 318 no 329 Km AuameTp

TpybonpoBoaa paseH 1020Mm € TONWMHOM cTeHKM 6=13,5+16mMm.

MponyckHasa cnocobHoCTb HedTenpoBoaa: Tabnmua 1.1
MponyckHasa cnocobHOCTb,
3arpy3ka MH, % MnoTtHocTb npu 202C, Kr/m3
MJH. T/rog,
lop
Mo KBapTasbl MaKC MMH
daKTnyeckas
NPOEKTY 1 2 3 4
MpoekTHan 839 831
2006 55,5 38,5 79 75,5 | 90.2 | 90.2
2007 55,5 48,9 70,2 71 74,9 68
daKTnyecKan 849,1 820,4
2008 55,5 49,2 77,2 | 78,3 80 79,2

Ha cBoem npoTtaxeHun yyactok MH “AnekcaHapoBcKoe-AHXKepo-
CyprKeHcK” nepecekaeT pas3/iMyHble nperpagbl B BMAE PeEK, aBTOMOOMUIbHbIX

aopor, o3ep, 6010T.

PaccmatpuBaembit yvyactok MH Haxogmutca Ha 318-329 Kkm, agmnametp
HedTenposoaa 1020 mm, BbinosHeH U3 ctann 1771C npAMmowoBHbIA(YTMN3YMTY

1-655-69).



2. XapakTepucTHKA 00bEKTAa UCCJIeI0OBAHMS.

2.1. Tunsl TPyOONIPOBOIOB.

['maBHOM THIT TPYO C EJIbI0 He(PTETIPOBOIOB -
MeTaJJIMYECKUe TPYObl. 3HAUNTENIbHASHECYIIIAs

YMEHHE, 3HAYUTENIbHAsCTa " OMIbHOCTh aBTOMAaTHYECKUX U HAYYHO-

TEXHUYECKUX KA4e€CTB JJOCTUT "HYThI BCJIEJCTBUE COBEPIICHCTBOBAHUIO TEXHOJIOTH
YECKHE NPOLECCHl UX W3rOTOBJICHHS W BBEICHHS B €€ Pa3IMYHBIX IPOBEPOK, a
0COOEHHO CTO MPOLICHTOB
HEpa3pylIaoErOKOHTPOIUPOBAHUS OCOOEHHOCTH CBAPHBIX I1IOB U cIljiaBa. JlaHH
0€ KpoMe

TOT'O pa3pelInsIo COBEPLINTh TPYObl 00Jiee BEPHBIMU HI0JITOBPEMEHHBIMH.

OnuH ¢ 3HaAYUMBIX YCIIOBUA METAJUTYPIHYECKOTO

IIPOU3BOI"CTBA, BO3JAECHCTBYIOIIETO B CBOMCTBO CTAJIEH, CYMTAETCS UX JE30KCUIA
1us1. OKOJIO pacKUCIIEHHEM

CTaJIel MoApa3yMeBalOT COKPALLIEHUE COCPEAOTOUCHHS Pa3KI>KEHHOTO B HX BO3LY
xa. /JlaHHoe 1oOuBaeTCANOCPEACTBOM BBE JICHUS

B BOJSTHUCTYIO CIUIAB KOMIIOHEHTOB, BCTYIAIOIIMX B OTKIUK C KHCIOPOJOM —
pacKuciauTenen (mapranua, KpEMHUS, ATIOMHUHUS 151 ap.).
B cnencTBum B3auMOIEMCTBUS BOZHUKAIOT HEMETAJUIMUYECKUE BBEJCHUS, KAKUE B
MPOIIECCEe HAYYHO-TEXHUYECKOTO ABMKEHUS yIaJIAIOTCS C HA4aJIu.

Xopolio pacKkuCIEHHYI cTallb HasbiBatoT crokoitHoit (CII), B koTopoii
cojaeprkanue kucioposa e 6onee 0,003 %.

IIpu BeimiaBke kumsimed crtanmu (KII) mo xony miuaBku BBOAST JIMIIb
Maprasel, a KpeMHHMH W JIpyrue pacKUCIHUTENIN HE NMPUMEHSIOT. B pesynbrare
ATOrO cojepkanue kuciopoaa ysenmumBaeTcs no 0,025 - 0,035 %. CroiicTBa
KUISIIEH CTalld XyXe, YeM Y CIOKOWHOH, HO €€ MPOW3BOACTBO OOXOIUTCS
aemieBsie. OOBIYHO KUIAIIYIO CTallb MPUMEHSIOT JJIi HEHarpyKeHHbBIX 3JIEMEHTOB
KOHCTPYKLIMH.

Kpome »Tux nByx BUAOB, MPOU3BOJAT nosrycnokoitneie cranu (I1C), koTopbie



[0 TEXHOJIOTMU BBIIUIABKU W PA3JIMBKH 3aHUMAIOT MPOMEKYTOUHOE IOJIOKEHUE
MEXAY CHOKOWHOW Y KUIISIILIEH CTaJISIMHU.

Xopo1o PacKHCIICHHYIO CcIuiaB MMeHYrOT Tuxoi (CII),
B KaKOBOH CYIITHOCTh BO3yXa HUKAK ue Hanoosee 0,003%.
[Ipn
BhITIaBKe Oyprsiieit Havanu (KII) coriacHO ABMYKEHHIO TPYChI BKIIFOYAT TOJIBKO
MIAPOJIIO3UT, a CWUIMLIMIA U IPOYNEPACKHUCIUTETN HUKAK HE MPUME HSAIOT.
B cnencTBuu JaHHOTO CYITHOCTH BO3/yXa yBenInuuBaeTcs BIUIOTh 10 0,025 -
0,035
%.KauecTBa Oyprsiieil Hayalu NoXy»Ke, HeXKEIH Y THXO0M, 0IHaKO €€ U3rOTOBJICH
ue CTouT s3koHOoMHYHee. Kak PaBUIIO OYPIISIIYIOCIUIAB UCTIOIB3YIOT C
1[EJIbI0 HEHArPY>KEHHBIX KOMIIOHEHTOB CUCTEM.
Kpome nannbpix 2-
yX TUIIOB, co3AatoT nosrycnokoitHeie Havanu (I1C), kakue coriacHO TEXHOIOTHYEC
KHe MPOIIECCHI BHITIABKU u
PA3IIMBKU 3aXBaThIBAIOT MPOMEKHOE COCTOSIHUE CPEIU TUXON U OypIIsiiieit cra—is

MHU.

CocraB cnuTKa

MOJIYCIIOKOMHOM CTaIM CX0a K TEKCTYpe CIUTKA TUXOM cTanu. CylHOCTh B HEll
KHCIJIOPOJIa BILUIOTh o 0,012 %.
XUMHUYECKUI CTPYKTYpa CTajell yCTaHABIMBAET KAYECTBA U CBOMCTBO TPYO,

a Kpome TOTO TEXHUKO-(PMHAHCOBYIO PAllMOHATBHOCTh UXUCIIOIH30BaAHUS.
[ToHnmast XM CTPYKTypa CTalu, BO3MOKHO MPUOIU3UTENBHO JaTh

OLICHKY OIIPE/IEIICHHBIE €€ KauecTBa, K npuMepy,
cBapuBaeMOCTh. I IpucyTcTBHE TAHHOM OTTAJIKUBAKOTCA C 3TOTrO, TO

YTO HEMETAJUT B CYIIECTBEHHOM OOJIbIIEH rpaHu yCyryOIsieT CBapMBa€MOCThCOTIIA

CHO COIIOCTaBJICHHUIO C MHBIMHW KOMIIOHCHTAMH.



O1eHKYy CBapMBaE€MOCTH BBITIOJHSIOT COTJIACHO MO yriepoaHoMy SkBuBasieHTYCy,
3HaYeHHe KOTOporo JokHO Obith Hke 0,46  %. Pons yriepomHoro
HKBUBAJICHTA C

EJIBIO OIPEIEJICHHON Havyajal BO3MOYKHO YCTAHOBUTH BBIUMCIICHHBIM TIOCPEICTBO
M COTJIaCHO(POPMYITaM: ISt YIJIEPOJIUCTHIX craneu (a TaKke TUISL

HU3KOJIETUPOBAHHBIX KpeMHeMapraniosbix - 171°C, 17T'1C, 0912C u np.)

C, :C+m
6

- IJIs1 HU3KOJICTUPOBAHHBIX

Mn Cr+M0+V+Ti+Nb+Cu+Ni+

Cy=C+—+ B
6 5 15

rae C, Mn, Cr, Mo, V, Ti, Nb, Cu, Ni, B - conepxanue B %Macchl B COCTaBe
MeTayuia TpyOHOM CTalduM COOTBETCTBEHHO YIJIEpOJa, Maprasiia, Xpoma,
MOIMOieHa, BaHA WS, TUTaHa, HUOOUSI, MEIN, HUKEs, Oopa.

CornacHo XxuM (popMyJie Hauaau MoJpa3eisioT B YTIEPOIUCThIC u
JIETUPOBAHHBIE.

B coOCTBEHHYI0 04E€pEHOCTD YIJIEPOAUCTAS CIUIABB CBSA3H C HAXOXKJICHHUS YIIIEPO
J1a pa3JieNsaeTcsl B HU3KOYTIepoAUCTyro(Cc coaepxkanueMm yriaepoga no 0,25 %),
CpeaHeyriaepoaucTyro (¢ coxaepkannem yraepoxa 0,25 - 0,6 %) wu
BBICOKOYTJICPOUCTYIO (C coaeprxkanueM yrieposa 0,6-2%).

JlerupoBaHHO# Ha3bIBACTCS CTallb, B KOTOPOW KpPOME OOBIYHBIX IpPHUMECEH
COJIepKaTcsl  CHelUalbHbIE, BBOJMMBIE B  OMNPEICICHHBIX  COUYETAHMSIX,
JETUPYIONTUE AJIEMEHTHl (XpOM, HHUKENb, MOJHOJEH, BoJbhpaMm, BaHAIUMH,
QTIOMUHUNA, THUTaH W Jp.), a TaKXKEe MapraHel] ¥ KPEeMHHH B KOJUYECTBaX,
npeBbIIammUX 00bvHOE X coaepxkanue (1 % u Beime). JlerupoBanHasi cTaiab B
3aBUCHUMOCTH OT COJIEpKaHUs JIETHPYIOIIMX DJIEMEHTOB JECJIUTCS HAa HU3KO-
JISTUPOBAHHYIO (C COJEpKaHHEM JIETUPYIOIIUX AJIEMEHTOB He Oosiee 2,5 %) u
BBICOKOJIETUPOBAHHYIO (C COAEPKaHUEM JIETUPYIOIIUX 3JIeMeHTOB cBbilie 10 %).

CoracHO cOOCTBEHHOMY Kallpu3 CIUIaB CIIOCOOEH MOCTaBISATHCS
ropsiYeKaTaHOW, BBIPA3UTEIILHOM, TEPMUYECKU NIOABEPTHYTON 00paboTKe U

HAarapTOBaHHOM.



B YaCTHOCTH, YTJIEPOAUCTAs CIUIAB C LEJBI0 CTPOU KOHCTPYKIUI
Y 3JIEMEHTOB aBTOMOOUJIEH pa3aensieTcs B Psiji TUTIOB!

- CIUIaB yIJIEPOMCTasi OOBIYHOTO 0COOCHHOCTH (KaTeropuu A, b U B
BropsiueKaTaHOM IpeObIBAaHNH);

- CIJIAB YTJIEPOJMCTasi BBICOKOKAaYECTBEHHAs] KOHCTPYKIIMOHHASA(B rOpsIYeKaTaHOM

Y BBIPA3UTEIBHOM MPCOBIBAaHKH);

- CIUIaB yIJIepoaucTas 0ObIYHOIO 0COOEHHOCTH TEPMUYECKH YIPOUYHEHHAs!.
YIPOYHEHHAs.
[IpucyrcTBHE MapKUPOBKE YTIIEPOAUCTOUCTATIN OOBIYHOTO Ka4eCTBa

yKa3bIBaeTcs kKateropusi, MapkupoBanue (Ct),0THOCHTEIbHBII rocHoMep (¢ 0 BIu

OTbIO 6), YPOBCHb PACKUCIICHHUA U I'PYIIIIA COITIACHO I'apaHTUPYCMbBIM J1dHHBIM. K

IIPUMeEpY,CIJIaB KaTeropun A o003HavaeTcs Cr3ku3, kareropuu b —
bCr5cn2, xareropuu B — BC161nc6. [ToBbIIeHNE OTHOCUTENBHOTO B
0003HaYEeHUU

MapKn Ha4YaJId IIOKA3bIBACT B YBCIIMYCHUC KPCIIOCTH U CHUKCHUC TINIACTUIHOCTH.

IIprcyTCcTBUEYBEIMYEHHOM COACPKAHUI Maprasia B Mapke
ctanu BKItounTcs anbga ['. K IIpUMEDY, BCr5I'nc4.
Craim KaTeropuu A Kak IIPABUJIO UCIIOJIB3YIOT C L[ETIBI0 HECBAPHBIX
Harpy>KeHHBIX DJIEMEHTOB aBTOMOOWIIEH U cucTeM; KaTeropunb -C
LEJIBI0 TEPMUYECKH BO3/IEIBIBAEMBIX, BEIPDA3UTEIIbHBIX, CBApPHBIX

Y MHBIX HEOT "BETCTBEHHBIX 2JIEMEHTOB aBTOMOOMIIEH MCHUCTEM; KaTeropu B — ¢
1IEJIbI0 CBAPHBIX OTBEYAIOIIUX CTPoi cucteM.CruiaB yriepoaUCTyI0 BHICOKOKAYEC
TBEHHYIO KOHCTPYKIIMOHHYIO TIOCTaBJISIIOT B BapHaHTE JIUCTOTO U MOJIOCOBOTO
IPOKaTa CropsiaeKaTaHon Y BBIPA3UTEIbHON HAYAIM MOCIEAYIOINX MapOK:
cnokoiHas — 08, 10, 15, 20, 25, 35, 40, 45, 50, 55, 58, 60. 65, 70, 75, 80, 85,
60, 70I" (B mapke uuaekc “CHU" He cTaBAT); KUMAMAs U TMOJYCHOKOWHAsS —
05ku. 08k, 10mc, 10ku, 11xm, 15ku, 15n0c, 18xu, 20ku, 201c.

I[BYSHaIIHaH YHuCJI0 B MapKeCTalln 03HA4YaCT CpCaAHCEC COACPIKAaHUC

yriepoaga B COTBIX YacCTAX IMPOLICHTA. HpI/IHI/IMaH BO BHHUMAaHUE, TO

4TO C pPOCTOM HaXOXKIACHHA YIJICpOoaa HAAC)KKHOCTb HAYAJIMUITIOBLIIIATCTCA, CILJIaB C



HanOoJiee 3HAYNTEIbHBIM HOMEPOM UCIOJIb3YETCS C
1eNIbl0 HanOoJiee OTBeUYaroIuX 31eMeHTOB. K npuMepy,criaB Mapkuii 05kwu,
08ku, 10kM UCTIONB3YIOT C UEJIBIO U3TOTOBJICHUS JIUCTOB, JIEHT, MPOBOJOKH H
HEOTBECTBEHHBIX CHCTEM, a CIUTaBMapKui

10, 15, 20 u 25 - ns GeclIOBHBIX TOpsAYeKaTaHbIX TpyO quamerpoM 10 S00 mm, a
Takke MyQT, mopimHel HacocoB u np. M3 cramu mapok 30, 35 H3TOTOBISIOT
CTpOTIBI, BEPTIIOTH, KPIOKH, TaJEeBbIe OJOKU U Jp., a U3 cTanu Mapok 40 u 45 —
MYy(ThI, BaJIbl HACOCOB, IIECTEPHU U T.J.

CmnaB yraepoaucras TEPMUYECKU

YIPOYHEHHAs JUTCA C YIIIEPOAUCTON Hadallu 00bIYHOTO OCOOEHHOCTH MOCPECTB
om 3akasiku (1m0 930-950 °C) u ornmycka. B sToM ciiywae B Mapke cTaiu

noOasinserca Oyksa T. Hanpumep, bBCt3Ten?2.

C uenbio MPOU3BOJACTBA M PEMOHTHBIX PabOT pe3epByapoB, Ta3rojbIAepoB, Ta-
30HE(TEMPOBOAOB UCIOJIB3YETCS HU3KOJIETUPOBAHHAS
KOHCTPYK "LIMOHHAs cIjiaB. Bo3moOneHHas BiageeT BOJIM3HU MOJ0KUTEIbHBIX
CTOPOH OJJHAKO CPAaBHEHHUIO C YIVIEPOAMCTON CTaJbIOOOBIYHOTO CBOMCTBO: €€ Ipe-
Jen TekydecTu a, Bbimie Ha 50 % u OoJsiee, MEHbIIE YYBCTBUTEIBHOCTh K
CTApEHUI0, MEHBIIE CKIOHHOCTh K XJIQJHOJOMKOCTH, XOpPOIIO CBapUBaEeTCA,
KOPPO3UOHHAsI CTOMKOCTH BbIlIE B 1,5 pasza, yeM. Hanpumep, y ctanu BCT3.
Mapku JIETUPOBaHHBIX  CTaJlel pa3IU4arOTCs OTPOMHBIM Pa3HOOOpa3ueM:
MapraHiioBUCTasi, KpPEMHEMapraHIlOBUCTAas, XPOMKpPEMHEMapraHIlOBUCTas U
T.1. JIro6ast OpaHa Havanu KiacCuDUIIMPYETCs JIUTEPAMU, HAIJICKAIIUMU KOHKPET
HBIM COCTAaBJIIFOIIMMCOIIACHO CUCTEMATU3ALUHA METAJTYPTHUYECKOTO U3TOTOBJICHH
. OTHOCUTENBHO BCE 0e3
UCKITFOUCHUSI KOMIIOHEHTBI COTJIACHOMPUOBUIEHOMY COJIEPYKAHHUIO ux
B HA4YaJIM BO3MOKHO Pa30UTh B psii Kommanwuii:epBasi [ — mapranern, X — xpow,
H — nukens u C — kpemuuii. HHudper B mapke cramu mociie 3TUX OykB
0003HaYaIOT MPOIIEHT COJIEPKAHMS JTAHHOTO dJIeMeHTa B ctanu. [lpu orcyTcTBUM

uudp conepxkanue snementa Mmenee 1 %. Hanpumep, 0912, 14XT'C u 1.1.;



Bropast T - tutan. 1| — uupxonuit, ® — panaguit. U — ¢ocdop, O —
amomuHanid, Y - penkozemmibHbIe MeTauibl, J[ - Memp, M - wmonuOmaeH.
Conepxanue Menu W MojuOAeHa B craqu o0bdHO a0 0,6 %, OCTaIBHBIX
AeMEHTOB 3ToM rpymmbl — 110 0,2 %, T.e. B 1€CATHIX AOJIAX MPOIEHTA;

tpeThs JI — a3ot (mo 0,015 %), b — Hmobwuii (mo 0,05 %), T.e. comepxanue
UX B CTaJId B COTBIX JIOJISIX MPOLICHTA;

yetBeptas P — 6op, (10 0,006 %), T.e. conepkaHue ero B CTAJIHU B THICSIYHBIX
JIOJISIX MIPOLICHTA.

Uucna npen 3arpsi3HsieMOil Hadaau OTMEYAlOT JOJISl COJIepKa—HUSL  yIiiepoja
B coThIx "acTsax.Hanpumep, ctans mapku 0912C conepxurt 0,09 % yrinepona, 2 %

Maprasiia u okojio 1 % kpeMHusl.

