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KroueBbie CJIOBa: MATUCTPAJILHBIN HE®TEITPOBO/I,
MHOI'OJIETHEMEP3JIbIM T'PYHT.

OOBbeKT HcchneoBaHUsl — MarucTpajibHble HEe(TENpOBOAbI, MPOIOKEHHBIC
HAJ[36MHBIM CITIOCOOOM Ha YYacCTKaX MHOTOJIETHEMEP3JIbIX TPYHTOB.

Lenpto pabOTHI SABISETCS HUCCIIEIOBAaHHE KOMIUIEKCA MEPONPUSATUH IO
TEXHOJIOTUH COOpYy>keHUs1 HedTerpoBojia B ycioBusax Kpaiinero Cesepa.

B mpouecce paboThl MpOBOAUIIACH OLIEHKA B3aWMOJEHCTBUS CHUCTEMBI
«MarucTpajbHbI HE(TEnpoBOA — ONOPHl — CBallHOE OCHOBAaHUE — MEP3JIbIN
rpyHT». [0 pe3ynbraTam cOopa U aHaaM3a JaHHbBIX, IPOU3BEACHO MOJIECIUPOBAHUE
HAJ[36MHOTO TPYOOIIPOBO/Ia C HEMOABMYKHON M TIPOJIOJIBHO-TIOIBMYKHON OTIOpaMH B
nporpaMMHOM KoMiuiekce ANSyS. MccnenoBaHo HampsiKeHHO-AEPOPMUPOBAHHOE
COCTOSIHUE TPYOOIPOBOJHOM CUCTEMBI B PACCMATPUBAEMBIX YCIIOBHUSIX.

BoimyckHas — kBanu@uKalumoHHas paboTa BBIIOJIHEHA B TEKCTOBOM

penakTope Microsoft Word u npeacrasiena Ha aucKe.
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BBenenue

Hcromenue CYILIECTBYIOLIUX MECTOPOXKICHUN CHOCOOCTBYET
HEOOXOAMMOCTH Pa3BUTHSI HOBBIX HE(PTEHOCHBIX PETMOHOB M COOTBETCTBEHHO,
pa3BuTHE cuUcTeMbl HedTenpoBoAoB. HaunHaioT ocBauBaThbesi pailoHbI 3arosipbs,
KOTOpbIE HMMEIOT CBOM KIMMAaTHYECKHE U TEOJIOTUYECKUE OCOOCHHOCTH. ITO
TpeOyeT pa3pabOTKW UM TPUMEHEHHS HOBBIX HMHHOBAIIMOHHBIX TEXHUYECKHUX
penieHuii B 00JIacTi MPOEKTUPOBAHMS, CTPOUTEIBCTBA U AKCILTyaTallud OObEKTOB
MarucTpaibHOro TpyOONnpoBOAHOTO TpaHcnopTa B yeioBusx Kpaitnero Cesepa.

OCHOBHBIM KpUTEpUEM IpU BBIOOpE criocoba Mpokiaakud HedrenpoBoaa
ABIIAETCA HANEKHOCTh M  0€30MacHOCTh B  AKCIUTyaTallMOHHBIM  MEpHO],
o0OecrieueHHass YCTOMYMBOCTBIO TPYHTOB IO Tpacce HedTenpoBoaa Mpu
JUTUTENIbHOM SKCIUTyaTalluu. Y YUThIBAsI, UTO MOJI3EMHAs MPOKJIaaKa HedTenpoBoaa
Ha y4yacTKaxX pacnpOoCTPaHEHUs] MHOTOJIETHEMEP3IIbIX TpyHTOB (MMI') npuBoauT k
GbopMHpPOBaHHIO BOKPYr HE(PTENpoOBOJa MOIIHBIX OPEOJIOB OTTaUBAHUS C
o0pa3oBaHWEeM TPOTSHKCHHBIX OOBOJHEHHBIX 30H BJOJb TPYObl, OCHOBHBIM
Croco0OM TMPOKIAAKH He(TEempoBogaa NPHUHIT HAA3EMHBIH CIOCO0, KOTOPHIN
o0OecreurnBaeT MHHUMAJIbHOE  HApyIIEHHE  HMHXKEHEPHO-TEOKPUOJIOTMUYECKHX
YCJIOBUM M B IIEJIOM CHHUXAET OMACHOCTh BO3HUKHOBEHHUSI U PA3BUTHUS OMACHBIX
DK30T€HHBIX MPOLECCOB.

Pa3BuTHE ceBepHBIX pailOHOB, HEOOXOAUMOCTh B OeciepeOOMHOM MOCTaBKU
CBIPBS B OTJIAJICHHBIE YYaCTKH, CJIO’KHBIE YCIOBHUSA, BCE ATH (DAKTOPHI BO3NATalOT Ha
MOCTAaBIIMKOB OTPOMHYK OTBETCTBEHHOCTb, W J€JA€T MW3YYEHHUE BBIIIC

NPUBEIEHHOM MPOOIEMbI aKTyaJTbHOM.

UccnedosaHue kommnekca Meponpusimuli Mo MeXHOI02uuU COOPYXEHUSsI
Hegbmenpoeodoes 8 yCcro8uUSIX MHO20/1IeMHEMeP3/IbIX 2pyHMO8
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1 XapakTepucruka ycJI0BHH CTPOUTEIbCTBA
1.1 IlonsiTHE MHOT0JIETHEMEP3JIOI0 IPYHTA

3HauuTeNbHAs YacTh TeppuTOopuu Poccuu, HaumHas OoT OeperoB CEBEPHBIX
MOpPEH, CII0)KEHA TAK HA3bIBAEMBIMM MEP3JIbIMH TpyHTaMHu. ['pyHT Ha3bIBaeTCs
MHOI'OJIETHEMEDP3JIBIM, €CIIM  OH HMMEET OTPULATEIBbHYIO WA  HYJEBYIO
TEMIIEPATYPY, COJEPKHUT B CBOEM COCTABE JIEJ M HAXOJIUTCS B MEP3JIOM COCTOSIHUH
B TEUYEHUE HECKOJBKUX JIET, HO MpPU OMNpPEIENECHHBIM 00pa3oM CIOXUBIIEMCS
TEMIIEPATYPHOM DPEXUME OKPYKAIOWIEW Cpelbl, TPYHT OTTAMBACT, a 3aTeM IIpPH
W3MEHEHHUH YCIIOBUM, MPUBEAIINX K OTTAMBAHUIO, BHOBb 3aMEP3aET.

MHoroneTHeMep3ble TPYHThI BCIEACTBUE HANUYUS B HUX JIbIO-LIEMEHTHBIX
CBSI3€M IIPU COXPAHEHWUM OTPULATENIIBHOW TEMIIEPATyphl TPYHTOB SIBISFOTCS
JIOCTATOYHO MPOYHBIMHU MPUPOJHBIMU 00pazoBaHusIMUA. OHAKO MPU OTTAaUBAHUU
IIOPOBOTO JIBAA 10 MEpPEe 3aCTPOMKH TEPPUTOPUM CTPYKTYPHBIE JIbJO-IIEMEHTHBIC
CBSI3U PA3PYILIAIOTCA, TPYHT MEPEYBIAXKHACTCS TAJIONM BOJOW M IPEBpAILACTCS B
Pa3KMKEHHYIO MacCy, HE CIOCOOHYIO0 O0eCreyuTh reOCTOMKOCTh MOCTPOCHHBIX
3JTaHUM, COOPYKCHHM, KaK Pe3yJIbTaT MPOSIBICHUS TETUIOBOM MPOCATKHU OBIBIIHX
MEp3JIbIX TPYHTOB.

['myOuna mpomep3aHusi TPYHTOB KOJEOJETCSI OT HECKOJIBKUX CAaHTUMETPOB
10 2-2,5 METpOB B 3aBUCUMOCTH OT TeMIEepaTyphl Bo3ayxa. B cpennux mmpoTax
npoMep3aeT 3WMOW JIMIIb HEOOJBIIONH IMOBEPXHOCTHBIN CJIOM, MO3TOMY 37eCh
TOCIIOJICTBYET CE€30HHAs MEP3J70Ta. B CeBepHBIX MMpPOTaxX 3a JOITYIH0, MOPO3HYIO
3UMY 3eMJIsl MPOMEP3aeT OYEHb ITYO0KO, U KOPOTKUM JIETOM OHA OTTAauWBAaeT JIMIIb
¢ noBepxHocTu Bcero Ha 0,5-2 M B ruyouny. OTTrauBaromuii clol Ha3bIBaeTCA
neATenbHbIM. Huke ero B mopogax Kpyribli T'OJ COXPAHSIOTCS OTPULIATENIBHBIC

TEMIICPATYPHI. OTH MeCTa U Ha3bIBAIOTCS paﬁOHaMI/I MHOTOJICTHEHN MCP3JIOTHI.

UccnedosaHue komnniekca Mepornpusmuli o mexHomo2uu CoopyXeHusl
Hegbmenpoeodoe 8 ycrI08uUsX MHO20/IeMHEMEeP3IIbIX 2PyHMo8
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1.2 T'eorpadus pacnpocTpaHeHUs YYACTKOB MHOT0JIETHEMEP3JIbIX
TPYHTOB
Pacnpoctpanenne MHorosieTHemMep3iabix rpyHToB (MMI') B Haiei ctpane

coctaBisieT 65% o0mel mIomaau Cymm, B Mupe okoio 25 %.
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Pucynoxk 1 — Kapra pacnpocTpaHeHusi MHOTOJIETHEMEP3JIbIX TPYHTOB

B 3aBHCHMMOCTH OT HENOCPEACTBEHHOTO XapakTepa paclpOCTpaHEHUS

MHOT'OJICTHEMCP3JIBIX I'PYHTOB I10 Iionraan BBIICIIACTCA IITh

rpyIIl
pacrpocTpaHeHus: (pPUCYHOK 2):
Xapakrep
pacrnpocTpaHeHus
MHOT0JIETHEMEP3IIBIX
IPYHTOB
MaccuBHO
CrutomHoro OCTPOBHOTO
aCIIpOCTPAaHEHUSA aCIIpOCTPAaHEHUS
pacipocTp [IpenmymiecTBEHHO pacnpovTp
CILJIOIIHOTO
OcTtpoBHOTO H
pacnpocTpaHeHUs IpepriBUCTOrO
PEOKOOCTPOBHOIO
PACTIPOCTPaHEHHS pacrnpocTpaHeHus

Pucynox 2 - Knaccuduxkarys MHOTOJIETHEMEP3IIBIX TPYHTOB 10 XapaKTepy

UX pacrnpoctpaneHus|[ 1]
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1. CmnomHoro pacnpoctpanenuss (MMIT  3anumator  Gomee  95%
TEPPUTOPHUH, TEMIIEPATYPA TPYHTOB HA ITUX TEPPUTOPUX HIKE -3 °C);

2. TlpeumyIiecTBEHHO CIUIOMIHOTO pacnpoctpaHenus (MMIT 3aHumaror
90-95% TeppuTopuu, TEMIEpaTypa MEp3ibIX TPYHTOB B 3TUX palioHAX
coctasiset oT -0,5 1o -3°C);

3. IlpepsiBuctoro  pacnpoctpanenus (MMIT  3anumaror  75-90%
TEPPUTOPHUH, TEMIIEpATypa MEP3JbIX TPYHTOB 3/1€Ch cocTaBiseT oT - 0,2
1o - 2 °C);

4. MaccuBHO-ocTpoBHOrO pacnpocTtpanenuss (MMI' 3anumaror 25-75%
TEPPUTOPUH, TEMIIepaTypa MeEp3JbIX TPYHTOB B OTUX pailoHax
coctasysier oT - 0,2 go -2 °C);

5. OcTpoBHOTO U peaKoocTpoBHOrO pacnpoctpanenus (MMI' 3anumaror
meHee 25 % TeppuTopuu, TemrepaTypa MEpP3JbIX IPYHTOB Ha 3ITHUX
teppuropusx seie -0,5 °C).

Knaccudukanus Mep3nbiXx TPYHTOB 3aBUCUT €II€ M OT MPOMEXKYTKa

BPEMEHM, YE€pe3 KOTOPOE OHU OTTauBAIOT. Tak K MHOTOJETHEMEP3JIBIM I'PYHTAM,
KOTOpbIE OTTaMBAIOT pa3 B HECKOJBKO JIET, AO0OaBISIOTCS CE30HHOMEP3IbIe
rpyHTbl. Ce30HHOMEp3Jble TI'PYHTBl PACIPOCTPAHEHbl NMPAKTUUECKU BE3/AE, IIE
TEMIEpaTypa BO3yXa UMEET OTPULIATENIbHBIN XapaKkTep B 3UMHEE BpEMSI.
['myOuHa CE30HHOTO MpOMEp3aHUsl TAKMX TPYHTOB 3aBHCHUT OT KIMMAaTHYECKHX
O0COOEHHOCTEH pailioHa, cocTaBa IMOPOJA, MOIIHOCTH CHErOBOIO IOKpOBa U OT
npyrux ¢aktopos. [Ipomep3atoT oHM O-pa3HOMY — OT HECKOJIBKUX METPOB
(0,3-0,6 M) mo 2-6 M, a TpU HACTYIUICHHH JIETHETO BPEMEHU TOJla PaCTaWBaIOT
HOJIHOCTBIO.

I'paauner pacnipoctpanennss MMI' 1 ce30HHOMEDP3IBIX TPYHTOB B MHPE

IPE/ICTABIICHBI HA PUCYHKE 3.
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Pucynok 3 - I'panuiibl palioHOB pacpoOCTpaHEHUS MEP3JIbIX TPYHTOB B
['myOuHa 3anmeranvs MHOTOJIETHEMEP3JIbIX I'PYHTOB B CEBEPHBIX pailioHaX
nocturaet 500 M, a B HalpaBJICHUH HA IOT TOJIIMHA CJIOS TPYHTAa YMEHBIIAETCS U
nagaet 10 10-50 M.
Tabmuma 1 — TemmnepaTypa u riyOrUHA 3aJIeTaHUs MHOTOJIETHEMEP3JIOTO

IpyHTa B HEKOTOPbIX ropoaax Poccun

T'opon Temneparypa MM (°C), riy6una
3ayieranus (M)
Skyrck 5,5°, 15m
BepxostHck 7,8°, 22m
AHaJbIpb 5,7°,5m
Vcere-Enuceiick 6,3°, 18 M

Poccuiickue  HedTemepekaumBaronMe = KOMIAHUU  JKCIUTYaTUPYIOT
OTPOMHOE€ KOJIMYECTBO HEPTEHPOBOJOB, KOTOPHIE MPOXOIAT UYepe3 YYacTKU
MHOTOJIETHEMEP3JIBIX ~TPYHTOB. MHOIHE  3KCIUTyaTUPYIHOTCS HENABHO, HO
COOTBETCTBYIOT TPEOOBAHUSIM TEXHUUYECKON U SKOJIOTUUYECKON O€30IaCHOCTH:

1. Tpacca tpyOompoBogHoi cucrtembl «Boctounas Cubupp - Tuxwuit

OKeaH» UMEET MPOTKEHHOCTh 4740 KM, TuaMeTp TpyOOIpoBoIa

1020-1220 mm. Bonee 750 kM Tpacchl MPOXOIUT HA ydacTKax

Jlucm
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MHOT0JIETHEMEP3IIBIX TPYHTOB;

Tpacca crposimerocss tpybompoBoma «Kyromba - Taimer» wumeer
NPOTSKEHHOCTh 679 KM, MpoeKTHas MOIIHOCTh 15 MiH. T. B roa. bonee
20 KM Tpacchl IPOXOAUT HA Y4aCTKAaX MHOTOJIETHEMEP3JIbIX TPYHTOB;
Tpacca tpyOompoBoga «3anossippe — Ilypme — CamoTiop» umeer
npoTsbkeHHOCTh 429 kM, nuamerp 1020 mMm. bonee 160 kM Tpacchl
MPOJIOKEHBI B HAJ3EMHOM HCIOJHEHHUH, U3-3a CIOKHBIX I'€0JOTHUECKUX
YCJIOBHI, B TOM YHUCJIC M3-3a MHOTOJICTHEMEP3JIbIX TPYHTOB. [2]

Bce nepeuncnennbie TpyOOTPOBOAHBIC CHCTEMBI TaJIEKO HE BECh MEPEUCHB

CHCTEM, KOTOpPBIE KOHTAaKTHPYIOT C MHOIOJIETHEMEP3JIbIMU TIpyHTamu. boiee
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Pucynok 4 — CeBepHble TpyOONIPOBOIHBIE CUCTEMBI

1.3 Crpoenue T0JIIIA MEP3JI0r0 IPyHTA

Paccmotpum momoapo6uee cioit MMI'. brimke k mMOBEpXHOCTH B TOJIIE

MCP3JIOTO TpPyHTAa HAXOAUTCA Y4YaCTOK, KOTOpBIﬁ OTTauBacT IIpU HU3MCHCHHU

TeMIiepaTypsbl (pucyHOK 5). OH Ha3bIBaeTCA AEATEIbHBIM CIIOEM.

JlesTenbHBIA  CIIOM — 3TO TOBEPXHOCTHBIM CIJIOW TPyHTa B paloHax

pacnpocTpaHeHUss MHOTOJIETHEMEP3JIbIX TPYHTOB, MOABEPTAIOIINIICS CE30HHOMY

Jlucm
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OTTauBaHUIO (JIETOM) WJIM NPOMEP3aHUI0 (3UMOI). MOIIHOCTh JIEATEIBHOTO CJIOS
3aBHCHT, TJIaBHBIM 00pa3oM, OT HIMPOTHI MeCTHOCTH M Konebiuercs ot 0,2-0,5 m
(TYHIpOBBIE 30HBI U 30HBI APKTUYECKHUX MYCThIHb) 10 3—4 M. B onHOl u TOM *e
MECTHOCTH, OHa HE€ OJJMHAKOBA B PA3JIMYHBIE TOJbl M 3aBUCUT OT U3MEHEHUU
TEIUIONPUXO0/Ia B TOJIIE TPYHTOB, BBI3BAHHBIX HMHTEHCHUBHOCTBIO COJHEYHOU
paauanviv, U3MEHEHHUSIMU TEMIIEpaTypbl BO3/lyXa, CKOPOCTH, HANPABJIECHUS BETpA.
Tak)ke MOITHOCTh JEATEIBHOTO CJIO0SI 3aBUCUT OT 3KCITO3UIIUU U KPYTU3HBI CKJIOHA,
PUCYTCTBHE PACTUTEIBLHOCTH, 3aTEHEHHOCTH MECTHOCTH U HAa00OpOT, COCTaBa, U
CTEMEHU BJIAXXHOCTH TPYHTOB, TOJIIMHBI CHEXHOT'O MOKPOBA, TUAPOJIOTHUYECKOTO
pexxruMa U Apyrux (pakTopos.

CiioH, pacnoJioKEHNE KOTOPOTrO HUXKE JAESITEIBHOTO CJIOSI — Ha3bIBACTCS
HIDKHEHN rpaHulled. Ero cocTossHue Tak e He MOCTOSHHO U MOLIHOCTh U3MEHSIETCA
YTO U JEATEJILHBIM  CJION.

u3-3a TeX ke (PaKTopoB, Hwxusas rpanuia

pacnpoctpaneHuss MMI' — 3To MOBEpXHOCTH I'/ie OHU KOHYAIOTCH.

CIINBAIOIIAICST HecInBaroascs
Mep3710Ta Mep3oTa
#
stk (v)  CMC 0.4 - 4.0
BePXHAA - .
rpanna MM L =
&k { +tq\!
S
i "mepenersn”
E_ 1 &\—\
| B |
R\—_:‘j,—f e A
== s T 10-1500 m
5.-25%)
Il atax - enmommas mep3snora MMI o
{r\
F

.

Pucynok 5 — MHoronerneMep3iblii TPyHT, BUJ B pa3pese.
3a cueT KIMMaTHYECKHX OCOOCHHOCTEH HEKOTOpBIX objactei Poccuiickoi
dbenepamnuu, HEOOIbITNE YIACTKA TPYHTOB HE YCTEBAIOT OTTASITh JTAXKe B JIETHEE
BpeMsi, 00pa3ys Tak Ha3bIBAEMbIE «IIEPEIICTKI.
[lepenetku MoryT 00Opa3oBaThCs MPU U3MEHEHUU YCIOBUN HA TOBEPXHOCTH

(yz[aneHI/Ie CJIOodA CHEra, 3aTCHCHHUC IIOBCPXHOCTHU H T. I[.), a TarKKe, C¢€CJIn
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TEMIIepaTypa OKpYXKalomel cpeapl HAaYMHAEeT KOJIeOaThCsl W OTIMYAETCS OT
CpeIHEN.
beiBaroT ciywyan, korma mpU OPOMEP3aHUU 3UMOU AECATEIbHBIM CIIOU
COCMHSIETCS C MEP3JBIMU TPYHTAMH, HTO SIBIICHUE HA3BIBACTCS «CIIMBAIOIIASCS
MEp37I0Ta», OAHAKO, €CIH CJIOW TMOJHOCTHIO HE MPOMEP3, TO MEXKAY MEpP3JIbIMU
NopoJaMu U JIEATENbHBIM CJIOEM OCTAeTCsl CJIOW TaJloro IpyHTa — 3TO SIBJIICHUE
«HECIMBAIOIICHCS MEP3IOTHI.
1.3 ®dusnveckne cBOiicTBA
duznyueckre CBOMCTBA MHOTOJICTHEMEP3JIBIX TPYHTOB, PACIIOIATAOIINXCS B
30HE BIHMSIHUSI HEPTENPOBOA, ONPEETSIOTCS ISl BCEX PA3HOBHIHOCTEH TPYHTOB,
KaK B MEp3JIOM, TaK M B TaJloM COCTOsHMH. VcciemoBaHue CBOWCTB T'PYHTOB B
TaJOM COCTOSSHMM HEOOXOJAMMO, TaK KakK B pe3yJbTaTe CTPOUTEIHCTBA U
AKCIUTyaTallM HEPTENPOBOJOB HEKOTOpask 4acThb BMEIMIAIOIIETO pa3pe3a MOMKET
YaCTUYHO NEPEXOAUTH B TAJIOE COCTOSHUE.
OO0mme xapakTepUCTUKN (PU3NIECKUX CBOMCTB TANBIX U MEP3JIBIX TPYHTOB:
1. IlmoTHOCTB - Macca rpyHTa B €IMHUIIE 00bEMA, r/em’:
p=m/V; (1)
rje: m - Macca oOpasma; V - 00bEM TIpyHTA.
2. TII0THOCT dYacTHI TPYHTa B CUUHHIE 00b&Ma, ps (r/emd),
ompenensiemMasi C TOMOIIBI0 MMKHOMETPA.
3. IInoTHOCTB cKemera rpyHTa pg (r/cM’), ompememsemasi, Kak Macca
YaCTHI] TPYHTa B 00bEME HEHAPYIICHHON CTPYKTYPHI.
4. TlopucTtocTh rpyHTa, XapakTepusyemasi KodhOUITMECHTOM MOPUCTOCTH:
&= (ps —pa)/ Pa-
(2)
5. CymmapHasi OTHOCUTENbHAs BJIAXKHOCTh, OTHOILIIEHHE MAacchl BOJbI K
Macce CyXoro rpyHTa B €AMHHIE O0BbEMA:
WC:mBO/:[LI / mcyx.rp- (3)
K 1ononHUTEeNbHBIM XapaKTePUCTUKAM OTHOCSITCS:

1. BnaxnocTs 3a cu€t Hezameépaieit Boabl W, (B A0JIAX €IUHULIBI).
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2. JIpmucTocTh MEP3NIOro rpyHTa |1, paBHAS OTHONICHUIO MAacChl JIbJa K
Macce BCEH BOJIBI, COAEPKALIEUCS B MEP3JIOM  TPYHTE:

i = (Wc - WH)/WC (4)

3. Temneparypa Havasa 3aMep3aHusl TPYHTOBOM Biaru ;.

Temnodusnyeckue XapakTEPUCTHUKU OIEHUBAIOT KOJWYECTBEHHYIO JOJIIO
TerJia:

1. Yaenpras temmoémkocts — C, (JIx /kr-K) — BeIpakaeT KOIMYECTBO
TeIjia, HEoOXOJUMOE JJii HarpeBaHUsl WIM OXJIAKICHUS €IUHUIIbI
MAaccChl FpyHTa Ha OJIMH Tpafgyc.

