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HAIIPA KEHHO-AE®OPMHUPOBAHHOE COCTOSAHUME
PEMOHTHUPYEMOI'O YYACTKA TPYBOIIPOBOJA

HHUKOJIAEB B. B.
YMI" «Hepraccoimpancaaz»

E-mail: nikolaev-vv@utg.ua

Hanexnocts Gecriepe6oiiHOI dKCIITyaTallul MaruCTPalbHBIX TPYOOIPOBOIOB SIBIACTCS
aKTyalpHOW mpoOieMol Ha 3Tame MX SKCIUlyaTalMu. PemieHue 3Toi 3amaum 3aKiIroyaeTcs
B pa3zpaborke 3(Q(EKTUBHOH CHUCTEMbI NMpPENyNPEeXICHHUS HOJOMOK M aBapuil MarkcTpaib-
HBIX TPYOOIPOBOAOB KaK IPU HPOEKTHPOBAHMH M DKCIUTyaTallMH, TaK M IPHU BHIOOPOUHOM
peMoHTe. [3MeHeHne NpsMOIMHEHHOr0, He HarpyKEHHOTO M3THOAoIIMMU MOMEHTAMHU pac-
MOJIOXKEHUSI TPUBOMUT K M3MEHEHMIO HaNpsHKEHHO-Ie(hOPMHUPOBAHHOIO COCTOSHHUS TPYOO-
nposoza. IIpu 3ToM HyXKHO ONpeNenuTh U KOHTPOJIMPOBATh HANPSKEHHO-AehOpMUPOBAaHHOE
COCTOSIHUE B IIPOIIECCE MTPOBEAEHHST PEMOHTHEIX PaldoT.

ITpuBeneHa MateMaTHyeckas Mozielb eh)OPMUPOBAHUS y4acTKa TPYOOIPOBO/A B BS3KO-
YIPYyroi MOCTAHOBKE C y4EeTOM MOJ3y4eCTH 'PYHTOB M MOMEHTAJIBHOTO HAMPSKEHHOTO CO-
CTOSIHHS TPYOOIPOBOJA C LIENIbIO OLIEHKH HAIPSIKEHHI U HECYIel CHOCOOHOCTU PEMOHTHOTO
y4dacTka TpyOoIpoBoJa B 3aBHUCHMOCTH OT BpeMeHM. Pacuer HamnpspkeHHO-IehOpMHUpPOBaH-
HOTO COCTOSIHUS TPYyOONPOBOJA BKIIIOUAET ONPEACNICHHE OCEBBIX (IIPOJOJIBHBIX) U OKPYHKHBIX
(KOJIbLIEBBIX) HAIPSDKEHMIT C yHETOM OCEHECUMMETPUYHOTO J1e(OPMUPOBAHUS U BBIOJIHEH HA
OCHOBE I10Ty0e3MOMEHTHOH Teopuu obonodek. [l 0O0OCHOBaHMS JOCTOBEPHOCTU JAHHBIX
BBIMIOJIHEHO CPaBHEHME PE3YNbTATOB pacueTa ¢ pe3yabTaTaMi PelICHUH aHaIUTHIeCKUMHU Me-
TOJAAaMU JUIA PAa3jIMYHBIX CilydaeB (nedopmanus UIMHHOMEPHOTO ydyacTka TpyOomnpoBona
TOJIBKO TIO/ BIMSTHHEM IONIEPEYHOTO NEeHCTBUS; AedopMarys TIMHHOMEPHOTO yJacTKa IO
BJIMSTHAEM MPOJOIBFHOTO HANPSHKEHHS; AeopManusl JUIMHHOMEPHOTO yJ9acTKa TPyOOIpoBoa,
KOTOPBI JIEXUT Ha YIPYroM OCHOBAHHUM, MOJ BIMSHHEM IonepedHoro aeifctus). Pesynbra-
Thl CPABHEHUsI TOKA3aJIM, YTO MOTPENIHOCTh PACYETOB HE NMpeBbIacT 3 %.

C ncrnonp30BaHUEM pa3pabOTaHHON MOJIENH BHINONHEH aHATHW3 W3MEHEHUs HAPSDKEHHO-
ne(hOpMHUPOBAHHOTO COCTOSIHUS yIacTKa TPyOONMpPOBOa, KOTOPHIH IOKa3an yBeTHIEHUE IIPo-
ruba mpoJjeTa 1Mo CPaBHEHUIO C PElleHHeM 3a1aud B yImpyroil mocranoke. Pacueramu Takxke
MOKA3aHO, YTO AJISI KOPPEKTHOH OIEHKH YCIOBHUH KCIUIyaTaluy TPyOOIpOBOaa HEOOXOIMMO
YUYHUTHIBATh H3MEHEHHE OPE0JIa PEOIOTHIECKHX MIPOoneccoB MouB. Ha 0CHOBaHNH KOMIIIIEKCHO-
ro pacuera TpyOOIpOBOJa ONPEIENIEHbl HAPSDKEHHUS U 3aBUCUMOCTD Iporuba tpyoonposozaa
OT BPEMEHHU JUIA ABYX I10YB € pa3sIUYHbIMU PEOJIOr'HYECKUMU CBOICTBaMHU.

KniodeBble c10Ba: HaNpsbKEHHO-Ie()OPMHUPOBAHHOE COCTOSIHUE, YJacTOK TPyOOIpOBO-
Jla, MaTeMaTHYeCKast MOAENb 1e(GOpPMHUPOBAHUS.