HuskonernpoBanHyo cruiaB 00IbIION KPEMOCTH BO3MOXKHO MO JTyYUTh MOCPEJICT
BOM HOpMaJu3aiuu Ju00 GopMaliuu C3HAaYUTEIbHBIM OTITYCKOM JIMOO MUKPOJIETH
pOBaHUs, T.€. BHEJIPEHUEM KapOUA000pa3yroX KOMIIOHEHTOB (BaHausl, HUOOUS

U Jp.) BBECbMa HEOOJBIINX JOJISX.

CoryiacHO METO/1y IPOU3BOJICTBA TPYOBI PA3ACISIOTCS B LIEILHOTSIHYTHIE TOpAYE
KaTaHbIC 151 CBapHbIE
¢ aH(UIATHBIMHETIOCPEICTBEHHBIM II0B (TIPSIMOIIIOBHBIE ), TEIMKOUIATBHBIM III0B
(ciupaHOIIIOBHBIE), MHOTOCJIOMHbBIE u Tp.
B cBsi3u ¢ HanpaBieHUs ¥ TapaHTHPYEMBIX XapaKTEPUCTUK METAJUTMUYECKUE TPYObl
NOCTaBIAAIOT corylacHo rpynmam A. b, B, I' u J. B coorBerctBUM ¢
ATUM Jt00ast KaTeropusi 00J1alaeT COOCTBEHHbIE KOHKPETHBIC TapaHTUPYEMBbIEC CB
OMCTBa: @ - MamMHHBIC KayecTBa; b  — xumcrpykrypa;, B 00—
MAalllMHHBIEC KayecTBa U XUMHAYECKUN CTPYKTypa: r —
XUM CTPYKTYpa, HaJI30p MEXaHUYEC KUX Ka4eCTB BTEPMUYECKH MTOJIBEPTHYTHIX
00paboTKe ITAIOHAX; Ji| — TOJIBKO
JIIIb HAJEKHOCTh MTPUCYTCTBUE TECTUPOBAHUY THIPOMEXAHUNYECKUMHAXKUMOM. B
COOTBETCTBUU c

ATUM JII00ast GpPyKT 001amaeT COOCTBEHHBIE KOHKPETHBIC Ta "PaHTUPYEMBIE CBOIIC



TBa

(Tabum. 2.1).

JIJIsl CTpOUTENHCTBA MAarUCTPATIBLHBIX TPYOOIIPOBOIOB JOKHBI IPUMEHHUTHCS
TPyOBI CTaJIbHBIC OecIoBHbIE, AJIEKTPOCBApHBIC IPSIMOIIIOBHEIE,
CIIUPATBHOIIIOBHBIE U JPYTUX CICIHAIBHBIX KOHCTPYKIIMH, H3TOTOBJICHHBIC W3

CIIOKOMHBIX ¥ MOJYCIOKOMHBIX YTIIEPOAUCTHIX cTajiel AuameTpoM 10 S00 MM

BKJIFOUMTENIBHO, U3 CHOKOMHBIX M MOJYCIIOKOWHBIX HHU3KOJIETHMPOBAHHBIX CTaJeu
nuamerpoM 10 1020 MM M HHU3KOJIETUPOBAHHBIX CTAJIE B TEPMHUYECKH WIIH
TEPMOMEXAHUYECKH YITPOUHEHHOM COCTOSIHUU JUIsl TpyO quaMerpom 110 1420 mm
TpyOn1 GecmioBHbIe cienyet nmpumensTh mo ['OCT 8731-74, TOCT 8732-78
u I'OCT 8733-74, 'OCT 8734-75 - rpymribl B 1 1pu COOTBETCTBYIOIIEM TEXHUKO-
sKkoHOMHUYecKOM oOocHoBanun 1o ['OCT 9567-75, T1pyObl cCTalbHbBIE
anekTpocBapHbie - BcooTBeTcTBUU ¢ ['OCT 20295-74 nns Tpy® auamMeTpom Ji0
800 MM BKJIIOUHUTEIBHO W TEXHUYECKUMH YCIOBUSMH, YTBEPKICHHBIMU B
YCTAaHOBJICHHOM MOpsake — Juisi TpyO auamerpoM cBeime 800 mMm ¢

BBITIOJIHEHUEM TIPU 3aKa3e M MpueMKe TpyO TpeOoBaHui, n3noxeHHbix B CHull

2.05.06-85*.

Tab6muna 2.1.
["apanTUpOBaHHbIE XapAKTEPUCTUKHI
Tpynma [IpouHocTh NIpH
Mexannueckue XUMUYECKUAMN TAPaBINYECCKUX
CBOMCTBA COCTaB VCTIBITAHUAX
A + - +
b - + +
B + + +
I Kontpons 3a + +
MEXaHUYCCKHUMH
CBOMCTBaMH Ha
TEPMUYECKU
00paboTaHHBIX
obpasiax
pil| - -




[Tponenypa npor3BOACTBA LETBHOTIHYTHIX TOPSYEKaTaHBIX

TPYO coepKUT 2 meprojia: MPOoU3BOACTBO OOJIBAHKU TPYOBI B BApUAHTHI
MPOCTPOYEHHON THIIb3bI (cTakana); nanbHel1IEee pa3BUTUE TPYObI BILUIOThH
710 YCTAaHOBJIEHHOU (PUTYpBHI U 00BEMOB TEIUIOUITPOKATKON. CBapHBICITPSIMOIIIOBHbI
e TpyOsl muamerpoMm 530 - 1420 MM HBTOTOBISAIOT U3 JIMCTOBOM 3aroTOBKHU
XOJIONHBIM (GOpMOBaHUEM Ha Mpeccax (IMPECCOBaHMEM) WU BaJlbIIEBAHHEM
(rubkoit).  TpyOs! quamerp 1020 MUIIUMETPOB U paHEe COCPEIOTOUUBAIOT C 2-
yX HOJYIUIUHIPUIECKUX O0TBAHOK.

B nanHom ciydyae nomo6HbIe001BaHKH (DOPMYIOT B 3TUX BEJlb THAPOMEXaHUYECKU
X TIpeccax, TO

YTO U TpyOUaThie 3ar0"TOBKH. MI3MEHSIOT TOJBKOOT(POPMOBBIBAIOIIUN MEXAHU3M.
[ToaroroBUTENBHBIE MPOLIETYPHI TUCTOB

OCTaroTCs NPOoULILIMU.CIUPATIBHOLIOBHBIE TPYOBbl HM3TOTOBJISIOT U3  CTalbHOMN

PYJIOHHOM JI€HTHI IyTEM CBOPAYMBAaHUS €€ MO CHUPAId B HENPEPBHIBHYIO TPYyOy.

CnupalibHOILIOBHbBIE TpyObl HEOOIBIINX (BILIOTH 10 530 MUILTUMETPOB)
1 nocpeactBeHHbIX (530-820 MuuiMeTpoB) quamMeTpHopMyIoT C
JIBYXCTOPOHHUM CBAapHBIM IIIOB B 0COOOM TPYyOHOM

CTaHE, OXBATHIBAIOIIEM B ce0¢ YePTy MOJATOTOBKM  TMOJOCHI M (POPMOBOYHO-
CBapHOE MEXaHU3M,

B KOEM CMOHTHPOBAaHBI OJHOBPEMEHHO (DOPMUPYIOIISAS aBTOMOOWIIb M CBAPHBIE TO
JIOBKH.

CrnupanbHOIIOBHBIE TPYOBI SdKOHOMHUYHEE MIPSIMOIIIOBHBIX, TAKUM 00pa30oM paBHO
Kak kene3Has kaptuna B 20-35

%9 KOHOMUYHEE IMIMPOKOIMCTOBOM Hadanu. [IpucyTcTBue JTaHHOM JOOMBACTCS KO

HOMHOCTSH crutaBa (npuoam3utensHo B 10 %) u3-3a pe3ynbTaT YMEHBIICHHS €TI0




pacxona B OTPE3KY yxKe

MIOCJIE€ MPOKATKH, CHUKEHUS JOITYCKOB COIIACHO TOJILIMHE

U OCTaTKOBIPUCYTCTBHE OTpE3Ke TOUEK TpyoO. M3-

3a pe3yJIbTaT IeJIMKOMIaIbHOIO NIBa TpyOKa Jenaercs 00Jee CTpOorou, MpaBuIbH
€€ XpaHUTTPYOUaTyI0 KOH(PUTYpAIHIO PUCYTCTBUE TIEPEBO3KE.

Hanuuue skcrutyatanuu TpyOOIIpoBOJa C CHMPaIbHOLIOBHBIX
TpYOOCHOBHBIE JICHCTBUS PACIONIaratoTCs MPUOIM3UTEIBHO YTIIOM KOPUEHTUPOBA
HHOCTH IPOKaTKU JIEHTBI, B TaKOM cllydae To
YTO MOBBIIIAET (PYHKIMOHATBHOCThCIIIABA. [ [peBOCX0ICTBOMCTINPATBHOIIIOBHBIX
TpyO Kpome TOTO CUYUTAETCS B TaKOM cilydae, TO
YTO B XOJI€ UX MPOU3BOCTBA KEJIE30 TPYO MOUYTH HUKAK

HEMEHSET COOCTBEHHBIX M3SIIHBIX U TATYYHX Ka4yeCTB,

a HEMOCPECTBEHHO MPOLIeypa U3rOTOBJIEHUS TPYO MPOCTO MOJAAETCA
MEXaHu3alud W aBToMaru3anuu. [IoMHMO 3TOro, )Kene30 CoupabHOIIOBHBIX
TpyO QyHKUIHOHUPYET B HanOoJee MOAXOIAIIMX00CTOATENIbCTBAX, HEKEIH KETIE3
O NPT "MOILIOBHBIX TpyO, TaKUM 00pa3oM paBHO KaK BOJIOKHA €ro
KaTaHOW TEKCTYPbl HATIPABJIEHBIOKOJIO JOMHUKOM HAaBUBKHU K JIOJIEBOM OCH
TpyObl. MUHYCOM CHIMPAJIEHOIIIOBHBIX

TpyO MoJararT 3HAYUTENbHYIO IJIMHA CBAPHBIX IIIOBCOTJIACHO COMOCTABJICHHUIO C
MPSMOIIOBHBIMUTPYOa—MH, CHUPAIBHOUIOBHBIE TPyObl HEBO3MOXKHO CIHOATh,

OHHM €J1a00 BOCIIPOU3BOSTTEPPUTOPHUIO.

Hecymiast ymenue criaBa TpyO yMEHBIIAETCSI COOTBETCTBEHHO CMATYEHHIO TOJIIIU
HbI CTEHBI PA3HBIMU HEJIOCTATKAMUMETAJTYPrUY€CKOTr0, HAy4YHO-

TEXHUYECKOTO U CTPOM HpaBa, YBEJIMYMBAIOIIMMHI TEHICHIIUS Opocalia K HEMPOUYH

OMY pa3JIaMbIBAHUIO.

N3-u3-3a nocTpoiiku u AKCIUTyaTalllM TJIaBHBIX TPYyOOIPOBOIOB
B Pa3HBIX MOTOHBIX 00CTOATEIHLCTBAX TPYOBI COBEPIIAIOT BPA3TUIHOM BBITIOTHEH
15078 B 0OBIKHOBEHHOM BBITIOJTHEHUH BBIICIBIBAIOT TPYOHI C
LEJIbI0 TPYOOIPOBOIOB, MPOKJIAIBIBAEMBIX

BTUIMYHOIO NOSICY U MOJIYAEHHBIX pernoHax Poccuiickon benepanuny, ¢



LEJIbI0 KaKOBBIX kap dKcruryaTanuu oeperca ¢ 0 °C  u paHee wxxap NOCTPOMKH -

40° U paHee. B mo1HOYHOM BBITIOJTHEHUH BBIACIBIBAIOT TPYOHI, C
EJIbI0 KaKOBBIX Kap dKcIutyaTauu oepercs ¢ -20 BILJIOTh no -40 °C,
a >kap moctpoiiku - 60 °C U paHee.

3a jxap IKCIUTyaTallH MMOJyYat0T HAUMEHBIIYIO JKap CTeHbI TPYyO MPUCYTCTBUE K
CIUTyaTaliy OKOJI0 pabOTHUKAM HAKUMOM; U3-3aKap MOCTPOUKH —

xap cTeHsl TpyO m1bo armocdeps (¢

1eJIbI0 00JIee MPOXIIATHOMN MATHIHEBKH ) IPUCYTCTBHE CTPOUTEIILHO-
COOPHBIXTPY/IaX JINOO MPUOCTAHOBKE HE()TEIIPOBOA, XapaKTEpU3yeMYIO B COTJIAc

oBanuu ¢ CHull cornacHo cTpoit KITMMaToIOruu U reou3uKe.

2.3. OueHKanpo4yHOCTH U yCTOMUMBOCTU HedpTenpoBoAaa.

O01mme JaHHBIE:

Pabouee pasneHue: P = 4,8 MMa;

Tpy6a npamowoBHaaD, = 1020 mm, mapKa ctanu 1711C;
HomunHanbHana TonwmHa cTeHKad,, mm: 16;

Ogp= 510 MTla, o,= 360 MTIa;

Mogaynb ynpyroctu ctanm: E = 2,0610° MMMa;

NAOTHOCTb cTanu P, = 7850 Kr/m>;

MpoAyKT nepeKaykun: HedTb;

KoadbdUUMEHT NMHEHOro paclumpeHus metanna Tpy6bl: a = 1,2-107;



Koaddunment mnonepeuyHoit npedopmaiud B CTaauud yOopyroi padboTh

metasia (koaddumment Ilyaccona): p = 0,3

Moa3emHbI y4acToK Tpybonposoaa:
KaTeropua y4yactka — |;
FPYHT (rAnHa): y.p,= 16,8 KH/m>;

BoicoTa cnos 3acbinku OT BepxHel obpasyowen TpybonpoBoga Ao

noBepxHOCTM rpyHTah = 0,8 m.

HaasemHbl nepexos noasemHoro Tpybonposoda M Hag3emMHbii TpybonpoBog, co

CI'Ia6OVI3OI'HyTbIN|l/1 KOMMneHCaunoHHbIMUN Yy4aCTKaMW:

OnvHa nepexoga: | = 167 m — WMpUHA NepeKkpbIBAEMOro eCTeCTBEHHOrO

npenAaTcTBunA,

Bbicota nepexoga: H;, =14,0 m — BbicOTa nepexofa Haj MOBEPXHOCTbIO

3eMnu;
TemnepatypHbIi nepenaa: At = +48°C;

HopmaTuBHOe 3HayeHWe Beca CHEeroBoro noKpoea anas panoHa (IV)

cTpoutenbcTea: P =2000 H/Mz;

TonmuHa cinos rosonieaa B 3aBucumocty ot paiiona (I11) crpourtenscTia:
b=10 mm;
HopmaTtuBHOE 3HaueHWe BeTpoBOro mamieHust s paiiona (VI)

CTPOUTCIILCTBA:



W, =730 H/m?

[ToxzemHBII ydacTOK TpyOOIpoBOaa Ha 3a007I0UCHHOM MECTHOCTH

AnnHa yyacTtka Ha O6BOAHeHHON\ yyacTtke: L, =120m.

JlnvHa yyacTka Ha 3a00JI04Y€HHOM y4acTke: L, =135wm .

TonwmHa un30nAUMOHHOM neHTbl MonnmneH MB = 0.63 mm; ToAaWwMHA

o0b6epTkM NonunneH O = 0.65 mm. N3onauma AByxcioMHas.

Y nenbHbINA BEC BOABI ¥, = 1050022.
M

2.3.1. OnpeaeneHune TONLWMUHDbI CTEHKU HedTenpoBoAaa.

Onpegensaem pacyeTHYIO TONLWMHY CTEHKM TpybonpoBoaa no ¢opmyne:

5—_NP:D, _ 1148102 _,q
2(R,+n-P) 2-(260 +11-4,8)

rae  n=1,1 - K0adOUUMEHT HALEKHOCTM NO HArpysKe - BHYTPEHHeMY paboyemy

AasneHuto B Tpybonposoge [1. Tabn. 13];
P=4,8 MIla -paboyee aaBneHune B TpybonpoBoAae;
Dy=1,02 M — HapyXHbI AnameTp Tpybbl;
R; —pacyeTHOe conpoTUBIEHNE PACTAXKEHUIO, onpeaenaeTca no popmyne:

- Riemy _ 510-075 0
k, -k 1471

H

raoe  my=0,75 - koadpduumeHT ycnosui pabotbl Tpybonposoaa [1, Tabn. 1];



ki:=1,47 - KO3dPUUMEHT HAAEKHOCTU NO MmaTepuany [1,Tabn . M1.1];

ke =1- Ko3¢PUUMEHT HaZEeXKHOCTM MO HasHayeHuto Tpybonposoaa,

NPUHMMETCA B 3aBMCMMOCTM OT KaTeropum Tpybonposoga [1. Tabn. 11];

R,"=510M/[la- HoOpmaTUBHOE CONPOTUBNEHME PACTANKEHUIO MeTanna Tpyb u
CBApHbIX COEAVMHEHWM, MNPUHUMAETCA PABHbIM MMHUMANBHOMY 3HAYEHUIO

BPEeMeHHOro conpoTMUBAEHUA Og,, MIa;
NpuHUmaem 6 =10mm.
Onpepensem Hannume AENUCTBYHOLMX NPOAOAbHbBIX OCEBbIX HANPAXKEHWUNA.

MpoaonbHble OCEBbIe HANPSAMXKEHMA ONPeaenaATca No popmyne:

n-P-D,
UnpNz—a~E-At+,u-—25 ,

H

rae  a=1,2-10°2pad - KO3GPULMEHT TMHENHOTO pacLUMPEHUA MeTanna Tpy6bi;
=2,06- 10°MIla —moAaynb ynpyroctm KOHra;
p=0,3 - KoadPurumeHT NyaccoHa;

At-pacyeTHbIM TeMNepaTypHbIA Nepenag,

AGCONOTHOE  3HAYE€HME  MAKCMMANbHOTO  MONOXUTENbHOIO UM
oTpUUATE/IbHOIO TEMMEpPATYPHOro nepenaga onpeaensatoT no popmynam:

_u-R_ 03-260 ~

At - _
© " . E 12.10°.2,06-10"

1 7

_(-@)R _ (1-0,3)-260

At =
a-E 1,2-107°.2,06 -10*"

=73,7".




K panbHenwemy pacyeTy npuHMMaem 60nblnIA Nepenas TemnepaTypbl.

.P-D 48
o = E-AM+pu- TP Pa _15.10%.206.10%.73,7+0,3. 28098 __1aaim
g 25, 2-0,01
T.K. oy MMEET OTpUuuatTesbHoe 3Ha4YeHne, To NMNPUCYTCTBYIOT CKUMaloWmne
HanpAaxeHua.

Haxoanm KoadpPULMEHT, y4MUTLIBAIOLLMIA ABYXOCHOE HanpaXeHHoe

COCTOAHMNE METAaNa.

2
(@2 (@2 2
w,=.|1-0,75- —”N‘ —0,5-LN‘= 1—0,75-(@j —0,5-@=0,64
R, R, 260 260

MNepecunTbiBaem TO/WMHY CTEHKM C y4eTOM KO3IpdULMEHTa ABYXOCHOro

HanpAXeHHOro CoOCToAHUA:

s__nPD _ 1,1-4,8-1,02 0,016 4em.
2(R, -y, +n-P) 2-(260-0,64 +11-5,2))

MNpHUMaem TONWMHY CTEHKM A0 O =16Mmm.