2. O6béMHast Ter08MKocTh Cog (Jk/M*K) BBIpakaeT KOIMYECTBO TEILIa,
HEoOX0IUMOe JUIsi HarpeBaHMsl WIM OXJIAKIEHUS €IUHHUIBI 00BhEMa
IPyHTa Ha OJIUH TPaayC.

3. Koadbdunuent temnonposognoctyd — A, (Bt/M-K) — Bbelpaxaer
KOJIMYECTBO TEIUIa MPOXOAsAIIee B €IUHUILY BPEMEHU Y€pe3 €JIUHUILY
TJIOMIAN ¥ €IMHUYHYIO TOJIIUHY CJIOSl TPYHTA.

4. Ko>bGUIMEHT  TeMIepaTypoOImpoOBOLHOCTH a  (M2/C)  — BBIpaskaeT
CIOCOOHOCTH IPYHTa U3MEHSATH CBOIO TEMIIEPATypy, MO BO3JACHCTBHEM
MU3MEHHMBIIETOCS TPaJUEHTa TEMIIEPATYPHI.

3HaueHUs BCeX TEIIOPU3UUYECKUX XapaKTEPUCTUK 3aBUCAT OT BUJA TPYHTA,
€r0 COCTaBHBIX KOMIIOHEHTOB, OT COCTaBa M OCHOBHBIX (DM3MYECKUX CBOMCTB:
IUIOTHOCTU W BIAXHOCTH; a TAKXKE COCTOSIHUS TPYHTA: TaJOro WM MEP3IOro.
OObrYyHO KO3 (ULMEHT TEIUIONPOBOAHOCTH MEP3ibIX TIpyHTOB B 1.1-1.5 paza
Oompiie K03 (HUIIMEHTa TEIUIONPOBOJHOCTH TPYHTOB B TaJIOM COCTOSIHMH, YTO
CBSI3aHO ¢ OOJbIIEH TETUIONPOBOIHOCTBIO JibJa, IO CPAaBHEHHUIO C He3ameEpaiien
Bofioii. OOBEMHAS TEMIIOEMKOCTh, TPYHTOB TIPH IPOMEP3aHUM CTPEMHUTCS K
OCCKOHEUHO OOJIBIIIOMY 3HAYEHHIO, B CBSI3M C 3aTpaTaMH Telia Ha (a3oBbie
MIEPEXO/IbI BJIATH.

[Tonessie u nabopaTopHbIE UCTIBITAaHUS u WCCJICIOBAHMUS
MHOT'OJIETHEMEP3JIbIX TPYHTOB CTaBST CBOEH LIENBIO OMpPEACNIUTh HEOOXOAUMbIC

pacyeTHbIe IIOKa3aTeIn (U3UKO-MEXaHUYECKUX CBONCTB I'PYHTOB,
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COOTBETCTBYIOILIME TPUPOAHBIM YCIOBUSM M, B TEPBYIO OYEpeIb, TEIIOBBIC,
IPOYHOCTHBIE U JepOpMaTHUBHBIE CBOMCTBA B MEP3JOM U OTTaWBAIOIIEM
COCTOSIHUSIX. DTH UCHBITAHUSI M UCCIIEIOBAHUS JIETSATCA Ha PEKOTHOCIIMPOBOYHbBIE
Y OCHOBHBIE.

PexornocuupoBoYHbIe UCIIBITAaHUS MO3BOJISIIOT IIPOU3BECTH
peIBapUTEIbHYIO OIICHKY TOJILIU MHOTOJIETHEMEP3IBIX IPYHTOB
paccMaTpUBaEMOM CTPOMIUIOIIAIKN KaK OCHOBAHUM U CPEJIbI UL COOPYKEHUM.

N3 4rciia BO3MOXKHBIX PEKOTHOCHUPOBOYHBIX HUCTIBITAHUNA MEP3JIbIX TPYHTOB
HY’)KHO KaK MMHUMYM ONpEIENATh Uil KOHKPETHBIX YCIOBHI CTPOMIUIONIAIKHU B
M0JIEBOI 0OCTaHOBKE XOTs OBl TPH MOKA3aTessl CBOWCTB IPYHTOB:

1. Temmnepatypy mep3ioi Toiu Ha riayoune 10 m, T. e. - to;

2. CymMmmapHyl0 BI@XHOCTh TPYHTOB HWXKE TIyOMHBI  3aJI0KEHUS
dbynnamenToB (W mnpumepHo Ha 1 M riy0ke BEpXHEW TpaHUIIbI
MHOTOJIETHEMEP3JIBIX TPYHTOB);

3. BenuuuHy OTHOCHUTENHHOM TETUIOBOM Ocaaku (kKoddduimeHTa oTTanBaHus
A Ha ypOBHE 3aJI0KEHHs MOI0IIBI (PYHIAMEHTOB).

OmnpeneneHne yKa3aHHBIX BEJIMYMH MOTPEOyeT CaMblX 3JIEMEHTapHBIX

pUOOPOB: TEPMOMETPA, MEPHOU JTUHEUKH, BECOB.

Temnepatypa rpyHroB — ty Ha rmyoune 10 M u3MmepsieTcss B MpoOypEeHHBIX
HACyXO CKBa)XMHAX TEPMOMETPOM IIOCJE JOCTATOUYHOIO (B TEUEHUE HECKOJIbKHX
HEJIeJNb) BBIAEPKUBAHUS CKBAXXHUH Moce OypeHus. JTa BeJIMUMHa HeoOXoauma JJis
BBIUMCJICHUS] MaKCUMaJbHOMW pacueTHOM TeMIepaTypbl Ha YpOBHE IOJOIIBBI
(GyHIaMEHTOB M 3KBUBAJICHTHOW TEMIIEpAaTypbl i pacuera (PyHIaMEHTOB Ha
BBIIYYMBAHHUE, a TAKXKE IPYTUX TEIUIOBBIX PACUETOB.

CymmapHass BIIQXHOCTh Mep3ibIX TpyHTOB W ompenensercs MyTeM
B3BEIIMBAHUS HABECKM TPYHTA E€CTECTBEHHOM BIAXXHOCTH M TOro ke olpasua,
BBICYILIEHHOT'O JI0 IOCTOSIHHOT'O BECA.

Benuuuna ynenbHOTO Beca Yyn MPUHUMAETCS MO JUTEPATYPHBIM JAHHBIM U
OOBIYHO ISl IBUIEBATBHIX TPYHTOB C OPTaHMYECKUMH HNPUMECAMH Yy, = 2,4 - 2,5;

ISl IECKOB Yy, = 2,65 M 714 TTIMHUCTBIX TPYHTOB Yy, = 2,73.
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[TpubnmxeHHOE BRIpaXEHUE 11T 00BEMHOTO BECa MEP3JIOTO TPYHTA:

2,401+ W,)

" E W, 10,9 )

(c morpeurHocThio He 6onee 3% npu W >5% st ranedHbIX rpyHTOB, ipu We
>15% - nyist necyanbix U npu W >20% - 111 TIIMHUCTBIX ).
Torna npubnuxeHHOE BRIpaXKEHUE TSI OOBEMHOTO BEca CKEJIeTa MEP3JI0ro

rpyHTa OYJET ONPEAENITHCS BhIPAKEHUEM:

I
7 E W, 10,9 )
OTKYJa KO3()PHUIIMEHT MOPUCTOCTH:
oo Lo Tl
T ()

ConepxaHue He3aMmep3llieid BOAbl B MHOTOJIETHEMEP3JIbIX TPyHTaxX MpH
PEKOTHOCIIUPOBOYHBIX HUCIBITAHUSIX JOIMYCTUMO OIpPEAeNaTh, Kak (DyHKIUIO
TeMIlepaTypbl Mep3joro TpyHTa - t° u rpanun miactuyHocty Wr u Wop,
ompezensieMbIX o 00pasliaM rpyHTa HapYLIEHHON CTPYKTYpPHI:

WH = kH 'WP’ (8)

rae ko3dourment ky = f(-t°, W = Wt - Wp), 1. e. onpenensercs B 3aBUCUMOCTH
OT TeMmIepaTypbl, BHJAa TPyHTa W 4YHCIa ITUTACTUYHOCTH Wy, NpUYeM Tpu
u3MeHeHun temmeparypsl oT - 0,5 go - 5° C, BenmumHa ko3dduumenta ky
mensiercs ot 0,5 no 0,3 - nia cyneceid, ot 0,7 1o 0,5 - nusa cyrnuakoB u oT 1,0 g0
0,6 IS TJIMH.

MHoroneTHeMep3/Ible  TPYHTHBI 1O  TEMIIEPATypHOMY  COCTOSHHUIO
pasaeNroTCs Ha TBEpAOMEp3Iibie (IPH TeMIiepaType MX HUXKE TpaHUIlbl (pa3oBBIX
MEepPexXo70B BOABI B JIeJ) W IUIACTUYHOMEp3Nble (MpU TEMIEpaType BBIIIIE
yKa3aHHOW TpaHUIlLl (Pa30BbIX MEPEXO0JIOB); MO JIAUCTOCTH (BEIMYUHE 0OBEMHON
JBUCTOCTH 1o5) — HA CHIIBHOHCTBIC (TIPH 105 > 0,5) 1 cnabonpaucteie (Ios < 0,25),
¥ 10 MPUPOJHON YIIJIOTHEHHOCTH B OTTASIBIIEM COCTOSIHUU — TI0 KOd(hHImeHTy

MNOPUCTOCTH JJIA IECHAHBIX T'PYHTOB U KOHCUCTCHI WU JIA TTMHUCTBIX.
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[Io naHHBIM OOBEMHOIO Beca MEp3JI0oro rpyHTa Yy, CyMMapHOW BIIAXKHOCTH
W, ynensHoro Beca apaa v, = 0,9 um comepkanus Hezamepsiied Boabl Wy
omnpezensercs 00beMHasi JIbAUCTOCTh, & UMEHHO:
lﬁzlz(wc _WH).
“ oy, 1+W,. 9)

Ecmu 1,6 > 0,5 - Mep3nblii rpyHT OyJIeT NpUHAUIEKATh K KaTeroOpUH
CHJIBHOJIBJIUCTBIX B OOJIBIIMHCTBE CIIy4aeB MPOCAJOYHBIX MPU OTTAWBAHUU
TPYHTOB; €CJIH e 1,5 < 0,25, TO Mep3ible TPyHTHI OyayT C1a00IbIUCTHIMU.

B 3aBUCUMOCTH OT MaKCUMaJIbHOW TeMIEepaTypbl MEP3JIbIX TPYHTOB t° . Ha
YpOBHE MOAOIIBEI (yHIAMEHTOB (OTpeaesieMoil B 3aBUCUMOCTH OT - {,), cocTaBa
MHOTOJIETHEMEP3JBIX TPYHTOB (NIECKHU, CYTJIMHKH, TJIMHBI U T. 1.) U BEJIUYUHbI
00BbEMHOM JIBAUCTOCTHU 1, ONMPEACISIIOTCS HOPMATUBHBIE COMPOTUBIICHUSI MEP3JIbIX
IPYHTOB HOPMAbHOMY JABICHUIO B OCHOBAHMAX coopyxkeHuit RH, kr/cm’,

Kos(pduiuenT oTTauBanus A [Uis TPYHTOB, 3aJ€TraloIUX HHKE IOOLIBBI
(GyHIaMEHTOB, MTO3BOJIECT OLICHUTh BEJIMYUHY BO3MOXKHOM MX TEIUIOBOW OCAIKU U
BEJIMYMHY TMPOCAAKUA MEP3JIBIX TI'PYHTOB IPU OTTAMBAHUU. MOXKHO BEJIMYHUHY
KO3 uUIMEeHTa OTTaUBaHUS OIPEAENATh NPOCTEHIIMM IOJIEBBIM OIBITOM Ha
0CaJIKy B IIypde OTTauBarOUIEro rpyHTa Moji ACHCTBUEM TOJIBKO €r0 COOCTBEHHOTO
Beca. Ecim oTTauBaromuii ciIoil Mep3aoro rpyHTa OyaeT HE3HAYUuTeJIbHOU
TOMIIMHBL (T7yOMHA OTTaWBaHUS TPYHTAa B TIIOJEBOM OIBITE OMNpEIENsIeTCs
METAUIMYECKUM IIYIOM, a OcajJKa 3aMmepsieTcsl C TIOMOLIBI0 JIMHEUKU C

MUUTUMETPOBOM MIKaNoM), Npu 3TOM KO3(h(UIMEHT OTTauBaHUA OyAET paBeH

OTHOIICHHUIO TEIJIOBOM OCaZKU Sorr MEP3JIOro rpyHTa K TiyOnHe oTTauBaHus hy:

K ~ SOTT .
L (10)

[Ipu Benuuune xkoddduimenta orrauBanus A > (0,02 MHOTOJIETHEMEP3IIbIC

I'PYHTBI CHUTAIOTCSA IIPOCAA0OYHBIMH.
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OTMeTuM, 4YTO BeNUYMHY KOd(DPUIMEHTa YIUIOTHEHUS OTTAaWBAIOIIUX
rpyHTOB (&, CM?/KT) [UISl OPHEHTHPOBOYHBIX PACUETOB 6e3 GONBLION TOTrPELIHOCTH
MO>KHO IPUHUMATh PABHOM:

a~L,

Emin (11)

rae: B - ko3 duurentT 60KoBOro JaBieHUs rpyHTa, paBHbIii 0,8 - s neckos; 0,7 -

nns cyneceit; 0,5 - g cyrmmakoB u 0,4 - mus riouH; Epin - MUHUMaJIbHOE

3HaYeHHEe MOAYJs oOmiei aedopMaluy OTTAaWBAIOIIMX TPYHTOB, MPUOIMKEHHO

orpezensieMoe Mo BeTUYMHE KO3 UIIMEHTa TOPUCTOCTH TPYHTA U BIAXKHOCTH Ha
rpaHulle pacKaTbiBaHus Wop.

OcHoBHbIE TIOJIEBbIE U J1a0OpaTOpHbIE MCHBITAHUS W HCCIETOBAaHUS
MHOTOJIETHEMEP3JBIX ~ TPYHTOB  HEOOXOAMMBI  JUisi  BbIOOpa  MpUHIUIA
CTPOUTENBCTBA U  COCTaBJIEHUS OCHOBHOM JIOKyMeHTauuu (00OCHOBaHUS
OPOEKTHOTO 3a/laHusl) 10 TMPOCKTHUPOBAHUIO M pacuyeTy OCHOBAaHUU U

(GbyHIaMEHTOB, BO3BOJIMMBIX Ha MEP3JIbIX TPYHTAX.
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2 Oco0eHHOCTH COOpYKeHHS He(pTeNnpoBo/a B YCJIOBUAX MeP3JIbIX TPYHTOB

OcBoenue ceBepHbIX pailoHoB Poccuiickoit ®Deaeparuu  HayaaoCh
OTHOCHUTENIbHO HEJABHO, KaK M pPAa3BUTHE CHUCTEMbl HE(TENPOBOJOB Ha 3TOM
tepputopu. CIOXHBIE NPUPONHO-KIMMATHUYECKUE YCIOBHUS  CIIOCOOCTBYIOT
pa3paboTKe HOBEUIIIMX TEXHOJIOTMUECKUX U TEXHUYECKUX PEIICHUN.

Jns  paitoHoB KpaitHero CeBepa nmnpucylie aOCOMIOTHBIA —Ieperna
TeMIiepaTyp oT —56 3umMoii 10 +34 rpaaycoB JIETOM; CUIIbHBIE BETPHI CO CKOPOCTHIO
cBbinie 40 M/c 1, KOHEYHO ke, PACPOCTPAHEHHE MHOTOJIETHEMEP3JIbIX TPYHTOB. B
YCIOBUSIX TaKUX TPYHTOB CYIIECTBYET OMACHOCTh, YTO TeIUIas TpyOa pacTOMUT
Mep3Jble MOPOJbI, MOTOMY HEOOXOIMMO YYUTHIBaTh 3TOT (hakT, MpU BbIOOpE
cnoco0a npokiaaku Hedrenposoaa. [3]

CoxpaHeHHE OTPULIATEIBHBIX TEMIIEpaTyp B TIPYHTaX SBISETCS BaXKHBIM
acleKToM TIpU COOpYKeHUU HedTenpoBoga. Takxke BaXHO YUYUTHIBATh U
peoJiornueckue cBoiicTBa nepexkaunBaeMoil HedTu. HedTh B ceBepHbIX paiioHax
UMEET BBICOKYIO TeMIlepaTypy 3acTeiBaHusi +4 — +6 rpamycoB, IO3TOMY
HEeoOXoMMO mojorpeBath ee 10 60 rpaagycoB. HedTb nomkHA UMETh BBICOKYIO
MOJIOKUTENBHYIO TEeMIIepaTypy IO BCeH MPOTSHKEHHOCTH HEPTENpoBOJa, YTO
pOXKIaeT  ILeNblii  KOMIUIEKC Npo0sieM, CBA3aHHBIX C  MOJJEp’KaHHEM
MOJIOKUTENBHON TeMIlepaTypbl HEPTH B HE(TENPOBOIE MO BCEH MPOTIKEHHOCTH.

VYuuThIBas BCE re0JOTUYECKUE U KIMMAaTHUYECKHE 0COOCHHOCTH 3anosipbs U
Kpaitnero Cesepa, 11 Haies)kHOU 1 Oe30macHoi paboThl HeTenpoBoaa,
HEOOXOAMMO IPUMEHEHHE 0COOBIX MEPONPUATUH, TAKUX KaK:

® HCIOJIH30BAaHUE BBHICOKOIIPOYHOM (XJIaI0CTOMKON) CTaIH JIJisi 0OBEKTOB
TPYOONIPOBOIHOTO TPAHCIIOPTA;

e Ha/3eMHas IMPOKJIaaKa HeTEIIpoBOIa;

UccnedosaHue Kkomnniekca Mepornpusmuli o mexHomo2uu CoopyKeHusl
Hegbmenpoeodoe 8 ycrI08uUsX MHO20/IeMHEMEeP3IIbIX 2PyHMo8
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® TEIUION3OJSALMS, JUIs TOAJEPKAHHUS  BBICOKOM  IMOJIOKHUTEIBbHON
TeMmneparypsl HeQTu B TpyOOIIPOBO/IE;
e TepMOCTaOMIM3aLus TPyHTA, JUIsl MOAJAEPKAHUSA IOPOA B MEP3JIOM
cocrosiHud. [4]
2.1 3emusiHbie padoThI

Bce srambl crpouTenbcTBa, BCe BHMIBI padOT TIIATEIBHO CIJIAHUPOBAHBI C
y4eTOM 0COOEHHOCTEN CEBEPHOM MOTObl U IPUPOJIBI.

Camplif ynoOHBI ISl TPOKJIAAKA MAarucTpajd Ce30H - 3HMMa, Korja
MHOT'OUYHUCJIEHHbIE 00J10Ta U BojoeMbl CeBepa CKOBAHbBI TOJICTBIM CJIOEM JipAa. B
3TO BpeMs MpOIIEe JOCTaBIATh MO Tpacce HEOOXOIUMYIO TEXHUKY - CBApOUYHBIC
KOMIUIEKCHI, TPYOOYKIIaTUUKH, SKCKaBaTOpbl. IMEHHO MO3TOMY OCHOBHBIE BUIbI
paboT - cBapka He(dTenpoBoja, MOrPYKEHHE CBail, YCTAaHOBKa OIOp, YKJIAJKa
TPYOBI - TOXKE MPUXOATCS Ha 3uMy. [5]

3eMiIsiHbIE pabOThl MPESYyCMAaTPUBAECTCS BBINOIHATh MEXAHU3UPOBAHHBIM
criocoboMm B cooTBeTcTBUM ¢ TpeboBanusmu: CHull 12-04-2002, CHull 3.02.01-
87 «3emusHBIE COOpYXEHHUs, OCHOBaHUS U (yHgaments», BCH 004-88
«CTpOUTENBCTBO MaruCTPaIbHBIX TPYOOIPOBOAOB. TE€XHOJIOIUS U OpraHU3aLMsD,
CHull 111-42-80.