Wn. 6. Tabn. 2. bubmuorp.: 10 Ha3s.

STRESS AND STRAIN STATE
OF REPAIRING SECTION OF PIPELINE

NIKOLAEV V. V.
GPM *“Cherkassitransgaz”™

Reliability of continuous operation of pipelines is an actual problem. For this reason
should be developed an effective warning system of the main pipelines® failures and accidents
not only in design and operation but also in selected repair. Changing of linear, unloaded by
bending position leads to the change of stress and strain state of pipelines. And besides this,
the stress and strain state should be determined and controlled in the process of carrying out
the repair works.

The article presents mathematical model of pipeline’s section straining in viscoelastic
setting taking into account soils creep and high-speed stress state of pipeline with the purpose
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of stresses evaluation and load-supporting capacity of repairing section of pipeline, depending
on time. Stress and strain state analysis of pipeline includes longitudinal and circular stresses
calculation with account of axis-asymmetrical straining and was fulfilled on the base of
momentless theory of shells. To prove the consistency of data there were compared the calcu-
lation results and the solution results by analytical methods for different cases (long pipeline’s
section strain only under influence of cross-axis action; long pipeline’s section strain under in-
fluence of longitudinal stress; long pipeline’s section strain; which is on the elastic foundation,
under influence of cross-axis action). Comparison results shows that the calculation error is
not more than 3 %.

Analysis of stress-strain state change of pipeline’s section was carried out with develop-
ment of this model, which indicates the enlargement of span deflection in comparison
with problem’s solution in elastic approach. It is also proved, that for consistent assessment
of pipeline maintenance conditions, it is necessary to consider the areolas of rheological pro-
cesses of soils. On the base of complex analysis of pipelines there were determined stresses
and time-deflection relation for two types of soils with different rheological properties.

Keywords: stress and strain state, pipeline’s section, mathematical model.of deformation.
Fig. 6. Tab. 2. Ref.: 10 titles.

Beenenne. Ha Ykpaune pynkunonupyer 6onee 40 ThIC. KM MarucTpaibHBIX
TpyOOTIIPOBOIOB, peIHA3HAUCHHBIX I TPaHCIIOPTUPOBKH HEPTH U ra3a. MHO-
rie U3 HUX OoTpaboTany 4eTBepTh Beka W Oonee. llox BmusHMEM BHyTpeHHeEH
Harpy3KH OT TPaHCIIOPTUPYEMBIX MO0 HUM MPOAYKTOB, BHEIIHEH CpeIbl U PEXU-
Ma JKCIUTyaTal MOCTEIEHHO CHUKAETCS HECYIIast CIIOCOOHOCTh TPYOOIPOBO-
JI0B, YTO HEW30EKHO NMPUBOAHUT K MX HM3HOCY U TpeOyeT peMOHTa Ae(eKTHBIX
YYacTKOB, KOTOpbIE TMOSBISIOTCS B NPOLECCEe MIMTEIBHOW SKCIUTyaTalWy,
K 3aMEHEe 3THUX YYaCTKOB TPyOOITPOBOJIOB HOBBIMHU. B OT/IENBHBIX Ciydasx MpH-
XOAMTCSl CHWXKATh pabouee JaBleHHE, KOTOPOE 3HAUMUTENBHO OTIMYAETCS OT
MPOEKTHOTO, YTO, B CBOKO OYEpE/b, IPUBOJIUT K COKPAIICHUIO 00HEMOB TpPaHC-
MOPTUPOBKM HE(TH HIIH rasa.

Hewmansrit Bo3pact TpyOOnpoOBOIOB OOBEKTUBHO CBSI3aH C YBEIMYCHUEM PHC-
Ka aBapuil U OTKa30B MPHU JKCIUIyaTallMd B CIydae OTCYTCTBHUS 3P HEKTHBHOI
CHCTEMBI HX MpeaynpexeHus. [1oBbllieHrue Hale)KHOCTH TPYOOIIPOBOIOB [UTH-
TEJIbHON 3KCILTyaTalluy ABISCTCS aKTyaJbHOU MpoOJIeMOl Ha 3Tale UX dKCILTY-
atanuu. PemeHne 3TOW 3amaym 3akioyaeTcs B pa3paboTke 3¢¢heKTHBHOM
CHCTEMBI TPENYyTPEKAEHUs] 0TKA30B MarkuCTPaJIbHBIX TPYOOTPOBOJOB KaK IMPH
MPOEKTUPOBAHWK W JIKCIUTyaTallid, TaK W MPU BBIOOPOYHOM peMoHTe. PemoH-
ThI C OCTAHOBKOW TPaHCIOPTUPOBAHHA Ta3a WM HE(TH, C BBIITYCKOM Taza U3
yJacTka B aTMOchepy WM yaaneHrneM HeTH U OYHCTKOU TpyOOompoBoa, MojI-
JIieKaero peMoOHTYy, BBIPC3aHHMEM W BBapUBAHUCM TEXHOJIOTHYECKON KaTyuI-
KU TIPUBOAST K 3HAYUTENBHBIM MOTEPSM Ta3a Wik HE()TH U K HEBBHITIOTHEHUIO
IUTaHa TPAHCIIOPTUPOBKH, pacXoiaM Ha TPOBECHNE OTHEBBIX padoT u T. 1. [1, 2].
[TosTOMY aKTyanbHBIMH SIBJISIIOTCS METOJBI PEMOHTa 0€3 MpeKpalleHHs TpaHc-
HOpTa MPOTYKTA.