2.3.2. NpoBepKa Ha NPOYHOCTb B NPOAO0/IbHOM HanpaB/ieHUMN.

MpoBepKy Ha NPOYHOCTb CneayeT NPOU3BOAUTbL U3 YC/IOBUA:

O-npN‘ < l//2 ’ Rl’

roe o, v =—161MIla - NPOAONbHOE OCEeBOE HanpAXKeHue,

npN

Oy, - KOJIbLEBbIE HAaNpAKeHUA OT paCHeTHOro BHYTPEHHEro AaB/1eHuA, MIa,

onpegensembie no ¢opmyne:

6H

n-P-D, 11-48-1,02

=163 MTMa;

o
“ 2-0, 2-0,016



Y- KOIPOUUMEHT, YYUTbIBAKOWMIN ABYXOCHOE HANPAXKEHHOE COCTOSIHUE

meTtanna tpyb. T.K. 0,,,<0, Y,onpenenaerca no popmyne:

2 2
w, = [1-075.] 2| _o5. T - 1—0,75-(@J 05288 53
R, R, 260 260

Bbluncnaem KOMnaeKc:
v, R, =0,53-260 =137 MIla .
133MT1la <137Ml1a..

Mpo4HOoCTb TPybonpoBoAa B NPOA0/bHOM Hanpas/eHMn obecneyeHa.

2.3.3. MpoBepKa Ha NpeaoTBpaLLEHUE HEAONMYCTUMbIX NNACTUYECKUX

Aedopmaumii.

Ana npepoTBpaleHMa HeaonyCTUMbIX — MNAacTUYeckux aedbopmaumia

noAsemHbIX TPybonpoBoA0B NPOBEPKY HEOHXOAMMO NPOM3BOAUTL MO YC/IOBUAM:

m m
Ol Sy RY Ol < R
09-k, 0,9-k
rge 0',-,pH -  MaKCUMaJibHbleé CyMMapHbleE nNpoAo/ibHble HAMNPAXEHNA B

TpybonpoBoae 0T HOPMATUBHbIX HArpy3oK 1 sosaenctenii, MMa;

P3- KO3OPUUMEHT, yuMTbIBaAOWMIA [ABYXOCHOE HaMpsAKeHHOe COCTOoAHWe

meTanna Tpy6.T.K. NPOA0NbHbIE HANPAXKEHUA O, <0, TO:

o o 148 148

w,= |1-075) — | —05-—— — |1-0,75:| ——> | —05-——>— =0,66

M o m e 075 0,75
09-k 09-k 09-1 09-1

H

-360




R," =360 MTla- HOpmMaTUBHOE COMPOTMBAEHUE CXKATUIO MeTanna Tpyb wu
CBAPHbIX COEAMHEHWUN, NPUHUMAETCA PaABHbIM MWHUMANbHOMY 3HAYEHUIO

npenena TeKy4eCTU Orey;

O, - KO/MbLEBbIE HaNpsXeHWs OT HOpMaTUBHOrO (pabouero) AaBneHus,

MTMa,onpegenaemblie no popmyne:

or PD. _48:098 0.
“ 2.5 20,016

MakcmmanbHble CyMMapHble npoaosibHble HanpAaxeHunA Onp

onpegenaTca no ¢opmyne:

E-D
o, =Ml 0, —aE-Att =,
2-p
11
o, =03-148 -12-107° - 2,06 10" - 73,7 J_r%:—l%MHa

roe  p=1800 m - MMHMMaNbHbIM paauyc ynpyroro nsrnba ocu Tpybonposoaa.

MpoBepKy BbINOJHAEM MO HauMbonbwmm no abCcoNOTHOMY 3HAYEHUIO

NPOAOAbHbIM HANPAXKEHUAM Oy, ,MMa.

Bbluncnaem Komnaekc

-0 Ry —0,65. 270 360 197 Mita ;
0,9-k, 0,9-1
Mo e = 97 360 — 300 Mita
0,9-k 0,9-1

H

[-196 MTla <197MIla; 148MIla < 300M[la.

Ycnosus npoyHocTn TpybonpoBoaa Ha MpeaoTBpalLeHUe HeaomnyCTUMbIX

NnAacTn4eCKnX ,u,ed)opN\a LI,MI\;I BbIMOJTHAKOTCA.



2.3.4. NpoBepKa obLieit yctonunsoctn HepTenpoBoaa B NPOA0/IbHOM

Hanpas/s1eHUuu.

MNpoBepKky obwen ycTonumBoctM TpybonpoBoga B  NPOAO/bHOM
HanpaB/ieHWM B MJIOCKOCTU HAMMEHbLUEN KECTKOCTU CUCTEMbl CcleayeT

nponssoanTb U3 yCZ10BUA:

S<my-N,,;

rae S - 3KBMBa/IeHTHOE NPOAO/bHOE OCEBOE YCUIME B cedeHun TpybonpoBsoaa,

MH;

N, — NpoAonbHOe KpuTuyeckoe ycuave, H, npu KoTopom HacTynaet

noTepAa NPoA0bHON ycToMYMBoCTU Tpybonposoaa.

JKBMBaANEHTHOE NPOAO/IbHOE OCEBOE ycuaune B ceyeHuu Tpybonposoaa S

onpegensercsa no popmyne:

s=[05-u) o, +a-E-AT|-F =|(05-03)-163+1,2-10°° - 2,06-10" - 40|- 0,05 = 6,6 MH ;

Ky

roe  AT=t -t  =15—(-25)=40°;

3am

2
F- nnowaab nonepeyHoro cevyeHma Tpyobbl, m*:

_ 7T (h2 _ N2
F_4(DH Dm)

314

== (1,022 —0,9882) = 0,057 ;

[Ana NpAMONMHENHbIX YYacCTKOB MOA3EMHbIX TPybonpoBoAoB B C/ydae
NNacTUYECKON CcBA3M TPYybbl C TPYHTOM MPOAO/JbLHOE KPUTUYECKOoe ycuaune

HaxoAmTca no Gopmyne:

N, =409-4P?-qf , -F2-E®-J°%;

eepm

rae Py - conportueianeHne rpyHta npoaosibHbIM nNepemelleHnAM OTpe3Ka

TpybonpoBoaa eAMHUYHOWN ANNHDI;

J- oceBo MOMEHT nHepuumn metanna Tpybbl, onpeaensetca no dopmyne:



314

T
J:—-(D,‘,‘—D“)_H-

(1,02* —0,988*) = 0,0061*;
64

Qeepm - COMPOTMBNEHWME BEPTMKA/IbHbIM  MepemMelleHMAM  OTpesKa
TpybonpoBoaa eANHUYHOM A/INHbI, 0OYCNOBNIEHHOE BECOM FPYHTOBOM 3aCbINKK U

cobcTBeHHbIM BECOM TpybonpoBoAa, OTHECEHHOE K eAMHULE O/MHDI:

D, =-D,

qeepm = nep '7ep ’ DH (ho + 2H -

j+ d,, = 25890H / .

BennunHa P, onpepensetca no popmyne:
P,=x-D,-(C, +P, tgp, )=314-102- (25000+17145.tg16") = 95815H / ;
roe  C,,=25000 lMa - koabdunumMeHT cuenneHna runHol [24, Tabn.4.3);

Prp - cpeaHee yaenbHoe AaBneHune Ha eauHUUy NOoBEPXHOCTU KOHTAKTA

TpybonpoBoAaa C rMUHOW;

@,, =16° - yroN BHYTPEHHErO TPEHWA rMnHbI.[24, Tabn.4.3]

BenununHa P, Bbluncnaetca no popmyne:

D, D, 0,
2-n2p-;/(,p-DH[£ho+ o j+(h°+ ) j-tgz(45°—2”ﬂ+qmp

P = ;
* 7D,

0
2-0,8-16800- 1,02{(0,8 + 1’22j + (0,8 + 1’22j -tg? [450 - 12}} +10680,4

P = =17145H | m
v 314-1,02

)

roe  n,,=0,8- KoadPULMEHT HafEeKHOCTM MO HarpysKe OT Beca rnHbI;
V:p=16,8 KH/M3 -YAENbHbIN BEC [NINHbI;

ho=0,8 m- BbiCOTa CNOA 3aCbINKN OT BEPXHeM obpasyowei Tpybonposoaa

[0 NMOBEPXHOCTU FPYHTa;



J;p —pac4eTHaA Harpyska oT cobcTBeHHOro Beca 3an30/1IMPOBAHHOTIO

TpybonpoBoaa ¢ NepeKkaymBaeMbIM NPOAYKTOM:

d,, =4, +d, +d,, =3764 +376,4 + 6543 =10680 ,4H / m

HarpysKa oT cobcTBeHHOro Beca meTtansa Tpybbl:

314

q, =n, -7M~% .(p? -D? )=095-78500- = (L02° ~0,988") = 3764H/m;

roe  ng =0,95 - KoapPUUMEHT HaOeKHOCTM MO Harpyskam npu pacyete Ha
NPOAONbHYIO YCTOMUYNBOCTb M YCTOMUYMBOCTb MOJIOMKEHUS;
Vu = 78500H/M>- yenbHbIi Bec cTanu, U3 KOTOPOW M3roTOBNEHbI TPY6bI.

Harpyska oT cobcTBeHHOro Beca M30AUMM NS MOA3EMHbIX

TpybonpoBoaoB:
q, =01-q, =0,1-3764 =376,4H | m.
Harpy3ka oT Beca HedTH, HaxogdALlLencs B Tpybe e AMHUYHOWN O/INHDI:

.D? . 2
d,, :pp-g-” 1 = :870-9,81-w:6543 H/m.

Onpeaensem NpoaoAbHOE KPUTUYECKOE yCUue:

N,, = 4,09-1\]/958154 -0,05% - (2,06-10")° - 0,006° - 82150 = 26MH .
Bbluncnsem Komniekc:

mO ' NKp

=0,75-26 =19 MH;
6,6 <19MH .

Obuwan ycTonMuymBoCTb TpybonpoBoga B NPOAOABHOM HanpaBAeHUM B

Cnyyae NnacTUYecKol ceAsm TpybonpoBoaa ¢ rpyHTOM obecneyeHa.



MpoaonbHOE KPUTMYECKOe yCuane A4na  NPAMOJIMHEMHbIX  Y4aCTKOB

Tpyb60onpoBOAOB BC/y4Yae ynpyron cBA3N C rPyHTOM:

NZ =2-\Jk,-D,-E-J =2-1/5-10°-102-2,06-10" - 0,006 = 163MH ;
rae  Ko=5, MH/M3- KO3$PUUMEHT HOPMASILHOTO CONPOTUBNAEHUA TINHDI.
Bblumcnaem Komnnekc:
m, -N?%, =0,75-163 =122 MH;
6,6 <122MH .

Ycnosue YyCTONYMBOCTU NPAMOJIMHENHbIX y4yacTKoB

HedTenpoayKkTonposoaa obecneyeHo.

MpoBepum obuyto YCTOMYMBOCTb KPUBOJIMHENHbIX y4yacTKoB

TpybonpoBoAa, BbINOJHEHHbIX C YIPYrMm n3rmbom:

6’[, = 1 = ! =0,04;
.3 q”ﬂ 8703 258980
E-J 2,06-10"-0,006

P F 82150-0,05
-] \/ .
, Qupn *J_ |25890-0,006  _ L85,

a \/qw - \/ 25890
3 3
E.J 2,06-10"-0,006

Mo Homorpamme onpegensaem KoapduumeHT - £, =18 [24, puc.4.2].

[na KpMBOAMHENHbIX (BbIMYKAbIX) Y4aCTKOB TpybonpoBoAa, BbINOJAHEHHbIX
ynpyrum m3rnbom, B c/iydae NaacTUYecKoM CBA3U TPYObl C TPYHTOM KpUTUYECKOEe

ycunue:

N2 =f, -3/q2,, - E-J =22-3/25890% - 2,06-10 - 0,006 =17 MH.

N =0375-q,,, - p =0,375-25890-870 =8,4 MH.



Bbluncnaem Kkomnnekc:
m, - pr =0,75-19=13MH; m, - N;‘p =0,75-75=6,3MH,
6,6 MH > 6,3MH .
Ycnosue yCTOMYMBOCTU 418 KPUBOJMHENHBIX YH4ACTKOB HE BbINOJIHAETCS.

YBe/IMYMM YCTOMUYMBOCTb KPUBOSIMHENHbIX Y4aCTKOB, YBE/IMUMB PaamnycC

nsrmnba Tpybonposoga go 1800m.

2.3.5. Pacuer nepexoaa 4yepe3 ecTeCTBeHHOE NPeNsiTCTBHE.

Pacuet 6anouHbIX nepexoanos 6es KomMmneHcauunun NpoAO0/IbHbIX

aedopmaumn.

[nvHa nepekpbiBaeMoro nponeta

2W-R,-o 70,013 (360 =
- R,-0,,) \/12 0.013-(360—84) _
a, 0,003018
rge Copp™ pacyeTHble NpPOAOJ/ibHblE HaMpAXeHUA OT ﬂ,eVICTBMﬂ BHYTPEHHEro

AaBNneHnAa, onpegendaemblie gnAa 3allemaeHHoro pr6OI'IpOBO£I,aZ

o =1P-Dy, 1148102 o),
T T4 4-0,016

W- mOMeHT conpoTMB/IEHMA NONEPEYHOro Ce4YeHuUnA pr6bI:
W= z-R,*5=314-0,51"-0,016 = 0,013x°
Qmp- NONIHAA pacyeTHadA HarpyskKa:

qmp = qM + qu + qnp + qcnez + quL’()

q, = 3764 H/ m— Harpy3Ka oT cobcTBeHHOro Beca Tpybbl;



q,, =376,4H / m —HaArpys3Ka oT Beca U3onauuu;
q,, = 6543 H / m — Harpyska oT Beca NpoAyKTa;

d.... — CHeErosaa Harpy3ka Ha pr6OI'IpOBOLI,Z
Q.. =N.-P!-C.-B, =1,4-2000 -0,4-0.786 =880 H / m

n. = 1,4 - KoapdnUMEeHT HaZEeKHOCTU MO HarpysKke OT BecCa CHErosoro

noKpoBsa,npuHumaemoe no CHmM 2.01.07-85%;

C. = 0,4 — KoapdUUMeHT nepexoaa OT BeCa CHErOBOro NOKPOBA HAa eAUHULY
NMOBEPXHOCTM 3€M/IM K BeCy CHEroBoro MOKpPOBA Ha eauHWUy NAoWaau Ha

YPOBHE NPOKAaAKM 0gMHOUYHOro TpybonpoBoaa;

B,=0,77-D, =0,77-1,021 = 0,786 » — WMPUHA FOPU3OHTASIbHOM MNOBEPXHOCTH

HaA3emHoro Tpybonposoaa;

D,, =1021mm - HapY)XHbIM AnameTp TpyObl C y4eTOM WM30AALMOHHOIO

NOKPbITUS;
q,., — rononepHas HarpysKka Ha Tpybonposoga;
q.,.=17-10"-n_, -b-k-D,, =17-10*-1,3-1,021-0,01-1,2 = 270 H / m
n,, =13 - KOAPPMUNEHT HaZEKHOCTM NO rONONEAHOM HArpy3Ke;

b =10mm— TOJIIMHA CTEHKHU T'OJIOJICAA;
k=12— KO3(DPHUIIMECHT, YUYUTHIBAIOIINN HW3MCHEHHWE TOJIINHBI CTCHKU
roJjiojieaa B 3aBUCUMOCTH OT BBICOTHI TPYOOIIPOBO/Ia OT TOBEPXHOCTH 3€MJIH.

= 3764 +376,4 +6534 +880 + 270 =11824 4AH [ m.

q mp(3umor)

= 3764 +376,4 + 6534 =10674 ,4H | m

q mp(aemom)



CooTBeTcTBYIOWAA CTpena nporvba, BbI3BAaHHAsA pPaCYETHOM HaArpysKowm

qmp(sumoﬁ):

_d,-1" 0011824 -60.3
faq

= = =0,329 m
384-E-J 384 -206000 -0,006

MpogonbHoe ycunue, AencTeytolLee B TpybonpoBoae Npu HarpeBaHum:
N=03-0, -F-a-E-F-At= 0,3-163-0,05—-1,2-10° -0,05-2,06-10° - 48 = —4,7MH
Kputnueckaa (dnneposa) cmna:

_ 7°-E-J _ 314%-206000-0,06

= —-93MH
P (m1)? (0,6-60,3)*
KoapdpuumeHr:
€= N _ —47 =0,05
N -93

dakTMyecKkana ctpena npormba:

¢ f, 0329

pom = = = 0,346
1-&) 095

V|3I'M6aI-OLLI,VIl\/'1 MOMeHT B Haubonee HanpAXXeHHOM OnopHOM ceyvyeHun OoT

AeNCTBMA PaCHETHOMN HArpy3KN gpmp:

12 60,32
v, < dm T __oous2A 603 .o
12 12

N3rnbatowmin MOMEHT OT AENCTBUA NPOAO/IbHON CUNDI:

M,=N-f =-4,7-0,346 = -16MH - m

paxm

CyMmapHbIN U3rnbatowmMn MOMEHT:
M=M,+M, =—-35-16=-51MH - u

MNpoaonbHble HaNpPAXeHUA:



—4r, =51 —486 MIla

M =51
W 005 0013

N
=—+
F

O

MpoBepKa NPoYHOCTM TpybonpoBoaa B NPOA0/IbHOM HanpaBAeHUH:

< 4R,

O'l_Ip

Ps- KOIPOUUMEHT, YYUTbIBAKOWMIN ABYXOCHOE HANPAXKEHHOE COCTOsIHUE

TpybonpoBoaa:

2
We= [1-075-] | —05.2 —07
2 R2

486 MIMa « 252 MTla - ycnosue He BbIMOJIHAETCA.

YcTaHaB/MBaeM TPW OMOPbI, Pa3aeninB Nepexos Ha YeTbipe pPaBHbIX NPO/eTa

167/4=41,8m.

CooTBeTcTBYlOWAA CTpena npornba, BbI3BAHHAA pPACYETHOM HarpysKowu

qmp(aumoﬁ):

_q,-1" 0011824 -41,8"*
fq

= = =0,076 m
384-E-J 384 -206000 -0,006

MpogonbHoe ycunue, aenctaytolLee B TpybonpoBoae Npu HarpeBaHum:

N=03-0, F-a-E-F-At =0,3-163-0,05-1,2-10°-0,05-2,06-10° - 48 = -4, 7MH
Kputnueckaa (dnnepo.a) cmna:

r*E-J i 3,14% - 206000- 0,06

=- =-193MH
MR (0,6-418)"
KoapdpuumeHT:
E= l = ﬂ =0,03.
N -193



dakTMyeckana ctpena npormba:

(o f, 0,076
Pem o (1-&) 0,97

=0,078 m .