IIpu  cTpouTENbCTBE  JIMHEHHBIX  COOPYKEHUH  3€MIIsiHble  PaOOThI
PEKOMEHIYETCSI BBIIIOJIHATD CIIEIYIOIIMMHA MEXaHU3MaMu:

Oynmbnozep JI3-126A  BbImoNHSET, MNpU  HEOOXOJUMOCTH, CPE3KY
IUIOOPOJHOTO  CJIOSL TPYHTA, PBIXJIEHUE CKAJIbHBIX (MEp3JbIX) IIOPOL,
IUIAHUPOBOYHBIE ~ PAa0OTHI,  YCTPOMCTBO  TEXHOJOTHYECKOrOo  Mpoe3Ja,
TPAHCTIOPTUPOBKY I'PyHTa BO BPEMEHHBIN OTBAJ;

skckaBatop 20-3322]] ¢ paboyuMm OpraHOM «3yO—pBIXJIUTEIbY) WIIU
«(pesepHas ronoBKa» pa3padaThIBAET CKATbHBIN (MEP3JIbIii) TPYHT;

TpyOOYKJIaJAUMK NpeJHa3HAaYeH I IEepEeMELICHUs], HaBOJKH, OIyCKaHUS

" YKIIAJAKH B IIPOCKTHOC IMOJIOKCHUEC TPY6 Pa3IINYHBIX AUaMCTPOB;
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potopubie OypoBbeie yctaHOoBKH SANY SR150C, nnst OypeHus CKBaKWH B
BEYHOU Mep3yoTe 1noj OypoHaOWBHBIE CBau JJIsl ONOp HEPTENpPOBOJa B 3UMHEE
BpeMsI rofia;

OypunbHO-cBacOoitHas wmammHa bM-833 paspabaTsiBaeT JuepHbIC
CKBaXHHbI W TPOU3BOIUT TOTPY>KEHHE METAJUIMYECKHX U JKeIe300€TOHHBIX

cBaii moj oropsl Bi1-10 kB. [6]

__ml

(TS

Pucynok 6 — Tpyboykinaguuk u OypuisHO-cBaeOOHAsS MalIHa
CrtpouTenbHble MAIIUHBI U OOOpPYIOBaHHE IS 3E€MJSHBIX padOT JIOJKHBI
COOTBETCTBOBATh TEXHUYECKUM YCJOBUSAM OJKCIUTyaTallMM C Y4YETOM YCIIOBUH U
XapakTepa BBIIIOJIHAEMON paboThl; B CEBEpHBIX pailioHaX C HU3KUMHU
TeMIepaTypaMu BO3yXa PEKOMEHIYeTCsl PEUMYIIECTBEHHO TPUMEHSTh MAIIMHBI

N TCXHUKY B CCBEPHOM HUCIIOJITHCHHH.

2.1.1 bypeHue CKBa>KUH U YCTAHOBKA CBai
B 3aBucumoctu OT omnpeneneHHbIX (PaKTOPOB HA3HAYAIOT CHOCOO BO3BEICHUS
CBalHBIX OCHOBAHWN:
® MEP3JOTOTPYHTOBBIX YCIOBUN TPACCHI;
® BpPEMEHU r0J1a;
® TEXHOJOTMM  TMPOMU3BOACTBA  pabOT U  PE3yJNbTaTOB  TEXHUKO-
SKOHOMUYECKHX PACUETOB.
[Ipu  coopyxeHuum  HePTENpOBOJOB B  pailloHaX  pacIpOCTPaHEHUs
MHOTOJIETHEMEP3JIBIX TPYHTOB CBAallHBIE OCHOBAHHUSI BO3BOIAT W3 CBall 3aBOACKOIO

HU3TrOTOBJICHU .
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3a0uBath CBau B IPYHTHI, y KOTOPBIX COACpkKAHUE TBEPAbIX BKItOUeHHH 10 30%
HEOOXOUMO Mocie OypeHUus JHUIEPHBIX CKBAXHH, KOTOPbHIE MOIYYalOTCS MyTeM
MOTPYKEHUSI CIIEUATIBHBIX TPYO-TuaepoB. JluaMerp auaepHoi ckBaxuHbI < Ha 50
MM HaWMEHBIIIETO pa3Mepa MOMePeyHOro CEYCeHUs CBau. [2]

Omnepatyu No yCTaHOBKE CBall B JIMJEPHbIE CKBAKUHBI:

e cBacOOMHBIN MEXaHU3M 3a0MBAET JUAEP A0 MPOCKTHON OTMETKH;

® JIUJIEp U3BJIEKAETCS JIEOEIKOW SKCKAaBaTOpa, Jajee OH ¢ TpyOOou-Tuaepom
NepeMeIaeTcsl Ha CIEAYIOIYI0 CKBaXHHY, IJleé IOBTOPSETCS BECh
poliecc;

® BTOPHIM CBacOOWHBIM MEXAaHW3MOM 3a0MBaeTCs CBas B 0Opa30BaHHYIO
JUACPHYIO CKBAXKHUHY.

JIupepHoe OypeHue HelenecooOpa3HO MPUMEHSTh MPU HAIMYUU B TPYHTAX
6omnee 40% KpymHOOOJIOMOYHBIX BKIIFOUCHHM.

Ecnu, HECMOTpsI Ha MOIIHOE CHJIOBOE BO3JCHCTBHE, CBasg OTKA3bIBACTCS HIITU
Jajplie BriyOb, CYMTAETCs, YTO cBas "paia oTkaz" M ee 00kKaThue COOTBETCTBYET
npoekTHOMY. Temepp OHAa MOXXET HECTH Harpy3Ky OT OINOpbl U TpYOBbI
HedTenpoBoia.

Bo3Benenune cBailHbIX OCHOBAHUN OCYILIECTBIISIOT B 3aBUCUMOCTH OT TPYHTOBBIX
YCIIOBHM TAKUMHU CITOCOOAMHU:

e OypOOITYCKHOM (1711 MHOT'OJIETHEMEP3JIBIX TPYHTOR);
e Oypo3a0UBHOM (7151 TAJbIX TPYHTOB).

YcraHoBka OypOONYCKHOW CBal — TPYAOEMKHM M JIJIUTENBHBIM MpoIiecc.
JInpepHas ckBaxuHa auameTpoM 600 MM 3amOJIHAETCS CIEUUATBHBIM PacTBOPOM,
MOCJIE 4YE€ro B HEE OIYCKAalT CBato jauaMmeTpoM 426 MM ¢ IpUBapEHHBIM
IUTUTITUYECKUM HAKOHECYHUKOM, YCTaHaBJINBAIOT THJTB3BI TUTST
TepMocTadunu3aropoB. Ha riyOuHy ce30HHOro mpoMep3aHus CKBaXKUHY 3aIMBAIOT
oeroHoM. Temepr cBasg TOTOBa K MOHTaXxy pocTBepkoB. OpHako r000#
byHIaMEHT TpH CTPOUTEILCTBE MOJDKEH HaOpaTh MPOYHOCTh. Tak dYTO JaTh

Harpy3Ky Ha CBaro, HE TIoJIBepras ee aedopmariiu, MOKHO JIUIIh Yepe3 HEKOTOPOe
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BpeMS.

MonTtaxx Oypo3aOuMBHBIX CBail OCHOBaH Ha HWHOM mnpuHiune. CkBakuHa
nuameTpoM 360 MM Oyputcs Ha miyomHy 8 M. Cpawo guamerpoM 426 MM
CHelMaJIbHBIA MOJIOT-cBae0oit 3a0uBaeT emie riryoxke Ha 1 M. [Tockonbky
Oypo3a0uBHbIE CBau OyAyT IPUMEHSATHCS AJIs TaIblX TPYHTOB, UX MOHTaX JIOJKEH
IPOXOJUTh B 3UMHEE BpeMs, Korja TpyHT yctoWuuB. Ha Ttameix rpyHTax
BCTPEUAIOTCS OTENIbHbIC YUYAaCTKA MEP3JIOThI, TaK Ha3bIBa€MbI€ JIMH3bI, MJIOTHOCTD
KOTOpBIX cpaBHUMa ¢ OetoHOM. IIpu 3abuBke cBall Harpy3ka Ha UX CTEHKH U
HAaKOHEYHHUK OKa3bIBaeTCs KpailHe BBICOKOHM, YTO MOXKET MPUBECTH K JAe(popMaliuH.
CerojHsi CelMaTUCTBhl HA PA3UYHBIX TUIAX TPYHTOB MPOBOASAT MCIBITAHUS IO
OTIpE/ICTICHUIO THUTIA HAKOHEYHUKOB, MPUTOAHBIX JJIsI O0yp03a0MBHBIX CBaii.

HanzemHuass mpoknanka HaMHOTO CJOXHEE, 4YeM IMoja3eMHas. 37aech OoJblie
TEXHOJIOIMYECKUX I11aroB, BbILIE TPEOOBAHUS K TOYHOCTH OIEpalfii, 0COOEHHO 3TO
KacaeTcsl yCTaHOBKHU CBa.

3a0uBaTh CcBau HEOOXOIMMO C IOBEJIMPHOM TOYHOCTBIO, JOIMYCTHUMOE
OTKJIOHEHHE OT BEPTUKAIBbHON OCH COCTaBIISIET Bcero 2 cM. B ciyuae npeBbliieHus
3TOTO JOIyCKa CBas JOJHKHA OBITh JEMOHTHUPOBaHA U 3a0MTa CHOBA. DTO B Jy4IlIeM
ciydae. B Xyamem ee npuaeTcs NEpEeHOCHTbh Ha JApYyroe MeCTO, 4YTO
[OJIpa3yMEBAeT BHECEHUE U YTBEP)KIECHUE W3MEHEHHM B IE€pBOHAYAJIbHBIN
npoeKT.[11]

JU11 aHTUKOPPO3UMOHHOM 3aIlMTHI CBaill MPUMEHSETCS HApYKHOE JIBYXCIIOMHOE
AMOKCHJIHOE MOKPBITHE 3aBOACKOTO HAHECEHUSI.

2.2 YCTaHOBKA CHeNMATbHBIX OO

Onopsl — OJIMH U3 CaMbIX OTBETCTBEHHBIX YacTel JeTallell TpyOOIPOBOIHBIX
cucteM. Ha HUX JOXUTCS OCHOBHOE yCWiIHE OT TpyOOmpoBoja, KOTOPOE 3aTeM
nepeaeTCs TPYHTY UM HECYIIUM KOHCTPYKIIHSIM.

Baxnyto ponp  wurpaer  ctpoeHue  omnop. KOHCTpYKIMM  JOJDKHBI
IPOEKTUPOBAThCA TakuM 00pa3oM, 4YTOOBl MHUHUMHU3HUPOBATH TPYIOEMKOCTbH

MOHTa)ka OIOp Ha Tpacce cTpouTesbcTBa B ycnoBusix Kpaitnero Cesepa.

Jlucm

OcobeHHocmu coopyeHusi Hegbmernpogoda 8 ycrio8usixX

U3m. | Jlucm Ne dokym. lModnuck | Hama

Mep3IbIX 2pyHMOo8

28




Jlis Toro 4toOBl OCHOBBI TPYOOIPOBOAA MOJCTPAaMBAINCh MOJ H3MEHEHUE
COCTOSIHUSI TPYHTa U CamMoro TpyOOINpoBoJa — a OHU 3HAYUTENIbHBI, €CIH Y4eCThb
OIPOMHBIN TI€pENajl TEMIIEPATYP, CBOMCTBEHHBIN [IJIsI CEBEPHBIX PAMOHOB CTPAaHBI,
HEOOXOJMMO HCIOJb30BaTh ONOpPHl pPa3sHOW KOHCTPYKIMH, OJHU U3 HHX
COBEPUIEHHO HEIMOABUKHBIE, APYTUE MOTYT IEPEMEIATHCSA B OAHOM ILIOCKOCTH, a
HEKOTOPBIE — BO BCEX IUIOCKOCTSIX.

Henoosuoicnvie onopel TOIAKHBI KECTKO yAECPKUBATH TPYyOy U HE JOIMYCKaTh €€
nepeMenieHns. Takue omopbl BOCOIPUHUMAKOT BEPTUKAIBHBIE HArpy3KU OT Beca
TpyOOINIpOBOJAa M Cpelbl, TOPU3OHTAJIbHBIE (OCEBBIE) HArpy3KH OT TEIJIOBBIX
nedopMmaruii TpyOONpoBOAa, a TAaKKe HArpy3kd OT THUAPABIMYECKUX YAapOB,
BUOpaIlMM M TNyJbCallud. YCTAaHABIMBAIOTCS HEMOJBM)KHBIE OMNOpPHI Ha Tpacce

yepe3 kaxasie 500 m.

PucyHok 7 — HEmoaBMXKHAs OMopa

KoHcTpykiius HENOABMKHOM OMOpPHI MPEACTaBIsIET COOOW €OUHYI0 CBapHYIO
KOHCTPYKLMIO, BOCIIPUHUMAIOIIYIO HArpy3kud OT He(TernpoBoia W MEpEAArolyro
UX 4Yepe3 pPOCTBEpPK Ha cBailHbI (QyHaameHT. OHa COCTOMT M3 KATyIIKH C
npuBapeHHOM K Hel oOeyvaiikoil. Karymika wyepe3 perynupyemble CTONWKU
IIPUBAapUBACTC K POCTBEPKY. POCTBEpK mNpHBapuUBAacTCS K OINOPHBIM Yy3JaM,
KOTOpBIE€ TPUBAPUBAIOTCS K CBasIM (PyHIAMEHTA.

Mexny HENOABM)XKHBIMU OIMOpaMu  TpyOy MOIACPKHUBAIOT TPOAOIBHO U
CBOOOAHONOIBUKHBIE ONOpbl. OHM MO3BOJIAT HE(PTENPOBOAY, B 3aBUCUMOCTH OT
JIABJICHUS U TEMIIEPATypPbl PACILIUPEHHUs], IBUTaTbCA B TOPU30HTAILHOM, OCEBOM H

IONEpEUYHOM HaIIPABJICHUAX.
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IIpooonvHo-noosudicnas onopa MpUMEHSETCS Ui 0OecreueHus] BO3MOXKHOCTH
MPOJOJBHBIX  (BAOJIL OCH TPyOOINpPOBOJIA) TEpPEeMENICHU TpyOOIpoBoaa,
BBI3BaHHBIX TEMIIEPATypHBIMH JedopManusMu, BHYTPEHHUM JaBlieHHEeM pabodeit
cpensl B TpybonpoBoae u T.4. [IpoonbHO-TIOABMKHBIE OMOPHI yCTaHABIUBAIOTCS
Ha TPSIMOJMHEHHBIX YydYacTKax (3a HCKIIOYEHHEM OIop, MPHUMBIKAIIINX K
KOMIIEHCATOPY) /10 U TOCIe HETMOABUKHON OTIOPHI JUIS €€ pa3rpy3Kh OT OOKOBBIX
YCWIMH | 7151 00eCTIeYeHUs IPOI0JIbHON YCTOMIMBOCTH HEPTETPOBOIA.

C80600HONO0BUIICHbIE onopwl IIOMHUMO CBOOOIHOTO MepeMeIeHUS
TpyOOINpOBOJja B TOPU3OHTAIBHOM MJIOCKOCTH, OOECIEYUBAET BO3MOXKHOCTD
HAKJOHAa B HalpaBICHUU TMPOJNOJBHONM ocu TpyOompoBoga. Ha poctBepke
YCTaHOBJICHBI OOKOBBIE YIOPBI Ha PACCTOSHHUU, 00ECIIEYNBAIOIIEM MPOAOIHHOE U

HOTIepEYHOE TIepeMeIIeHHs TpyOonpoBoa. [7]

PucyHox 8 — mpo/10JIbHO-TIOIBM>KHBIE M CBOOOTHO-TTOIBUKHBIE OTTOPHI

Hcnonb30BaHre pa3HBIX BUIOB HAI3EMHBIX KOHCTPYKIIMNA TO3BOJIACT yIAEPKaTh
¢ obecrieyeHrneM HeoOX0IMMOM JKECTKOCTH HEPTEPOBOI JaKe MPHU MaJCHUN IBYX
omop. Co3gaHWEe HECKOJBKHUX OTOp TMO3BOJISIET O00ECIeUYnTh MUHUMAIBHYIO
METATIOEMKOCTh KOHCTPYKIMHA. J[7I1 HEMOABMKHBIX M MOABM)KHBIX OTIOP CJIETyeT
IPUMEHSATH XJIaOCTOKKYI0 cTasib 0912C 14-ii kateropun. Macca onop cocTaisieT
ot 2 10 4,9.

[[1aBHOE CKOJIBKEHHE OMOp C TPYOOINPOBOAOM TMPH TEeMIEpPaTypHBIX
nedopmarusax ~— obOecreymBaeTCs ~ yCTAHOBKOM ~ HA  TIOJOIIBE  OMOPBI
AHTU(PPUKITMOHHBIX BBICOKOMPOYHBIX IMPOKIATOK W3 TOJMMEPHBIX MaTephajoB
(tuma ¢roporutact). Ha omopHOM CTOJE€ pOCTBEpKA YCTAHOBJIEH JHUCT W3

HEPIKABEIOLIEN CTaJIH.
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Jlia mpenoTBpalleHus] KOPpO3uH TpyOorpoBoga U obecrieyeHus Oe30macHOi
IKCIUTyaTanuu B Tederne S50 JIeT Ha ONope YCTaHOBJICHBI Y3JIbI DJIEKTPOU3OIISIIUH C

IMPUMCHCHUEM IMOJIMMCPHBIX BJIarOCTOMKHX OJICKTPOU3OLIIUOHHBIX MaTCPHUAJIOB.

2.3 Teronszoasiuusi HegTenpoBoaa

Temmownzonsauss TpyOOmpoBOAa - MO CYTH, Ta K€ H3OJAIUS, HO ee
OTJIMYUTENIFHAsT OCOOCHHOCTh, CIIOCOOHOCTh HE MPOITyCKAaTh TEIUI0O OT CTEHKH
TPYOBI B OKPYKAIOIIYIO cpeay. B oTiimuue oT 0OBIYHON U30JIAINHN, TETUION30JISAIINS
COCTOUT u3 BBICOKO3((hEKTUBHBIX MaTepuasos, o0agaronmx
TETUTOM30JISIIIMOHHBIMI  CBOMCTBaMU. Teruton30msmusi HeTEPOBOAOB JIOJDKHA
BBITIONHATh PsAJ (YHKIMIA: YMEHBIICHHWE TUIOTHOCTH HEPTH TO0 HOPMATHUBHBIX
BEJIMYMH; CTa0MIIN3aIUs TeMIIepaTypbl HeTu B TPyOOIIPOBO/IC; BBITIOJIHEHUE BCEX
CBOMCTB 4TO U 0ObIUHAs U330, [3]

Y HedTH C CeBEepHBIX MECTOPOXKICHHWI OYEeHb OOJbINas BI3KOCTh W,
CJIEIOBATENIbHO, P TPAHCIIOPTUPOBKE €€ HeoO0XoAuMo HarpeBaTh 10 +60
IpagycoB, MO3TOMY IPH CTPOUTEIILCTBE HEPTENPOBOJA MPUMEHSIOTCS TPYOBI C
JIOTIOJTHUTEIHHBIM TETUIOM30JIUPYIOIIAM TOKPBITHEM.

[Tpu BBIOOpE TEIIOM3ONISIIIMOHHOTO MaTepuasia BaKHO YYUTHIBATH CBOMCTBA
TIOKPBITHS B 3aBUCHMOCTH OT YCJIOBHUU COOpYKeHHs HedTempoBoja. B ycimoBusx
CeBepa HAWIYUYIINM PEIICHHEM SIBIISICTCSI TIPUMEHEHUE CICIHATbHON TEXHOJIOTHU
MOHTaXa W TEPMOMBOJSAIMU TpyO (SMOKCHUIHOE TOKPBITHE, TMEHOMOINYPETaH,
METAJUIONIOIMMEpHast 000JI0YKa U3 OIIMHKOBKM) U CBAPHBIX IIIBOB HA
TpyOOIIpOBO/IE.

TENADHIOARWLMA
HY MEHOMOAMYDETOH

CADH INOKCHAHOIO
npaRMepa

rHAPSIOULMTHOS ofosoEn
HY CUHHEOBOHHDH CTOAN

PucyHnox 9 — cTpykTypa Terion3onsuun HedTenpoBoaa
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OpHOCIONWHOE AMOKCHIHOE MOKPHITUE HAHOCUTCS TOJBKO Ha TPYOBI C
MOCTEAYIOMEN TEeIION30JsAMel, YTO 00ecreunBaeT AOJATOBEUHYI0 U HAACKHYIO
AHTUKOPPO3UOHHYIO 3alIUTy TPyOONpPOBOAOB, B TOM 4YHUCJIE TMpPU HUZKUX
TEMIIepaTypax OKpYXarlleld cpeabl. YAapHas NOPOYHOCTh TaKOrO MOKPBITUSA
tonuuHon 350-400 mMxMm He npeBblaeT 3HaueHur 6-8 Jx mpu 20+5°C, a npu
temneparype Munyc 40°C camxaercs 1o 2-3 JIx.

Jlis 3amuThl CBAaWHBIX TPYO HMCHOJB3YETCS ABYXCIOWHOE 3IOKCHUIHOE
MOKPBITHE, OHO O00Ja/JaeT MOBBIIIEHHOW YAapONPOYHOCTHIO, YCTOMYUBOCTHIO K
IPOpE3aHIo, CAUPY MPU TPAHCHIOPTHPOBKE TPYO M CTPOUTENBHBIX paboTax W HE
NOBPEXJIAETCA B YCIOBUAX BeYHOU Mep3inoThl. 1o pesynbraram ucnbitanuii OAO
«BHUUCT» JIBYXCIIOUHOE IIOKPBITHE XapaAKTEPU3YETCS MTOBBIILIEHHON
TEINIOCTOMKOCTBIO, BBICOKOM aAre3Medl K CTajid, OTJIMYHOM CTOMKOCTBIO K
KaTOJHOMY OTCJIauBaHUIO, Aa0pa3uBHOMY M3HOCY.