CTaTUCTHYECKUN aHaJIn3 aBapI/II\/'I TMokKasaljl, 4TO OJJHa M3 MNPHUYNH CHUKCHUA
HAJE)KHOCTH CTATBHBIX TPYOOTPOBOJIOB — MEXaHHYECKHE TIOBPEXKICHUSI M KOP-
po3us meraiuia TpyO [3]. Bombiias wacte medekToB nmaieka apyr oT Apyra,
MTO3TOMY JIJISl X YCTPaHEHUs TpeOyeTcsl BRIOOPOYHBIN PEMOHT.

B TexHonormueckuii MUKJI PEMOHTA JIMHEHHOW YaCTH MarucCTPabHOTO TPY-
00mpoBO/Ia BKJIIOYAETCSl CO3JaHWE PEMOHTHOTO KOTIOBaHa. llpu mpoBeneHMm
3eMJISIHBIX Pa0oT MO PacKoIKe TPyOONpPOBOAa HAa OTKPHITOM Y4acTKe TpyOompo-
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BOJ MEHSET CBO€ NPOEKTHOE MOJNOKeHHe. M3MeHeHue MpsIMOIMHEHHOTO, HE
Harpy’>KeHHOTO H3THOAIOIMMH MOMEHTaMH PACHOJIOKEHHS MPUBOIUT K U3Me-
HEHHUIO HampsbkeHHO-IehopmupoBanHoro cocrosuus (HJC) tpyOGomporona.
3TO CBS3aHO C TeM, UTO NPU BBIEMKE TPyHTA OH MpoBUcaeT. VI3MeHeHue Temiie-
paTypHOTO TOJIsI, B CBOIO OYepelb, MPUBOANT K TOSBICHUIO JOMOTHUTEIBHBIX
OCEBBIX YCHIIHMH, TeHCTBYIOMUX Ha TpybompoBos [4—7]. Kpome Toro, m3meHseT-
Csl IOJATIMBOCTH OCHOBBI ITOYBHI HA KpasX KOTJIOBaHA.

CHulI 2.05.06-85 [8] He maeT mpsAMBIX yKa3aHUM WM METOAMYECKUX PEKO-
MEHJAIMK 10 ONpENENICHNIO HaIpsDKeHWH B HamOoliee HarpyKeHHOM cede-
HUM TpyOONpOBOJia ¢ YYeTOM M3MEHEHHs] BO BPEMEHH HeCyIleH crocoOHOCTH
TpyHTa Ha peMOHTHOM YyuacTke. [Ipu 3TOoM Tpebyercsi paspaboTka MaTeMa-
THYECKUX Mojzeieli u MetonoB pacuera HJIC peMOHTHOro ydacTka TpyOOIpo-
BOJ/Ia, YYUTHIBAIONIAS BIHUAHUE PEOJIOTUIECKHUX MPOIIECCOB MOYB. DTO TO3BOIHT
B OonpiieM oObeMe OTOOpakaTh JACHCTBUTENBHBIC YCIOBHS paOOThl U pelaTh
npoOJaeMbl MPOrHO3UPOBAHUSI KOHCTPYKTUBHOW HalEeKHOCTH TPYOOIPOBOAHOM
CUCTEMBI YXKe Ha CTaJIMU MPOCKTHPOBAHUSI.

MartemaTuyeckasi Moaeab 1eopMUpPOBaHMS yYacTKa TPyOOnpoBoaa Ha
BSI3KOYIIPYTOil OCHOBE C Y4YETOM IIOJI3YYeCTH TPYHTOB W MOMEHTaIbHOTO
HaAIPSHKEHHOTO COCTOSIHUSA TPyOOTpPOBOa HAa TPAHHUIAX PEMOHTHOTO KOTIOBaHA
MPUBOJUTCS aBTOPOM. YPaBHEHHE MPOJOIBHO-TIONEPEYHOTO M3ruda JITMHHO-
MepHOTo y4actka Tpybomposoma (L/1 > 3) Ha BI3KOYNpyroi OCHOBE MOIYyYCHO
C yYETOM Pa3BUTHS TEOPHH MPOAOIHHO-TIONEPEYHOTO U3rNba Oallku Ha yIpyroM
OCHOBaHUH

4 2
d \iv— N(x)d \;v+a(x, Hw=q(x), (1)
dx dx

El(x)

rae W — mporub tpybomposoza; EI(X) — skectkocts TpyGormpoBoga Ha M3THO;
N (X) — cxxuMaroree mpoIoIbHOE YCHITHE OT BHYTPEHHETo naBieHus; ((X) — uH-
TCHCHUBHOCTb BHEIIHET0 HAMpsDKeHWs; oX, )W — peakuus MouBbl B CEYCHHU X
TPyOOIIPOBO/Ia B IEPUOJ BPEMEHH t.

[Tpu sToM Ha rpaHMIax y4yacTka TpybomnpoBona miuHOu L (puc. 1) Hamoxe-
HBl TPaHUYHbBIC YCIOBHUS B BHJC MEpeMelIeHHd O, O, U YIJIOB MMOBOPOTA ceye-
HHH (@1, Q2 B 3aBUCUMOCTH OT IPOQHIS TPACCHL.