V|3FM63FOIJ.I,MV1 MOMeHT B Haubonee HanpAXXeHHoOM OnopHOM ce4vyeHun OoT

AEeNCTBMA PaCHETHOMN HArpy3KMU gpmp:

12 41,87
v, = dm T oous.ag o
12 12

N3rnbatowmin MOMeHT OT AeNCTBUA NPOAObHOWN CUAbI:

M,=N-f =-4,7-0,018 =-0,4MH - m

paxm

CyMMapHbIN U3rnbatowmm MoOMeHT:
M=M,+M, =-17-04=-21MH -m

MNpoaonbHble HaNpAXeHUA:

—4r, -2l —255 MITa

M -2t
" W 005 0013

N
o, =—+

F
MpoBepKa NPoYHOCTM TpybonpoBoaa B NPOAO/IbHOM HanpaBAeHUM:

‘Unp‘ < P4R;

P4~ KO3POUUMEHT, YyYUTbIBAOWMA [ABYXOCHOE HAMPAXEHHOEe COCToAHME

TpybonpoBoaa:

2
(o) (o)
= [1-0,75-| 2| —05-2*=07
lb4 \/ (RZJ R2

255 MMa « 252 MTa - ycnosue He BbINO/IHAETCA.

Pacuet MHOronponeTHoro 6anoyHoro nepexoga C KOMmneHcatopom



MaKCcMManbHO A0NYCTUMbIA MPONET MeXKAY OnopamMu BbIYUCNAKTCA U3

YCNOBUSA NPOYHOCTU No dopmyne:

=60,3m.

L 12W([R, —opr] _ \/12-0,013-[360—84]
max Uyp 0,011824

_n-P-D,, _11-48-102

G .= — 84 MIT
T TS 4.0,016 “

MaKcMManbHbIn M3rMbaloWwmMm MOMEHT B CepeiuHe KpalHUX MpPoJieToB B
MOMEHT Ha KpaMHUX onopax paBHbl mexay coboin no abcoNoTHOM BeIMUYMHE NpU

OJINHE KOHCOMM BblUMCAAOTCA Mo popmyne:
M =W |o,,, |=0,013-276 =35MH - u, rae

lo,.|=R, —c,,, =360 —84 = 274 Mila .

np.p

Tak Kak AaunHa nepexoga |=167m, a A/NMHA NepeKpbiBaeMoro mnpoJsieTa

L,... =60,3x, TO ecTb
I, =1+2-1-0,408 =1,816 -1

|H>LMAX, TO AnAa AOOCTUXKEHUA YCTOI‘/’I‘-II/IBOCTM HeO6XOﬂ,MMO YCTaHOBUTDb

AOMNONHUTENbHbIE ONOPbI KOTOPbIE BbIYUCAAIOTCA NO popmyne:

1, 167

=4,1=L,= =
" T (n+0816) 4816

=34,7m<60,3u

Taknm obpasom nonyyaem 4 nposeTa, To €cTb 3 ONOPbI.

MakcumanbHbI GaKTUYeCcKMit npormb B cepeamnHe nponeTa

|4

2-q,-1" _ 2.0,011824 -34.7*
384-E-J  384-206000 -0,006

fo= —0,072m

N3rnbatowme momeHTbl M, o U Moy



|2

=0,88MH - m.

qa,, 0,011824 -34,7°
Mxmax = | Mon | = ;)_6 = 16

Pacuet KomneHcaTopos.
MaKkcMMmanbHO A0NYCTUMbIE HaNpAXKeHUA

]=R,-05-0,, —|c,| =360-0,5 *163 - 0 = 278,5 MIa.

o

Komn.

Mpy NPoAO0/AbLHOM MepemelleHnMn TpybonpoBoaa 3a CYeT ero yaauHeHus

MaKCMManbHaA Benn4nHa A,

0,2-0

- ““ +a-At] = 167 -[0’2'163

206000

Aklep+At:L-( +1,2-1O'5-48J= = 0,096 m.

rae L — Oo/vMHA HaZ3emMHOro yyacTka TpybonpoBoaa, obcny:KnBaemas OAHUM
KOMMNEHCAaTOPOM;

B cnyyae ymeHblweHMA ANMHbI TpybonpoBoga BennumMHa A, 6yaet

MaKCUMaNbHOWM NP BHYTPeHHeM gasneHmn P =0
A,=A, =L-a At =-167-12-10 °-48 = - 0,096 m.
A;— nepenag TemnepaTyp Npu oxnaxkgeHun tpybonposoaa.
AMNANTYyaa OTKNOHEHUA HAYabHOM ANMHbI B 06€ CTOPOHbI

A=Ay +|A,,| =0,096 + 0,096 = 0,192 m.

Ecan MoHTax IIPOU3BOAUTCA TaK, 4YTO obecnieunBaeTcs CUMMCTpHUYHAaA

paboTa KoMIeHcaropa B 00€ CTOPOHBI, KOMITCHCHPYIOIIas CIIOCOOHOCTH |[A, ]
JIOJDKHA OTBEYATh YCIOBHIO [A, ] > A/2, a mmHa |,
Ay = 0,096 m.
Ecnn n3BecTHO cymmapHoe npogosibHoe nepemelleHne Tpybonposoaa A,,

onpeagenatoT Heobxoaumyto pabouyto ANIMHY KOMMNeHcaTopa:



K

=10,4m.

3-E-D, -A, _\/3-206000 -1,02 - 0,096
2-[c 2.278.5

Komn. ]



2.3.6. IIpoBepka ycTOMHYHMBOCTH TPYOONPOBOJA NPOTHB BCILIBITHS.

McxoaHble AaHHble:
Tpy6a D=1020 x 16 mm;

TonwuHa mnsonaunoHHomn neHtbl Monmnen MB = 0.63 mm; ToNwMHA 06EpPTKU

Monnnen O = 0.65 mm. M3onauma (obepTKa) ABYXCNOMNHaS.

D,=D,+2-6,+2-6,=1020 +4-1,26 + 4-1,3 =1030,24 mm
J =0,006m* - MOMEHT HHEPIIUU CCUCHUS TPYOBI;

N, =1.0 - KO3PPULMEHT HAJEKHOCTU NO HArpy3Ke ANA YYTYHHbIX NPUTPY308;

K, =1.15 - Ko3GOMUMEHT HAZEKHOCTU  YCTOMYMBOGCTM  MONOMKEHUA
TpybonposBoaa NPOTUB BCMNLITUA A/1A PYC/OBbIX YYaCTKOB.

PacueTHas BblTa/IKMBaloL,asa cMna BOAbl, AEeNCTBYIOWAA Ha TPybonposoa;:

q, =7, -%-Di 210500-%1-1,032 =8744H | m ,

roe y, =10500 H/M’yAenbHblit BeC BOAbI.

PacuetHaa Harpy3ka, obecneumBatowan ynpyrum usrmb tpybonposoaa

COOTBETCTBEHHO penbedy AHA TpaHWeM M onpepensemas AN BOTHYTbIX

y4yacTKoB no popmyne:

q - 32E
M3r 9'B2'p3’

roe E=2,1-10° Mlla - mogynb ynpyroct mateprana Tpybbl ANA cTanu;
p=1000 m - paguyc ynpyroro usrnba tpybonposoaa;

B=6°3=0.10559 - pax.yron noBopoTa ocu TpybonpoBosa B BEPTUKANbHOM

NJIOCKOCTM Ha BOFTHYTOM penbede;



_32-21-10"-0,006

Qe = > 5 =401 H/m .
9-0.10559 “ -1000

PacueTHbIN Bec eaANHULUbI ONUHDbI TDY6OFIpOBOAa B BO34yxe C y4eToOM U30/1AUunmn

npun KoapduuneHTe HageXxHoCTn no Harpyske n . =0,95;

B

q,, =, +0,)-n., = (3959 +188)*0.95 = 3939 H / u,

rae q, Harpyska ot cobcTBeHHOro Beca meTasna Tpybbl;

0y =7u '%'(Di -D?)= 78500-%‘- (1,02% —0,988%) = 3959H / m

H o
Y, =78500 — yAenbHbIi BeC MeTanna, U3 KOTOpPOro N3roToB/EHbI TPY6bI (
M

Y, = 78500£3 ANA cTanm);
M

q,, - HarpysKa ot cobcTBEHHOrO BECA U301ALUN;

qm = (SI/I.H. 'pn.n. +606 'p06)' km T DH g ’ nC.B.
q,, =(1.26-10° -1090+1.3-10° -1055)- 2.3-3.14-1,02-9.81.0.95=188 - ;

M

k,.=2.3 - Ko3GOUUMEHT, Y4MUTbIBAIOWNIN BENUUYMHY Haxnécta, npwu

NBYXCNONHOW nsonaummn (obepTtke);

0,,=1.26 MM - TO/LWMHA WM30NALMOHHOMN JNIEHTbI, ANA WU30NALMOHHOMN

NEeHTbl Mapkn «lMonnnen MB»;

KT y
P,. =1090— - NNOTHOCTb N30NALMOHHON NEHTbI, ANA MapKK «Monunex
M

MB»;
d,,=1.3 mm - ToNwmHa 0bepTKn, oA mapku «MonmneH O»;

KT

3
M

p,=1055 NNOTHOCTb 06epTKM, ANA Mapku «MoanneH Ox»;

M
g=9.81— - ycKopeHwue cB060AHOTO NageHus.
c



I'opmsoHTaanaﬂ M BEPTUKAJIbHaAA COCTaBAAOWAA

BHELUHWUX Harpy3oK Ha eaMHULY ANMHbI TpybonpoBoaa:

P,=C,-t=.v2.D
29

HU. !

4
y =1.M.0_542 .1.03 =16()H;
2-9.81 M

H.H. !

YB 2
Py :Cygv D

4
M-O.Mz -1,03 =106 H;

P, = 0.66 -
2-981 Y

C,=1.0,C =0.66 koapduLMeHTbI ANna opyTepoBaHHbIX TPY6;

2.3.7. OnpeneneHre napaMeTpoB OaTaCTUPOBKU

BO34eMNCTBUA

OnpepeneHve napameTpoB 6annacTMPOBKU AN 06BOAHEHHOIO yYacTKa.

MpumeHsem uyryHHble rpy3bl  maccoit rpysa M. =1100kr, R =480

mm, R ,=415mm, R,= 310 mm, A=485 mm, M=960 mm.

HOpMaTMBHbIVI BeC 6al'II'IaCTMpOBKM Ha 06BO,£I,H€HHON\ y4acCTKe

" 1 P,
q6aH.B4=_.(kH.B.'qB+ql/I3F +Py+ _qu_qnon))
Ny k

rae N, - KoaddUUMEHT HALEKHOCTU NO Harpyske;
K., - KO3pPULMEHT HaJEeKHOCTU NPOTUB BCNIbITUS;

(, - pacyeTHaA BbiTa/IKNBatoLWana CUi1a BOAbI,;

4, - pacyeTHasa Harpyska, obecneumBalowana ynpyrun u3rnbd

TpybonpoBoAa COOTBETCTBEHHO penbedy;



k - KoapduumeHT TpeHMAa Tpybbl O TPYHT nNpPU  NONepeydHbIxX

nepemeuLeHnax,

k=0.55-gn4 rpaBenncToro rpyHTa.

0, - PacyeTHas Harpyska oT Beca NnpoAaykTa (q,,, =296 %);

Jon

en = L (1.15-8744+ 401+106 + 160 _ 3939-6543) = 370H
all.B. l 0.55 M

2.6.3.Bec 6annactMpoBKu B BO3ayxe

H H YG
= I
QGan ann.B. 'Y6 —’YB N kHABA ’
4
qr —370. 105100 4, H,
7.025 -10" -1.05-10" -1.15 M
o . H
Y, - YAeNbHbIM BeC maTepuana npurpysku,y, = 7.025*10 E

Y, - NNOTHOCTb BOAbI.

PaccTtosHWe mexay rpysamu:

I — m6 >k(’Y6 _YB)
qﬁan *YG

_ 11000 (70250 —10500 )

I, =21l.m
442 - 70250

Konnuectso rpysos:

roe L anavHa yyactka (L =120m).



MoHapobuTca 6 KOMNIEKTOB.

4. OueHKa MaNOLUKN0BOW A,0/Ir0BEYHOCTU NO KPUTEPUIO 3aPOXKAEHUSA

TPEeLMHbI.

NcxoaHble AaHHbIe:

OvameTp Tpybonposoaa D, =1020 wwm ;

TonwmHa CTeHKN 6 =16mm;

Pabouee gasneHune B Tpybonposoae P =4,8MIla;
OnviHa pedeKTHoro yyactka L =0,026x;

FnybwHa t, =9mm ;

MepBoHavabHaA NaoWaAb NONEPEYHOro CeYeHuUs
NPOKOPPOANPOBAHHOIO yYacTKa:
S, =L-6=0,026 -0,016 = 0,00042 M.

Mnowaab NoNepeyHoro ceYeHmns NPOKOPPOANPOBAHHOIO yYacTKa:

S = % L-t, = % -0,026-0,009 = 0,000167,

MNonpaBo4HbIM KO3pPuumeHT Ponmaca:

2 2
|v|=\/1+0’8"‘ - 1+m=1,01
D-&§ 1,02-0,016

MNpenen TekyvecTu:
or =11-or =11-360 = 396M/la,
roe or =360 MIa - HOPMaTUBHbIM Npeaen TEKy4ecTu no cneunduKaumm.

KonbueBble HanpAaxeHuna B Tpybe:

S-S — 0,00042 —0,00016

c,=—————0r = -396 =411MIla .
" S,-S-M 0,00042 —0,00016 -1,01




nOCKOﬂbe HanpaxeHune o, He J0/KHO NpesbIlaTb HAMpPAXKEHNE

npeaena

TEKy4ecTu, OnpeAeAeMoro Npu HanNpPAXKeHUn or = 360 Mila :

—  $,-5 = 0,00042 —0,00016

o, =—0 "2 5= 360 = 374 MIla
S,—S-M 0,00042 — 0,00016 -1,01

TO NpoBeAeM pacyeT TpybonpoBoaa Ha ManoLMKAOBYIO MPOYHOCTD.

KoadPpurumeHT KOHUEHTPALMM:

_aa'l+a0'2 .
KR

KoadpdnumeHT KOHLEHTPaLUM HanpAXKEHU ANA KaBepHbI

NOY3NNNNTUYECKON GOPMBbI:

2
n (1,12_0,48.;H+o,19(2<0) -t"—2~tHJ

5 ., V4 ., o
a, =1+ ;
1-% [1_075. 4
5 |
2
2. "
2.9 0112 048 2 to19 12|.° 5. °
16 26 T 26 16
a, =1+ 3 5 =0,74.
1-2.[1-075- 2
16 26

KoapdnumeHT KOHLEHTPAUUM HAaNPSAXKEHUM ONA KaBEPHbI TPEYro/IbHOM

dopmbil:




LA oS Y
E 206-10

K, =2_o-_ﬂ=1’82_
o 411

Ynpyronnactuyeckmi KoadpdpuumeHT gedbopmaumu:

al 23

. =22 29,
K 182

g, =¢& K, =0,002-2.9=0,0052 .
&, =&+¢&,=0,0052 +0,002 =0,0072 .
g=2g,=2-0,0072 =0,0144 =1,44%

Yucno gonyctmbix umknos: N, = 2400 .

N
CpoK cnyKbbi: i =—— =6,6roaa.
P y 360 il

5. UccnepoBaHue HanpaxeHHo-ae$hOopMUPOBAHHOIO COCTOAHUSA

NIMHEMHOM YacTU MarucTpanbHoro HepTenposoaa.

5.1. NMporpammbl U BO3MOXKHOCTU KOHEYHO-3/1IeMEHTHOro aHanusa.

HccnenoBanue cUCTEM ¢ MPUMEHEHUEM CIIOC00a OKOHYATEIbHBIX KOMITOHE
HTOB (MKD) cuntaercs B Haille BpeMmsi IEPUOA IO CYTHBCEMHUPHBIM 3TAJIOHOM C
IEJIBI0 MPOYHOCTHBIX
Y UHBIX TUIIOB PacueToOB cUCTEM. ba3oii TaHHOTO NpeIHa3HAYaeTCIMHOTODYHKITN
oHasibHOCTE MKD), 103BOJISAONIAS OOIIIMM METOIOM MOJIAraThCsl pa3HbIe CUCTEMBbI
C Pa3JIMYHBIMU Kauy€CTBAMHUHCIIOIb30BAHHBIX MaTepHuaoB.
[Ipu mocTaHOBIEHNN CITOCOOHOCTH IKCIUTYaTaAlUH UCUEPTIABIIIETOCS C TIOPSIKA TP
yOonpoBo/a, a Kpome
TOTO IPUCYTCTBUEUCCIEOBAHUIO KPUTEPUEB, KaKKE O XapaKTepU30Bau 3aKII0YEe

HHC B BOCCTAHOBJICHUC, NJIW HAJI30P U3-



3a HUM, WJIM YTBEPKACHNE00aBOUHBIX COOBITHI COTTIACHO 00eCreYBaHHIO pabo
9eil MPOYHOCTH, TTITABHOE MHTEPEC YIEISAIOT PACCMOTPEHUIO YCHIICHHO-
1e(OPMUPOBAHHOTO KATTUTAIIOM C

Y4E€TOM JEHCTBUTEIHLHO (QYHKITMOHUPYIOIIUX HATPY30K

Y FICCIICZIOBAHUIO KPUTEPHUEB KPETIOCTH UCTAOMIIBHOCTH, B OCHOBE KaKOBBIX chop
MHUPOBBIBAIOT HAICKAITNE WHKECHEPHO-TIPOMBITIUICHHBIE COOBITHSI.

JIJ1st pacCMOTpPEHMSI TaHHBIX HEOJHO3HAYHBIX BOIIPOCOB CJIEAYET OCYIICCTBICHUE
M3Y4YCHUH, OXBATHIBAIOIIUX HATYPHBIC 3aMepayCUIICHHO-

1e(hOpMHUPOBAHHOTO KATMTAIIOM, UCIIOJIb30BaHUE CIIOCOOOB MEXaHUKHU
nehOpMHUPYEMOTO KECTKOTO TYJOBUIIA, KOHIICHIIMMBO3MOXKHOCTEH U Gecropsioq
HBIX JICHCTBUH, Oalljla MPOYHOCTH TPYOOTPOBOJOB PABHO

KaK aBTOMaTHYCCKUX KOHIenIui. [IpucyTcTBreIaHHOM HAOIIOMaeTCsI B3aUMOCBS
3aHHOCTb CpPEAM IKCIUTyaTaned  TpyOompoBojia,  €ro  MPOEKTUPOBAHUEM
u noctporikou. Ha camMoM zele, HATypPHBIEC U3YUYEHUS HArPy30K
B XO/I€ DKCILTyaTally MPEIOCTABISIIOT BEPOSITHOCTh YICHO apryMEHTHPOBATH B TI
€pHOIANPOCKTUPOBAHHUS MTOI00P 00BEMOB, HCIIOIB30BAHHBIX

MaTepHuasoB U MOJIE3HBIX BEIBOJOB. Pa3pernienue xe

ATUX BOIMPOCOB JIa€T BO3MOKHOCThH BEICOKOMEPHUYATH MOAXO/ISIINE HAYYHO-
TEXHUYECKUE CUCTEMBI SKCIUTyaTallun

Y TIPEICKa3bIBaThIIEPEMEHA aBTOMATHUYECKUX KaueCTB U €IUHCTBA TPYOOTIPOBOA.
[ToTpeOHOCTH KOHCTPYKTOPCKHX KOHTOPA, YYEHO —

9KCIICPUMCHTAJIbHBIX y‘IpC)K,Z[CHI/Iﬁ N HHAYCTPUHU B MHOI'OLCJICBLIX,CTPCMUTCIILH

bIX, JOCTOBEPHBIX U MOIXOASAIINX C LEJIBIO F03€pa MPOrpaMKax,
peaN3yIONTUX OOMIMPHBIN IUaMa30H PacyeTOB (TOCTOSIHHBIX,
TWHAMUAYECKUX, TEPMUYECKUX U JIp.) cTajla UMITYJIbCOM

K MCCIICJIOBAaHUIO Pa3HBIMU (prupMaMu

MaKETOB MPAKTUUYECKUXITPOEKTOB 0€3yCIOBHO —

3JIEMEHTHOT'O PaCCMOTPEHUA. JJaHHOE NMOMyJIApHBIE TPOTrPAMMHBIE TTPOYKThI
mutanust ANSYS u DesignSpacekomnannu ANSYS  Corporation; Cosmos/M
Designer, Cosmos/DesignStar,

Cosmos/Works kommanuu StructuralReseach&AnalysisCorporation;



DesignWorks kommanuun CADSI; AIIM
WinMachine Cpenotouus mporpaMMHOTO

U aKaJeMHU4YecKoro mpeaocrapienus AIIM U Tp.
Bce

BBIIICYITOMSHYTBIC IPOCKTA Pa3HBIX KOMITAHWH BO3MOYKHO Pa30UTh B 2 IJIaBHBIC K
aTeTOPHH.