TpyObl C 3MOKCUAHBIM TOKPHITUEM HMEIOT IIMPOKHM TeMIepaTypHbIi
nuanazoH okcmryataruu (ot -40°C mo +60°C) B ommume OT Tpyd C
NOMMATUICHOBBIM MOKpbITHEM (0T -20°C mo +60°C) u B TeUEHHE IJIUTEIBHOIO
BPEMEHH MOTYT XpaHUTBhCS TMOJ OTKPHITBIM Hebom (or -60°C mo +60°C).
ONOKCUJHBIE TOKPBITUS NPOHUIAEMBl JJIsI TOKOB KaTOAHOM 3allUTbl — HE
HKpPAHUPYET TEJO TPYObl OT TOKOB B MECTaX MOTEPU aATr€3UH, MOl MOKPHITUSIMU HE
ObLT0 3a(DUKCUPOBAHO CIIY4aeB CTPECC-KOPPO3UU TPYOOIIPOBOIOB.

Haunbosiee onTuManbHbIM MaTEPHAIIOM IS OCYIIECTBICHUS U30JISIITMOHHBIX
paboT, B YACTHOCTHM B CTPOUTENBHOW U MPOMBINIJICHHON cdepax, sBIIeTCs
neHononuyperad (IIIIY).  OH 3KOJOTrMYECKH  YUCTBIA, HMMEET  BBICOKHUE
TEIUIOU30JIALIMOHHBIE KA4yeCTBA, HE UMEET CKJIOHHOCTH K Pa3pylICHUIO CITYCTS

HEKOTOPOE BpEMSI.
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Tabnuma 2 — CBolicTBa NEHOMONINYpETaHa

OO6bemHas Macca, Kr/M Koaddumuent Temmnepatypa
TEIUIOTIPOBOAHOCTH, IPUMEHECHHUS,
kkan/m-u-°C XapakTepHuCcTUK °C
o pacuetHass B | o 'OCT | pacueTHblli B | a IIOPUCTOCTH
T'OCT KOHCTPYKIIH i TY | KOHCTpYKIUU Tmin trnax
nm TY u
30-40 40-50 - 0,040 -0,045 OTKpBITast -60 +100
[leHononmypeTaHoBasi TEIJIOU3OJSIUS  TPYOONPOBOIOB —  3TO OBICTPOE

OECIIIOBHOE HAHECEHHE JIFOOOM CIIOKHOCTH M (OpPMBI, OBICTPOE OTBEpJICBaHUE,
a TaK ke YCTOMYHBOCTD K MEXaHUYECKUM Harpy3kam 1 BBICOKOE

sHEprocoepeKeHune.

Pucynok 10 — nonnypeTtanoBas TEIIOU30IALHS TPYOOIIPOBOIOB
Tommuna [TV cnost 3aBUCUT OT [uaMeTpa camou TPyObl 1 MECTHOCTH, T/IE
IUTAHUPYETCS MPOKIIAABIBATH TPYOOIIPOBO/, I quameTpa HedTenpoBoaa 1020 MM
nu B ycioBuax Kpaitnero CeBepa, oHa mnpumensercs 100 mMm. BHyTtpu
NEHOIONINYpeTaHa MPoXoauT curHanbHbiil kabeabr COJIK, koTopbhiii mO3BOJISET €
IOMOUIbIO CHELHUAIBHBIX I[PUOOPOB OOHAPYKUTh YYAaCTKH, HYKJAIOLIUECST B
PEMOHTE, €IlIe 0 HACTYIUICHHS aBapHH.
[TonuyperaHoBasi TEIIOU30ISALMS 001aJaeT CASAYIOUUMHU TOCTOUHCTBAMMU:
® JIETKOCTH I10 BECY;
® BBICOKas IPOYHOCTH;
® H3HOCOCTOMKOCTD;

e moJIaeTcs J00BIM criocobam 00paboTKH;
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® CTOMKOCTh K THUCHHUIO;
® BO3MOYHOCTb «palOTb» B TPYHTE;
® XOpOIIO AEPKUT TEIIO.

JIns  JOMOJIHUTENIBHOW  3allUThl  TEIJIOM30JSLMOHHOIO Marepuana oT
BHEIIHUX  TMOBPEXKICHUM, IIOBEPX HEr0  PEKOMEHAYETCS  MOHTUPOBATh
JTOTIOMHUTENBHYIO 3alUTy. B 3THUX 1ensIX HaWilydliuM BapuaHTOM OyJer
UCIIOJIb30BaHUWE O0eYallku U3 TOHKOJMCTOBOM OLIMHKOBAaHHOM cCTalu, OHa
W3rOTaBJIMBAETCS C LIMHKOBBIM MOKpbITHEM IepBoro kiacca no 'OCT 14918 wim
C UMHKOBBIM TIOKpbITHEM He Huxe kiacca 450 mo T'OCT P52246. Oto
chOpMHUPOBAHHBIE  METAJUIMYECKHUE  KOXYXHM, KOTOpbIE  3alllMIIAIOT  OT
aTMOC(EepHBIX BO3ACUCTBUN, MEXAHUYECKUX TMOBPEXKICHUH, YIbTPa(UOIETOBBIX
W3JIyYEHUU TEIUIOU30JISILIMOHHbBIE MaTepUalIbl Ha TpyOOnpoBOaX,
TEXHOJIOTUIECKOM 000PYAOBaHUH U PA3IUIHBIX eMKOCTsIX. [9]

Tommuaa oOeuaiiku:

e He MeHee 0,7 MM 11t TpyOoripoBo10B ©140+355 MM BKITIOUMTEIBHO;
e He Mmenee 1,0 MM mus TpyOompoBomoB cBeimie ©355 mo 1000 MM

BKJIIOYUTEIBHO;

e He MeHee 1,2 MM it TpyOoripoBo10B cBbilie ¢1000 M.

2.4 TepMocTaduau3anusi MHOT0JIeETHEMEP3JIbIX TPYHTOB

C unenpto obecreueHus OE30MACHOCTH Ha OOBEKTaxX TPYOONPOBOIHOTO
TpaHCIOpPTa, @ MMEHHO Ha JMHEHHOW YacTh MarucTpalibHOrO HePTenpoBoa,
OPOJOXKEHHOTO  Ha  ydacTKax € MHOTOJICTHEMEpP3NIbIMU  TPYHTaMH,
HKCILTYaTUPYIOIIME KOMIAHUU MCIOJIb3YIOT MEIHOPALUI0 TPyHTA. DTO TOHSATHE
BKJIIOYAET B ce0sl KOMIUIEKC MEpPONPUATHHN, CBA3AHHBIA C M3MEHEHHUEM COCTaBa,
CBOICTB, U APYTUX (PaKTOPOB JJIsl COXPAaHEHUS TPYHTA B CTAOUIILHOM COCTOSIHUU.

Meronbl BO3ACHCTBUS Ha TPYHT MOAPA3ACISIOTCA Ha JBe OOjbIIHe
KaTeropuu: akTUBHBIE (Tlepeaya rPYHTY XO0J10/1a WM TEIJa); MACCUBHbBIC (BIHSIOT

yepe3 BTOPUYHBIE TapaMeTphl).
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CorunacHo [17], cymecTByeT Tpu IpyHibl CPEACTB BO3AEHCTBUS HA TPYHT:

1. TlepBas rpynma cpeACTB BO3AECHCTBYET HEMOCPEACTBEHHO Ha
TEMJI000MEH MEXIY TPYHTOM U OKPY>KAIOIIMM BO3JIyXOM U BKJIIOYAET B
cebs psa  CcrmocoOOB: HABECHl; IMOCAJAKa PACTUTEIBHOCTH, 3aIlyTa
IUICHKaMHU U T.J.

2. DTa Tpymma BO3JICUCTBYET Ha HM3MEHEHHE TEIJIoOOMEHa B
camom rpyHTe. CrocoObl BO3JACUCTBUS Pa3HOOOpPA3HBI: OCYIIEHUE,
MOJIHAS 3aMEHa TpyHTa U T..

3. Tpetbs rpyrmma BIUsSET Ha TEMIEPATypy TPyHTa MPU MOMOIIU
neperayd TeIula WM XO0J0Ja OT €CTECTBEHHOTO MM HMCKYCCTBEHHOTO
UCTOYHMKA.  EcTecTBEHHbIe  CMOCOOBI:  KaHAJbl  BEHTUJISALUU,
poOBETpUBaHUE, O0OBOJHEHHE. VICKycCTBEHHBIE K€ METOAbl OoJiee
pacnpocTpaH€HHbIC: TIap, XJIagareHThl, XuMuueckue cmecu. [10]

CoxpaHeHHe COCTOSIHUSA TPYHTa MPU SKCIUTyaTaluud HePTEnpoBOAOB Ha
yuactkax MMI', ocHoBHasg 3amadya wuHXeHEpoB. HeponymieHuwe oTTanBaHUs
UCKJIIOYaeT BO3HMKHOBEHUE aBapuil Ha JAeicTByronieM HedTenpoBoje. OnbIT
OTEUECTBEHHOTO CTPOUTEIHCTBA B pallOHaX PAaCIPOCTPAHECHUS] MEP3JBIX TPYHTOB,
0€3yCIIOBHO, TMOJIE3€H IMPU COOPYKEHHUHM U DHKCIUTyaTallM TpPyOOIpOBOJIOB.
CpeacTBa, KOTOpPbIE MCIOJIB30BAIM KOHCTPYKTOPBI [JISl YKPEIUIEHUs] TPYHTA MO
(GyHIaMEHTOM COOPYXKEHUH, C YCHEXOM HCIOJB3YyeTCsI U B TPyOONPOBOJAHOM
TpaHcnopre. OANH U3 TAKUX METOJIOB TEPMOCTAOUITU3ALIMS TPYHTA.

Ce30HHO-AENCTBYOLIME OXJIaXKIA0IIHE YCTpOWCTBA
(COY) npennasHayeHbl JUisl MOJAEPKaHUSL TPYHTAa B MEP3JIOM COCTOSIHMM, 4YTO
o0ecreurBaeT yCTOMYUBOCTh 3aHUI, COOPYKEHUN Ha CBasfX, a TaAKKE COXpaHSET
3amep3muii  TpyHT BOKpyr omop JIOII u TpyOompoBOIOB, BHOIL HAChIIEH
KEJIE3HOIOPOXKHBIX ITyTel U aBTOMOOMIIbHBIX Maructpaeii. [11]

Jns TepmocTabmin3aui UCHoJib3yroTes paznuunoro tuna COY. Onu
KJIAaCCU(DHUIUPYIOTCS IO CIIEAYIOIeMy MPUHIHMIY (pucyHOK 11): mpuHIu paboThI;
BUJl XJIQJIOT€HTA; pAacCHOJIO)KEHUE B TNPOCTPAHCTBE; META, U3 KOTOPOTo

H3Tr0TOBJICH KOPITYC, ITO KOHCTPYKIHU.
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Cucremarusaius

pUBEAEHA HA pUcyHKe 11.

CE30HHO-JEHUCTBYIOIINX

OXJIaXKAaromux

YCTPOUCTB

Ce3oHHO-/1€HCTBYIOIIKE OXJIaxaatomue ycrpoiicta (COY)

N

[TpuHIMI PaGoTEI KOHBEKTHUBHBIE HcnapuTebHble

Bun I"'azoBbIe KunkocTH l'azoxumnkocr || ITapoxuak

XJIalareHTa (BO3MyILIHEIE bI€ HbIE OCTHBIE
Pacrionoxenne B || BepTuxanbHble CrnaboHakIoHH HakioHHBIE

IPOCTPAHCTBE bIE

MerTaiin, U3 KOTOpOro Yraeponuct || Hepxase AnroMuHN [HoausTun

U3TOTOBJICH KOPIIYC as CTajib ro1iasa eBbIN CHOBbIC
cTanb CILIaB TpyOBI

Koncrpykuns

[IIupoKuii CIIEKTP TUIIOB U MOJIEJIEN OXJIAXKIAFOIIUX
YCTPOMCTB B 3aBUCUMOCTH OT Ha3HAYCHUS

TepmocTabunuzaTopsl

Ha

IIPUMCHSAIOTCA C TCIIbIO!

00BEKTAX

Pucynok 11 - Cucremarusamus COY

TpyOOIIPOBOIHOTO

TpaHCIopTa

¢ TIOJACPIKAHUC COCTOSHUC I'PYHTA B MCP3JIOM COCTOSSHHUH,

¢ 3aMOpPAKHMBAHHC

rpyHTa,

TpyOOTIpOBOa;

U1

JNAIBHEUIIIETO

CTPOUTEIILCTBA

e o0ecreyeHne yCTOMYMBOCTH IPYHTOBOTO MAacCHBA K OCAJIKE;

Ha nanHBIi MOMEHT CyIIECTBYET MHOKECTBO BHUJOB TEPMOCTaOUIN3aTOPOB

rpyHTa (TCI'), HO OCHOBHBIE KOHCTPYKTHBHBIE 3JIEMEHTBI y HHUX HPaKTUYECKU

OJAHNHAKOBBI.

VCapUTENsl, TPAHCIIOPTHOM 30HBI.

TCI' cocTtoAT H3 KOHJEHCATOpa, 3alOpPHO-3AMPaBOYHOIO Y3714,
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Jlnuaa Tepmoctabunuzaropa 16 M, a muamerp kopryca 25...60 MM, 30Ha
3amep3anusi rpyHta BOkpyr TCI mpu cpemnesumueit temmepatype —15 °C
cocraBisier 1,5 M. PaGortare TepMocTaOmnmM3aTOp HAuMHAET NPU TEMIEPATYpE
Bo3myxa —5 °C.

BoaaywHbiiA
KOHAeHGATOP

ArmochepHblii
BO3AYX 4,,‘
—

PO

Wcnaputens
(3oHa ucnapexns

Xnagareqra)

TpyHT

A

A

XnapareHTt

Tennosoii noTok
OT OXNAKAAEMOro
rpyHTa (Q)

R=1,5m

d=0,5m

Pucynok 12 - CranmaptHas cxema tepmoctadbunuzaropa rpyura (TCT):

HecMmoTps Ha Ba)KHOCTh paboTHI, KOTOPYIO BBITIOJIHSAIOT
TEPMOCTAOMIIN3aTOPbl, TMPUHIMI €€ OYEeHb IMPOCT, a camMoe TIJaBHOE
TEPMOCTAUIIU3ATOPHI HE TpeOylOT HHU Kakoro BHJ@a DHEpros3arpar.

[TpuHIIMTIMATBEHAS CXeMa TEPMOCTA0MIN3aTOpa U €ro padoTa MOKa3aHa Ha PUCYHKE

13.
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Pucynok 13 - Cxema paboTsl TepMocTabuin3aropa [12]
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Pabora Tepmocrabunmzaropa rtpyntra (TCI') 3akmiouaeTcs B CIEIYIOIIEM,
HY>KHO OTMETHTb, YTO JIJIS1 BCEX TEPMOCTAOMIN3aTOPOB OH OJMHAKOB. XJIaJarcHT B
TEPMOCTAOUIIU3ATOPE TPU HUBKUX TeMIEeparypax BO3[yXa KOHJIEHCUPYETCS B
peOpUCTOM paauaTope-KOHACHCATOpE, 3aTEM ECTECTBEHHBIM IIyTEM CTEKaeT B
HIWKHIOW, wucnaputenabHylo dYactb TCI, rae orOupaer TemioTy TIpyHTa,
OXJIQXK/IAEMOT0 HUXKE TEMIIepaTyphbl 3amep3aHusi, U OJIHOBPEMEHHO HCIApPSACh,
nonajaer B BepxHioro yacth TCI'.

B 3umHee Bpemsi KOHBEKIIMOHHAS LUPKYJISIUS TEIIOHOCUTENS (B TIpOCcTenIeM
BapHaHTE OSTO KEPOCHH) B KHUIAKOCTHBIX YCTPOHMCTBAX W IMAapOB TMpOMaHa B
MapOKUIKOCTHBIX TEPMOCTAOMIIM3aTOpax OOECIECYMBACT OXJIAXKICHHE TPYHTOB
ocHoBaHusi. C HACTyIUIGHHEM JIETHErO IMEpHojia, KaK TOJbKO TeMIlepaTypa
BEPXHEr0, HaXOJAIIErocsi Ha HapyKHOM BO3JyXe, KOHyca (KOHAEHcaTopa)
YCTPOMCTBA CTAHOBHUTCS BBIIIE TEMIEPATyphl TEIIOHOCUTENSA, LHUPKYISIUs
IpeKpamaeTcss M MpOoIEeCcC MPUOCTAHABIMBACTCS C YACTUYHBIM HHEPIMOHHBIM
OTTaMBaHUEM BEPXHErO CJIOS TPYHTA J0 CIEAYIOIIETo MOXOIOdaHHs.

CoBpeMeHHbIE TEepMOCTAaOMIIM3ATOPhl TPYHTA HUCIOJB3YIOT Haubosee
ab(deKTUBHBIE MO0  TEPMOAWHAMHUYECKMM  CBOMCTBAM  XJIAJIOHOCHTEIN
(TETIIOHOCUTENN ) — CKUKEHHBIE aMMHAK WM TUOKCH]T YTIIEPO/Ia.

Ocobennocteio ucnoas3oBanuss TCIT nns HedTenpoBoaa, MPOIOKEHHOTO
HAJ[36MHBIM CITOCOOOM B TOM, YTO OHU YCTaHABIUBAIOTCS HEMOCPEJCTBEHHO B CBan

ornop HedTernpoBoIa.

Pucynox 14 — ycraHoBKa TepMOCTAOMIM3aTOPOB B CBau OMOp HedTenmpoBoaa
TepmocTabunuzaTop MoMenialT B MOJIYTEPMETUYHYIO THIIB3Y, B KOTOPYIO

3aJIMBAOT HYXKHOE KOJMYECTBO HMU3KOBA3KOTO TeruioHocurens tuna XHT-HB B
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KauecTBe OydepHOoro TemnooOMeHHOTO areHTta. OH T03BOJSET TOBBICHUTH
WHTErPAIbHOE 3HAYCHHE TEIUIOOTAAUM OT TPyHTA U KOA(P(UIIMEHT TeIuionepeaadn
TCT', a Takke BbIpaBHUBAET TEIUIOOTAa4y IO BCEH IUIONIAIU TETUIOOOMEHA KaK CO
CTOPOHBI UCIIAPUTEINS, TAK U OT TPYHTA YEPE3 T'WIIb3y. B LEIOM 3TO CYyIIECTBEHHO
noBbimaer 3ddexktuBHocTh paboTrel TCI. Cama rwiIb3a, BBIMOJHEHHAs C
MCIOJIb30BAaHWEM OIIMHKOBAHUS, UMEET HAJICKHYI0 aHTUKOPPO3UHHYIO 3aIIUTYy U
CpoK ciry>k0b1 10 50 JeT.

TepmocTabunuzanus OJUH W3 OCHOBHBIX METOJOB IMOJJAEpKaHUs TPYHTa B
COCTOSIHUU COMPOTHUBIISITCS U3MEHEHUIO COCTOSIHUSI TPYHTOB. OHA MCHOJIB3YETCS
MPAKTUYECKA  TOBCEMECTHO, TJe  HedTempoBOJ  B3aUMOJCUCTBYET  C
MHOT'0JIETHEMEP3JILIMU TPYHTAMH. DTO OYEHB JielieBoe U 3 (PEKTUBHOE CPEJICTBO.
U emie oavH MITIOC WX UCTIOJIB30BAHUS - TEPMOCTAOMIIM3aTOPHI BHIMYCKAIOTCS Ha
3aBogax Poccum, uTo oOecrneunBaeT UX CBOEBPEMEHHYIO JIOCTaBKY K MECTY padoT

M YCKOPSCT IMPOUECC CTPOUTECIIbCTBA NN SKCILTyaTallhuu.

2.5 IlpuMeHeHrEe KOMIIEHCATOPOB

Komnencarop - YCTPOMCTBO, MO3BOJISIOIIEE BOCIIPUHUMATh u
KOMIIEHCUPOBATh TEpEeMEIleHUs, TeMIlepaTypHble nedopmanuu, BUOpaluu,
CMEUIEHUSI.

CrocobHOCTh TPyOONPOBOJa KOMIICHCHPOBATH TEIJIOBBIC Y/UTMHCHHS 32
CYeT KOH(UrypallMy ydacTKa JIMHUM W YIPYTMX CBOWCTB MeTauia 0e3
CTeIUaTbHBIX YCTPOMCTB, BCTPaNBaEMbIX B TpyOOTIIPOBOI,
HAa3bIBAECTCA CAMOKOMITICHCAIIUEH.

CaMmoKkoMIieHcallsi OCYILIECTBIIsIETCsl Ojarojgapss TOMY, UYTO B JIMHUH
TpyOOIIPOBOJIa, KPOME MPSAMBIX YYaCTKOB MEXKIy HEMOJBIKHBIMUA OIOPAMH,
UMEIOTCSl TOBOPOTHI WJIM W3TMOBI (OTBOJIBI). PacronoxkeHHbI MeXIy IByMs
OpSMBIMH ~ y4acTKaMU TOBOPOT WJIM OTBOJl OOECHEYMBAET KOMIICHCAIUIO
3HAYUTEILHOW YacTH YIJIWHEHUS Oyiarojaps 53JaCTUYHOCTH KOHCTPYKITUH, a
OCTaJIbHAsI 4aCThb KOMIIEHCHUPYETCA 3a CYET YNPYTHX CBOWCTB MeETajia MPSMOIo

ydacTka TpyOOIpoBo/a.
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Korma mnpu mpoekTHUpOBaHMM ¥  MOHTaXE HENb3s HCIOJIb30BaTh
CaMOKOMIICHCAIIMI0O TPyOONpPOBOJAOB HJIM €€ HEeIOCTaTOYHO JUJISl  3alllUThl
TpyOOIPOBOJa OT YCUIINH, BOSHUKAIOIINX MO/ JCHCTBHEM TEIUIOBBIX YJIMHEHUH,
yCTaHaBIMBAIOT CIIELMAJbHbIE YCTPOICTBA, HAa3bIBAEMbIE KOMIIEHCATOPAMH.
HanbGonee wyacro wucnonb3ytor Il-oOpa3ubiii, [-o0OpasHeiii u Z-00pa3Hbli
KOMIICHCATOPHI.