VYer mON3y4ecTH TPYHTOB Ha TPAHUIIAX PEMOHTHOrO KOTJIOBaHA JUIU-
HoH |; (pme. 1) mpencraBnen teopueii JI. Bonbimana [9] u umeer Bun uHTe-
rpaJbHOro ypaBHeHHs1 Bonbrepa 2-ro pona

o),

() =2 é!K(t—T)G(T)dT. )

rp

U3 ypaBrenwus (1) momyuunu BeIpakeHUe U1 MOAYNA AeopMauy rpyHTa

o(t) _ ErpO
e 1+ i
o(t)

E, (0= ) @)

I K(t-1)o(t)dt
0

rae E. — Momyns nedopmarnuu rpynTa B MoMeHT Bpemeru t = 0; o(t) — xoH-
TaKTHOE HaIpsLKEHHE.
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Puc. 1. Cxema IJIMHHOMEPHOT'O Y4acTKa TpyOOIpoBoaa Ha BA3KOYIIPYTOM OCHOBAHHH:
0.p(X) — cobcTBEHHEIH Bec TPy6ONPOBOAa; ;p(X) — TO K€ TPyHTa;
N(X) — mpomosbHas cxxumMaromas cuia; o(X, t)W — peakius OCHOBBI TOYBHI;
L — nmHa peMOHTHOTO y4acTKa TpyOonpoBoaa; | — To jke peMOHTHOTO KOTJIOBAHa,
I} — TO e yyacTka ydera noj3y4ecTd rpyHTa; Oy, Oy B @1, (o — CMELICHUS
U yrJIbl HOBOPOTA CEYCHHI Ha TPaHULAX JJIMHHOMEPHOI'O y4acTka TpyOornpoBo/a

JloCTaToOYyHO yOOBIETBOPUTEIHHBIM M HEOOXOIUMBIM YCIOBHEM SIBISIETCS
cnabocuHrynspHoe sapo A. P. Pxxanunpna [8, 10]:

K(t-1)=Ae Pt —1)"; 4

j K(t—ydr=A((Be) " " T(y+h=7v(Be-1)) ' e “I'(v.p(t-1))/7. (5)

rae A, v, B — mapaMmeTpsl sapa Mmoi3y4ecTd, KOTOPBIE OMPEACISIOTCS METOIOM
HAJIOXCHHS SKCIIEPHUMEHTAIEHON U TEOPETHYCCKOM KPUBBIX MOJI3YYECTH.

Uucnosoe pemierne (3), (5) BO3BMOKHO TONBKO B CIydae, €ClIi M3BECTEH 3a-
KOH M3MCHEHUSI KOHTAKTHBIX HampspkeHu# o(f) mo moBepXHOCTH KOHCTPYKIUH
B 30HE KOHTAaKTa € IpyHTOM. B3ammojeiicTBie TpyOONpOBOIa ¢ TPYHTOM OIIHU-
CBIBA€TCSl 3aBUCHMOCTBIO CONPOTHUBIIEHHS I'PYHTA (, OT IONEPEYHOIO CMeIle-
HUs TPyObI W B MOMEHT BpeMeHH {

qnp
de(t)’

g, =—dc(t)w npu |W|S

- (6)
rae C(t) — ko PUIHEeHT HOPMATBHOTO COMPOTUBIICHHUS TPpyHTa; 0 — HAPYKHBIH
JaMeTp TPYOBI.

CooTtHomenue (6) CHpaBeIIMBO IO TOTO BPEMEHHU, TOKa COIPOTHBIICHHE
TpyHTa MEHBIIIE €T0 HECYIIEH CTIOCOOHOCTH

ql‘[p
; =R d, 7
dC(t) qnp P ( )

Q, =0, mpH |W|>

rac Rrp — YCJIOBHaA HECyIas CIIOCOOHOCTH TpYyHTA.
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BenmuunHa XKECTKOCTH TPYHTa Of 3aBUCUT OT KOA(PQHUIMEHTAa HOPMAILHOTO
CONPOTHBIICHUSI TPyHTA C W UIIMPHUHBI COMPOTHBIISIONIEHCS TMOBEPXHOCTH
(mapy:kHOTO qHaMeTpa TpyOompoBoda d) B MOMEHT BpeMeHH t paccMaTpruBaeMo-
r'o CeYeHHUs TPpyOOompoBoaa X

a(t) = c(t)d. (8)

3aBUCHMOCTh K03(1)(1)I/II_[I/ICHT3 HOPMAJIBHOI'O COIIPOTUBJICHUA I'PYHTA OT €TI0
(1)I/I3I/IKO-MeXaHI/I‘-IeCKI/IX CBOICTB U BPCMCHHU 3aIllUCBIBACTCA B BUC

B 012E,, (t)n
c(t)——(l_(vrp)z) o (9)

raie E.(t) — Momyms nedopmanmu TrpyHTa HepaspyLIarouleil  CTPyKTYpHI;
N — KO3 PUIMEHT CHIDKEHUSI MOy Ae(OpPMAIMU TPYHTA 3aChIIKH B CpaBHE-
HMM C II0YBOW HEpas3pyllaroIlel CTPYyKTypsl; Vi, — Koadduuuent Ilyaccona
rpynra; lo — exuanunas mmna Tpybonposoaa (lp = 1 m); d — HapyXkHbIH qHa-
METp TPYOBL.