1-as kareropusi — mpoekTa 0€3yCIOBHO —

anieMeHTHOTO paccmoTpenus (Cosmos/Works, DesignSpace,
MSC/InCherck), BaenbsiBaeMbIeB CTETICHH CITUCOK B MOMyJsipHbIe aketel  CAIIP
u pacroJiararonye BaKHbBIM HHCTPYMEHTApUEM C
CJIBIO CTPEMHUTEIBLHOTO pacIuIaThi(CyIepIKCIpecc-

HCCIIeIOBaHKE) KOMIIOHCHTOB JINOO MOHTHPOBOUYHBIX SJIMHHUII HAIPSIMYIO B chepe
ux uccienoBannio. C

1ETBIOKOM(OPT 103€pOB MPUCYTCTBHEC JAHHOM PEATU3YIOTCS METOBI MEXaHUUYCCK
Oro pa30MEHHS CHCTEMbI B OKOHYATEIbHbIC KOMIIOHEHTHI,T0CO3HATEILHO OCMBIC
JICHHBIC CXEMBbI HaIlPaBJICHHUS KPacBbIX 00CTOSATEIBCTB U JOMOIHCHHUS HAarpy30K.
HecMmoTpst B 0OTMEUCHHBIE TUTFOCHI, IIPOCKTA 3TOM KaTeropuu 00J1a1at0T HeOOJIbIIIO
1 KOMIUIEKT CITOCOOHOCTEH ¢

1eJTbI0 (POPMUPOBAHMS UPACILIATHI MOIU(DUKALIMIA ¢ OCTOKHEHHBIMHM KaueCTBaMU
COITaCHO MHOT'O()YHKIIMOHAIBHBIM CXeMaM, KpaeBbIM 00CTOSITEILCTBAM, IIEPErpy3
KaM, T€OMETPAJIbHBIM OTINYUTCIIBHBIM yepTam M p.
[TocTpoeHHbIC B JJaHHBIX c(pepax BHIYMCICHHBIC MOAU(DHUKAIINN HUKAK
HE TIOCTOSIHHO Pa3penialoT YCTaHOBJICHHBIC TPOOIEMBI, TO

YTOBBIHYK/IA€T UCIIOIH30BATh K Harboiee a0COFOTHRIM MPOTpaMKaM 0€3yCIIOBHO
— 9JIEMEHTHOT'O PACCMOTPCHHS.
Bropas kareropus —

JTaHHOE MPOEKTa, HAMPABJICHHBIC B TJIABHYIO OYEPEIHOCTD B COOPBI MOJIHOM Oe3yc
JIOBHO —

AJIEMEHTHOMMOIU(PUKAIINN C HAHOOJIBIITUMH CIIOCOOHOCTSIMH ITPOTHO3UPOBAHUS,
ydera OTJIMYNTEIbHBIX

4CpT IrecOMCTPAIIbHOI'O, HACHMJIIbCTBCHHOTOHPaBa U UCITIOJIHCHHA PAa3HBIX TUIIOB pac



YETOB. B ux cymectBytoT Tpedyembie PUOOPHI ¢
1EJIbI0 TEOMETPATIBLHOTO MPOrHO3UPOBAHUSICUCTEM U CHOPMUPOBAHHBIE PECYPCHI 3
KCTIOpTa/UMIIOpTa reoMeTpaIbHbIX MoAudukanuii ¢ uabix CAITP — TIPOEKTOB.
K 310l KOMaH/e TPUHAJICKUT OCMaTpUBaeMasi KOHIIEHIUs MPOrHO3UPOBaHuUsl O
3YCJIOBHO — aieMeHTHOro paccMoTpenust cucTeMANSY SYcnex
nporpammuoro npoBuanTa ANSY S 100BIOTCSI B OCHOBE MOCTIEAYIOMNX OCHOBHBI
X XapaKTePHBIX OTIMYUTEIBHBIX 4epT:
- Ansys — TOJIBKO 0JiHa O€3yCIOBHO-
AJIEMEHTHAs KOHLEMIHS ¢ MOJ00OHBIM a0COTIOTHBIM OXBATOM

SABJICHUM pa3HON (HU3UOJIOTHUECKOWECTECTBA: HAJIEKHOCTh, TepMO(DU3HUKA,
TUPOTa30/IMHAMUKA u AJIEKTPOMATrHETU3M
C IEPCIEKTUBOM MMOCTAHOBIICHUS COMPSHKEHHBIXBOMPOCOB, COCIUHSIONINX Bce 0€3
UCKJIIOUEHUS NMPUBEJICHHBIE Pa3HOBUIHOCTH;

- Hupouaiimas 00beIUHEHNE U ABYCTOPOHHMI OapTep CBEACHUSIMU C a0COIIOTHO
scemu CAD / CAE / CAM — KOHIIETIIUSAMU,
- OTKpBITOCTH (B TaKoOM cilydae UMEEeTCsl MOIUPHUITUPYEMOCTh
1 B3aUMO/IOIIOJIHSIEMOCTB);

- Cpenu 60bI1110TO KOJUTMYECTBA 0€3yCI0BHO-2JIEMEHTHBIX
MpOTpaMMHBIX aHcamOieit ANSYS 1-bIil 1 UCKITIOUUTENBHBIN, CO3aHHBIN U
CEepTH(UIMPOBAHHBIA B COOTBETCTBUU € WHTEPHAIMOHAIBHBIM 00Opasmam 1SO
9000 17} ISO 9001;

- Campblii 601161101 KOYPPUIUEHT «3PHEKTUBHOCTH/CTOUMOCTDY;

AnNsys 1aetT HENOBTOPUMYIO COTJIACHO HEOTPAHUYEHHOCTH M HanboJiee MUPOKYIO
COTJIACHO COJIEPKaHUIO HBIHEIIHIOW KoHIenmuoohelp B 6a3e rumeprekcToBoro B3
TJISLIBI, JIOMYCK K KAKOBOM MCIIOJIHACTCS B TMAJIOTOBOM Mopsizike online,

Bce npubsiBaroiue cpeicTBa Npu3bIBalOT YUeTa YCTAHOBIEHHOTO U BPYYEHHOTO
MaTepualla, ¢ TEXHOJIOTUYECKOTO KAIUTAIOMYCTPOMCTB HaXOIUTCS B
3aBHCHUMOCTH JIOCTOBEPHOCTh 3aMEPHOU MPOLEAYPHI. Y CTOWYMBOCTh pabounx JaH
HBIX OCHAIICHUSHENIOCPEACTBEHHO HAXOUTCS B

3aBUCUMOCTH C €IUHCTBA CUCTCMbI U c6epe>1<eH1/I>1



MIPUCOEINHUTEIBHBIX 00BEMOB, I10 3TOM OPUYHUHE TAKUM
0o0pa3oM HEMaJOBAKHO MOHUMATh O YCUJIIEHHO-

1e(pOpMUPOBAaHHOMIPEOBIBAHUN, PABHO

KaK IIeJI0 3aMepHO HalpaBiIeHus, TAKUM  00pa3oM U Jr000ro ycTpoiicta. Bee
oe3 UCKJIIOYEHMSI TAHHOEBBIHYKJAET CTPEMUTEIBHO IPUMEHSTH B

He(TerazoBoi chepbl TEXHOJIOTUYECKUE MPOLIECCHl YUCIOBOTO MPOTHO3UPOBAHUSI.

Hcrnonb3oBanre YMCIOBOTO MPOTHO3UPOBAHUS B

ra3o0BOi cepsl MPEACTABISICT BAKHEHUIITYIO 3HAYMMOCTD B IIOCTAHOBJICHUUTPYIHO
ctu paciiatel HAJIOT (ycusnenHo-

1e(GOPMHUPOBAHHOTO KAIMUTAJIOM) IPUCYTCTBUE PA3IMUHBIX OTSATOIICHHSIX,

a Kpome TOTOCOTJIACOBBIBAHUS C MHAYCTPUATHHBIMHA dTAJJOHAMH.
[Iporpammusiii coBokyrHocTs ANSY' S nmpumensieTcs: 60JbIIMMU TTPeIHA3HAYCHH
BIMHU OPTaHU3AIUASIMH, 3aHATHIMHU TIPOSKTUPOBAHUEMITPEAMETOB M IIOCTPOEK TPYOO
MIPOBOJTHOTO aBTOTpaHCTIOPTa. [lepBOHAYATFHO HOBEHUIITHE UCCIICTOBAHMS M CIIOCO
OBl UX MPOBEPKUYCTPOUCTB YUETa OCHOBBIBAIIMCH B 3HAUUTEIBHBIX MTPOU3BOJICTBE
HHBIX pacxojax. OTHeIHE TpeOOBaHUE BO3POCIIECH KOHKYPEHTHOM

O0pBHOBI MPU3BIBAIOT MOJICPHU3ALINY JIEHCTBUN U3YUYEHUs, TPAHC(POpPMAIIHS B HOBE
WU CTENeHb KOMITBIOTOPHOTO TIPOTHO3UPOBAHMS, TO YTO JA€T BO3MOYKHOCTH B
OTCYTCTBUH CIICIIMATILHBIX PACXOJI0B JCHET U TIEPHOIa OCYIIIECTBUTH UCCIIEIOBaH
M€ HEMPOCTON CUCTEMBI HOCYIIECTBUTH €€ MPOBEPKU B 0OCTOATEIHCTBE MEPEMEH
BHYTPCHHHX W HApPY>KHBIX YCIIOBHH.
Hauboinee pe3ynbTaTHBHBIM OOIIMPHO TPUMEHSEMBIM HBIHEIIIHUM OPYIHUEM CBEP
IIICHUS] YCTAHOBIICHHON MUCCHUU CUUTACTCSIPUMEHEHHE CIIOCO00a OKOHYATETBHBIX
KOMITOHEHTOB. CyTh CcIocO0a COCTOUT B aTnmpOKCUMAaITUH
MCCIIEYEMOTO TYJIOBUIIAOTIPEISTICHHOW MO Iu(BUKAIIUEH, 9TO TIpeoiaraet cobo
10 KOMIUTEKC KOMIIOHEHTOB ¢ OKOHYATEJIbHBIM KOJTMYECTBOM CTYIICHEHHE3aBUCHM
ocTH. JlaHHbIE KOMIIOHEHTHI B3aMMOCBSI3aHbI TOJBKO

JUIITH B TJIABHBIX MECTaX, Kyza-

MO0 MPUKIIABIBAIOTCABBIMBIIIICHHBIE MOILM, PABHOCUJIbBHBIE HETTTYOOKHM YCHJIT

WM, paCHUCICHHBIM COTNIACHO I'paHsM KOMITIOHCHTOB.



Meto OKOHYATEIBHBIX KOMIIOHEHTOB JIa€T

BO3MOXHOCTH CYIIECTBEHHO COKPATUTh PACXO]Ibl MPUCYTCTBUE UCCIEAOBAHUIO HO
BEUIIUXTPOAYKTOB, TAKUM o0pa3oM paBHO KaK J1aeT
BO3MOKHOCTh 3HAUUTEIIBHO YMEHBIIIUTh Pa3Mepbl JIU00 B TOM qucie
U IEJIMKOMOTCTYIUTRCS € JJOPOTUX CTEHAOBBIX MpoBepok. [lomumo 3toro ¢ moaae
PAKKOMU c1oco0a OKOHYATEIbHBIX KOMIIOHEHTOB B OTHOCUTEIIbHOMAJIbIE CPOKH J1aT
b OILICHKY CBOICTBA Pa3IMYHbIX aJIbTEPHATUB

KOHCTPYKLMM M BbIBpATb Hanay4Lwyio.

KoHuenuua pacyemHsbix npouedyp npoepammsl ANSYS

[Iporeypa TUIIOBOTO pacyeTa MOXKET ObITh pa3jiejieHa Ha TP OCHOBHBIX
JTana:

* IOCTPOCHHUE MOJEIH;

* NPUIOXKEHUE HArpy3oK (BKAKOYAA M FPaHUYHbIE YCNOBKA) U NONyYeHUe
peleHuns;

* NPOCMOTP 1 aHa/N3 pe3ynbTaToB..

Coznanue MoauUKaIMK: COJIEPKUT YCTAaHOBJICHUE BUOB OKOHYATEIBHBIX KOM
MTOHEHTOB, ux KOHCTAHT, Ka4eCTB HCITOJIh30BAHHOTO MaTtepuana u
TrCOMETPUN MOAU(PUKAIIIH.

3amanue BUIOB KOMITOHEHTOB: KHUTOXPAHUJTUIIE OKOHYATEILHBIX KOMIIOHEHTOB
npoekta ANSY'S Brumrouaet Hanbosee 80 BUIOB,JIF000M ¢ KAKOBBIX YCTAHABIIMB

aeT, u3

YHCJIa OCTAIBHOTO, MPUTOHOCTH KOMIIOHEHTA K 3TOM 1100 Apyroi chepe pacue
TOB

(IPOYHOCTHOM, TEPMUYECKOM, SEKTPOMATHUTHBIA U raJIbBAHUYECKHUI TECTHI, 1€
pEeMEIICHHE BOJIbI MO0 COMPSKEHHBIC MTPOOJIEMbI),CBOHCTBEHHY IO KOH(UTYpaIl

MI0 KOMITOHEHTA (MIPSIMOJIMHEHHYIO, TIPSMYI0, B BapuaHTe Opycka W T.J.),
a KpoMe TOro IByxMmepHocTh (2-D) mmbo o6bemHOCTSh (3-D) KOMIIOHEHTa paBHO
KaK T€OMETPaIbHOTO TYJIOBHILIA.

3aI[aHI/Ie KOHCTAHT KOMIIOHCHTOB:. KOHCTAHTBI KOMIIOHCHTA - JAHHOC Ka4C€CTBa,



creu(puIHbIC C L[EJIbI0 3TOTO BUJAa KOMIIOHEHTA,M10100HbIE, PABHO
KaK XapaKTepUCTUKH MOMEPEYHOr0 pa3pe3a MATUYHOTO KOMITIOHEHTA.

Co3znanue reoMeTpaabHON MOJIM(PUKAIIMN: TJIABHOM MUILIEHBIO B CTaJMH UCCIIE]]
OBaHMSI TE€OMETPAIbHON MOJU(UKALIMN CUUTACTCA(HOPMUPOBAHUE COOTBETCTBEH
HOM 0€3yCI0BHO-

AJIIEMEHTHOW MOAM(PHUKAIINH, CKJIAIbIBAIOIICHCS ¢ KOHCTPYKIIUN U KOMIIOHEHTOB.
[IpucyrcTBUE PopMupoBaHuu 6€3yCI0BHO-

AIIEMEHTHOM MOJU(UKAIIMN TPUMEHSIOTCA 2 criocooa:

TBEPAOTEIHbHOE MPOrHO3UPOBAHNE UMPAMOIMHENHAS TEHEPUPOBAHUE CETKHU.

B 1-wi1if cniyuae

OIHCHIBAIOTCS T€OMETpaJIbHbIE MIpeeiabl MOIU(UKALINHY, dallee MIPOeKT3a0upaer
B ce0e TreHepanuo CETKHU C y3J1amMu
Y KOMIIOHEHTaMH; MacIuTaObl 1 KOH(PUTYpaui0 KOMIOHEHTOB BO3MOKHO OCYIIT
€CTBIIATD KOHTpOJIb. B 2-0#i cimydae "BpyuHyt0"
3a/1aeTcs COCTOSTHUE JIFOOOTO y4acTKa U UCHOJIHAETCS 00bEAMHEHHE KOMIIOHEHT
OB cpeau co0o10.

3ananue Harpy3oK
U puoOpeTeHNne MOCTAHOBJICHMS: B JAHHOM CTaJUH U30UpaeTcst BUJl pacCMOTpe
HUA 1 (HOPMUPOBAHUE ETOHACTPOEK,

MPUKJIAABIBAIOTCS IEPErPy3KH, 00YCIOBIMBAIOTCA (PYHKIUH C

1eJIbI0 MTOJ00pa 11ara CorjacHo Neperpy3ke UMPEANPUHSIETCS pa3pelieHue.
Br16op BH1a paccMoTpeHus U

€ro HACTPOCK: BUJ paCCMOTPEHUS U30MpaeTcs B 6aze 00CTOATEILCTB HATPYKEHU
S Y B3aMMO/ICHCTBUAKOHLIETIIINY, KaKyIO TIOJIpa3yMeBaeTcs MprUoOpecTy.
B npoexte ANSY'S n1erko10CTymHbI MOCAEIYONME PAa3HOBUIHOCTH PACYETOR: I
OCTOSIHHBIH (JTNOO (PUKCUPOBAHHBIN), AMHAMHUYHBIA (JINOO TOBMKHBIN), TPABHUIT
bHBIN, MOJAJIbHBIN, MUKPOCTIEKTPAJIbHBIN U TIOJICYETCTAOMIIBHOCTH.
Onuuu paccMOTpeHUs MPEAOCTABIISIIOT BEPOSITHOCT OoJiee TOYHO
ONPEIEIUTh XapaKTEPUCTUKH KOPOTAEMOT0 paciuiaTbl. CTaHAAPTHBIMCUUTAETCS
no100p croco0a MOCTaHOBJICHHUS], OJCUYET JTUOO0 OTKIOHEHHE C yUeTa BO3ACHCTB

WSl YCWJICHHOTO KaIllUTaJIOM CUCTEMEBI B e€npovHOoCTh (Stressstiffness),  a kpome



TOT'0 HaCTPOEK UCIOJIb30BaHuA criocoda Hetotona-Padcona. bonbmas

94acTh JaHHBIX HATPY30KCIIOCOOEH SBIISITHCS MPUIIOKEHO JTHOO K

TBEPAOTEILHON MOM(HUKAIINHU (B OCHOBHBIX MECTaX, COTJIACHO KOHTYpaM H IIJI0
CKOCTSIM), THOOK 0€3yCIIOBHO-3JIEMEHTHOW MOTU(PUKAINH (B y4acTKax U

K COCTABJISFOIIIUM).

[IpocmoTp UTOTOB: €

[[EJIbI0 POCMOTpPA UTOTOB BO3MOKHO MPUMEHSTH 2 MOCTIPoIieccopa mpoekra A
NSYS. Enunblii mOCTOpOIECCOPTIPUMEHSETCS C 1EJIbI0 PACCMOTPEHUS UTOTOB 1-
TO I1ara MOCTaHOBJICHUS U TapaHTHPYET, U3

qclia OCTaIbHOI0, IPUOOpETEHUEHANIPABICHHUM CTENEeHH, BU J1e(OPMUPOBAHH
Or0 KaluTaJoM, pacreyaTka UTOTOB,

OILICHKY TpeX HEMEPEHO, COCTMHECHUEBBIYMCICHHBIX CUTYAIlUH, OCYIIIECTBICHHE
BBIYKCIICHU B 0a3e MpUOOpPETEHHBIX HHPOPMAIIUH.