[1-o0pa3Hble KOMMEHCATOPbI, O00Janamue OOJIBIION KOMIEHCUPYIOIIEH
crocoOHocThi0 (10 700 MM), MIMPOKO MPUMEHSIOT MPU HAI3EMHON IPOKJIAIKE
TEXHOJOTMYECKUX TPYOOIPOBOJOB HE3aBUCHMO OT MX auameTpa. [Ipeumymiectsa
TaKUX KOMIIEHCAaTOPOB - MPOCTOTAa HW3TOTOBJIEHUS U YyA0OCTBO 3SKCILTyaTallUu;
HEJOCTaTKH - TOBBIMIEHHOE THIPABINYECKOE COMPOTHUBICHUE, OOJBIION pacxon
TpyO, 3HaYUTENbHbIE pa3Mepbl U HEOOXOJUMOCTb COOPY)KEHHS JOIMOJHUTEIbHBIX

OITOPHBIX KOHCTPYKIIUU.

Wil CopnLInAER  HEnogosas
onopa onopa

ESCCI

By

Pucynok 15 — cxema I[1-06pa3noro kommneHncaropa
CrpoutennctBo [1-00pa3HbIX KOMIIEHCATOPOB Ha Tpacce MPeayCMOTPEHO

yepes kaxabie 400 MeTpoB.

Pucynok 16 — kommneHcaTopbl Ha Tpacce MaruCTpaibHOrO HEPTENPOBOIa

Jlucm

OcobeHHocmu coopyeHusi Hegbmernpogoda 8 ycrio8usixX

Mep3IbIX 2pyHMOo8

U3m. |Jlucm Ne dokym. lModnuck | Hama

40




B pamkax mpoekra, cTposiieiicss HeQTenpoOBOJHOM CHCTEMbI «3amosipbe-
[Typmie» BmepBbie OBLIM HCIIOJB30BAHBI TEPMOKOMIICHCAIIMOHHBIE OJOKM Ha
ormopax, OHHM KOMIICHCUPYIOT TeMIlepaTypHble Jedopmanuu  HaA3EMHOTO
TpyOOmpoBOZla W 00ECIEUNBAIOT TEPEMENICHHE MO0 HHUM TpPyOOMmpoBOAa TpHU
u3MeHeHun  temmeparypsl u  gasnenuss  [13].  Jus oOecneuenus
paboTOCIOCOOHOCTH KOMIIEHCATOpa B HAayaje W KOHIIE TEPMOKOMIIEHCAI[MOHHOTO
OJI0OKa YCTaHABJIMBAIOTCS HEMOJBMKHBIE OMOPHI C (PUKCAIMEH MepeMelleHuid u
yIJ0B TOBOpOTa TpyOonpoBoaa. [Ipy Hanmuuuu yrioB noBopoTa B ruiane 0osee 35°
OHM WCIOJIB3YIOTCS JJI1 KOMIIEHCAIIMN TeMIIepaTypHbIX AedopMaluii Ha3eMHOTO
yuacTka TpyOonpoBoaa. [Ipu 3ToM paccTosiHue OT BEpIIMHBI IIAHOBOTO YIJIa JI0
HETOJBI)KHOM omopkl He mpeBbimaeT 250 M s yriioB 6osiee 50°; 150 M st
yraoB ot 35° go 50°. Yrubl MeHee 35° BKIIIOYAKOTCS B COCTaB TEMIIEPATYPHBIX
OJIOKOB, MPU ATOM HEIMOABHXHAs ONOpa YCTAaHABIMBAETCA HA PACCTOSHUU HE
MeHee 60 ™M ot BepmwmHbl yria. JliMHa ~TemmeparypHoro 0Oioka ¢
TpaneueuaaIbHbIM KOMIIEHCATOPOM COCTaBisieT B cpenHeMm okosio 500 M,

BEJIMYMHA BbUIETa — 110 20,3 M, paCCTOSIHUS MEKIAY ONOpaMu — 10 18 M.

2.6 OneHKa TeMJIOBBIX U MEXaHNYECKNX B3aMMOACHCTBUI CUCTEMBbI
«HAJA3eMHBIH MATUCTPAJILHBIA HePTENPOBOI — ONOPA - CBAllHOE OCHOBAHME —
- MHOT0JIETHEM eP3JIbIii [PYHT)

DKCrutyaTauus HaA3€MHBIX MarucTpajibHbIX HE(TENpPOBOJIOB B KPHOJIUTO30HE
CBsI3aHa C MpoOIeMaMu, 00YCITOBICHHBIMA JIe(hOpMAITUIMUA KOHCTPYKITUHN B

pe3yapTaTe N3MEHEHUM IPYHTOBBIX CBOMCTB.

Hedbopmarmn MMI™ npenctaBisitoT cepbe3Hy0 ONacCHOCTh JIJIsl MarucTapiabHbIX
He(TEPOBOIOB, 00YCIOBICHHBIE TEIUIO(PU3NIECKUMH U (PU3NKO-MEXaHUIECKUMU
3aKOHOMEPHOCTSIMM NPOMEp3aHus M OTTauBaHUs TPYHTOB. /[l nerambHOro
NPEACTABICHNUS B3aUMOJCHUCTBUM MPOUCXOAIIMX HAa Y4YaCTKE KPEIUICHUs
TpyOOTIIpOBOJa K OMOpe, Ha KOTOPOW MHOTOJIETHEMEP3JIbIe TPYHTHI COBMECTHO C
HAJ3€MHBIM TpPYOOINPOBOJOM COCTABJISIIOT CHCTEMY, OOLIMH BUJA KOTOPOH

MpECTaBIICH HAa pUcyHKe 17.
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Pucynok 17 — Paspe3 HagzeMHOro TpyOOmpoBoaa Ha cBaitHOM (yHIaMEHTE,
NOTPY’)KEHHOM B MHOrosieTHemep3nbii TpyHT. [ludpamu 1-4 u crpenkamu
0003HAaUEHbI CBA3U CUCTEMbl. bykBamu 0003HAUEHBI AJIEMEHTbl CHUCTEMbI: A —
atMocepHoe BiausHHUE, b — TepMmoctabunmmzatop, B — Temmousossims
TpybOomnpoBoza, I' - obeuaiika npuBapeHHas k ornope, Jl — crenka Tpydonposoja, E-
onopa, K — poctBepk, 3 — cBasg, I — nesTenbHbId ciaoil mep3noro rpyHra, K —
Mep3nas  TOJILIA HE IMOABEPKEHHAasT CE30HHOMY  oOTTauBaHuio, JI -
TPAHCIIOPTUPYEMBIN NPOIYKT.

Paccmorpum  TeruioBble  B3amMoAeHCTBUS.  ATMOC(hEpHOE  BO3JACHCTBUE
BKJIOYAET COJIHEUHYIO paJHalvio, TEMIIEPATYPHOE U BETPOBOE BO3JIECUCTBUE
aTMOC(EPHOro BO3/AyXa, MPOSBIAIONIEECS B BUAE TEIUIOOOMEHa C JIeATENIbHBIM
CJIOEM TPYHTa, TEPMOCTAOMIN3ATOPOM, POCTBEPKOM U cBael. CBsi3b 2 ONMUCHIBAET
nepegavyy Teria MyTeM TEIJIONEpPEHoca OT TPAaHCIOPTUPYEMOTO MPOAYKTa YEpeE3
CTEHKY TpyOOIpoBoJa, 00edaiiKy, omopy K pocTBepky. CBsi3b 3 ONUCHIBAET
pe3yabTUPYIOLIEE BO3JEHCTBUE aTMOC(Epbl, TEpPMOCTaOUIM3aTOpa, MPOAYKTA,
yepe3 cBau Ha ciou rpyHTa. CBsi3M 4 ONUCHIBAIOT PaCIpPEAEICHUE TEIUIOBOIO

BO3JICHCTBHUSI B 00JIacTU CJIOEB TpyHTA. Takum oOpa3oM, MCTOYHHUKOM TeIlia

Jlucm

OcobeHHocmu coopyeHusi Hegbmernpogoda 8 ycrio8usixX

U3m. | Jlucm Ne dokym. lModnuck | Hama

Mep3IbIX 2pyHMOo8

42




SIBJISIETCS.  TPAHCHOPTUPYEMBIM MPOAYKT, HCTOYHUKOM TeIla W XO0JIoJa, B
3aBUCUMOCTH OT Ce30Ha siBIsieTcst atmocdepa. [14]

MexaHnueckrue B3aUMOJCHCTBUS PACCMOTPUM C TOYKM 3pPEHHS TPYHTOBOTO
OCHOBaHUS U C MMO3ULMHU TPyOOIpOBOA.

Bosnelicteue Ha rpyHT. BrnusHue armocdepsl omnpeaessieTcss BeTPOBOM
Harpy3KoW Ha BCIO KOHCTPYKIIMIO, BBI3BIBAIOIICH MOMEPEUYHYIO KPATKOBPEMEHHYIO
Harpy3Ky;  oOJeJleHeHHeM U  CHETOBOM  Harpy3Kod  KpaTKOBPEMEHHO
yBEIMYMBAIOLIEH Bec KOHCTPYKUUU. CBS3b 2 ompenensieT Harpy3Ky cooOIaeMyo
pOCTBEpPKY: BecOoM MeTalla TpyOompoBoaa, oOedailku, TEeIIOU30JISAIHH,
TPAHCTIOPTUPYEMBIM MPOAYKTOM, OOJIEIEHEHHEM M CHETOBBIM CJIOEM, - a TaKXke
BUOpalreit TpyoOonpoBoia W BeTpoBoil Harpy3koidl. CBs3p 3 ompenensiercs
pacnpeneeHUeM Harpy3Ky Ha CBau POCTBEPKOM M OIHCHIBAET MEepeavy Harpy3Ku
B ciou TpyHTa. CBsi3b 4 ONUCHIBAET PAcCHpEACIICHUE HATPY3KU B CJOSIX I'PYHTa
yepes CJIoN cMep3aHusi ¢ OOKOBOM MOBEPXHOCTHIO CBaU.

BozneiictBue Ha TpyOompoBoa. Pesymbrupyromiee BozaencTBue aedopmaruit
CJIOEB TpPyHTa Ha CBau OIMCHIBAETCS CBSA3bIO 3 M NEPEHNAcTCs Ha POCTBEPK.
Bo3zaeiicTBue poctBepka Ha TpyOOIPOBO Yepe3 ONopy M 00EHalKy OMUCHIBACTCS
CBA3bI0 2. B ciydae eciu Ha cBau OKa3bIBaeTCsl BO3/EMCTBUE Ooibliiee (MEHbIIIEE)
Harpy3ku  cooOlIaeMoOl  TIpPYHTY  TEXHUYECKOM  CHUCTEMOH, paBHOMEPHO
pacnpenesieHHOE MEX]y CBasMH, IPOUCXOJUT IMOABEM (OMYCK) POCTBEpPKA, a,
CJIeI0BATENbHO, U TPYOOIIPOBO/IA OT MPOEKTHOTO MOJIOKEHHUS.

B ciyyae HepaBHOMEPHOIO pacrpeiesieHusl BO3ACHCTBUS Ha CBaW MPOUCXOIUT
NEPEKOC POCTBEPKA, a CIENOBATENBHO U TPYOOIpOBOIa.

Takum o0Opa3om, CyIIECTBYIOT B3aUMO3aBUCHUMBIE MEXaHUYECKUE U TEIJIOBBIC
IPOLECCH, KOTOPBIE OMPEAEINSAIOT MPOUCXOIAIINE AePOopMaluil U H3MEHEHHUS.
OcHoBa HaJEXKHOW OKCIUTyaTaluu sABisercss oOecrieueHue coxpanenus HJIC
TpyOOIpOBOa B IOMYCTUMBIX IpE/EIIax, a B I0JATOCPOYHOU MEPCTIIEKTUBE K ITOMY
N00aBIsIETCSl COXpPAaHEHHE CBOMCTB Mep3noro rpyHrta. Ilostomy Ha3zHaueHue

Meroauku kKoHTposst HIC HagzeMHOro MarucTpajibHOro HeTenpoBoaa
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poJIOKeHHOTO B obOmacté MMIT coctouT B 0OECHEUYeHHH SKCIUTyaTHPYIOMIEH

OpraHu3alMK CBEICHUSAMH O JedopMarusx W HaANpsOKEHHsX B TPyOOIpoBOIE,

NpeaynpexaeHun nepexoja aedopMaluii B MIaCTUYECKYIO 30HY, (OPMHUPOBAHUU

WCTOPUU COCTOSIHUM YJaCTKOB TPyOOTIpOBO/IA.
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3 Pacyersbl M aHAJIUTHKA

3.1 Pacyer TOIIMHBI CTEHKH, IPOBEPKA MPOYHOCTH U YCTOHYNBOCTH

Ha/J3¢MHOI0 HepTenpoBoaa

Taomuna 3 — cxoauble JaHHBIE

HazBanue Cokpaienre | 3HaueHue
JlmameTp TpybompoBosia, M D 1,02
JlnvHa yyacTka HedTenpoBoaa, KM L 300
PabOouee nasnenne, Mlla P 7

Mapka ctanu HeQTenpoBoaa K56

Bpemennoe conporuBnenue craau, MIla Gp 560
Monyns ynpyroctu, MIla E 2,06-10°
Koaddunment nuneitnoro pacmmpenus, 1/°C | oy 1,2:10°
Koadduument Ilyaccona u 0,3

PacyeTHyI0 TONMHY CTEHKU TPyOOIIPOBOA CIIEIYET ONPEALEIISTh 10
dbopmyie:

n-P-D,

*= AR +n-P)’ (12

rae: N = 1,15 - ko3¢ UIMeHT HaeKHOCTH 10 HAarpy3Ke - BHYTPEHHEMY pabodyemy

nasieHuio B Tpyoonposose (CHull 2.05.06-85);

P =7 MlIla - pabouee naBieHue B TpyOOIPOBOJIE;

Dy = 1,02 M - Hapy>XHBII TUAMETP TPYOHI;

R; —pacueTHOE CONMPOTHUBIICHUE PACTIKEHUIO, OTIPEIETSETCS 10 (opMyIIe:

R,

_R'-m,

Tk (13)

rae: My = 0,9 — ko3¢ dunueHT ycnoBuit paboTel TpyOompoBoaa (s

TPAHCTIOPTUPOBaHUS HEPTH U

KJIIMMAaTUYECKON 30HE).

HEe(DTETIPOTYKTOB B CEBEPHOM CTPOUTEIHHO-

UccnedosaHue Komnekca Mepornpusimuli o mexHo102uu CoOOpYKeHuUsl
Hegbmenpoeodoes 8 yCcro8uUSIX MHO20/1IeMHEMeP3/IbIX 2pyHMO8
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ki =1,34 - xoaddurnmenT HagexHOCTH 110 MaTepuany [15];

ky=1 - X03(pUIMEHT HAJESKHOCTH 10 HA3HAYCHHIO TpyOompoBoaa (s
HE(TENPOBOJOB M  HE(PTENPOTYyKTONPOBOJOB C  YCIOBHBIM  JHAMETPOM
TpyOomposoaa 600-1000 mm) [15];

R:" - HOpMaTHBHOE CONPOTHBICHHE PACTSDKCHHIO MeETala TPyO M CBapHBIX
COCIMHEHUI, TPUHUMAETCS pPaBHBIM MHUHHUMAJIbHOMY 3HAUEHUIO BPEMEHHOTO
CONIPOTHBJIEHUS Gy, =550 MIIa;

_R'-m, 560-09
k -k, 134-10

R, = 369,4Mla ;

__nPb, 57102 50088 ~ 100
2-(R,+n-P) 2-(369,4+15-7)

C ydeToM mpuIlycka Ha KOPpPO3WI0 2 MM M HAa HEPAaBHOMEPHOCTH MpoOKaTa
I MM TOJIIIMHA CTEHKU MPUHUMAETCS paBHOM 13 mMMm.

[Tpu HaIMYMK TPOJOJIBHBIX OCEBBIX COKMMAIOIINX HAIMPSKEHUN TOJIIIUHY
CTEHKHU CJEAYET OMPEAEATh U3 YCIOBHUS:

n-P-D,

o= .
Z(Rl"//l"'n'P)’

(14)

rae: Y1 - KoOQPUIMEHT, YYUTHIBAIOIINMI IBYXOCHOE HANpPSHKEHHOE COCTOSHHE

TpyO, onpeenseMblit o hopmyie:

2

(o3 o)
y, = .|1-0,75- —"N‘ -0,5- ””N‘;
I:21 Rl

(15)

IJIe: Oy - IIPOIONIBHOE OCEBOE CxKMMarolee Hanpskenue, MIla, onpenensiemoe
OT pacueTHBIX HArpy30K U BO3JAEHCTBHUI C yU€TOM YIPYTOIJIaCTHYECKON paboThI
MeTaia TpyO, onpenaenseTcs no popMmyIe:

n-P-D

Oy == A g (16)

H

rae: 0=1,2 10° rpax - Ko3(HUIMEHT IMHEHHOrO PACIIHPEHHS METAILIA TPYObI;

E = 2,06 -10° MIIa - mepeMeHHbIi TapaMerp ynpyrocts (Momyns FOHra);
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u = 0,3 - mnepemensblii Kod(hdumeHT nomepeyHo nedopmaruu  CcTanH
(ko3¢ dunment [lyaccona);
D, = 1020 MM - nuameTp TpyOOIpORBOIa;
At - pacUeTHbBIM TEMIEPATYPHBIN IIEPEIa.
AOCONIOTHOE  3HAY€HHWE  MAaKCUMAJIBHOTO  TOJIOXKUTEJIBHOTO  WIIU

OTPULIATETLHOTO TEMIIEPATYPHOTO Mepenajia OnpeeistoT Mo GopMynam:

1R 0,3-369,4
At = - — 44,83 rpan:
7 E  12-10°.2.06-10° That; (17)
(1- 1) R 07-369.4
Aty = aZAR) =104,6rpan. (18)

a-E  12-10°.2,06-10°
K nanpuelimemy pacuery npuHuMaeM OOJBITUIN Mepenaj TeEMIepaTyphl, T.€.

104,6 rpanycoB. Haxoaum BeJIMYMHY NPOAOJBHBIX OCEBBIX CKHUMAKOIIHUX

HaIpsHKEHUM:
o, =—a E-At +ﬂ.% = -1,2:10°°-2,06-10° -104,6 +
+03. M2 71020 6 69mita
0,013

Tak kak o,,n = -69,09Mna — oTpunaTeNbHOE 3HAYEHUE, OTO O3HAYAET, YTO
MPUCYTCTBYIOT CKUMAIOIINE HATIPSKCHHSI.
Koaddummenrt, yuuThiBaronmii IBYXOCHOE HAIMPSIKEHHOE COCTOSHUE

MeTaJlia:

2
. Jl_m.(M] 058009 (oo
369,4 369,4

[Ipy HanMuMu TPOJOJIbHBIX HANPSDKEHUM pPacyeTHYIO TOJIIMHY CTEHKH
MEePECYUTHIBAIOT:

s__nPD, _ 115-7-1,02 0,001 L
2(R,-w,+n-P) 2-(369,4-0,893+115-7)

C yueTroMm mpuIlycKka Ha KOpPpO3WI0 2 MM M Ha HEPAaBHOMEPHOCTH IpoKaTa

I MM TOJIIIMHA CTEHKU MPUHUMAETCA paBHOU 14 MM.
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[IpoBepky Ha TNPOYHOCTH HAM3EMHBIX TPYOONMPOBOAOB,  CJIEAYET
MIPOU3BOJAUTH U3 YCIOBHS:

|an|§ V2 'RZ; (19)

rae: |[oyp|- MakcuMasbHble HPOJONIbHBIE HANpsDKeHHs B TpyOompoBoge OT

pacueTHBIX HArpy3ok W BozjaehcTBuid, Mlla; vy, - koapduimeHT, yauThIBarOINi

JIBYOCHOE HAIPSHKCHHOE COCTOSIHUE MeTalia Tpyo. [16]

2

v, =.1-0,75- ‘O-l _05.@: 1-0.75- M 2_05.M:03- (20)
? "7 Ry " R, " 2925 2925 T

rae: R, - pacuernoe comportuBienue, Mlla; 6., - KOJblIEBOE HANPSIKEHUE OT

pacueTHOro BHYTpeHHero fAaBienus, Mlla.

_Ry-m, 390-0,9

R, = _ — 292,5MIa -
>k, -k 12-10 “ (21)
n-p-Dy; 1,15-7-992
O = = = 285,2 MIla; (22)
28 2-14
169,09] < 87,75.

Y ca0Bre MPOYHOCTH AJI HAJI36MHOTO TPYOOIPOBO/Ia BBITIOJIHSAETCS.

3.2 PacueTr HArpy30K U BO3/1eliCTBHii, BOSHMKAIONIUX B TPYOONpPOBOIe

[Tpu pacuere TpyOONPOBOIOB ClIEyeT yUUTHIBATh HATPY3KU U BO3ICHCTBHS,
BO3ZHHKAIOIINE TIPH WX COOPYKEHUU, UCTIBITAHUU U dKCIUTyaTanuu. Bce Harpysku
M BO3JCHCTBUS  HAa  MaruCTpalbHBIA  HE(TENPOBOA  MOAPA3ACISIOTCS
Ha TIOCTOSIHHBIE W BPEMEHHBIE, KOTOpPHIE, B CBOIO OYepelb, MOAPA3ICISIIOTCS Ha
JUTUTEIIbHBIE, KPATKOBPEMEHHBIE 1 OCOOBIE.