B 3aBucuMoOcTH OT Harpy3ok, BO3ACHCTBHH M OTHOCHTEIILHOW KECTKOCTU
TpyOOIpoBO/ia Ha BCel TTyOMHE yJacTka Mo4Ba pabOTaeT TOJIBKO B CTaJUH, KO-
TOpas XapaKkTepu3yeTcsl ycaoBueM (6).

Pacuer Oanku Ha BA3KOYNPYroil OCHOBE OIIPEIENsieT TOJIbKO IIPOAOJIbHBIE
HanpsbkeHus. Ha camom niene, npu AeiiCTBUM BHYTPEHHETO JaBJICHHS B TpyOe
BO3HUKAIOT KaK OceBble (TPOMIOJIbHBIE), TaK M OKPYKHBIE (KOJbIIEBHIE) HArps-
xenus. [lostomy pacuer HJIC mpu u3rudOe oceCUMMETPUYHOW IMIMHIpUYE-
CKOM 0005I0uKM BeAeTcsl o Oe3MOMEHTHON Teopuu. s KOHTpoJsl oceHecuM-
METPUYHOTO Ae(HOPMUPOBAHUS ' TPYOONPOBOAA HAa KpasX PEMOHTHOI'O KOTJIO-
BaHa (puc. 1) npuMeHsIH 1M0Jy0e3MOMEHTHYIO TEOPHIO 000JI0UeK, KOTOpasi 1M03-
BOJIMJIA OTIPENIEIUTD JIOTIOIHUTENHHO BO3HUKAIOIINE KOJIBIEBBIE HAMIPSDKEHUS OT
JNeUcTBUS TpyHTa. V3MEeHeHHEe peakUuH MOYBHl BO BPEMEHU COOTBETCTBOBAJIO
o(X, t)w muddepeHraTbHOrO ypaBHEHHs OAKU Ha BsI3KOYIpyroi ocHose (1).

Huddepenimansiple ypaBHEHHS paBHOBECHsS TOHKOCTEHHOH LMJIMHAPH-
YEeCKOM OOOJIOUKM 3alMIIeM B CMEUICHUSAX B IMIMHIPUYECKON cUCTeMe KO-
OpAMHAT:

23 ﬂ + B, W+ﬂ - p,r=0;
r’\ oo op
2 2]
Bllé—lir+B33 6—U2+ﬂ +p,r=0; (10)
OX rop®  oxoo
B,( oW 0%V U o0V ) D[oWw
— — — |+ p,r =0,

— |+ Byl| —+— |——=
rioe o6¢°) *\rogox oxt ) r*| ag?

rae W, U, V — COOTBETCTBEHHO paUaIbHOE, OCEBOE M KOJIBIIEBOE CMEIICHHUS
CpeIHEH MOBEPXHOCTH IWIMHAPUICCKONW 000TI0YKY; By, B33 — BETUYUHBI HHTE-
TpajgbHBIX XapaKTEPUCTUK KecTkocTH; D — mmamHgpuyeckas >KeCTKOCTH;
Pz, Px: Ps — pamuadbHasi, OceBasi U OKPYKHASI COCTABJISIONTNE HAPSIKEHUS.
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I'pannyHbIe yCIOBUS A1 KECTKOTO 3a)KHMA!

e reomerpuueckue ycnosus: W =0; U=0; V =0;

e cTatnyeckue ycnosusi: M =0; N =0.

[IpenenpHOE COCTOSTHUE HA3EMHOTO Y9acTKa HAIIOPHOTO TPyOOIpoBOaa Co-
OTBETCTBYET YCJIOBUIO PAaBHOBECHS MaKCUMAIBHBIX IMPOAOJILHBIX HANPSKEHUH
npenena Tekydectd metawia. Hecymryio crnocobHocTs TpyOompoBona (pesyiib-
THPYIOITNE HAMIPSHKEHNUS) ONPEIEIISITH 110 SHEPTeTHIECKOM TeOprH.

O0ocHoBaHHe pacyeTa AJTUHHOMEPHOIO Yy4acTka TpPyOoOmpoBoAa Ha
ynpyrom ocHoBanuu. OOOCHOBaHUE JOCTOBEPHOCTH MOJNyYEHHBIX PE3YJIbTATOB
MO pacyeTy AJMHHOMEPHOrO ydacTKa TpyOOIpoBOJa Ha YNPYroM OCHOBaHUH
JIeNTay MyTeM CpaBHEHUS Pe3yJbTaTOB pacdeTa METOJOM KOHEUHBIX Pa3HOCTEH
C pe3yNibTaTaMy pelIeHnH aHaTUTHYECKUM crioco0oM. J[7ist aToro oburyro 3amaqy
pa3aeiIi Ha HECKOJIBKO OTACIBHBIX 33734, UMCIOIINX TOYHOE PEICHUE:

a) neopmManyst JUIMHHOMEPHOTO y4acTKa TpyOOIpoBoJa TOJIBKO IOJL BIHS-
HHUEM TONEPEYHOTO JeHCTBUS;

0) medopmarus JUIMHHOMEPHOTO YYacTKa TIOJ BJIHMSHAEM IPOJIOIHEHOTO
HaTPSDKEHUS;

B) aedopmanys ATUHHOMEPHOTO YyYacTKa TPYOONpPOBOAA, KOTOPBIN JICKHT
Ha YyIPYroM OCHOBaHHH, IO/ BIMSHUEM MOTIEPEYHOTO JCHCTBUSL.