[Toctporieccop ABMKECHUSIHATPYKEHUS TIPUMEHSETCS C

[EJTbI0 POCMOTPA UTOTOB B OTMEUEHHBIX MECTaX BHIYMCICHHOW MOAU(DHUKAIIIH
B JIFOOOM I11areroCTaHOBJICHUS ; BOZMOXKHO IIPUOOPECTH IJIaH UTOTOB PaBHO

Kak (PyHKIHIO IEpHOJa

WIM 4YacTOThl, JIMCTUHT pPE3yJbTaTOB, BBINMOJHUTh apuMeTHUecKue W
anreOpanyecKue BHIYUCIICHUS.

Ilpounocmuou ananuz KOHCMPYKYUU:

[Ipo4yHOCTHOM MCCIENOBAHUE CUCTEM CUUTAETCS, COTJIACHO-
SBHOMY, 00JIee TOMyJISIPHBIM MPUOABICHUEM CIIOCO0a OKOHYATETHHBIXKOMITOHE
HTOB. | TaBHBIMU HE3HAKOMBIMH, XapaKTEPU3yEMBbIMH B a0COTIOTHO
BCEX BUJIaX MPOYHOCTHOTO PACCMOTPEHUS CUCTEM,CUUTAIOTCA NEPEABIKEHUS . []
pyrHe BEIUYUHBI- IECTPYKIUHU, YCUIIHS, IEHUCTBUS -
PaCCUUTHIBAIOTCS COTJIACHO JAaHHBIM TJIaBHBIMABKEHUSIMU. B nporpaMmme
ANSYS noctynHsl clienyrone BUbl IPOYHOCTHOIO aHAIW3a:

— CTAaTUYECKUU aHAJIU3 - BBIYUCIICHUE NIEPEMEIICHNM, HANPSHKEHUN U T.J.

B YCJIIOBUAX CTaTHYCCKOT'O HAI'PYIKCHUAA,



— MOJAJbHBIM aHANMW3 - ONpeaeNieHHe COOCTBEHHBIX YacTOT W (opM
KoJIcOaHHI;

— TapMOHHUYECKUU aHaJ3 - OMpPEACIICHHE OTKJIMKAa KOHCTPYKIIMHM Ha
TApMOHUYECKHUE COCTABJISIONINE BO3MYIIAIONIEH HATPY3KH;

— NIWHAMHMYECKUH aHaJIu3 - OIpeJeliCHHe OTKIWKA KOHCTPYKIIMH Ha
JIEHCTBYE TPOU3BOJIBHON HArPy3KHU KaK (yHKIIUHA BPEMEHH,

— CHEKTpPaNbHBIA aHAU3 - PACHIUPEHHE MOJAJbHOTO aHamu3a IS
BBIYUCIICHUS HaIPsOKCHUN U AedopManuii Mpy JACHCTBUM CIIEKTpa YacTOT HIIH
ClIy4ailHOi BUOpauuu;

— aHaJ13 YCTOMYMBOCTH - pacueT KPUTHUCCKUX HATPY30K U OIpeJeecHre
dbopM TOTEpH YCTOMYHUBOCTH.

Kpome Toro, nmeercss BO3MOKHOCTD MPOBOANTH CIEIUATBHBIC BUABI PACUCTOB B
00JIaCTM MEXaHMKW Pa3pyHICHHUsS, MPOYHOCTH KOMIIO3UTHBIX MaTEpPHAJIOB H

YCTAJIOCTHOTO pa3pyIICHHUS.

CoriacHo UMEIIIKUMCSI HOPMAaTUBHBIM OyMaraM pe3epB KpernocTH TPyOOIpoOBOB
dbopmupyeTcs ¢ Y4ETOM HarpyKeHus TpyOompoBoaa
BHYTPEHHUM Ha)KMMOM MPUCYTCTBUE 00CTOSITENICTBE TOMOTEHHOTO pachpesesie
HUS YCUTTUI COTJIACHO MEPUMETPY W MPOTHKEHHOCTUTPYOBl. B mpakrtuke
IKCIUTyaTaIiu

TPpYOOIIPOBOAHBIX KOHIICTIINH 3aKpEIICHb HEOAHOKPATHBIC SMTM30/1bI YHUUTOXKE
HUSATPYOOIPOBOIOB MPHUCYTCTBUE paOOTHUKOB JABICHUSX JaJiee T03BOISICMbIX.
PakTOpOM ITOMY, B OCHOBHOM
Macce CUTYyaIllH,IPeIHa3HAuaeTCs PUCYTCTBHE B

TpyOOIIPOBOIE HEJOCTATKOB FEOMETPUH  TPYyOONPOBOAOB: U3JIOMBI,  CTBIKH,
COTIPSIKCHHSI TpyOpa3anuHbIX 00beMOB (H300pakeHue 5.1)
M MECTHBIX JIe()EKTOB CIJIaBa B IPOOJIIEMAaTUIHBIX pailOHaX K KAKUM, B TIEPBYIO
ouepens B [EJIOM, HEOOXOIUMO MPUYHUCIUTEH 001aCTH CBAPHBIX CTBIKOB
TpyOOIpoBoa.

Tpemunsbl, nepuoa, BBEICHNUS U IPOYNE MECTHBIC HeIoCTaTKU (M300paxeHne 5
.2) TIPEIIoJIararoT COOO MHOTOMEPHBIE TIPEAMETHI,Pa3HBIM CIIOCOOOM HarpaBil

CHHBIC B pa3MEpPe CBAPHOTO



mBa. COrIacHo TaHHOM 00CTOSATENbCTBY IPUMEHEHHUE C
nenbto paccmorpenussH/IC monudukanuii mpo3padHblil TPEIUHBI, MPEObIBAIOI]
eil B 00CTOSATEIBCTBAX MPSIMOT0 TOMOTEHHOTO YCHJIEHHOT'O KaluTaJIOM,HUKaK

HE TIOCTOSIHHO YIOTPEOUTENHHO.
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Pucynok 5.1 [1apameTrpuueckoe Pucynoxk 5.2 Pa3zpes peanpHOrO
IIPE/ICTABIICHNE CBapHOIO IIBa C MAKPO- U
CEUEHHMsI CBApPHOIO 1IBA JUIsl TPYO, MUKpPOAEPEKTAMH.

MOBEPHYTHIX U CMEIEHHBIX

OTHOCHUTEJIBHO JIPYT ApPYyra.

Hcnonb30BaHHE BO3MOXKHOCTEM COBPEMEHHOW BBIYMCIIUTEIBHOM TEXHUKH
W QITOPUTMOB YHMCJIEHHOTO aHAJIN3a, IMPEXKIE BCEr0 METOJIa KOHEUYHBIX
AJIEMEHTOB MO3BOJISIET HMCCIENOBaTh MpodiieMy Oosiee NeTalbHO C YYETOM €€
cnenupuIecKknx 0COOEHHOCTEM.
Mpn oTHOCUTenbHO 60NbWIOM AuameTpe U TOHKMMW MO CPAaBHEHUID C HUM
CTeHKaMn Tpybbl cyllecTByeT BepOATHOCTb BO3HUKHOBEHWA MNOrpeLHocTen
MOHTaXa (pUCyHOK 5.1), KOTopble PaLuMOHaNbHO OXapaKTepn30BaTb BEANYMHAMMU
HEeCOOCHOCTMO W YINOBOM MNOrpewHocTbld 7. Ha nepBom 3tane 4uMcAeHHO
aHaNM3MpPOBaNoChb BANAHME 3TUX MapameTpoB Ha HAC Tpybonposoga npu ero

Harpy>eHuAa BHyTpeHHUM aBlEHNEM 3a,£l,aHHOl7I MHTEHCUBHOCTW.

Takum o06pasom, ANA  UCCNEAOBAHUA  HAMPAXKEHHOro  COCTOAHMA
NIMHEMHOrO y4yacTKa MarucrpasbHoro HedTenpoBoga MCNONAb3yeM Mporpammy

Ansys.



5.2. Co3gaHue pacueTHoO mogenu HedTenposoaa.

Co3faHne moaenun NpousBoauMm B cieyroLei nocnenoBaTelbHOCTU:

1. 3apaloTcA CBOMCTBA MCMNO/Ib3YEMOrO B pacyeTax matepuana (pucyHok 5.3.).

B KauecTBe maTtepuana ncrnosbsyetca ctanb 171'1C.

Outline of Schematic A2: Engineering Data

LS Ml Table of Properties Row 12: Alternating Stress Mea

A B C o]
1 Contents of Engineering Data £k sourcs Description 1
2 = 2
. . Fatigue Data at zero mean stress comes from =
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= Errar! #Eddj:wgleaddrgr?:r rsﬂ::)l;;:zr;glgponent in Static Structural, Error updating cell Solution in system Static Structural, View the messages in the " 05.05.2012 20:22:55 ||
PucyHok. 5.3. OKHO 3agaHua matepuana.
2. Ll,anee co34aeTcAa monaenb NIMHENHoro Yy4acCTKa MarmcTpaabHoOro

HedTenpoBoaa (pucyHok 5.4.).
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PucyHoK. 5.4. Mogenb nccnegyemoro yyacTka.
3. MpousBoautca pasbueHne mMoaenn Ha KOHEeYHble 31eMeHTbl (PUCYHOK

5.5.).
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PucyHoK 5.5. KOHeYHO — anemeHTHaA ceTKa.



4, 3aerrlﬂFIEM Mmoaenb n NpUKnagbiBaem HGO6XO,£I,VIMbIe CUNbI (pMCYHOK

. Loads v B Supports + G,

UEL, Pressure
Pipe Pressure

oE Hydrostatic Pressure
CE, Force CEL Supports ¥ . Conditions + €
E]‘n Remote Force (8 Fixed Support

! Bearing Load (3, Displacement
" Bolt Pretension (8 Remote Displacement
%, Moment Velocity

Generalized Plane Strain Irmpedance Boundary

T, Line Pressure G, Frictionless Support
@ Thermal Condition @ Compression Only Support
Pipe Ternperature @ Cylindrical Support
-’$‘- Joint Load Simply Supported
T, Fluid Solid Interface Fixed Rotation
56) Detonation Point CH, Elastic Support

PucyHoK 5.6. 3akpenneHne moaenu u NPUNONKEHNE K HEWN CUJ.

5.3. TecT nporpammbi.

TecT OCHOBaH Ha CPaBHEHWM PACYETHbIX BEAMYMH, MOJNYYEHHbIX
KNIAaCCUYECKMM METOA0M pacyeTa no yY4ebHMKaAM U UX e — N0 MeToAy KOHEeYHbIX
3/1EMEHTOB.

Ona onpeaeneHna COOTBETCTBMA pPacyeTy MOLENN MO METOAY KOHEYHbIX
3/1EMEHTOB OOLWENPUHATLIM pacyeTam PacCMOTPMM PACYETHYHO KOHCTPYKLMIO
noA, AencTBMEM TO/IbKO BHYTPEHHErO AAB/IEHUA.

PaccuntaB TpybonpoBoa, NpoOBEPUM COOTBETCTBME pacyeTa MOAeNn B

AnsysobLLenpuUHATOM, pPaCCYNTAHHOM Knaccuyeckmum obpasom. [Ona 3Toro



MCNONb3yeM CO34aHHYI0 Moaenb TpybonposBoga. [punoxum pencreue
BHYTPEHHero gasneHus, pasHoro 4,8 Mlla n nponssegem pacyer.

Pe3ynbTaTbl pacyeTa npuBeAeHbl Ha (pUCyHOK 5.7.).

1000,00 (mm) X‘ﬂ
| Eaaa— ES—
250,00 750,00 ¢

PucyHoK 5.7. PacyeTHble HanpaxXeHnAa no Musecy Ha ncchegyemom
y4acTKe.

MaKcMManbHble HanpskeHWs B [/1aBHOMW bGanke nog  AencTBMEM

NPUNOXKEHHbIX CU N0 MEeToAY KOHEeYHbIX SnemeHToB o, ., =17/1Mlla .

aKen

PacueTHOe HanpsAxeHWe B cpegHen yactun o, =163 Mlla .

MorpewHocTb pacyeTa:

Coeen—O -
A=M.1OO%=M’.100%=4,8% .
o 171

KCn

Taknum o6pa30M, NPUHATAA modenb AaeT a,ﬂ,eKBaTHblﬁ pe3ynbTar.

5.4. Pe3ynbtaTtbl pacyeta mogenu HepTenpoBoaa

B NPOrpaMMHOM KomnieKce Ansys.



OnameTp mnccnegyemoro Hedptenposoga 1020 mm, paboyee pasneHue 4,8
MMa. Hedtenposoa npoxoamT yepes3 3ab60N0YEHHbIN Y4aCTOK. XapaKTepUCTmKa
matepuana Tpybbl: ctanb 17T1C  co cneaylowWmMmM  MexaHUYECKUMU

Xapaktepuctukamum o, =510Mlla o, =360 MIla. Ha HedTenposos, Kpome

paboyero [AaBneHWA, L[ENCTBYIOT CcledyilolWme HarpysKku: pacnpeaeneHHas
Harpy3ska OT Beca camoMh Tpybbl C mM3onAuMen U nepekaymsaemon Hedtn. B
pacyeTax NPUHATbI AONylWeHMA 00 OTCYTCTBMM Harpys3oK, AeWUCTBYIOWMX B
3UMHUI Nepuoa U TeMNepaTypPHOro BANAHUA Ha HepTenposoa,

B MccnenoBaTenbCKOM YacTU paccMaTpPUBanCA cydan BAnsHUA aedeKkTos B
CBAPHOM LUBE Ha MPOYHOCTHbIE XAaPaKTEPUCTUKMU y4yacTKa HedTenpososa. B
KayecTtBe gedeKkToB H6bla CMOAEIMPOBAHA NOPUCTOCTb B CBAPHOM LUBE (PUCYHOK
5.8.), Beayuwas B AanbHelwem K 06pa3oBaHMIO NOMNEpPeYHon TPELLMHbI (PUCYHOK

5.9.).Mopbl pacnonoxeHbl He 6onee 10% TONLWMHbLI OT NOBEPXHOCTU CBAPHOrO

CTbIKa.

PucyHok 5.8. [ledbeKT B CBapHOM LLBE.



1000,00 (rm)
]

250,00 750,00

PucyHoK 5.9. lNonepeyHaa TpewmnHa B CBAPHOM LUBE.

Pe3ynbTaTbl pacyeT npeacTaBneHbl Ha pucyHKkax 5.10, 5.11.

PucyHoK 5.10. PacueTHble HanpAaxeHna no Musecy Ha nccrnegyemom
y4yacTKe.



PucyHoK 5.11. PacuyeTHble HanpAaXeHna no Musecy Ha nccrnegyemom

yyacTke.

M3 nonyyeHHbIX W nNpeacTaB/eHHbIX pPe3ynbTaTOB MOMHO cAenaTtb
cnegytolme BbiBOAbI:

- Mpu Hannumn pedeKToB B CBAPHOM LUBE HAMNPAMKEHWUA, AEUCTBYHOLME B
HepTenpoBoae AOCTUrAlOT BEAMYMH, NPUOAMMKAIOWMNXCA K BeNMYMHe npegena
TEKYy4YeCcTU MaTepuna;

- JanbHenwan sKkcnayatauma HepTenposoaa, 6e3 npoBeaeHMA PEMOHTHbIX
paboT BegeT K 06pa3oBaHMIO U POCTY TPeLWMHbI, ABAAIOWeCcA bonee onacHbIM
nebeKkTom;

MonyyeHHble pe3ynbTaTbl MOFYT  WUCNO/b30BATbCA  ANA  MPUHATMA
AANbHENLWNIA PELUEHNM MO 3KCNayaTauuM yyacTKa M NPOBEAEHUID PEMOHTHbIX

pabor.



6. Oco0eHHOCTH IKCINTYaTAIIHOHHOIO pa3pylieHusi He)TenpPoBoaA.

Bbosee Hebe3omacHble HEOCTATKY - TpelMHbI. PazMelatorcst TpeniuHbl B
CBapHOM
IIBE, 00JIACTH CIUIaBICHHS TMOO TJIaBHOM ciiiaBe.CorfiacHO B3aMMOOTHOIICHHIO
K Ooch TpyOONmpoBOJia TPEHIMHBI UMEIOT BCE IIAHCHI SBJISATHCSA aH()UIATHBIMHU,
MO TIEPEYHBIMU (KPYTOBBIMH), PA3BIIIUCTHIMH JTHOO TPYIIIHPOBATECSA B CETKY
TpemurH. Pa3fensioTcst TpelrHbl B aKypHbIE, HETITyOOKHe U
HOJNOBEPXHOCTHBIE. CIIEKTp NPSIMOIMHENHBIX 00BEMOB TPEIINH B
TpyOONpoOBOAaX JOBOJBHO OTPOMEH: 001a1at0T POJib TPEUIUHBINIPOTIKEHHOCTb
10 C YacTell MM BILIOTb 10 HeKoTopsIx 10-
0B (cTOpy0ICBOK) MM; YII1yOJIEHHOCTD TPEIIHH
OTPAaHUYUBACTCS IMUPHHOUTPYOOIIPOBOIA.
Tak KaK C MeCTa 3pEeHHUsI
MEXaHWKH YHUUTOXECHHSI TPEIIMHBI CUUTAIOTCS O0siee HeOe30MacHBIMU HEIOCTaT
KaMH, PUCYTCTBUEPACKPBITUH KaK10M HECIUIOIIHOCTH BO3/II00JICHHAs 00s13aHa
ABJIATHCS CXEMATU3UPOBaHA HETIOCPECTBEHHO TPEIIMHOM: B TOM YHCJIE WUB
ciiyJae
€CJIM COTJIaCHO CBEACHUSIM HEpa3pylIarollero KOHTPOJIMPOBAHUS HECIUIOIIHOCTD
00BEMHA, MTOCTOSIHHO CYIIECTBYETBO3MOKHOCTH 3TOTO, TO
YTO B HEM MMEIOTCSI 3a0CTPEHUS BILTOTHYIO BILJIOTh
1o tpeuyH. [IpucyrcTBrue JaHHOM ¢ aOCOIIOTHO
BCEXBEPOSTHBIX aJIbTEPHATUB CXEMaTH3AINH CIEAYeT MoAdupaTh Oosiee cepbe3H
I C MECTa 3PEHUS TIOCTOSHHOW U (JINOO)TOBTOPSIOIICHCS TPEIIMHOCTONKOCTH:
TPEIHUHY HEOOXOIUMO Pa3MECTUTh TAKUM oOpazom, s TOTO
9TOOBI BO3JTIO0JIEHHAS TIPEIeTbHOCMSITYANIA pa3pe3 KOMIIOHEHTA CUCTEMBI,
a e€ 00JaCTh CyIIeCTBOBAJAa CTAHJAPTHOM K HANpaBJICHHOCTH BO3ACHCTBUS HauO
OJIBIIMXpACTIrUBarouX ycunui (pacnaz | Buma). B ciydae
€CJIM Be/Ib YCTAHOBJIEHO, TO
YTO pa3pbIB HalleJIeHa €CTECTBEHHO K IPYyTOMYOCHOBHOMY YCHIIUIO, B TaKOM
cily4ae B MOJICYET MOTYUYalOT IAHHYIO YKJIOH.