K mocTosHHBIM Harpy3kaM U BO3JCHCTBHSIM OTHOCST T€, KOTOpHIC
JNEUCTBYIOT B TEUEHHWE BCETO CpOKAa CTPOUTENIBCTBA W DKCIUTyaTaluu
TpyOOTIpOBOA:

1. Cobcmeennuili 6ec mpyoonpogoda, yUUTHIBAEMBIH B pacdyeTax KakK Bec

€UHULIBI JJIMHBI TPYOOIPOBOJIA:

— T 2 2
Ump = MYer- Z(DH — Dgy) (23)
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3,14 ) )
Qmp =1,1-78500-T-(1,02 —0,992°) = 3818,7 H/m;

riae: N — ko3 duiueHt Haa&xaoctu o Harpyske (N = 1,1); D, D,y — Hapy»KHbIi 1
BHYTPEHHUI TuameTp TpyOOonmpoBoOaa, M; 7., — YACIbHBIN Bec cTanu ()., = 78500
H/M). [17]

2. Bec u301ayuoHH020 NOKPLIMUS U PASTUYHBIX YCMPOUCME, KOTOPbIE MOTYT
ObITh Ha TpyOompoBoae. /s Hag3eMHBIX TPyOONPOBOIOB OPUEHTUPOBOUHO
MOKHO TpHHMMATh paBHbIM 10% oT cobctBeHHOTO Beca TpyObl. TouHee Bec

U30JIAIHOHHOTO MOKPBITHS OMPEACISIIOT 10 (hopMyJie:
VIA
— — 2 2
Qus = n'yu3'4 (Dns - DH)'

(24)
0us =1,1-600-0,785(1,12% — 1,02%)= 110,8 H/m;
rae: N — ko3¢ uiueHT HaaéKHOCTH Mo Harpyske (N=1,1);y,, — yIOenbHBIH Bec
Marepuajiia HW30JIAIUH, IS TMeHomoJuypetaHa y,, = 600 H/Me; D,uD, -
COOTBETCTBEHHO IHAMETpP HW30JHMPOBAHHOTO TPYOOINPOBOAAa M €ro HapyKHBIN
TUAMETP, M.
K nnmurensHBIM BpeMEHHBIM Harpy3KaM OTHOCSITCS CIIEAYIOIIHE:
1. Brnympennee oasnenue, KOTOPOE YCTaHABIMBACTCS MPOEKTOM. BHyTpeHHEE

JaBJIEHUE CO3MaéT B CTEHKaX TPyOONpoOBOJa KOJBIEBBIE U IMPOJOIHHBIC

HanpspbkeHus. KosblieBble HanpsKEHUs ONpeAesisioT mo Gpopmyiie:
n-P-Dgy

O =~ s = 285,2 Mlla; (25)
[IpononpHBIE HAMPSOKEHHUS] B CTEHKE TPYObl OT BHYTPEHHETO IaBJICHUS

OTpeIeII0OTCS 10 (hopMyJIe:

n-P-Dgy
Omp = H O =T = 85,6 Mlla;

(26)
rae: W — koaddumnment nonepedHon aedopmaumm (koadourment [lyaccona).
2. Bec nepexauusaemozo npooykma Ha eIUHUILY [UTHHBI TPYOOIIPOBOIa

OTPENENSIOT 10 (opMyIie:
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D,

T2 @0

Qup = 10 p,g

" 3,14-0,99272
O = 10 -8750-9,81(7) =0,66;

TJIe: Py - INOTHOCTh TPAHCIOpTHpyeMoii Hedtn mmm Hedrempoxykrta, H/m®; ¢ -
yCKOpeHue cBoOoiHOTO najenus, g = 9,81 M/CZ;
3. TemnepamypHvie 6030eticmaus, KOTOPbIE BbI3BIBAIOT MIPOI0IbHBIC
nedopmariy TpyooIrpoBoa;
e = a At = 0,006;
(28)

rae: o — ko3puuueHT auHenHoro pacuupenus, 1/°C; At — pacueTHbIil nepenajn
TEeMIIepaTypbl, OOBIYHO MPUHUMAEMBIA JUIsI Ha3€MHBIX TPYOONPOBOAOB PaBHBIM
+50 °C.

[Tpu oTcyTCcTBUU MPOAOJIBHBIX AedopMaliiii B TpyOOIpoBOi€ BO3HUKAIOT
MIPOJIOJIBHBIC PACTITUBAIONTNE HATIPSHKCHHS:

Onpt = -0-E-At =123,6 MIla; (29)

rae: £ —monyins yrpyroctu, MIla.

K kpaTkoBpeMeHHBIM Harpy3KkaM U BO3ACHCTBHUSIM Ha TPYOOIIPOBO] OTHOCST
CJIeTyIOIINE:
1. Cnecosasn nHacpyska, IPUXOASINAsACI HA €IUHUILY JUTMHBI TPyOOTIpOBOIA:
Qen = N1 So-Dys = 1,4:0,4-150-1,12 = 94,1 H/™m%; (30)
rae: N — kodpduureHT HajaeKHOCTH 1o Harpyske (N=1,4); u — xkoadduiment

epexoja OT Beca CHEroBOrO IOKpOBa 3€MJIM K CHErOBOM Harpyske Ha
TpyOomnpoBoj (u=0,4); Sp — HOpMaTHBHOE 3HAYEHHE BECa CHErOBOTO MOKpOBa Ha 1
M° TOPHM3OHTANBLHON MMOBEPXHOCTH 3eMIH (NPHHUMAETCS B 3aBHCHMOCTH OT
CHEroBoro paiona P®).

2. Haepysxa om obnedeHenuss HAA3EMHOTO TPyOOIIPOBOIA, IPUXOIAIIASCS

Ha eJIMHUITY JUTUHBI TPYyOOIIPOBOIA.
Ouex = 0,17N0 6, D5, H/M; 31

Trac: 6nen — TOJIIHWHA CJIoA JibJdada, HNPUHHUMACTCA B COOTBCTCTBHUH C KapTOﬁ

KIIMMaTHU4YCCKHUX paﬁOHOB T'OJIOJICOAHOCTH, M.
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3.

qneﬂ = 0,171,30,021,12 = 4,95 H/M,

Bempoesas

Hazpy3Ka Ha

CUHUIY  JUIUHBI

IIEPIICHINKYJIAPHAS €T0 OCEBOM BEPTUKAJIBHOM IIJIOCKOCTHU:

rae: N

1,2, Wy — HOpPMAaTHBHOE 3HA4YC€HHE BETPOBOTO

Js = N-Wok-c-D,,, H/™m;

TpyOOoIpoBoa,

(32)

nasiaenus H/ M2,

ompenenseMblid mo tabmune 4; K — xodddunmeHT ydutbBaromuii U3MeHEHHE

BETPOBOI'0 MABJICHHA I10 BBICOTC M THII MCCTHOCTH; C — a:-)po,Z[I/IHaMI/I‘{CCKI/Iﬁ

ko3 dunment, ¢ = 0,5. [18]

Tabnuia 4 — 3HaueHus: BETPOBOTO JaBieHUs MO paiioHam PO

110

Betposeie

KapTe

MpUJIOKeHUs 1)

parioHBI

P® (nmpunumarorcs

1

vV \ VI VIl

Wo, kI1a (krc/m°)

0,23
(23)

0,30
(30)

0,38
(38)

0,48 | 0,60 [ 0,73 | 0,85
(48) | (60) | (73) | (85)

SAHAO otHocurcs k V BeTpoBomy paitony PD, wy = 0,6 kIIa.
gs = 1,2:600-0,75-0,5-1,12 = 302,4 H/m.

(33)

3.3 Pacuer yCTOMYHMBOCTH CBAMHBIX ONOP HA3€MHOI0 TPYOOIIPOBOAa

[Ipu HagzemHON cxeme TpPyOONpPOBOJ YKJIAJAbIBACTCS Ha CBailHbIE OMOPHI,

3arayOssieMble B Mep3Jiblil TpyHT. B 3TOM ciiydyae B3auMozeicTBust TpyoonpoBoaa

C TPYHTOM, KaK MCXAaHHWYCCKOC, TaK H TCIUIOBOC, IIOJHOCTHIO HMCKIIFOYCHHI.

TpyOomnpoBoa sSBIsETCS JUIIL Harpy3KOH Ha CBaM, U pacyeT €ro yCTOMYMBOCTH Ha

MEp3JIOM TPYHTE CBOJUTCA IO CYIIECTBY K pacyeTy YCTONYMBOCTH CBaid, K

KOTOPBIM IMPHIIOKCHBI BCPTUKAJIIBHBIC 1 TOPU30HTAJIIBHBIC HAI'PY3KH.

BeprtukanbHble Harpy3kd oO0Opa3yroTcs BECOM TpyOompoBoAa, MpPOIYKTa,

CHCTa H TO0JIoJCAA. FOpI/IBOHTaHBHBIe — JABJICHUCM BCTpA. HCHBIO pacdcTa

ABJIAETCS TPOBEpPKAa YCTOMYMBOCTH (PyHIaMEHTa Ha JIEHCTBUE BEPTUKAIBHBIX U

TOPU30HTAJIBHBIX HATPY30K U CUJI ITyYEHUSI.
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Beprukansnas Harpy3ka Ha 1 m TpyOompoBoma H/m, ompenemnsiercs mo
dbopmyse:
Ge = Grp+0ust0,9501p+0,9(qentCrea);
(34)
g: = 3818,7+110,8+0,95:6,6+0,9 (9,41+4,95) = 4024,9 H/m.
[IpoBepka  ycToW4yMBOCTH  CBaiiHOTO  (yHIaMeHTa Ha  JICWCTBHE
BEPTUKAJIBHON HArpy3KM 3aK/IIOYaeTcs B KOHTPOJIE BBINOJHEHUS NPEAEIbHOIO

YCIJIOBHSL:

F
F <-%-
Sy (35)

rae: F, — BepTukanpHas Harpyska Ha onHy cBato, H; F, — Hecymas cmocobHOCTh

cBau, H; v, — koadhpuiireHT HaIe)KHOCTH 110 TPpyHTY paBHbIid 1,4. [19]

F = CIBL;
n
(36)
4024,9 -18
Fy=————=36224,1 H;

rze: N — 4ucio cBaii B onope, L — paccTosiHue Mexay onopamu TpyOOnpoBoaa, M.

Fu=RA; + Rau, (1 - 1,);
(37)

2.
rac: AH — IUIo1aAb IOIIEPEYHOro CCYCHUA CBau, M, Uy — IIEPUMETP CBau, M, | -

rIIyOrHa NOTPYXKEHHs CBaU B IPYHT, M; |, — aniHa n3rubaeMoro ydacTka cBau,

PacroyOKEHHOTO B MHOTOJIETHEMEP3JIOM TpyHTEe, M; R — pacdeTHoe naBlieHUE Ha
MEpP3JBIA TPYHT, OMpeesieMoe 1o Tadauie 2 MPUIoKeHus 1, B 3aBUCUMOCTH OT
pacueTHoU Temmeparypel 1., Ila; R, — pacdeTHoe CONMpPOTHBICHHE MEP3JIOTO
TpyHTa CIBUTY II0 TIOBEPXHOCTH CMEp3aHMsi, ompenensieMoe Mo Ttabnwme 3
NIPHJIOKEHUS |, B 3aBHCHMOCTH OT pacyeTHON TemrepaTypsl T, [1a. [20]

o = deot1,5dp;
(38)

l, =0,7+15-0,426=1,42 m;
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rae: de, — MOIIHOCTH CJIOSI CE30HHOrO oTTamBaHusA, M; O, — HanGosbmmii
JIMHEWHBINA pa3Mep MOIEPEUYHOr0 CEUEHUS CBAU, M.

Tc = (TO - TH3)0~3 + TH3 :|>

Te=(To—Tw)ae + Ty (39)

rae: To — temnepatypa MMI' Ha riryOuHe HyJIE€BBIX TOJOBBIX TEILI0000POTOB, °C;
T, — TemmepaTypa Hayaia 3amep3aHus rpyHra, °C; o, 0. — Oe3pa3MmepHbIe

K03 PUIEHTBI, onpeieIieMbIe 0 TA0JIHIIE 5 B 3aBUCUMOCTH OT BETTUIHHBIL:

_ i
M("lp)\[;f1 (40)
u=(8-142) /% = 145,8;

raue: Cs = 638 BT‘-I/(MSOC) — obpemuas teroeMkocth MMI', As = 1,3 B1/(Mm °C) —
K03 uImeHT TermionpopogHoctd MMI'. [21]

Tabmuna 5 — 3Havuenust KO3PHUITUESHTOB 0., Ole
w (00| 25 | 50 | 75 | 100 | 125 | 150 | 175 | 250 | 300
a, | 0,0(0,34/0,67085/0,95{1,01|1,03|1,03|1,01|1,00
o |00(0,21]0,38/051/0,61|0,68|0,74|0,78|0,85 0,86

[Tpuanmaem ko3 dumpent pu = 150, 1 COOTBETCTBEHHO MOJIy4aeM 3HAUCHUS
o,= 1,03, o = 0,74.
T.=(-1,65+09)-1,03-09=-1,7 °C;
T.=(-1,65+0,9)-0,74-0,9 =-1,5°C.
3nauenus R u R, npuHHMaeM B 3aBUCUMOCTH OT pacUYETHBIX TeMneparyp T,

T, cornacuo Tabmumam 2,3 npunoxenns 1, R = 0,75 Mlla, R, = 0,13 MIIa.

F. = 750000-1,4+130000-1,34(9-1,42) = 1425 xH;

1425
36,22 kH <

)

36,22 xH <1017,8 xH.

kH;
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[IpenensHOE yClOBHE YCTOWYMBOCTH CBAlHOro (pyHIaMEHTa Ha JAeCTBHE
BEPTHUKAJIbHON HAarpy3KH BBINOJIHSETCS.

Tenepp paccMOTpUM NIPOBEPKY YCTOWYMBOCTH CBAalHOTO (PyHIAaMEHTa Ha
JICVCTBHE TOPU3OHTAIBHOW Harpy3ku Pacder 3akmrodaercs B ONPEICICHUHU
HaOpsDKEHUsT B TPYHTE OT M3ru0a CBaW U €ro COMNOCTABIEHUU C IMPOYHOCTBHIO

I'PYHTA Ha CABUTI. HpCI[CJILHOC YCJI0BHUEC NMCCT BHU:

6, < (9-p.r -Z-tgo + 0,3C); (41)

~ CcosQ®

re: G, — HalpshKeHue B TpyHTE B Kputuueckod touke z, Ila; py, ¢, ¢ —
3
COOTBETCTBEHHO IUIOTHOCTh, KI/M~, Yrojl BHYTPEHHEro TpEHHs, pajl, CIEIICHUE

TaJoro rpyHTa CJI0sl CE30HHOr0 OTTanBaHus, [1a.

Z=de/3=0,7/3=0,23 ; (42)
_ Wop Mo~ _Ho .
02 = koZ (UpAs -2 By + 6T C, + Tl Dy); (43)

3

rae: ky — koapdunuent nmocrenu, H/m”; E, — MOAy/Ib yIpyrocTd Marepualia CBaw,
o 4

[Ta; 1, — »kBaTOpHManbHBII MOMEHT cedyeHus cBau, M; A;, By, C;, D; -

0e3pa3MepHbIe MapaMeTphbl, ONpeiesieMble MO JaHHBIM TaOIuIbI 6.

E
Dgy

kp = 0,523— = 0,523-11,76 = 6,1-10° H/m*; (44)

riae: E — Moayne negopmaruu tajmoro rpyHTa, paBHbiid 12 MIla.

5 [ky(1,5d,+0,5
R Sk A (45)

0,35.
3-2:1011.0,0016

st onpenenenust ko3pGUIUeHToB Ay, By, Cy mo Tabmume 6, Haxomum

5\/6,1-106(1,5-0,426+0,5)
o = =

MPUBEACHHYIO NTMHY U3ru0aeMoro y4acTka cBau, 1o GopMyiie:

I =loe = 1,42:0,35=0,6 m; (46)

Tabnuna 6 — 3HaueHus mapameTpoB Ay, By, Co

[IpuBeneHHas aauHa

Jlucm

Pacyemsb! u aHanumuka
54

U3m. | Jlucm Ne dokym. lModnuck | Hama




n3rubaemMoro yJyacTka cBau Ag Bo Co
I =1p0
0,6 0,072 0,180 0,600
1,0 0,329 0,494 0,992
[Tpogomxenue TabaUIBI 6
1,4 1,049 0,918 1,342
1,8 1,532 1,321 1,581
2,5 2,290 1,565 1,680

[TpuHumaem st 1; = 0,6 M, koahduruents Ag = 0,072; By = 0,180;
Cy=0,6.

1 1 ]
=——— A¢= -0,072=05-10"
M 03Epl, 0 0,353-2-1011.0,0016
= ————By= - 0,18=0,5-10"
M1 GZEpl, 0 0,352.2:1011.0,0016 !
== : 0,6=0,5-10" 47
MM G Epl, ° 0,352-1011.0,0016 _ (47)
["opusoHTanpHAs HArpy3Ka Ha CBAIO OMPENETSETCs o hopMyIie:
qsL 3024 -18
F.=—2—= — 2721, 6 H; (48)

n
rae: (, — BeTpoBas Harpy3ka Ha 1 M HamzemHoro tpyOompoBonma, H/m; L —

paccTosiHUuE MEXI1y OrnopaMu TpyOOomnpoBoaa, M; N — YUCJIO CBail B Orope.

2

15 _g _g 1,52
) emntlotmmt 5 T 05107°41,5:05-10 4o
. n = s =-16 (49)
EMM+Epr ’ "2-1011.0,0016
My=M + F.l,=-1,6+2721,6-1,5 = 4080,8 (50)
Uo=F.&nm + Mognm = 2721,6-0,5-10°® +4080,8-0,5-10% = 0,34-10*  (51)
_ Frlj | Mg _ 4
U, = U + Ugly + T + T 0,94 - 10 (52)
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Koaddummentsr Ay, By, Cy, D; onpeaensirorcst mo Tabnuiie 7 B 3aBUCUMOCTH
OT MPUBEICHHOH TITyOHHBI PACTIONOKECHHS KPUTHIECKON TOUKH.

Z = za. = 0,23:0,35 = 0,08 m;

Tabnuna 7 — 3nauenus mapameTpo Ay, By, Cq, D

[IpuBeeHHBIE TIIYOMHBI PACTIOJIOKEHUS Ay B, C, D,
KPUTHYCCKON TOUKH Z = ZQ,
0,0 1,000 | 0,000 | 0,000 | 0,000
0,4 1,000 | 0,400 | 0,080 | 0,011
0,8 0,997 | 0,799 | 0,320 | 0,085
1,2 0,972 |1,192 | 0,718 | 0,288

[Tpuaumaem st Z =0, 3Hadenust mapametrpoB A; =1, By, C;, D; = 0, Torna

HaNpsDKEHUE B TPYHTE B KPUTHUECKON ToUuKe Z OyIeT onpeaensaThes o Gopmye:

6, = koZ (UpAy) = 6,1-10°-0,23-0,94 - 10" = 131, 9 Ia;

131,9 < (gpztge + 0,3c) = 30026,5

Ccos®

[IpenensHOE yClOBHE YCTOWYMBOCTH CBAlHOro (pyHIaMEHTa Ha JAecCTBHE
TOPU30HTAJIbHON HArPY3KH BBIMIOJIHSETCS.

3.4 Pacyer HanpsizKeHHO 1e()OPMHUPOBAHHOI0 COCTOSTHUA HAI3€MHOI0
TPYOONpPOBOAa B MPOrPAMMHOM KOMILJIEKCe ANSys

OCHOBOI NPOEKTUPOBAHUS U PACUETOB MPOYHOCTH KOHCTPYKIMI SIBISIOTCS
METO/Ibl OLICHKU HAMPsHKEHHOTO COCTOSTHUSL UX OCHOBHBIX HECYIIMX 3J€MEHTOB.

B OpoM3BOACTBEHHYH0  MPAKTHKy  CHEUUAJUCTOB  MPEANPUITHIA
TpyOONPOBOJHOTO TPAHCIIOPTAa M COOTBETCTBYIOLIUMX HAA30PHBIX OpraHu3alui
BHENIPSIOTCS M pa3palbaThiBalOTCS NPOTrpaMMHBIE  MOJYJIM  JJisi  MOJHOMU
aBTOMATHU3ALIMU TPOLETYPHl YUCICHHOTO MPOYHOCTHOTO aHalu3a TPyOOnpOBOIOB
B cpeje mporpamMmbl ANSYS METOJOM KOHEYHbIX 3JeMeHTOB (MKD) cnoxHoro
HANPsHKEHHOT0-1e()OPMUPOBAHHOTO COCTOSIHUSI IMHEHHON YacTu TpyOOIpoBoa.

ANSYS SBISIETCS YHHUBEPCAIBHBIM IPOrPAMMHBIM KOMIUIEKCOM KOHEYHO-
AJIEMEHTHOTO aHaju3a, C I[OMOIIbI0 KOTOPOro pEIIAITCs JIMHEWHbIE U
HEJIMHENHbIE, CTAllMOHAPHBIE W HECTALIMOHAPHBIE NPOCTPAHCTBEHHBIE 3aJaduu

MEXaHHUKH J1e(hOPMHUPYEMOT0 TBEPAOTo Tena. [22]
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Pacuer xoHCTpykIuii TpyOOImpoBoma ¢ y4eToM (PaKTUUECKOW T€OMETPUHU
3aKJTF0YAETCs B ONPEACICHNH HanpsokEHHO-AehopmupoBanHoro coctosiaus (H/IC)
KOHCTPYKIIMA M CpPaBHEHUM PACCUUTAHHBIX 3HaueHW ¢ pomyckaeMbiMu. HJIC
ompenensieTcss ¢ y4eToM (AaKTHYECKH HW3MEPEHHOTO0 TIPU  JHArHOCTHKE
reOMETPUYECKOTO MOJIOKEHUS TPyOOIpOBOIA.

ITocnenoBaTenbHOCTH MPOBEICHUS pacyeTa:

— TIOCTPOEHHME T€OMETPUUYECKON MOJEIIN KOHCTPYKINN;

— 3aJlaHHE€ TUIIA KOHEYHOIO JJIEMEHTA;

— TIOCTPOEHHE KOHEYHO-3JIEMEHTHON MOJIEIH;

— TPWIOKEHHE HArPy30K HA KOHCTPYKIIHH;

— YKCJICHHOE PEIICHHE CUCTEMbl YPABHEHH, OMHUCHIBAIOIIUX MOJEITh
KOHCTPYKIIUU;

— ormpezelieHne paboToCOCOOHOCTH PACCUUTHIBAEMOM KOHCTPYKIIUU.

B pabotre mnpoBeneM wucCCieNOBaHHME HANPSKEHHO-IE(POPMUPOBAHHOTO
COCTOSIHHSI ¥ IPOYHOCTH CUCTEMBI «HE(PTEPOBO — OMOPHI — CBAHHOE OCHOBAHHE)
C JIBYMS BHJAaMH OINOp HEMOABWKHOM M TpoAoJibHO-ToABMXHOM. Pacuer HC
OTIOp HAJ3eMHOT0 TPYOOINpPOBOJAa MPOBOAWICSA B TPOTPAMMHOM KOMILJIEKCE
ANSYS.