PacgeTsl 0 OT/IETHHBIM TEKCTOBBIM 33/1a4aM MOKa3bIBAIOT, UTO PA3IIHYIUS 10
UCKOMOM (pyHKIMHU mporuba W He npeBbimaT 1,5 %, €ciu KOIU4YecTBO y3710B
METO/a KOHEUHBIX pasHocTel Oonee 80. J{ist 000cHOBaHUSI BHYTPEHHETO CXOXK-
nenust pe3ynbratoB pacuera HJC nunmuampuyeckoil 000104KH Mo momy6e3mo-
MEHTHOH TE€OpHUU MPOBEIU TECTOBBIA pacyeT MPSIMOYTOJIbHOM IJIACTUHBI METO-
JIOM KOHEYHBIX pa3HOCTel. PacueT morpemHocTei BEIIOIHEH IO CPEeJHEN TOUKE
JUTSL BEJIMYMHBI TPOruda U MOMEHTOB Ha M3TH0, TI0 CpeIHEH KpalHel Touke Jyist
BEJIMYMHBI, TIepeceKalonleil CUIbl CeueHUs. Pe3ynbTaTthl pacyera MOKa3bIBaIOT,
YTO TPU KOJMYECTBE y3J10B Oosee 90 OTHOCUTENbHBIE TIOTPEITHOCTH COCTABUIH
He 6onee 2 %.

JlocToBepHOCTH pe3yNbTAaTOB pacueTa HAaNpsHKeHWH Gs B OKPYKHOM HaIlpaB-
JIeHUM OOOCHOBBIBAJIM CPaBHEHHEM C pE3yJbTaTOM pacdyera Gs M0 TEOpHH Oe3-
MOMEHTHOTO HampsHKeHHOTO. cocTostHus (pemenne Jlammaca). [Ipu pacuere ko-
HEYHBIX Pa3HOCTEH MOrPENTHOCTh BEIYHCICHHUS cocTaBmwia 1 % Mpu KOIH4YecTBe
6onee 100 y3110B MeTO1a KOHEUHBIX Pa3HOCTEH.

AnroputM perieHus 3agaud 1ehOpMHPOBAHHS BO BPEMEHH OTpadaThIBAIN
Ha TECTOBOMW 3ajade M3rnda Kpyriod IIACTUHBI MO BIMSHUEM CKOHLEHTPHPO-
BaHHOM CHWJIBI ‘B IIEHTPAJIbHOM TO4YKE. Pe3yibpTaThl OlIEHWBAJId B CpPaBHEHUU
C PEIICHNEM METOJIOM ammpokcumariii A. A. WMnprommHa. MakcuMaiabHOE OT-
KJIOHEHUE B HccieqyeMoMm mHTepBaie Bpemenu ((t — 1) — 0,3 mec.) He mpeBsbI-
maino 3,5 %. Taxke BBHIONHEH CpPaBHUTENBHBIA aHATW3 C aHATUTHYECKUM
penienrueM auddepeHnanbHoro ypasueHus (1) 0e3 yuera CHKMMArOILICH CHITBI
no crocoOy ¢ynkumii Kpsutosa. Paznuune mo nckomoit pynkumu usruda cocra-
BuiO 3 %.

Pacuem HJ[C mpybonposooa orunou L = 50 m, nporemom | = 10 m. Mo-
aynbs nedopmanuu rpyHTa npunar E,, = 800 MIla; koadduiment Ilyaccona
rpyHTa vy, = 0,4; mapamerpsl sapa momsydecTd rpyHra: y = 0,1456 1/4;
A =3,2949 1/rox; P = 0,1440; kodpduIMEeHT COMPOTHBICHUA TPYHTA
¢ = 0,11316 MIla/mm. TpyOompoBoJ BBHINONHEH HApPYKHBIM auamerpom d =
= 1020 mm; TommuHa creHkn h = 12 Mwm; BHyTpeHHee maBienue P = 3 Mlla;
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npezien MPOYHOCTU Martepuana Tpyoel G, = 600 MIla; mpenen Tekyuectu
6, = 420 MITa; moxynb yrpyroctu E = 2,1 - 10* Tla; xooddumment [Iyaccona
v=0,3.

Uccnenopanne m3menenuit HJC Bo Bpemenu (puc. 2, 3) qoka3bIBaeT, 4To
JUTS HAJI3eMHOT'0 Y4acTKa TPyOOIpoBoAa MpOorud nocepeuHe NpojaeTa B MOMEHT
BpemeHH t = 1440 u yBenmumics Ha 172 %, HanpsbKeHUe U3rnda OT MomnepeyHo-
ro aedcTBus — Ha 82 %, Mo CpaBHEHHUIO ¢ ynpyruM perrenuem (t =0 ).

| |

| |
1 psmmdeonokoaNebe o b

I 1 i |1
b N

| | |

] | ]
Y I B

| | | |

| | |

| | 1 | |
A
01 02 03 04 05 06 07 xL 09

Puc. 2. T'paduk u3MeHEeHUs Mporuda W TpyooTpoBoIa TIpH [IEPUOC BPEMEHHU:
1-t=0;2-749;3-14401u

80
o, Mlla

-80
0,1

Puc. 3. I'paduk H3MEHEHUS MPOIOJIFHBIX HAMIPSHKCHUH N3ruba G, IpH MepruoJic BPEMCHH:
1-t=0;2-749;3-1440u

PCByHBTaTBI pacucTa LII/IJII/IH,I[pH‘IGCKOﬁ 000JI0YKH OT JICUCTBUS MaKCHUMallb-
HOI'0 3BHAYCHUA pC€aKIU IMOYBEI ITIPUBCACHEI B Tabm. 1.