Jlns cXeMaTu3aluyu a0COIIOTHO BCEX TUMOB HECIUIOMIHOCTEMN



(TpeuuH, BpeMeH, MOAKIIOUECHHH, HEMPOBAPOB u
JIp.) IPUMEHSIOTAIUIITUYCCKUE

TpenuHbl. HernmyOokuii He10CTaToOK, HalpaBJECHHBIN B JIF0OOM HaMpaBICHHOCTH,
CTaHEM IMOKa3bIBATHIIOTY3JUTUITUYECKOM

TpCHIHHOfI, MacmTadbl KaKOBOM YCTAaHOBUM IIPOTSKCHHOCTBIO 2C coTyIacHO

MTOBEPXHOCTH O0O0JIOUKHU U TIIyOHHOU a , mpuueM a /¢ < 1 (c,a - 6onbImas u
Manas MoJxyocH 3jumnnca). Todky KOHTypa, COOTBETCTBYIOIIYIO KOHIY Mayloi
MOJlyocu @, OylneM Ha3blBaTh BEPIIMHOW TpemuHbl. [loAMOBEpXHOCTHBIM
(BHYTpeHHMM) cuMTaeM J1e(EeKT, y KOTOPOro pacCTOSHUE MEXIy Onvkaiiien
CBOOOJTHOM MOBEPXHOCTHIO OOOJIOUKH U KPOMKOU JedekTa Ooiblie, yeM a/ 9,
rie 2a - riaybuHa pgedexkra. B OpoTHBHOM ciaydae OH CUMTAaeTCs

IMTOBCPXHOCTHBIM.

Bo03M0XHO OTMETUTH TTOCTEAYIOITHE PYOSIKH NBHKEHUS YHUUTOKEHUS TPYyOOIp
OBOJIA:

- CTparuBaHue TPEIINHBI
C 30HBI U €€ MEJIUTEIIbHBIA MOAKPUTUYECKUN YBEIUUYECHUE. B TaHHOM cTaiuu H
€I0CTaTKH (TPEIIMHBI)OKOJIO BIMSHHEM 3TOr0 JIMOO APYroro yciaoBus (1100 coB
OKYIIBI YCJIOBHIA) BO3PACTAlOT BILIOTh JIO OIMacCHBIX 00BEMOB,
- VHUIMAPOBAHUE YHUUTOXKCHUS.
B niepuon, ecnu neiictByromme yciaoBus (HanpsHkEHHOCTD, JKap U JIp.), a KpoMe
TOTO 00BEM HHAIPABICHHOCTh TPEIIHHBI IOOBIOTCS KOHKPETHOTO COUYCTAHUS, HE
JIOCTATOK JEIAETCsl HEMPOYHBIM U MOPOKIAET CTPEMUTEIIHLHOPA3BUBAIOIICEC
paspylieHue

- IIPOLIECC HEYPABHOBEIICHHOTO PACIPOCTPAHEHHUS TPEIIUHBI;
- OCTaHOBKa TpeluHbl. B 3TOM cTtaguu c-us-
3a BEPOSTHOTO MPUCYTCTBHS KOHKPETHBIX (haKTOPOB paciai BDEMEHHO
OCTaHaBJIMBAETCH.

Kak npuHumn, ucciienoBaHvue CTaauid IBUKECHUSI YHUUTOXKEHUS POBOJIUTCS 011

H pas-c



TOJIKOM. MaKCUMalbHBI3aUHTEPECOBAHHOCTD C MECTA 3PEHUS PEAOCTABICHUS
HE OMaCHOM IKCILTyaTalluH
TpyOONpoBOAa NPEeIoIaraeT NEPUOIIOAKPUTHYECKOTO0 (POPMUPOBAHUS TPEILIU
HBI

C 3HaUCHHEM dTala MHUIUUPOBAHMS YHHUTOXCHHS (HEYpPaBHOBEIICHHOTOPACTIP
OCTpaHEHHUA TPEIIMHBI). B 3aBUCMMOCTHM  OT  ypOBHA  JIEMCTBYIOILIETO

HaIPSDKEHUS G Pa3pyLIEHUE MOXKET ObITh XPYIKUM, KBA3UXPYIKUM U BI3KUM:

- ecnu 0<0,80, r7e 6, - IpeAes TeKy4eCTH, TO TUIACTHYECKUE JiehopMaIiuu
B 00ObEME HJIEMEHTa KOHCTPYKIMA HE pPa3BUBAIOTCSA, TPEIIMHA PACTET MpHU
HEOOJIBIIMX pa3Mepax IIACTUYECKOM 30HbI B €€ BEpIIMHE M B TaKOM Clydae
TOBOPAT O XPYNKOM paspyiieHuu. CKOpPOCTh pa3BUTHSA TPEUIMHBI BHICOKA U

CpaBHHMaA CO CKOPOCTBIO 3BYKa B MaTCpHajiC, B KOTOPOM OHA PAa3BHUBACTCA,

- Tpu O=0r B DJEMEHTEC KOHCTPYKIUU TOSABISIIOTCS IUIACTUYECKUE
nedopmanuu (mpumepHo 0,2%), a B BeplIMHE TPEIIMHBI 30HA IIACTHYECKUX
aedopMaIii JOCTUTaeT MAKPOCKOMUYECKHX pasMmepoB. M3-3a miacTudeckoro
nehopMHUpOBaHUS MaTepualia CKOPOCTh HECTAOMIIBHOTO Pa3BUTHSL TPEIIMHbI

CHHMKACTCS,;

- BS3KOE pa3pyllieHHUE OMPENeNsAeTCS HANPSHKEHUSIMH O>Or, a TMOJHOMY
Pa3pyIICHUIO AJIEMEHTa KOHCTPYKIIMH TPEIIECCTBYIOT Pa3BUTHIC MJIACTUICCKUE
nedopManuu 1Mo Bcemy ero o0beMy. CKOpPOCTh paspylleHHus emie OoJibliie

YMCHbLIIACTCS, HO OCTACTCA AJOCTATOYHO BBICOKOI.

6.1. IHxxeHepHbIe Memodbl OUEHKU COMpomMuUBieHUs1 Heghmernposoodos

paspyweHuro.

Ha ocHOBe kpuTepueB pa3pylieHUs U UMEIOLINXCS ONBITHBIX JaHHBIX 110
TPEIIMHOCTOMKOCTH ~ MaTepHaioB  (MUX  CHOCOOHOCTH  CONMPOTHUBIISATHCS
pa3pylIeHUIO MPH HAJIWMYUMK TPEIIMHOBUAHBIX JACPEKTOB) B psAe CTpaH
pa3paboTaHbl METOJUKH W CTaHAAPThl MO OINpPEACIICHUI0 KPUTHUYECKHX U
JIOMYCKAeMbIX Je(PEKTOB B OTBETCTBEHHBIX KOHCTPYKIMSX Ha CTagusX HX

IMPOCKTUPOBAHHUA WU SKCILTyaTaluu.



OCHOBHBIE MOJOKEHUS 3TUX METOJUK:

- pacueT NPOBOJIUTCS NPUMEHUTENIBHO K JedeKkTaMm (HECIUIOIIHOCTSM),
BBISIBIIIEMBIM TIPH HEPA3PYILAIOIIEM KOHTPOJE B IPOILECCE ISKCIUIyaTaluy.
HecrmutomuocTn  XapakTepus3yrOTCs COOTBETCTBYIOLIMMHM  I[OKA3aTesIMU U
CXEMaTU3UPYIOTCS B COOTBETCTBUU C METOJUYECKUMH PEKOMEHIALIUSAMY;

- nedeKTbl, pa3Mepbl KOTOPHIX HE BBIXOJAT 3a MPEAEIbl JIOMYCKaeMbIX MO
IIPAaBUJIAaM KOHTPOJISL CBAPHBIX COCIMHEHUM U TOKYMEHTaM I10 OLICHKE Ka4ecTBa
OCHOBHOI'O METajula I0CJIE€ U3TOTOBJICHUSA, pACUeTy HE IMOJJIEkKAT U CUMTAKOTCA
JOITy CTUMBIMU;

- JIOMYCTUMBIMHU CUUTAIOTCS Je(EKThI, pa3Mepbl KOTOPBIX C YYETOM HX
KWHETUKU Pa3BUTHUS K KOHILY SKCIUTyaTaluu (UM B TEUEHUE 3aJaHHOTO [eproja
BPEMEHHU) HE MPEBBICAT JIOMYCKAEMbIX 3HAYEHUM, ONIPEIEIAEMbIX OJIOKEHUSIMU
JAHHOW METOJUKH;

- pacyeT KPUTHUYECKUX pa3MepoB Ae(EKTOB MPOBOJUTCA C NPUMEHEHUEM
METO/ZIOB MEXAaHMKH pa3pylieHus (JIMHEHHOM ¢ HEJIMHEWHOM C Yy4YeToM
NpeebHbIX MJIACTUYECKUX COCTOSHUN);

- B XPYINKOH 00JaCTH pacyeT peanu3yeTcss METOAaMu JIMHEHHON MEXaHUKU
pa3pylIeHHs C UCIONIb30BAHUEM KOA(DPUIIMEHTOB MHTEHCUBHOCTH HANPSHKEHHUM
K\ u TemnepaTypHOi 3aBUCUMOCTH BSI3KOCTH pas3pylieHus K, 0T MpuBeaeHHOM
temnepatypsl (T-T,,), rae T,, - KpuTHUIECKas TeMIepaTypa XpynKOCTH;

- B KBa3UXpYNKOM U BS3KOH 0OJACTAX pacyeT MNPOBOJUTCS METOJaMU
HEJIMHEHMHOW MEXaHUKH pa3pylleHHss ¢ M[pPUMEHEHUEM Kod()PUIIMEeHTOB

WHTEHCUBHOCTH JehopMannii K UX KPpUTHUUECKUX 3HaUYCHUN K ;

- TpEeNeNbHO JOMYyCTUMBIE pa3Mephl Me()HEKTOB OMPENEesioT TaK ke, Kak U
KPUTHYECKHE, HO C TOM JIMIIb pa3HUIIeH, 4TO BMeCTO 3HaueHUN K| MK eTOTKHBI

HCIIOJB30BATHCSA COOTBCTCTBYIOIIUC 3HAYCHU S,

- TIpU YCTaHOBJIEHHBIX KOod(uimenTax 3amaca;

- OIICHKa IUIACTHUYECKUX IIPENENBbHBIX COCTOSIHUMM IPOBOAMUTCS IIPU
pacuerax B KBa3UXPYIKOM U BSI3KOH 001acTsX;

- pacyeT KMHETUKU ACPEKTOB MPHU LUKINYECKOM HArpy>KeHUU MPOBOAUTCS

METOJaMH  JIMHEWHOW MEXaHWKH pas3pylieHHs. YCJIOBUS  Harpy>KeHHs



OTIPENENAIOTCS pa3MaxoM Kod(dduimeHTa WHTEHCUBHOCTH HampsikeHuil AK,
K03 (DUIIMEHTOM aCUMMETPUH [HUKJIa W YHCIOM IMKJIOB HarpyxeHusN.
ConpoTHBIICHHE PA3PYIICHHIO OMPEACIIAETCS IMarpaMMO  yCTaJIOCTHOTO
paspylleHus, yCTaHABIMBAIOIIECH 3aBUCHMMOCTh CKOPOCTH POCTa TPEIIUHBI
di/dNoT 4K tipu 3a1aHHOM 3Ha4Y€HUU KOAPPHUIIUCHTa ACHMMETPHH 1K I
[lpuBecHHBIE IOJIOKEHHSI METOMMK JAal0T JOCTATOYHO  IIOJTHOE
Npe/ICTaBJICHHE O MPOIICAYpe pacuera JJIEMEHTOB KOHCTPYKIUM, B 4aCTHOCTH

TPyOOMIPOBOOB MPY HATUYUU B HUX TPEILIUH.

3akJIoueHue

B Poccuiickuii @eaepannu JiivMHa rIaBHbIX HEPTENPOBOAOB U

ra3onpoBoJoB sBisieTcs npuoau3uTenbHo 200 ThIC. KUJIOMETPOB, IPOMBICIOBBIX
TpyOorpoBoaoB. C 1EIbI0 UX

(YHKIIMOHUPOBAHUS TPUMEHSIOTCS TpruOn3uTensHo 800 KOMIPECCHOHHBIX U
HedTerazonepeKaunBarOIuX

ctarnmii. CylecTBeHHOE YMCIIO TJIaBHBIX TPYOOIIPOBOAOB paHee 001aaaeT orpo
MHBIH IEPUOIKCIUTYaTAIH, HEPEIKO B CBEPXIKCTPEMABHBIX 00CTOSITENLCTBA
X, TaK KaK OHU yCTpauBaJIUCh B HanOOJee pa3IuuHbIXTONOrpauIecKux,
T€0JIOTUYECKHX, TUPOTOTHUECKUX

Y TIOTOAHBIX 00CTOSATENhCTBAX. DAKTOPOM 1ePEKTHI U YHUUTOKEHUATPYOOIPOB
OJI0B 324acCTyl0 CUMTAETCSl CHIXKEHHE CTEHBI TPYObI C-U3-

3a MPUCYTCTBUS HEAOCTATKOB. B B3auMOCBSI3U € 3TUM, TO

YTOMPOMEKYTOK IKCIUTyaTalli TpyOOonpoBo1oB sBisiercs 20-

30 u Hanbonee rosa, coBeplIaeTcs Npoleaypa Ierpaganiu

TpyOHONHAYaIM, MEHSIETCS TPaHULA TeKy4YeCTH

Y TIpOYMEe MAIMHHBIE CBOWCTBA MCIOJIB30BAHHOTO MaTepHaia u

cBapHbBIX coueranuit.IlpucyrcTBre nanHOM KatacTpodbl M aBapuu, COMPSIKEHHBI
e ¢ copocom HepTH 1 HePTENMPOAYKTOB, OHOPMIISIFOT BILIOTH 110 60%

TCXHOI'CHHBIX 6€3M€pHLIX 00CTaHOBOK C IIPpUPOAOOXPAHHBIMU PE3YyJIbTaTaMM.



B B3auMOCBsI31 ¢ JaHHBIM 11€7Th YHCIICHHON 0QJIaTPy0CTIOCOOHOCTH TIPSMOJIHH
€HHBIX JIEMEHTOB UMEIOLIUXCS TJIABHBIX TPYOOIPOBOIOB

U TIPEJIOCTaBJICHUS TPOYHOCTH M3AUTUIIIEHHOCTH HOBEHIITUX TPYyOONPOBOIHBIX K
OHIIEMIIUA B MUHYBILIHUE roja MoJiyduia OOJIbIIYI0 3HAYUMOCTb.

PaboTa ucnonnena B 6a3ze crnoco00B KOHIUEMIUUA YIPYTOCTH, KOHLIETIINU IJIACTH
YHOCTH,

MEXaHUKW YHUUYTOKEHUSI, KOHIIEMIIUUKPENOCTH U TpouHOCTU. [[puMeHsuce cn
0COOBI YMO3aKIIIOUUTEILHOTO U YHCIIOBOTO TTOCTAHOBIICHUS MPOOJIEMBI C
YYETOM BEPOSTHOMHETUHEUHOCTH

UCCIIeyeMOM KOHIENUMU. Pa3penienre BorpocoB O

TpEUIMHE MTPUCYTCTBUE MOBTOPSIOMIEMCS HATPYKEHUH BEJIOCh CIPUMEHEHHUEM B
praucisieMpioro ancamoist ANSYS. UccnenoBanue u oOpadaTeiBanme
pe3yJIbTaTOB

YHUCJIOBBIX UCCIIEAOBAHHUI COTJIACHO YCTAHOBJICHUIO JAHHBIX KAYECTB UCCIIEYEM
Ol KOHLIETIINH JIMOO XapaKTEPUCTHUK €€ JeHCTBUSIIPOACIIBIBAIUCH C
IIPUBJICYEHNEM HBIHEIIHEN KOMIIBIOTOPHOM TeXHU4eCcKou.l IpeioxxenHbie TeXH
OJIOTHH U OTepaluu Jal0TBO3MOXKHOCTb (POPMYIUPOBATH OCTABIIUICS UCTOYHUK
, TUKIIMYHOCTH MPOMBIIIJIEHHBIXOCMOTPOB MTPUMEHSIEMBIX TPYOOIIPOBOIOB COTJIA
CHO UTOTaM JMArHOCTUKHU MPUCYTCTBUS U pacIpeICTICHUS

TPEUIMHOTIOI00HBIXHEJOCTATKOB B CTEHAX TPYO.

Computer Simulation of Stress-Strain State of Pipeline
Section Affected by Abrasion Due to Mechanical Impurities

1. Introduction

Although the natural gas undergoes the required purification before its transportation, investigations of
abrasive wear in main pipelines are rather relevant since purification systems fault sometimes or the
natural gas composition contains a large number of particulates. In this connection, it becomes
necessary to estimate the consequences of gas transportation and, possibly carry out a feasibility study



of transportation with the original gas flow instead of its purification allowing for the abrasion effect
produced by mechanical impurities.

Moreover, in the light of recent discoveries in the field of nanoparticles that have an effect on the
intensity of turbulent fluctuations in moving media fluxes [1], the practical use of the interaction
between solid particles and transported gas flow becomes possible in gas production. Thus, it seems to
be indispensable to investigate all possible aspects of implementing research achievements in this
field. One of these aspects is abrasive wear of the pipeline material induced by solid particles.
Undoubtedly, abrasive wear is a negative phenomenon in the use of solid particles for the reduction of
pressure losses in gas flow. A computer simulation of this process allows detecting all negative facts
and making a proper decision concerning the use of this specific natural effect.

The experience in gas transportation with suspended solids shows that in absence of the pipeline
bends, its surface wears in the bottom area. This is because solid particles are directed towards the
bottom due to gravity and demonstrate the intensive interaction with the bottom surface of the pipeline

2.

Oil and gas transmission pipelines have a good safety record. This is due to a combination of good
design, materials and operating practices; however, like any engineering structure, pipelines do
occasionally fail. The most common causes of damage and failures in onshore and offshore, oil and
gas transmission pipelines in Western Europe and North America are external interference
(mechanical damage) and corrosion[1-3] . Assessment methods are needed to determine the severity
of such defects when they are detected in pipelines. Defects occurring during the fabrication of a
pipeline are usually assessed against recognised and proven quality control (workmanship) limits.
However, a pipeline will invariably contain larger defects during its life, and these will require a
‘fitness-for-purpose’ assessment to determine whether or not to repair the pipeline. Consequently,
the past 40 years has seen the development of a number of methods for assessing the significance
ofdefects. Some of these methods have been incorporated into industry guidance, others are to be
found in the published literature. However, there is no definitive guidance that contains all of the
assessment techniques, or assesses each method against the published test data, or recommends
best practice in their application. To address this industry need, a Joint Industry Project has been
sponsored by sixteen international oil and gas companies (Advantica Technologies, BP, CSM, DNV,
EMC, Gaz de France, Health and Safety Executive, MOL, Petrobras, Pll, Promigas, SNAM Rete Gas,
Shell Global Solutions, Statoil, Toho Gas and TotalFinaElf) to develop a Pipeline Defect Assessment
Manual (PDAM). PDAM presents the ‘best’ currently available methods for the assessment of
pipeline defects (such as corrosion, dents, gouges, weld defects, etc.), in a simple and easy-to-use
manual, and gives guidance in their use. It is based on an extensive critical review of published
‘fitness-for-purpose’ methods and test data. PDAM is intended to be another tool that will assist
pipeline engineers in maintaining pipeline integrity. The PDAM project was completed in 2003.
Fitness-for-Purpose. Fitness-for-purpose, as discussed here, means that a particular structure is
considered to be adequate for its purpose, provided the conditions to reach failure are not
reached[4] 2 . Fitness-for-purpose is based on a detailed technical assessment of the significance of
the defect. Local and national legislation and regulations may not permit certain types of defects to
be assessed by fitness-for-purpose methods or may mandate specific limits. Such issues should
always be considered prior to an assessment. Safety must always be the prime consideration in any
fitness-for-purpose assessment and it is always necessary to appreciate the consequences of a
failure. These will influence the necessary safety margin to be applied to the calculations. Pipeline
Integrity Management. Pipeline failures are usually related to a breakdown in a ‘system’, e.g. the
corrosion protection ‘system’ has become faulty, and a combination of ageing coating, aggressive
environment, and rapid corrosion growth may lead to a corrosion failure. This type of failure is not
simply a ‘corrosion’ failure, but a ‘corrosion control system’ failure. Similar observations can be
drawn for failures due to external interference, stress corrosion cracking, etc.. These considerations
lead to the conclusion that a ‘holistic’ approach to pipeline defect assessment and integrity is
necessary; understanding the equation that quantifies the failure load is only one aspect. Pipeline
integrity management is the general term given to all efforts (design, construction, operation,
maintenance, etc.) directed towards ensuring continuing pipeline integrity. The American Petroleum
Institute (API) has developed an industry consensus standard that gives guidance on developing



integrity management programmes (APl 1160)[5] . The American Society of Mechanical Engineers
(ASME) has developed a similar integrity management guidelines for a supplement to ASME
B31.8[6,7] . This paper summarises some of the methodology and contents of the Pipeline Defect
Assessment Manual (PDAM). The best methods for assessing a variety of different types of defect are
summarised (see Table 1).