Taomuna 8 — Mcxoquple qaHHbBIE

[Tapametp 3HaueHue Ennnuna nsmepenus
auameTp TpyOorpoBoa 1,02 M
TOJIIIIUHA CTEHKHA TPYyOONpOBOa 0,014 M
BHYTpPEHHEE JIaBJIICHUE B TPYOOIIPOBOJIC 7 MIla
JMaMeTp CBail 0,426 M
r1yOHWHA MOTPY>KEHUsI CBall B TPYHT 8 M
BBICOTA CBall HAJI TPYHTOM 1,5 M
IUIOTHOCTb TPyHTa 1530 KEM

OOBEKTOM MOJAETUPOBAaHUS B paboTe SBISETCS COCTaBHAsA MOJENb
KOHCTPYKIIMM  ONopbl  (HEMOJBMXKHOM M TPOJOJIHO-TIOJIBHXKHOM) €

MCTAUNIMYCCKUMHU CBassMH, IIOIPYXCHHBIMH B TPYHT. MOI[CJ'II/I OIIOp BKJIKOYACT
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AJIEMEHTBI KOHCTPYKIIMH OMOPHI, PYHIaMEHT U3 METAITIMYECKUX CBall U B KAUECTBE
OCHOBaHMSl Yy4acTOK TIpyHTa. ['eomeTpuueckass MOJENb ydacTKa TIpYyHTa
NpeACTaBlIeHa B BHUJE ABYXCIOMHOrO MO BBICOTE Mapajuienenurnena. TomiiuHa
BEPXHETO CJIOS MPUHUMAETCS MO JAHHBIM MHXEHEPHO-TE€0JIOTUYECKUX U3BbICKAHUN
pPaBHOM MaKCUMaJbHOW TOJIIMHE CE30HHOTO OTTauBaHUsA. TOJMHA HUKHETO CIIOS
NPUHUMAETCSl PaBHOM TIIyOMHE MOTPY>KEHUsI CBau B Mep3iblid IpyHT. Paccrosinue
OT MOBEPXHOCTHU TPYHTA JI0 BepXa POCTBEPKA MPUHUMAETCS PAaBHOW MaKCUMAaJIbHOU

MO MPOEKTHOM JOKYMEHTAIIMH BHICOTE YCTAHOBKH OTOPBI.

Pucynok 18 — Mojenb HENOABMKHOM OMOPHI M CBAMHOTO (PyHIAMEHTA,

3ariay0JIEHHOTO B TPYHT

Pucynoxk 19 — Monenbs npoobHO-TIOJIBUKHOM OMOPBI U CBAHOTO

dbyHIaMeHTa, 3arJIy0JICHHOTO B TPYHT

Jlucm

Pacyemsb! u aHanumuka

U3m. | Jlucm Ne dokym. lModnuck | Jama

58




Jnst 3amaHust  (U3HKO-MEXaHMYECKMX CBOWCTB MATEpPUAJIOB PAaCUETHOU
MOJIEJI ONOPHI BBOJUM CJEAYIOIINE XapaKTEPUCTUKU: MOJYJb YIPYTOCTH CTaJIH,
koahduiment Ilyaccona s ctanu, MIOTHOCTb CTajld, MOIYJHM CKUMAeMOCTU
cioeB rpyHTa, Koadunuents! [lyaccona cnoes rpyHra.

Ha ocHOBaHMM WHXXEHEpPHBIX HW3BICKAHMI Tpacchl M IPOTHO3UPOBAHUS
W3MEHECHHUI TPYHTOBBIX YCJIOBUM BO BPEMEHHM, CBS3aHHBIX CO CTPOUTENBCTBOM U
JanbHENIIe 3KCIuTyaTanue TpyoonpoBo/ia, AOKHbI ONMPEAENIThCS JaHHbIE O
MEXaHMYECKUM  XapaKTepUCTUKaM  TpyHTOB.  Jlomyckaercs  ONpenessiTh
HOPMAaTUBHBIE M PacueTHbIC 3HAYCHHsI Je(POPMAIIMOHHBIX XapaKTEPUCTUK IPYHTOB
no UX (PU3UYECKHUM XapaKTePUCTHKaM B COOTBETCTBUU ¢ pekoMeHmammsmu CII
22.13330.20111. B tabnuue 9 npuBeeHbl MEXaHUYECKHE CBOMCTBA MaTepUATIOB

IMPUMCHSCMBIX IIPU U3IrOTOBJICHHUU OIIODP.

Ta6Jmua 9 — MexaHuuecKre CBOMCTBA CTaIu U PACUYCTHBIC COIIPOTHUBIICHUA

Ne n/m XapakTepucTrka 3HaueHHe ObocHoBaHMe
1 Omnopa
1.1 | Knacc npouHnoctu C345 I'OCT 27772
1.2 | HopmarusHoe comporusienue | Ry, = 340 MIla
CTaJIM 10 IPEIeNTy TEKYy4eCTH CIT 16.13330.2011
1.3 | HopmaruBHoe conpotusnenue | Ry, = 460 MIla Tabn. B.5

CTaJIM 110 NIpCcaAcay IpOYHOCTH

14 Koadgdumment  HagexHocTH v. = 1,05 CIT116.13330.2011
10 MaTepuany tabm. 3, Tadn. B.5

1.5 |PacuetHoe  comporuBnenue | R, =310 MIla | CII 16.13330.2011
CTaJIU 110 MPEeAIeNTy TeKY4eCTH

B xonme wuccnenoBaHus Ha MOJENM TPYyOOIPOBOAHOW CHCTEMbI ObLIH
HAJIOKEHbI, PACCUUTAHHBIE paHee HArpy3KU M BO3JCHCTBHS, pe3yJbTaThl pacyeTOB
npuBeieHbI B Tabuie 10.

Tabmuma 10 — Harpy3ku u Bo3neicTBus

ITapameTp 3HaueHue Ennnnna
U3MEPEHHUS
cOOCTBEHHBIN BeC TPyOOIPOBOA 3818,7 H/m
BEC MEPEKAYMBAEMOr0 MPOAYKTa 1,23 H/m
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CHEroBasi Harpys3Ka 94,1 H/m'

Harpyska oT o0Jie/ICHeHUS 4,95 H/m

BETPOBAs Harpy3Ka 302,4 H/m

Pucynok 20 — npuMeHeHre Harpy30K U BO3JEHCTBUI HA MOJIEIb

C HENOABMKHOM OIIOPOM

PucyHnok 21 - npuMeHeHre Harpy30K M BO3JE€HCTBHI HA MOJEIb

C TIPOJOJIBHO-TIOIBHKHOMN ONIOPOH

B kadecTBe pacueTHbIX ObUIM MPUHSATHI CASAYIOIINE HATPY3KU U CMELICHUS:

BHYTPCHHEE JaBJICHME B KaTylmke (Ha BHYTPEHHEH IOBEPXHOCTH
KaTyIIKH JIJIs1 000OUX OIop);
BEPTUKAIILHOE YCHJIME Ha OMOpY OT TpyOONpoBoja, 3aJaBaiach Kak

pacmpe/eeHHas Harpy3Ka Ha TTOBEPXHOCTH JIO)KEMEHTa,;
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TOPU30HTAJIBHOE MPOJIOJBHOE M IIONEPEYHOE YCWIMS Ha OIOPY OT
TpyOOTIIPOBO/IA 3a/1aBAIUCHh PACTIPEICTICHHON HArpy3KOW MO TOPIEBHIM
MIOBEPXHOCTSAM  KaTyIIKK JUIS HENOJBWKHOM ONOpbl WM IO
MTOBEPXHOCTH JIOKEMEHTA ISl IOIBUKHOM OMOPHI;

pacyeT npoA0JIbHO-TIOABUKHBIX OIOP MTPOBOJAMIICS ISl MAKCUMAIbHOTO
M0 TMPOEKTHOW JOKYMEHTAllMM MPOJOJBHOIO OT LEHTpa OIOPHI
CMEIICHUS TOJBMKHOW 4YacTH M COYETaHUs, MaKCUMAJIbHBIX IO
MMPOEKTHOM JTOKYMEHTALMU MPOJOJBHOIO M IIOMEPEYHOr0 OT LEHTPA

OTIOPBI CMEMICHUS TTOJIBUKHON YaCTH.

Ha ocHOoBe 3amaHHOM B pPacyeTHOM KOMIUJIEKCE MPOCTPAHCTBEHHOM

IreOMCTPHUHN KOHCTPYKIMU IIOCTPOCHA paCUYCTHAd KOHCYHO-3JICMCHTHAA MOACIIb.

Pazmep koHeuHoro snemeHta npuHuMasics B auanazone 0,03...0,07 m — mid

AJIEMEHTOB KOHCTPYKIHUA onopsl, 0,5 M — a1t yuactka rpyHta, 0,1 M — 111 cBaii.

B MOJECJIU BBOAUIHUCE CIICAYIOINNEC I'PAHUYHBIC YCIIOBUA:

Ha HIKHEW M OOKOBBIX MOBEPXHOCTSX ydacTKa TPyHTa 3a7aBajioCh
YCIJIOBHE OI'PaHUYEHUS MTEPEMENIEHUI IO HOPMAJIA K IOBEPXHOCTH;
MEXKy MOBEPXHOCTSAMH 3JIEMEHTOB KOHCTPYKLMHU OIOPHI 33/1aBAJIOCh
yCIIOBHE KOHTAaKTa,

JUIsl HETMIOJBHYKHOM OIOPBI 3a/1aBAJICSI KOHTAKT MEXIY 3JIEMEHTAMH
KOHCTPYKLMU: POCTBEPK — OIOPHBIN y3€ll, peryJimpyemasi CTohKa —
POCTBEpK;

Ui CBOOOJHO-TIOAIBMXKHOM — OMOp  3a7aBajicd KOHTAaKT  MEXIY
3JIEMEHTAaMU KOHCTPYKUMHU: My(Ta oOmopHas — IOJIyKOJIbLIA
YHOPHBIE, POCTBEPK — IJIUTAa MY(PTHI OMOPHOM, My(pTa OnopHas —
cBasi;

YCIJIOBHE KOHTAKTA 33J]aBaJIOCh MEX]y CBasIMH U TPYHTOM;

MEXKy MOJOIIBOM MOABMKHON YacCTH IPOJIOIbHO-TIOIBUKHOM OIIOPBI

1 OITIOPHBIM CTOJIOM 3a/1aBaJIOCh YCJIOBHC CKJICUBAHUSI.
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Ha pucynkax 22, 23 mnoka3aHbl pacOpeiesieHUsi SKBUBAJCHTHBIX (MO

Mu3zecy) HanpsIKEHUN.

PucyHnok 22 - PacripeesieHre SKBUBaJIEHTHBIX HANIPSKEHUH B

HETOIBI)KHOM OIOpe U CBaiHOM (pyH/IaMeHTe

Pucynok 23 — PacnpeneneHnue SKBUBaJICHTHBIX HAPSDKCHUN B
CBOOOIHO-TIOJIBUKHOM OIIOpE U CBaliHOM (pyHIAaMeHTe
Pe3ynbTaTel 5KBUBAJECHTHBIX HAIPSDKEHUN 110 MU3eCcy NpUBEICHEI B
tabmure 11.

Tabnuna 11 - Pe3ynbrarhl S5KBUBAJICHTHBIX HAPSHKEHUH IBYX MOJCIICH:

OKBUBAJICHTHbIE HanpsbkeHus no Musecy, Mlla

C HEMTOJABUKHOU OTIOPOM C MPOJI0JIbHO-TIOIBUKHOM
Oonopou
4,46-10° 2,17-10"
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0,03 1,1-10°
0,81 0,007
[Tponomkenue Tabmauupl 11
1,35 0,06
7,94 2,38
22,03 11,62
37,76 19,45
43,29 30,79
64,47 45,11
75,23 54,92

OcHOBHO# 3amadyeil pacueTa KOHCTPYKIIMH SBJSIETCS OOCCIICUCHHE €¢
MPOYHOCTH B YCJOBHUSX OKCIUTyaTallud. YCJIOBHUE TPOYHOCTA — DITO OICHKA
MPOYHOCTH DJIEMEHTAa KOHCTPYKIIMH, CBOJAIIASCS K CPAaBHCHHIO PACUCTHBIX
HaIPSHKCHUH C I0ITyCKaeMbBIMU:

op<[op);  oe<od, (53)
IJe: Gp U G, — HauOOJIbILINE PACTATUBAIOLINE U COKUMAIOIINECS HAIPSKECHUS;
[op] B [0.] — momyckaeMble HANPSKEHKS IPU PACTSHKEHUU U CKATHU.

JlormyckaemMoe HampspDKeHHE — HauOOoJbIlIee HANpPsHKEHHE, KOTOPOE MOYKHO

JOTYCTUTh B JICMEHTE KOHCTPYKIIUHU TPH YCIIOBHH €ro 0€30MMacHOM, TOJITOBEYHON

Y HaJIS)KHOU PabOTHI:

fo] =~ (54)
311ECh Oppey — NPENENBHOE HANpPsHKEHUE (COCTOSHHUE), @ MMEHHO HpEe
TEKY4YEeCTH, MPEeN MPOYHOCTH U T.J., [N] — HOPMATUBHBIA KOIPPHUIIMEHT 3amaca
MPOYHOCTH, 10 BPEMEHHOMY COMPOTUBIICHHIO N = 2,4; 10 npeaenaM TeKy4ecTu
n=15.
Tabmuma 12 — PesynbTaThl NpeAeibHBIX M JIOMYCKAaE€MbIX HANpsDKEHUN B

TpyOOTIPOBOJIE M OMTOpaAx

Koncrpyknust | Mapka ctanu | 6y, MIIa | 6y MIla | [04], MIIa | [0y, MIIa
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HedTenpoBoa K56 560 390 233,3 260

ornopa 0912C 470 325 195,8 216,7

MakcuMallbHble SKBUBAJICHTHBIE HAIPSIKEHUS MO pe3yJbTaTaM pacyuera B
pOorpaMMHOM KoMIuiekce ANSYS C HEMOJBMKHOU OIMOpPOM  coCTaBisOT 75,23
MIla, a ¢ npoaosibHO-MOABHKHOU onopoit 54,92 MIla. 3naueHue HanpsHKEHUN B
nepBoil MoJienu 0oJibllle, 4YeM BO BTOPOM, 3TO CBSI3aHO C T€M, YTO HE(TENpPOBOJ B
HEIMOJABWKHOW OIOPE KECTKO 3aKPEIUIEH, a B IPOAOJBHO-TIOABHKHOU MOKET
nepeMerarbes o ocu X. B n1ByX Mozernsax 3HaueHuss MaKCUMaJlbHbIX HAIPSKEHUN
MEHBIIIE, YE€M JOMYCKAEMbI€ HAIpPSIKEHUS IPU PACTSHKEHUM W CKATHHM, 3TO
CBUJIETEILCTBYET O TOM, UYTO MPEICTABICHHBIC MOJEIIM CUCTEMbI «HEPTEPOBOJ —
OTIOPHI - CBAWHOE OCHOBAHKEY YAOBJIETBOPSIOT YCIOBUAM MPOYHOCTH.

B pesynbTate BBINMOJHEHHBIX pPa3pabOTOK W PACUETHBIX HCCIIEAOBAHUM
HaANPsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUSL U TMPOYHOCTH MPOCTPAHCTBEHHOU
CUCTEMbI KOHCTPYKIIMH MPH 3asIBJICHHBIX HAIPy3KaX U CMELIECHUSX:

1) paspabotanbl KOHEYHO-3/IeMEHTHbIe oO0bemHble ANSYS-moxenu
TpyOONPOBOAHON CHUCTEMBI NPH JCHUCTBUU PACUETHBIX COYETAHUM HArpy30K H
CMEIIICHUM;

2) [ONydYEHbl 3HAYMMbIE  pACUYETHBIC  IMApaMETPhl  HANPSKEHHO-
ne(OPMUPOBAHHOTO  COCTOSIHUSI ~ METAJUIOKOHCTPYKIMI.  YCTaHOBJIEHO, 4YTO
HecylIasi CHOCOOHOCTh MPOEKTHBIX BAPUAHTOB OIOP obecreyeHa o HopMaTUBHBIM
KpUTEPUIM;

3) ¢ Uenbl0 ONTUMAJIBLHOTO MPOEKTUPOBAHUS BCEH KOHCTPYKUUU  OBLIO
UCIIONBb30BaHO 4yHcleHHoe 3D-MonenupoBanue naedOpMUPOBAHUS OINOP MpU
BO3JIEMCTBUM HArpy30K OT HePTenpoBoaa.

[IpuMeHeHrne COBPEMEHHBIX TMOJIXOJ0B K MOJEIUPOBAHUIO PabOTHI
KOHCTPYKLMHU OTOP IMO3BOJIMIIO pa3paboTaTh ONTUMAIbHYIO MO METalNIOEMKOCTU
KOHCTPYKIUIO TIPU BBIMOJIHEHUH TPEOOBAHUI K JIOMYCKAEMbIM HAMPSKEHUSIM 110

HCﬁCTBYIOHIHM HOPMATUBHBIM JOKYMCHTAM.
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3akiloueHue

OcBoenne paiioHoB Kpaiinero CeBepa, UMEHONIMX KIMMAaTUYECKHE U
TEOJIOTUUECKHE OCOOCHHOCTH, TMPHUBOJAT K HEOOXOIUMOCTH M3YYCHHS W
HCCIICIOBAaHUSI KOMIUIEKCA MEPOIPUATHN 10 COOPYKEHHUIO  HepTermpoBOIHOU
CUCTEMBI B paCCMaTPUBAEMbIX YCIOBUSIX.

B pabote npoBeieHa OllEHKAa TEIJIOBBIX U MEXaHWYECKUX B3aUMOJICHUCTBUMN
HaJ[36MHOTO HePTEMPOBOAa U MHOTOJIETHEMEP3JIOr0 TPYHTA.

OrnpeneneHsl HArpy3Ku 151 BO3/ECHUCTBU, JEUCTBYIOIIME Ha
TpyOONpoBOAHYIO cucTeMy. [IpoBeieHO MOAETMpOBaHUE CUCTEMBI «HE(PTEIIPOBO-
ONOPBI-CBATHOE OCHOBAHWE-TPYHT» C JBYMS BHJAaMU OMNOp M PACCUUTAHO
HaIpsOKEHHO-Ie(POPMUPOBAHHOE  COCTOSIHME — ydacTka TpyOompoBoaa.  Jlis
BBITIOJTHEHUS Pa0OThl UCMOJIb30BaH METOJI KOHEUHBIX 3JIEMEHTOB (TIPOrpaMMHBIN
Komruieke Ansys).

[TomyueHHbI€ pe3yJbTaThl MO3BOJISIIOT CAETIATh CIASAYIOITNE BHIBOIBI:

— MaKCHUMaJIbHBIC HaNpPsSOKEHUS B MOJEIIX HaA3eMHOro HedTermpoBoaa

YAOBJIETBOPSIOT YCIOBUSIM IPOUYHOCTH;

— MOJCJIMPOBAHUE C TIOMOIILI0 ANSYS TMO3BOJSET HArJISIHO YBUIETH
pacupeneiaeHue  HampsKECHHUI BCEX  DJIEMEHTOB  KOHCTPYKIIUHU
OJHOBPEMEHHO;

[IpuMeHeHne COBPEMEHHBIX IOJXO0JIOB K MOJEIUPOBAHUIO PaOOTHI

KOHCTPYKIIMU He(TEnpoBOAa MO3BOJMWIO H30€XaTh H3JIMIIHETO KOHCEpPBATU3MAa

pu OLICHKE HaNPsHKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHUS CUCTEMBI.

UccnedosaHue Komnnekca Meponpusimuli o mexHos102uu CoOPYKEHUS
Hegbmenposodoe 8 ycrioeUsIX MHO20/IeMHEMEP3IbiX 2PyHIMOo8
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The calculation of the stress strain state of the pipeline

Pipeline systems are important for effective functioning of the industry and
as well as for providing the needs of the population with essential energy
resources: oil, natural gas, liquid petroleum, etc. An extensive network of
pipelines, both local and internationally are supporting vital functions and
economic development. Destruction of even small sections of the pipeline could
have cause serious consequences. Breakdown of pipelines is often accompanied by
explosions and fires. Total damages would result in costconcerned with a loss of
gas and petroleum products, high costs of the repair and breaking cutting the gas
supply. The last one may be particularly noticeable due to the fact that pipelines
are usually located at the areas remote from settlements, which increases the time
of the repair. Moreover, by increasing pipe diameter and operating pressure in case
of an accident it can lead to a significant environmental pollution caused as a result
from a spill of large volumes of oil or gas.

Considering life-time of the pipeline and the fact that more than 20% of the
pipes active service life will be expired shortly, the problem of investigating the
causes of failure of the transport systems is becoming increasingly important.

A failure of the bearing elements of piping systems occurs for a variety of
reasons. It depends on the design of the elements, features of their work and
loading, and physical-mechanical properties of the base material, etc. The main
pipeline remains in a complex stress state under high internal pressure, temperature
difference, uneven ground pressure, elastic distortions that result from the rugged
topography, soil impacts associated with changes in its structure-swelling,
drawdown, etc. These factors cause stresses from bending with stretching or
bending with compression in the pipeline.

One of the main criteria that determine the reliability of pipelines are the
parameters of ultimate deformation. The change in the stress-strain state (SSS) to
the level of metal plastic deformation leads to a change in geometry of the pipe and

weakens the overall strength of the construction. Problem of investigating the real



stress-strain state is that, a pipeline is under the influence of multiaxial stresses,
which change during operation time. Definition of all real values stresses for the
mathematical design is not always possible. Generally, for design of strength of the
material in these cases, used a simplified scheme, where the stresses are measured
in two planes of measurement.

Experimental and design works

The object of investigation of this article is the seamless hot pipe produced
by "INTERPIPE Nizhnedneprovsky TRUBOPRAKATNY PLANT.” Its certificate
is as follows: pipe Ne 443, smelting number 32416, diameter 219 mm, wall
thickness 6 mm, weight per meter ~33,51 kg, Steel 20. A certificate of pipe quality
corresponds to GOST 8732-78 and GOST 8731-74. The mechanical properties and
chemical composition are shown in Table 1 and Table 2, respectively.