Tabauya 1
N3meHeHne nporuda u HANpsKeHHii 000J10YKH BO BpeMeHH
Ilepuon Bpemenu t, u
IToxasarens
0,17 1440

ITporu6 w, Mmm -0,0206 -0,0239
OceBoe HamnpsokeHHe Gy, MITa -8,1530 —9,4700
Oxpy)xHOe HanpshkeHue o, MIla -0,1430 -0,1430

PesynsTupyromue mporuOsl ¥ HaNpsHKEHHsI 0ToOpakeHbI Ha puc. 4, 5.
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Puc. 4. T'paduk u3MeHEHUS Pe3yIbTUPYIOLIUX MPOTUO0B W, IIPH TIEPHOJIC BPEMEHH:
1-t=0;2-749;3-14404
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Puc. 5. Tpaduk n3MeHeHNs pe3yIbTUPYIOIIUX IPOTUOOB G, P MEPUOJE BPEMEHH:
1-t=0;2-74;3-14404

ITpu X = 1/2 (puc. 2) u t = 1440 4 3HAaYEeHHS PE3YABTUPYIOIINX BEIMUMH:
w(X, t) = 4,15 mm; (X, ) =208 MITa.
VBenudyenue pazmepa l; peosormyeckux MmporeccoB Ha Kpasx PEMOHTHOTO
KoTJ0BaHa (puc. 1) MPUBOJMT K MOBBIIICHUIO TIPOTHOa JITHHHOMEPHOTO ydacTKa
TpyOomnpoBoa (Tadr. 2).

Tabauya 2

W3meHeHHe nporuda nocepeauHe npoJiera Tpydéonposona (X = 1/2) npu pa3iu4uHbIX

3uavenusx l; (puc. 2): 13 =2 ™5l =4m;l3=5m

Ilepuon Bpemenn t, u
[Iporu6, Mmm
0 0,17 4 24 240 720 1440
Wig -1525 | -3,727 | -3,846 -3,994 —-4,064 -4,112 -4,130
Wi, -1525| -6,282 | 6,778 —7,640 -8,012 -8,400 -8,544
Wi3 -1525 | 7,228 | -8,034 -9,392 -10,019 -10,744 -11,026

BrimonHeH KOMITIEKCHBIN pacyeT Tpyoonposoaa mmmHoi L = 100 M, mposne-
toM | = 32 M. Monymn nedopmaruu rpynroB E.,y = Erp = 2000 MITa, xo3ddu-
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nuenTsl IlyaccoHa TpyHTOB Vip = Vi = 0,4. PacuetHble koddduimeHTs HOp-
MaJIbHOT'O COIPOTHUBJICHUS I'PYHTOB ¢; = ¢, = 0,11316 MIla/MM B MOMEHT Bpe-
Menu t = 0, pacueTHbIe MapaMeTpsl saep MOA3yUecTH IpyHTOB: y1 = 0,1477 1/4;
Ay =9,4500 1/9; B1 = 0,1472 u y, = 0,1475 1/4; A, = 9,8866 1/4; B, = 0,1475.
TpybonpoBox BeimonHeHn u3 Tpyd d = 1420 MM ¢ TommuHON creHkn h =
= 16,5 MM, UMEIOIIUX IpesieNl MPOYHOCTH Gy, = 600 MIla, npenen Tekydectu
6, = 470 MIla, moxyns ympyrocta E = 2,1-10* ITa; xoadduupent Ilyaccona
v = 0,3. Tpy6omnpoBoz coorBerctByeT III kareropuu. HTEHCHBHOCTH pacyert-
HBIX BEPTUKAIbHBIX HANpsHKeHUH: O, = 10 H/Mwm; ¢, = 20 H/Mm. Pabodee nas-
JeHue B Tpybonporoae p = 7,5 MIla, pacueTHOE KOJIBLIEBOE HANIPSHKEHUE Oy =
= 346,8 MIla.

3aBUCUMOCTE TIporuda TpyOOIpoBoa OT BPEMEHHU Ul IBYX IIOYB C HE3Ha-
YUTENBbHON Pa3HULEH IO PEOJIOTMYECKUMHU CBOMCTBaMH MIPHUBEJCHA Ha puc. 6.
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o
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2 1500 t, rox

Puc. 6. lepopmupoBarue Tpydonposoaa Bo Bpemeru (X = 1/2):
1 — nousa: vy, = 0,1477 1/4; A;=9,4500 1/4; 3, = 0,1472;
2 —mouBa: y, = 0,1475 1/4; 4, = 9,8866 1/4; B, = 0,1475

B moment Bpemenu t = 0 MakcuMmanbpHBIA NMPOTrHO MOCEpEIUHE MpOJeTa
w = 12,4 mm, a ipu Bpemern 1440 1 coctaBut: Wy = 18,8 MM; W, = 18,9 mm.