The 1950s and 1960s was a period where the safety of transmission pipelines became of interest,
primarily in the USA, due to its large and aging pipeline system. Pipelines were thin walled,
increasingly being made of tougher steels, and typically exhibited extensive plasticity before failure.
The fracture mechanics methods (using the stress intensity factor, K) at thattime used linear-elastic
theories that were not appropriate to predicting the failure of defects in pipelines, because the
following information would have been needed: - quantitative fracture toughness data, including
measures of initiation and tearing (only simple impact energy values (e.g. Charpy V-notch) were
available), - a measure of constraint (this concept was not quantifiable in the 1960s, other than by
testing), and - a predictive model for both the fracture and the plastic collapse of a defect in a
thinwalled pipe. Workers at the Battelle Memorial Institute in Columbus, Ohio, under the auspices of
the then Pipeline Research Committee of the American Gas Association, developed methods based
on existing fracture mechanics models, but they overcame the above deficiencies by a combination
of expert engineering assumptions, and calibrating the methods against the results of full-scale tests
on defects in line pipe. Battelle have published many papers on the behaviour of defects in pipelines,
but the most widely known are those describing the failure criteria developed for through-wall and
partwall defects, referred to as the NG-18 equations[9] . These equations formed the basis of
methods for pipeline defect assessment such as: ASME B31G[10] , RSTRENG[11] the Ductile Flaw
Growth Model (DFGM) (implemented as PAFFC (Pipe Axial Flaw Failure Criteria))[12,13] . The past
thirty years has seen other organisations develop methods and guidelines for assessing defects in
pipelines, for example: - the European Pipeline Research Group (EPRG) produced guidelines for the
assessment of girth weld defects[14] , mechanical damage[15] and ductile fracture propagation[16] ;
- Det Norske Veritas (DNV) in Norway produced DNV-RP-F101, a recommended practice for assessing
corrosion in pipelines (based on JIP’s conducted by BG Technology (now Advantica) and DNV)[17] ; -
the American Petroleum Institute published guidelines on dents in a pipeline[18] ; and - the Gas
Research Institute conducted a study of research and operating experience of mechanical damage,
and developed guidance for inclusion in the supplement to the ASME B31.8 code for gas transmission
pipelines (ASME B31.8S)[19] . More recently, documents such as APl 1160 and ASME B31.8S have
recommended specific defect acceptance limits, based on fitness-for-purpose criteria, for various
different types of pipeline defect. In parallel, as the science of fracture mechanics developed,
particularly in the area of post yield (elastic-plastic) fracture mechanics, generic defect assessment
methods have been published in standards such as BS 7910 : 1999[4] and APl RP 579[8] . BS 7910 :
1999 and API RP 579 contain detailed engineering critical assessment methods and procedures which
can be applied to defects in pipelines. These standards can be conservative or difficult to apply to
specific structures such as pipelines. Consequently, the pipeline industry has developed its own
fitness-for-purpose methods over the past 40 years, as listed above (and, indeed, documents such as
BS 7910 recommend that such methods be used). The pipeline-specific methods listed above are
generally based on experiments, sometimes with limited theoretical validation. The methods are
semi-empirical. Consequently, the methods may become invalid if they are applied outside their
empirical limits, or to new materials and loadings. The pipeline-specific methods have been applied
successfully for over 30 years. Their use was limited in the 1960s and 1970s as most pipelines were
not directly inspected for defects, and hence defects were only reported or investigated following a
failure, or reports of poor coating or cathodic protection.

But, starting in the 1970s, three major changes were occurring in the pipeline industry: 1. pipeline
systems were being both introduced and expanded in many countries around the world, 2. the
extensive pipeline system in the USA was ageing and needed closer attention, and 3. pipeline
operators started to use ‘intelligent’ pigs3 to inspect their lines for defects. The ability of these pigs
to detect and size a variety of defects meant that operators needed to repeatedly use the
assessment methods, otherwise they would need to carry out many repairs. These changes meant
that defect assessment methods were regularly used. There was some consensus on the ‘best’



methods for some types of defect (e.g. ASME B31G was recognised in the 1980s as ‘best practice’ for
assessing corrosion), but there was no consensus document published by the pipeline industry that
listed the ‘best’ defect assessment methods for all defects, nor listed the limitations of the methods.
In 1997, Andrew Palmer and Associates, UK (now Penspen) asked three UK-based companies
(Transco (now National Grid Transco), Total, and BP) to support a project called the Defect
Assessment Manual. The objective was to produce a document describing best practice for assessing
defects in pipelines. A simple version was produced in 1997. Subsequently, the scope of the project
was extended and other sponsors joined the project to develop a Pipeline Defect Assessment Manual
(PDAM), see section 1. The Pipeline Defect Assessment Manual was issued to the sponsors in 2003. It
is the first document that provides the pipeline industry with best practices for the assessment of a
wide range of pipeline defects.

PDAM is based upon a comprehensive, critical and authoritative review of available pipeline
defect assessment methods. This critical review includes a compilation of published fullscale test
data used in the development and validation of existing defect assessment methods. The full-scale
test data is used to assess the inherent accuracy of the defect assessment methods, and to identify
the ‘best’ methods (considering relevance, accuracy and ease of use) and their range of applicability.
PDAM describes the ‘best’ method for assessing a particular type of defect, defines the necessary
input data, gives the limitations of the method, and defines an appropriate factor to account for the
model uncertainty. PDAM provides the written text, the methods, recipes for application, acceptance
charts and simple examples, and is supported by background literature reviews. Simple electronic
workbooks have been developed to permit easy implementation of the ‘best’ methods. The role of
PDAM in the fitness-for-purpose assessment of a defect in a pipeline is summarised in Figure 1 (at
the end of the paper). PDAM has been closely scrutinised throughout its development by the
sponsors, and all literature reviews and chapters have been independently reviewed by international
experts in the field of pipeline defect assessment. PDAM does not present new defect assessment
methods; it presents the current state of the art in the fitness-for-purpose assessment of defective
pipelines. Limitations of the methods recommended in PDAM represent limitations of the available
methods and of knowledge.

TYPES OF DEFECT CONSIDERED IN THE PIPELINE DEFECT ASSESSMENT MANUAL PDAM contains
guidance for the assessment of the following types of defect: - defect-free pipe - corrosion - gouges -
plain dents - kinked dents - smooth dents on welds - smooth dents containing gouges - smooth dents
containing other types of defects - manufacturing defects in the pipe body - girth weld defects - seam
weld defects - cracking - environmental cracking In addition, guidance is given on the treatment of
the interaction between defects (leading to a reduction in the burst strength), and the assessment of
defects in pipe fittings (pipework, fittings, elbows, etc.). Guidance is also given on predicting the
behaviour of defects upon failing, including both leak or rupture, and fracture propagation. The
following types of loading have been considered in the development of the guidance: internal
pressure, external pressure, axial force and bending moment. Methods are given in PDAM for
assessing the burst strength of a defect subject to static loading and for assessing the fatigue
strength of a defect subject to cyclic loading, see Table 1. There are some combinations of defect
type, orientation and loading for which there are no clearly defined assessment methods. The
assessment of defects subject to static or cyclic internal pressure loading is well understood, but, in
general, other loads and combined loading are not. A summary of the available assessment methods,
by defect type and loading is given in Table 2. Many of the methods in PDAM are semi-empirical.
Consequently, the methods may become invalid if they are applied outside their empirical limits.
Accordingly, PDAM considers the limits of the experimental validation of the methods.The general
guidance on the defect assessment given in PDAM includes safe working practices in the vicinity of a
damaged pipeline (i.e. pressure reductions), the treatment of measurement uncertainty, and an
indication of appropriate repair methods. The specific guidance given in the PDAM for each type of
defect includes information on the use of the assessment method, its range of applicability, the
model uncertainty, and any limitations. The range of applicability is based on the range of the
published test data relevant to the method. The model uncertainty for each assessment method has
been derived from a statistical comparison of the predictions of the method with the published test
data, based on the prediction interval of the classical linear regression model. THE FORMAT OF THE



PIPELINE DEFECT ASSESSMENT MANUAL PDAM broadly follows the following format for each defect
type and assessment method: 1. A brief definition of the type of defect. 2. A figure illustrating the
dimensions and orientation of the defect relative to the axis of the pipe, and a nomenclature. 3. Brief
notes that highlight particular problems associated with the defect. 4. A flow chart summarising the
assessment of the defect. 5. The minimum required information to assess the defect. 6. The
assessment method. 7. The range of applicability of the method, its background, and any specific
limitations. 8. An appropriate model uncertainty factor to be applied to the assessment method. 9.
An example of the application of the assessment method. 10. Reference is made to alternative
sources of guidance available in national or international guidance, codes or standards. The flow
charts included for each defect type generally consist of a number of yes-no type questions designed
to identify whether or not the methods contained in that chapter are appropriate to the given case,
and to indicate the appropriate method to use

2. Results and discussion

Since relations that describe the abrasive wear in the main pipelines are absent, it is advisable to
employ Putilov model designed for the related field, i.e. hydraulic pulverizing and ash/slag-discharge
machinery at thermal power stations [3]. Since abrasive wear usually propagates uniformly along the
pipeline, its model has two dimensions. The main parameters of abrasion in this work are accepted to

be the maximum depth Hmax and maximum width Bpax as shown in figure 1.

The maximum width Bmax Of abrasion is obtained for geometrical reasons. In case the bulk
concentration is known, the relation between transverse squares of the spot and the pipeline are known
as well due to the uniform longitudinal distribution of impurities. At the same time, the maximum
width of the spot equals to the chord of the circular segment formed by the spot of particulates (see
figure 2).

Thus, the problem is reduced to finding the chord of the circular segment by the known square.
Themaximum width Bpyax is to be obtained as the third side of triangle formed by the given side and
two radii:

Bnax =Ry 2-(1—cosa) Q)

To obtain Bmayx, it is necessary to get the angle a that forms this segment. This angle can be
obtained from the segment square, because it is known as well as the square Sy, of the pipeline:

s, )
Therefore, we have
RZ
sl=y-sp=7(a—sina) 3
From here

o- 27 = sina @)



Substituting the angle value for the cosine theorem, we get Bmax Value.
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Figure 1. Simulation diagram of abrasive wear

Having the maximum values of abrasion depth Hpax and width Biax only, it is impossible to obtain
the geometry of defects that satisfies the conditions of accurate simulation. These values allow
obtaining only square, triangular or ellipsoid defects. Thus, the abrasive wear simulated in the form of

annulargroove, as

Bmax

Figure 2. Geometrical substantiation ofmaximum abrasion width estimate

Figure 3. Simulation model of abrasive wear in the form of annular groove:a— model;b



— schematic drawing

shown in figure 3 seems to be the most suitable for the pipe body. The values Hnax and Bmax should

be transferred to X and Y coordinates of the circle centre with radius R for the correct simulation of
the geometric model. Since the coordinates centre can be easily placed into the centre of the simulation
model, then X =0 and Y is the distance from X axis to the centre of the annual groove.

Having got points A, B, C, the distance between the centres of the pipeline and the circle that forms
the spot of particulates can be obtained to properly model the geometry. Let us use the coordinate
translation formulas for three points of the circle into the centre coordinates and radius value. Thus,
having obtained the geometry of the pipeline (length, wall thickness, inner diameter) and the annular
groove (coordinates of the circle midpoint and radius), it is possible to simulate the abrasion as a
geometric object cut out of another one, and further analyze the stress-strain state of the defective
pipeline.

A typical design was used to represent initial data of the stress-strain state of the pipeline based on
00O ‘Gazprom transgaz Tomsk’ technical requirements for the reconstruction of Parabel' - Kuzbass
main pipeline (see table 1).

Table 1. General parameters of the pipeline

Internal Wallthickness, Length, (m) Pipeline Naturalgas Operating
diameter, (mm) (mm) depth, (m) density, pressure,
(kg/mi) (MPa)
1000 15 mm 11m 15m 0.770 54

Soilproperties

Specificweight, Angleofinternal

(N/mi) friction
19000 20°
Materialproperties
Vickers
Type Density, (kg/mi) Yieldstress, (MPa) number
17G2SF steel 7850 372 171

Particulateproperties



Particle

Bulk velocity,
Origin Density, (kg/mi) Averagesize, (mm) concentration (mfs)
Oxides,
corrosion 4500 600 1107 1

Having got the geometrical parameters of the pipeline section, it is necessary to determine loads
induced by both the soil from above and below and transported product, insulating coating, metal and
also pressure that has the effect on the inner surface of the pipeline wall [4].

Soil load

Effect from loads of soil, tube,

These calculations are characterized by the use of relations that generate results in Newtons. This is
because the computer simulation of the stress-strain state of the pipeline is carried out in ANSYS
software package in which loads are suitable to express in unit of force. The theoretical force acts on
the half-area of the pipeline. As shown in figure 4, the force acting from soil above comes to 443130
N, while force produced from soil below, transported product, insulating coating, and pipeline material
achieves 445611 N.

The geometry of the pipeline and abrasive wear is then simulated with ANSYS Workbench [5-8].
The suggested design techniques facilitate the simulation of this type of defects in CAE programs due
to visualization of the interaction between two bodies having the simple geometry (figures 5).




Figure 5. Pipeline model (a) and geometry (b)

To estimate the suggested model, the stress-strain state analysis is carried out for the pipeline with
abrasion that increases during its operation (figure 6).

Figure 6. Pipeline equivalent stresses at abrasive
wearafter 18.1 years. Yield stress is exceeded

The model of abrasive wear of the pipeline, defect geometry, load effects, and the initial data for
value calculation allow creating table 2 to represent the results by the tablulated function of maximum
stresses in the pipeline wall depending on its lifetime. Also, these results are represented by influence
curves in figures 7-

These curves show that the stress-strain state of the pipeline is not linear time dependence and
changes stepwise. The growth of stresses at the beginning of the pipeline operation is almost
insufficient. On the contrary, at the end of its operation stresses increase.

The adequacy of the suggested model is assessed by the comparison of results of numerical
calculations and those prescribed by the construction regulations of Russia. For this, let us detect the
maximum allowable depth of abrasion of the underground pipeline section. The pipeline section is
made of the type 17G2SF steel tubes having 1030 mm diameter and 15 mm thick. The ultimate tensile
stress is 372,6 MPa; the pressure of transported product is 5,4 MPa (figure 4).

Circular stresses can be obtained from

m 0.9
o= R"= . 372 =227.8MPa, (10)

where m is the coefficient of operating conditions equaled to 0.9; kj is the safety factor of material

equaled to 1; K is the safety factor of the pipeline purpose equaled to 1,47; Rln is the standard tensile
strength of material.



The maximum allowable depth of abrasion is

p Dy 5.4 - 1030

(c)=6- 2((cx)+p) =15-2-(227.8+5.4) =3.08m, (11)

that is 20,53 % of the pipeline wall thickness. Thus, the error of the suggested model and estimation
methodology is not over 10%.

Conclusion

With a view to improve the pipeline serviceability, estimate its mechanical conditions and predict the
durability, technical diagnostics should be provided in time as well as the stress-strain state analysis by
the finite element method.

The stress-strain state of the pipeline was not linear time dependence and changed stepwise. The
growth of stresses at the beginning of the pipeline operation was almost insufficient. On the contrary,
at the end of its operation stresses increased.

The allowable circular stresses agreed with the construction regulations equaled to 250 MPa, and
stresses will exceed the allowable stresses after 10 years of operation. Computations carried out with
ANSYS software package showed that stresses will exceed the allowable stresses after 17 years
ofoperation. Therefore, the construction regulations should be taken into consideration in
interpretingresults obtained from the application software product based on ASME standards.

THE PIPELINE DEFECT ASSESSMENT MANUAL PDAM is based upon a comprehensive, critical and
authoritative review of available pipeline defect assessment methods. This critical review includes a
compilation of all of the published full-scale test data used in the development and validation of
existing pipeline defect assessment methods. The full-scale test data is used to assess the inherent
accuracy of the defect assessment methods, and to identify the ‘best’ methods (considering
relevance, accuracy and ease of use) and their range of applicability. PDAM describes the ‘best’
method for assessing a particular type of defect, defines the necessary input data, gives the
limitations of the method, and defines an appropriate factor to account for the model uncertainty.
The model uncertainty for each assessment method has been derived from a statistical comparison
of the predictions of the method with the published test data, based on the prediction interval of the
classical linear regression model. PDAM provides the written text, the methods, recipes for
application, acceptance charts and simple examples. Simple electronic workbooks have been
developed to permit easy implementation of the ‘best’ methods. PDAM has been closely scrutinised
throughout its development by the sponsors, and all literature reviews and chapters of the manual
have been independently reviewed by international experts in the field of pipeline defect
assessment. PDAM does not present new defect assessment methods; it presents the current state
of the art in fitness-for-purpose assessment of defective pipelines. Limitations of the methods
recommended in PDAM represent limitations of the available methods, and of the current state of
knowledge.



TYPES OF DEFECT CONSIDERED IN THE PIPELINE DEFECT ASSESSMENT MANUAL PDAM contains
guidance for the assessment of the following types of defect: - defect-free pipe - corrosion - gouges -
plain dents - kinked dents - smooth dents on welds - smooth dents containing gouges - smooth dents
containing other types of defects - manufacturing defects in the pipe body - girth weld defects - seam
weld defects - cracking - environmental cracking In addition, guidance is given on the treatment of
the interaction between defects, and the assessment of defects in pipe fittings (pipe work, fittings,
elbows, etc.). Guidance is also given on predicting the behaviour of defects upon penetrating the
pipe wall (i.e. leak or rupture, and fracture propagation). The following types of loading have been
considered in the development of the guidance: internal pressure, external pressure, axial force and
bending moment. Methods are given in PDAM for assessing the burst strength of a defect subject to
static loading and for assessing the fatigue strength of a defect subject to cyclic loading. There are
some combinations of defect type, orientation and loading for which there are no clearly defined
assessment methods. The assessment of pipeline defects subject to static or cyclic internal pressure
loading is well understood, but, in general, other loads and combined loading are not.
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