Table 1 - Mechanical properties

o, MPa 00.2, MPa 3, % Flattening
Melt Ne 32416 475,78 323,73 32,0 satisfactory
480,69 328,64 33,0 satisfactory

Table 2 - Chemical composition

C,% | Mn % |Si,% S, % P, % Cr,% |[Ni,% |Cu %

Certificate 0,19 0,54 0,29 0,02 0,011 0,07 0,05 0,08

Measured 0,177 | 0,55 0,289 0,018 0,008 0,078 0,065 0,070

The first batch of samples consisted of four pieces cut in the circumferential
direction. Two of them were straightened on a press, and the other two were not
rectified with a working part. Only the place under the grips was aligned. The
second batch consisted of two samples cut in the axial direction. The surface of the
samples was not treated. The tests were conducted at the GS Pisarenko Institute for
Problems of Strength of NASU.

The deformations in tensile specimens were defined through readings of
movements recorded by a strain sensor. The sensor was mounted on the working

parts of the samples. The strain sensor base was 25 mm. To measure the residual




deformation of the samples, the base of length of approximately 40 mm was used.
The cross-section area of the samples was about 103 mm?>.

During the mechanical test of the specimen a tension curve o, & was
prepared, where ¢ — stress calculated as the quotient of force on the area of cross-
section sample in origin state, and € = Al/I0 regular longitudinal deformation of the
specimen, defined as base elongation divided by the length of the base stamped on
the working part. The maximum stress that was realized was called the temporary
resistance. Before this value is reached, the specimen deforms uniformly, after that
a neck is formed.

For application of the test results, not only in the case of a uniaxial stress
state, but also for the SSS, from standard curve of tension o, € get real curve of
tension o, , &. This assertion is valid only until the moment when neck starts to
form:

er=In(1+¢),o,=0c(1+5¢); (1)

During the formation of the neck, a multiaxial stress state develops, which
depends on the geometric shape of the specimen. The next curve is transformed
into the so-called real strain curve — o, & by applying formula:

g =¢&—((1—-2u)3E) o, Gi = Oy, (2)

In the elastic region, the Poisson’s ratio is about 0.3. Its further change is
defined by formula. However, the increase is observed only at the initial stage prior
to the yield strength e ,. It results from generation of new sources of dislocation
and an increase in their density. An example of calculation of Poisson’s ratio

through o, €.
H=3 =S ®3)

where p, E — coefficient and modulus of elasticity in the range.

Residual deformation after the destruction of the sample was measured on
two different bases including a neck. This makes possible to determine residual
deformation for any base length. Outside the neck, which takes a significant part of

the deformation, the sample is deformed unevenly, and the strain does not



correspond to the tensile strength. As it is known, for the values greater than o, the
force that stretches the sample begins to fall.

With the increasing base, the residual deformation will tend to become
uniform and in infinity they will be equal mutually. Very significant deformation
concentrates in the center of the neck, measurements in this place have not been
conducted.

The thin-walled cylindrical and spherical shells lose their ability to
sustainable uniform deformation, where their internal pressure does not increases
(dp = 0). When shell wall local thinning takes place, it results in the loss of
stability of the original form and initial equilibrium of construction.

Results and Discussion

Figure 4a shows the tension curve obtained from the experimental data and
adapted her for real stresses and strain in axial and ring samples. In the lower part
figure, there is shown the calculated change in Poisson’s ratio. It is worth noting
that its initial value is 0.3. Curves are obtained up to start forming neck. Figure 4b
present the tension curve and the calculated value of Poisson’s ratio up to 0.05%
strain. Points on the tensile diagram correspond to the maximum value (Fig. 4).
They present horizontal part on the real curves, respectively.

Elastic deformation (indicated by E in the figure) was obtained on the
assumption that the modulus of elasticity E = 2-105 MPa. For circumferential and
axial specimens, the proportional limit corresponds to the value of the order of 200
MPa.

Relations rate of strain from the level of deformation is shown in Fig. 5a.
Relations of the deformation time, from the level of deformation is shown in Fig.
5b. Tensile strain rate was defined as Ag/At and plotted as a function of €. Strain
rate, defined as Agi/At and built according to g corresponds to real values. The
curves are obtained up to strain values of 22%.

Extension rate of the working parts of the samples in the elastic region,

before the formation of neck occurred, was less than 210, 3-10, 7-10* s for the



circular sample and 2-10™, 6-10, 4.10™* s™ for the axial sample. In the initial part
of the plastic deformation for the axial sample, the yield plateau is observed.

Figure 6 shows the partial curves built for the circular and axial samples
with the strain of not greater than 5%. The number of measurements performed by
the strain sensor is about 12 measurements in the first 5 seconds of stretching and
12 measurements in the last 100 seconds. The total number of measurements for

the axial sample is 103 and 116 for the circular one.
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Fig. 6. Relations of strain rate (a) and time of plastic deformation (b) from
level of deformation in the interval deformation 0-5%

The graphs show that the pipe in both circular and axial directions indicates
peculiar anisotropy. If the curves obtained for the circular direction moves to the
right direction by 0.02, they approximately will be the same with the curves
obtained from the axial direction. In the circular direction, the pipe deformed up to
2%, which is associated with its production. It is known that after the
manufacturing process, an internal pressure test was not carried out.

Table 3 shows the mechanical properties obtained by testing tensile

specimens.



Table 3 - The mechanical properties obtained by testing tensile specimens

Ring samples
Axial samples (lIl)
Deformation working Without deformation
part (I) working part (1)
a b a b’ a b

o,, MPa 320 320
0o, MPa 320 327 315 308,5

473,21 475,5 479,34 474,76 462,39 466,67
6, % along base of - 38,99 35,96 41,04 - 44,79
extensometer
6, % along base of 26,76 33,35 33,77 33,13 40,97 37,73
6, % uniform 13,9 20,3 17,2 18,6 21,2 18,8
deformation
U, % relative 44,52 50,79 48,98 48,24 54,6 54,9
reduction

* — samples for constructing curves. Base of stress sensor — 25 mm. Base of sample

—41 mm.

Table 3 shows that for both directions "yield stress” o, and tensile strengths

oy are the same. Figure 7 shows the stress-strain curve of six samples.
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Fig. 7. The stress-strain curve of six samples. On the descending part of the

curve of samples la and Illa*, stress sensor was removed




Determination of the steady state during the deformation was carried out

according to the method of calculation for thin-walled cylindrical and spherical

shells loaded by internal pressure. For this purpose, the curve data oj, & for ring

samples was used.

Approximation of the actual strain curve of steel (Fig. 8) o, &, where 6; = ¢

(L+¢)&=1In(1+¢), from o, ¢, to start of neck formation o;,, €;, can be calculated

with the use of the following equation:

ci = oy (&iley)™;

where Oy, & = Gp,2, €02, M = 0,154253.
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Fig. 8. Phase stable deformation sample made from thin-walled cylindrical

and spherical shells that was loaded by internal pressure (a), scaled part curve (b).

Table 4 - Maximal values intensity of strain and stress stable deformation

o = 740.0249¢>

ol =87.17845 In g + 715.03

g ci, MPa g ci, MPa

Stretched 0,1542 554,6332 0,1574 553,8401
sample

Spherical shell 0,1028 521,0067 0,1111 523,4706

Cylindrical shell 0,0892 509,7262 0,0982 512,7107




For thin-walled, cylindrical and spherical shells loaded by internal pressure
with the initial radius equal to ry, under large plastic deformations, the expression
for the intensity of stress o; and logarithmic strain &; are actual for cylindrical shell:

_ V3 P, 2 (r) _
Gi—z S Si—ﬁln o) (5)
where: P — pressure; 1y and r — initiate and mean radius shell; s — original wall

thickness for spherical shell:

T g=2in (6)

i =77,
2s 1o

When the loss of stability of the initial equilibrium shape of shells occurs,
values r/rq for cylindrical and spherical shells can be obtained from the following

expressions:

=< oo [2(5 )] o »
:—0 = exp E Gm — B)] = exp(%); (8)

there: m = 0,154253.

The calculations show that for spherical shells relation r/rO is smaller than
for cylindrical ones. Next, the dependence between the pressure P and the mean
radius r for cylindrical and spherical shells is obtained.

It is worth pointing out that in the derivation of these calculations, relations
were used obtained in the condition of incompressibility of the material for p = 0.5.

For cylindrical shell formula: rySo = rs, and for spherical shell approximation:
ro’so = rs>. Thus it is possible to obtain pressure P*, when loss of stability of
equilibrium initial form shells occurs. Assuming that B=0 the following expression

Is obtained for cylindrical shells:

* 2 A SO To

A ( f) 504, 3225 9)
« 245 2m Ty

e ( W) 893,1103 22 o, (10)

Hence, P* = 28,413 MPa and P~ = 50,31607 MPa for cylindrical and

spherical shells, respectively. The spherical shell can withstand the pressure about



1,770911 times more than the cylindrical one. By using applying obtained results,
it is possible to develop a practical application method of calculation of the
mechanical properties of metal structures and criteria for their reliability. The
results of experimental studies can be used as screening criteria during the
examination of structures of cylindrical shape. After production of containers, as
well as during their operation, their load span pressure Ps, which exceeds the
working pressure Pw 1.5 times. If the container is built out of steel, where the ratio
of tensile strength to yield strength > 2, the pressure can be reduced to 1.5 times.

Where, R — allowable stress equal to 40% of tensile strength for this steel, s
— minimal (including minus tolerance) wall thickness of the pipe, mm and D —
nominal outside diameter of the pipe, mm. Dc = D — s; — calculated diameter of the
pipe, mm.

S 6
= = — =0,027; (11)
D 219

Taking into account the nominal outside diameter (219 mm), minimum
acceptable standard value of tensile strength (412 MPa) and nominal wall thickness

(6 mm) the following values are obtained:
2SR

P, = — = 9,285 MPa; (12)
Dp
P
P, = —==6,19 MPa; (13)
1,5

Taking into consideration the average value of tensile strength obtained in
the samples cut in the circumferential direction (475,7 MPa), the values of 10,72

and 7,147 MPa, are obtained for P, and P, respectively.

Conclusions
The article presents the stress-strain curve of the samples before the start of
necking. The identical samples were cut in the circular direction. The curves
tension samples cut in the axial direction are characterized with a yield plateau.
The diagrams show that the pipe in both the circumferential and axial directions

indicates peculiar anisotropy. If the curve obtained for the circular samples moves



to the right direction by 0,02, they approximately will be the same with the curves
obtained from the axial direction. In the circular direction, the pipe deformed up to
2%, which is associated with its production.

Determination of the steady state during the deformation was carried out
according to the method of calculation for thin-walled cylindrical and spherical
shells, that was loaded by internal pressure.

Hence, P'= 28,413 MPa and P "= 50,31607 MPa for cylindrical and spherical
shells, respectively. The spherical shell can withstand the pressure about 1,770911
times more than the cylindrical one.

The results of experimental studies can be used as screening criteria during
the examination of structures of cylindrical shape.

Taking into account the nominal outside diameter (219 mm), minimum
acceptable standard value of tensile strength (412 MPa) and nominal wall thickness
(6 mm) the following values are obtained:

P, = 9,285 MlIlIa, P, = 6,19 MIlIa;

Taking into consideration the average value of tensile strength obtained in
the samples cut in the circumferential direction (475,7 MPa), the values 10,72 and
7,147 MPa are obtained for P; and P, respectively.

The effect of strengthening is achieved by sharing the hoop stress in
the pipe wall by a composite wrap. The rigidity in the hoop direction of the
applied composite wrap allows controlling the amount of yielding in the steel
pipe, making possible the safe operation under
the maximum allowable operating pressure.

The characteristic feature of composite repair systems is their localized length. For
example, the axial length of repair according to [2] is calculated as defect LDt +4
where D is the external pipe diameter, t is the wall thickness.  Currently, the
potential of composite wraps for a regular reinforcement of relatively long pipe
segments is not explored and brought into action. It is known that pipelines laid in
seismic areas are subjected to the -earthquake-induced permanent ground

deformations including active faults, landslides, lateral spreads. These effects can



result in substantial damage to the pipeline. It is believed that the application of
composite wrapping to the pipeline can be considered as a strengthening
measure for trunk pipelines crossing active tectonic faults or laid in other harsh
environmental conditions. Also, a composite wrapping can be used as a safety
measure for trunk pipelines running in vicinity of important structures,
undercrossing railroads, highways, or other lifelines. To perform strengthening
efficiently, mathematical models allowing estimation of sufficient wrap
thickness based on stress-strain analysis are needed. Meanwhile, most of the
published papers on composite sleeves and wraps for steel pipes are focused on
technological aspects, materials and repair procedures [1, 3 - 8]. Stress analysis is
addressed only in a few publications, while strain analysis is completely
lacking. According to the available publications, currently, analytical stress

analysis of composite wraps is limited to uniaxial linear-elastic case.

In paper, hoop stress in a strengthened pipe is calculated using the
Barlow’s formula, which is modified using hoop strain compatibility condition.
Other parameters of the stress-strain state are not considered. In paper, the effect
of fiber reinforced composite (FRP) reinforcement on the steel pipe is taken into
account by modifying the pipe wall thickness in proportion of the ratio of the FRP
and steel elastic moduli. This modified wall thickness is then substituted into the
conventional expression to calculate the hoop stress. Not numerous publications
featuring finite-element studies of the composite repairing systems can also be
found. In paper, the repair of corroded steel pipelines with fiber reinforced
composite sleeve is modeled using a three-dimensional finite element model. The
composite was modeled as an orthotropic material. The comparison to the test
results showed a substantially higher stiffness of the finite-element model. In
paper, a pipe repaired with a composite patch under cyclic internal pressure is
considered. A three-dimensional finite element analysis is performed to study the

crack growth behavior of repaired pipe.



In the present paper, a new analytical model for the stress-strain analysis

of a steel pipeline strengthened with a composite wrap is developed and tested
against the full-scale test results and a numerical finite-element model. The model
takes into account two-dimensional stress state and plastic strains in the pipe wall,
allows calculating stresses and strains in the pipe wall and in the wrap.
According to the performed literature analysis, application of composite
repairing systems for steel pipelines is a common engineering practice.
Nevertheless, an efficient engineering model for the stress and strain analysis
of the steel pipe strengthened with composite sleeve or wrap is missing.

The composite wrap considered in the paper consists of several layers of a
reinforcing material and a polymeric epoxy matrix. The reinforcing layers are
applied consecutively on the preliminary prepared pipe surface by wrapping.
Polymeric epoxy resin provides the bond between the layers of the reinforcing
material and between the pipe and the composite wrap.

The paper is organized as follows. First, a general model for the stress-strain
analysis of a steel pipe with a composite wrap subjected to the action of the
internal pressure and temperature is developed. A special case of the model,
considering a pipe with end plugs (pressure vessel) under the action of internal
pressure is analyzed in comparison to the test results. A more general case of
a buried pipeline under combined action of the internal pressure and
temperature variation is considered and compared to a more rigorous finite-
element model. Finally, the influence of the pressure level and the wrap thickness
on the stress-strain state of the pipe is studied.

General stress-strain analysis model
Consider a steel pipe with the outer diameter Ds and the wall thickness t;,
strengthened by a composite wrap of thicknesst,. The internal pressure and
positive temperature variation AT (a difference Dbetween the operational
temperature and the temperature of pipelay) are applied as operational loads.

Taking into account that the wall thickness to diameter ratio for a trunk pipe

In most cases does not exceed 0.025, the pipe can be considered as a thin-walled



shell structure. The radial stresses are neglected, and the stress-state in the steel
pipe is regarded as plane stress state. The essential components of the stress tensor
are the longitudinal (axial) stress slc and the hoop stress ois. The stress state in the
wrap is also considered as plane with essential stress components cy,, and the hoop
stress ooy,

The stress state in the wrap is also considered as plane with essential stress
components oy, and o,

Total strains in the pipe are decomposed into the elastoplastic strains £®,
e .and thermal strains:

€15 = €015+ AT, &35 = P+ aAT; (14)
where osis the thermal expansion coefficient of steel.

Accordingly, total strains in the wrap are decomposed into the elastic strains:
1w, €2w and thermal strains:

S = € 1wt AT, &y = €ow T anAT; (15)
where a,, IS the thermal expansion coefficient of the composite wrap, taken here
identical in axial and hoop directions for simplicity. Its value is calculated as
weighted average of the thermal expansion coefficients of the reinforcing material
(glass fiber) and polymeric epoxy matrix. The hoop strain is considered constant
along the thickness of the pipe and the wrap. The relative error of this hypothesis
is of order of the wall thickness to diameter ratio t /D, which can be proven exactly
at least in the elastic range considering the pipe (or wrap) as a thick cylinder under
the action of internal pressure and using the Lame equations.

The strain compatibility conditions in axial and hoop directions can be

written as:

€15s= €1w, €25 = Eaw; (16)

Consider the equilibrium of a half-cylinder of a unit length cut from the
wrapped pipe.The equilibrium equation in the hoop direction takes the form:
Oasts + oontyy = pDif2. a7)
Here D; = Ds — 2t; is the inner diameter of pipe.



Next, consider the constitutive relations for the pipe steel and the wrap material.
The monotonically increasing internal pressure results in simple (proportional)
active pipe loading. In these conditions the elastoplastic deformations can be
considered within the theory of small elastoplastic deformations which is based on
the three hypotheses:

— the volumetric deformations are elastic;

— the stress deviator is proportional to the strain deviator;

— the dependence between the stress and strain deviators is universal and

independent on the stress state.

According to the theory, the relation between the stresses and the strains in
longitudinal and hoop directions can be written as:

G1s — Om = 26i/3¢) (e¥15- €™); (18)
G2 — Om= 26i/3g (%25 - €P1); (29)
where: o, is the mean stress, £, is the mean elastoplastic normal strain, c; is the

normal stress intensity, €; is the normal strain intensity.

Comparison to the finite element results for the case of a buried pipe
under pressure and temperature loading

In this section, a stress-strain state of a buried steel pipe strengthened with a

composite wrap is analyzed. The results of the analytical model are compared to

the finite-element results. The action of internal pressure and positive temperature

variation AT are considered. The pipe is considered clamped in soil, which results

in a plane strain state in the pipe and composite wrap. Thus, the additional
equation, closing the system, is:

g1=0 (20)

Note that imposition of the condition o, would lead to an inconsistent statement

of the problem. Hence, in this case it is necessary to consider axial stresses in the

composite wrap. For a given pressure level, equations and form a closed

system of equations, which can be reduced to an implicit nonlinear equation with



respect to the unknown variable £*,;. The details on derivation of the function are
given in Appendix A. The solution can be found using conventional numerical
solution methods for nonlinear equations.

The finite-element model corresponds to a plane strain problem stated for
the two-layered pipe cross-section surrounded with soil media as shown. The
geometrical parameters of the solution domain are: the pipe burial depth (the soil
cover above the pipe): 1 m, the width of the modeled soil domain on either side of
the pipe: 2 m, the depth of the modeled soil domain (below the pipe): 2 m. The
geometrical parameters of the wrapped pipe correspond.

The solution domain is meshed in ANSYS 12.0 software with plane 182
element. This is a 4-node element having plasticity, large deflection, and large
strains capabilities. The load options include pressure on element faces, body and
temperature loads.

The mechanical properties of the internal layer corresponding to the
pipe wall are modeled within the bilinear isotropic hardening plastic flow theory
with the von Mises Yield criterion. The numerical values of the material
parameters are identical to the ones taken.

The mechanical properties of outer layer, representing the composite
wrap, are specified as linear elastic and isotropic. The latter assumption
disregards the difference in mechanical properties of the wrap for in-plane (hoop)
and out-of-plane (radial) directions of loading. But radial component of stress-
strain state is substantially smaller than the in-plane (axial and hoop) components
of the stress-strain state. Thus, it does not substantially affect the stress state of the
wrap.

The soil is considered as elastic-perfectly plastic von Mises material with
material parameters corresponding to clay (elastic modulus 25MPa, Poisson ratio
45.0, Yield stress 50kPa). Still, taking into account that the soil deformations for
pipe pressure loading are rather small and do not exceed the elastic range, it is
clear that the plastic parameters of the soil model do not substantially affect the

results.



The relation between the hoop stress and the wrap thickness is depicted, a
for the steel pipe for the composite wrap. The results are given in non-dimensional
form. The stress in the steel pipe is related to the ultimate stress, o, and the stress
in the composite wrap is related to the limit hoop stress, oo, COrresponding
to the condition g, = g,,. The analytical results are given with the bold lines, the
finite element results are given with symbols connected with a thin line. Curves
correspond to the pressure levels p = 13, 15, and 17 MPa.

It can be noted that the correspondence of the analytical and the finite-
element results is better for the composite wrap. The curves representing the finite-
element results for the pipe wall hoop stress go higher than the analytical
curves. Still, the disagreement of the results does not exceed 3.5%.

It should be stressed that, in contrast to the analytical model, in the finite-
element solution no assumption of constant hoop strains through the thickness is
used. The pipe and the wrap materials are modeled with a number of finite
elements through the thickness with no special assumption on the strain
distribution. As can be seen from , the analytical and the finite-element results are
rather close which support the adopted assumption. On the other hand, as stated in
Section 2, the relative error from the constant hoop strain assumption

has the order of thickness to diameter ratio. Thus, given the pipe diameter 720
mm and varying the wrap thickness from 5 mm to 25 mm, the error varies from
0.7% to 3.4% which generally reflects the obtained results.

A new analytical model for stress-strain analysis of a wrapped pipe under the
action of internal pressure and temperature is developed. The model is based
on the plane stress assumption and takes into account a combined reaction of the
pipe and the composite wrap, and plastic deformations of pipe material.

The analytical model is verified against test results obtained for a pipe
with a composite wrap under the internal pressure loading. A good agreement
between the analytical and the test result is established.

The case of a buried steel pipeline under the action of internal

pressure and temperature is analyzed in comparison to a more rigorous finite-



element model. The results plotted in the form of stress- and strain-pressure curves
show a good correspondence.

The influence of the pressure and the wrap thickness on the stress-
strain state is studied. It is shown that the use of composite wrapping
represents an effective tool for strengthening of steel pipelines subjected to
operational loads. Thus, composite wrappings can be used not only for repair
purposes, but also as a regular strengthening measure applied
to trunk pipelines undercrossing railroads, highways, or running in vicinity
of important structures. In this case, the developed analytical model can be used
for the evaluation of the required wrap thickness for a given pipeline geometry and
operational loads.

The assessment of the value of strengthening ratio for the wrapped pipeline
subjected to soil deformations (e.g. at active fault crossing) can be achieved by
incorporating of the developed model into the appropriate analytical model of
pipeline under soil action (e.g. given in). This task can be considered as a topic for
further research.
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