UccnenoBannss m3menenuss HAC peMOHTHOTO ydacTka TpyOOHpoBOAa BO
BPEMEHH MOKa3bIBAIOT, YTO JJs HAJ3€MHOI0 ydacTka TpyOoIlpoBona Iporud
MOCEpPEANHE MPOJIETA C YIETOM PEOJOTHUECKUX MPOIIECCOB MTOUYB B MOMEHT Bpe-
meru t = 1440 4 (60 cyt.) yBemuumicsa Ha 52 % 1O CpaBHEHHUIO C YIIPYTUM pe-
menueM (t = 0 4), a HanpsHbKeHre U3ruba OT MoNepevYHoro JehcTBus — Ha 12 %.
MaxkcuManbHble TPOAONBHBIE OCEBBIE PE3YJIbTHPYIOIIUE HANPSKEHUS COCTa-
B 198 Mlla mpu pacyeTHOM CONPOTHBIEHHHM Marepuaia Tpyoel R, =
= 274,7 MIla. 3HaueHHsa pe3yJNbTUPYIOLUINX BEIWYMH MAKCHUMAJBHBIX IMPOTrH-
0oB u HanpspkeHu# (X = 1/2 m t = 1440 1): wi(X, t) = 19 mm; (X, t) =472 MIla.

BBbIB O 1 bl

1. MaremaTudeckass Mozelb ne(opMUPOBaHHSI PEMOHTHOTO ydacTKa TPyOo-
MPOBO/Ia Ha BSI3KOYIIPYTOH OCHOBE TMO3BOJMIIA OLCHUTH YPOBEHb HATPSKCHHMA
1 HECYIIYIO CIIOCOOHOCTh PEMOHTHOTO Y4acTKa TpyOOoIpoBoia BO BPEMEHH.
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2. C y4eToM NOJI3Y4eCTH TPYHTOB BHIIIOJHEH aHAIN3 H3MEHEHHS HaIPsKeH-
HO-71e()OpPMUPOBAHHOTO COCTOSIHUS y4acTKa TPyOONpOBOAa, MPU 3TOM MPOH30-
[IUIO yBEJIWYEHHE MPOTHOa MocepeuHe MpoieTa Ui IIEPBOTO U BTOPOTO pacue-
TOB COOTBETCTBEHHO Ha 52 u 172 %, pacueTHBIX TPOJONBHBIX HANPSHKEHUH —
Ha 12 u 82 % 10 CpaBHEHUIO C YIPYTHM PEIICHUEM.

3. HUccnenoBanve BIUSHHUS MOMEHTHOTO HANPSIKEHHOT'O COCTOSIHUSI TOHKO-
CTEHHOW LWJIMHAPHUYECKOH OOOJOYKH C MO3MLIMHU TOITyOEe3MOMEHTHOH TEeOopUH
NpY MEPEMEHHOM KO3 GHULIHEHTE MOCTENIN TPYHTa BO BpEMEHH Ha HapsHKEHHO-
JneOpMUPOBAHHOE COCTOSHHE PEMOHTHOTO y4acTKa TpyOOIpoBOjAa MOKAa3asio
YBEJIMYEHHE TPOrnda IIMHAPUIECKord 00010uku (Ha 22 %) U pe3ylbTUpyro-
X HanpspxeHui (Ha 23 %) 1o CpaBHEHUIO C pENIeHnEM 10 TEOPHH CTEPKHS Ha
BSI3KOYIPYIOi OCHOBE.

4. AHanu3 HanpsHKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHUSI PEMOHTHOTO y4acT-
Ka BBIMTOJHEH C y4eTOM M3MeHeHust opeoda (l;) peonornaeckux mporeccoB moyB.
Pacuer tpy0OompoBoxaa (amuHa L = 50 m; nponer | = 10 M; Hapy»XHBIH AUaMeTp
d = 1020 mm; TonmuHa crenku h = 12 mm; miuHa |, = 2 M; BHyTpeHHEE aBiie-
Hue p = 3 MIlla) mokasbIBaeT, 4TO yBEeIHMYCHUE opeonia peojoruu rpyHra (l,)
1o 4 M gomyctumo. JlanpHeiiniee yBennueHne 3HaueHus 10 |3 npuBeaer k Hapy-
IIECHHUIO YCIOBUH 3KCILTyaTaIliy TPyOOIIpOBOaa.

5. [IporHo3upoBanue qeGOPMUPOBAHNS PEMOHTHOTO y4acTka TpyOonpoBoia
(mmHa L = 100 m; mpostet | = 32 m; HapyxHbiii guamerp d = 1420 mm; Toumu-
Ha credku h = 16,5 mm; muHa |y = 2 Mm; BHyTpeHHee naBinenue p = 7 Mlla)
C Y4eTOM pEOJIOTHU TPYHTOB (TapaMeTphl NoA3ydecTH rpyHTa: v, = 0,1475 1/4;
Ay =9,8866 1/rom; B, = 0,1475) nokazaino, 4ro mo ucredeHnu 60 cyT. MOBBIIIC-
HHUE YPOBHS HaNpPsLKEHHO-IE(QOPMUPOBAHHOTO COCTOSIHUS y4acTKa TPyOOIpoBO-
Jla HAaXOJIUTCS B IOIMYCTUMBIX npeaenax. JlanpHeiiiee yBenudeHue opeoia peo-
noruu rpyHTa 110 |y, |3 B yKa3aHHbIH TIEpHo BpEMEHH MPUBOIAMUT K HAPYIICHUIO
HOPMAaTHBHBIX YCIIOBUH KCILTyaTal[dy JaHHOTO y4acTKa TpyOOompoBoa.
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