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2. BIOMHXANIKEX XQAHNQXEIX

Otv coinvaocelg piag Propnyovikng eykatdotacng amotehodv pio katnyopio. KOTOOKELOV E
ONUOVTIKO €VOLOPEPOV, €OIKA TO KOUTOAN TUAMOTO TV ooAnvacewv (elbows), ta omoia
YPTOULOTOLOVVTIOL Y10 TNV OAAQYT| TNG TOPEING TNG COANVOOTG, OAAG Tnv dnuiovpyio, TUAUOTOC
peydAng svkapyiog to onoio Oa moparapupdvel 1yvpd Poptic AOy® BepikdY GVGTOAO-O10GTOADY,
peydleg mEcELg aALG Kol 1oyVupd oplLovTio opTic AOY® GEIGUOD.

Ewéva 2.1: Bropnyovikés oAVOGCEL.

Emiong, diaitepo oyedlootikd evolapépov LIApPYEL Oyl LOVOV OTIC 1016C TIG COANVES OAAY Kol GTIC
KOTAGKEVEG VITOGTNPIENG TOVg (pipe racks). ['evikd OU®C 01 KOTUGKEVES AVTEG OEV SLOPEPOLV ATTO TIG
KAOOWKEG HETAAAIKEG KoTaoKEVEG [ToAiTikov Mryavikov, Kot yio Tov oyedacpud toug Ba mpémel va
axolovBovvtar ot facucég dratdéelg tov EAK oe oyéon pe avtég tov [apaptiuatoc I tov EAK.

Ot TopaxdTm odnyieg HeAETNG TOPOLGLALOVY TO YEVIKO TAOIGLO GYESOCUOD COANVAGE®DY, Ue Bdon
Kupilog Tig Apepikavikég npodiaypapés ASME (American Society of Mechanical Engineers) B31.3 —
1993 edition.

Emioyn Yakaov, Zvykorlijoelg kar EmOsopnon

Ta VAIKA TOV COANVOcEDY KOODC KOl Ol GUYKOAANGELS TV d0pOpOV TUNUATOV o mpémel va
akoAoLOoUV TiG YeviKEg mPodlaypapés Tov Apepukavikov koavoviopov ASME B31.3 yw ympkéc
Brounyavieg kabdg kot ta 6co avagépovtal yio TV amoeuyn g yabvpng Bpadong oe endpevo
KEPAAOLO TOV TPOTEWVOUEVOV 00MYIOV oxedlaopol. H embempnon g corfvoong amotedel €va
Boowd otorgeio ywo v a&OmoT cvUmEPIPOPE TG GE OEWUO, OESOUEVNG TNG OTNHOVIIKNG
SiPpwong mov pmopel va VTOGTEL. XTIC KOTOGKEVES OLTEG OPEIAEL YPMGLUOTOELTAL 1| PIAOGOMiaL
oyedlacpot leak-before-break, dote vo amopebyetar n wabopn Opavon, emnedn akpiPdc vadpyet
nwpoewonoinon Adyw Owappong pevotod. H epapuoyn oavtng tng pebodoroyiag oamartel v omin
EMBEOPNON TNG COANVOONG GE TOKTA YPOovikd dolacthuota. Xe Pounyavieg mov Ppickovial o€
O10{TEPU GEICUOYEVT TTEPLOYN, TO TPOYPapLN ETBedpnong o Tpémel va eival o GLYVO Kol 0LGTNPO
MGTE VO ATOPEVYOVTOL Ol VAOTEP® KivovvoL.
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Ewéva 2.2: Biopnyoavikéc colnvacelg kot otnpigels (pipe racks).
Avaivon Taoemv ZOAMVOGE®S

H avdivon piog Bropnyovikng coinveong Bo yivetor Bewpdviog TNV COANVO OTOTEAOVUEVT] OO
TURpaTo v0OYpaUUNG - KapmoAng dokov. H avaivon Ba mpémet vo Aappdvel vmoyn v gukapyio
ToV cOAVE KaOOG Kot TV sukouyia tov ompienv (pipe racks). Xe mpdoeatn avakoivoon g
ewwmg emtponng s ASME n ypnowponoinon ehacTtikig avaivuong eival eVOESEYIEVT KOl ETOPKNC.
ZNUELOVETOL TOG Y10, TOV TPOCIIOPIGHO TOV TAGEWV GE SLUPOPO TUALATO TOV GOANVO, TO GUVOAKO
ovOTNHO cCOMVOONE — oTHPIENG Ba Tpénet vo avoivbel o€ celolo.

H avdivon Ba mpémet va Aapfdvel veoéyn to 6Tl To KOUTOAC TUNHOTO TOV COANVO EXOVV ONUOVTIKE
UEYOADTEPT gVKOUYio OO To EVOVYPAULN, EVD TOPOLGLALOVY GNUOVTIKA OLAPOPETIKY KOTOVOUN
thoemv. Ol TAoES aVTEG EVOL OTUOVTIKG PEYOAVTEPEG AO aVTEG TTOL VITOAOYIleL N KhaoKY Bempia
kot Bo mpémel va Aappdvoviot vroyn 6Tov oyedocopd. Ot 131uTEPOTNTEG TOL COANVO O GYECT LE TV
ovénuévn sukopyio Kot TG avENUEVES TAoELS AAUPAVOVTOL VTOYN LE TOVG GUVIEAEOTEG EVKOLIOG
KOl TOVG OUVTEAEGTEC GLYKEVIPWOOTG TAcemV. Ol GUVTEAESTEG AVTOL AVOQPEPOVTOL GE ETOUEVT

TOPA&YPOPO.

YnUEIDVETOL TG Ol POUNYOVIKEG COANVAOCELS KOTOTOVOLVTOL Omd QOPTIGEC Ol omoieg &ivan
OTUOVTIKG SLOPOPETIKEG OO TIG KATATOVIGES SOUIKAOV UEADV G€ GUVIAOTN HETOAAIKA KTNpla, AOY®
onuavtikov TiEcewv. H emppon tng mieong otov oyediacpod Oa mpénet va Aappdvetol vmoyn.

"Eleyyog Tdosov o tnv Ewdwkn Ilepintmon Zeropknig @optiong

O éleyyog 1aoemV o€ oelopd avaeépetal otnv Tpoctnkn (Addenda) tov 1994 stov ASME Boiler and
Pressure Vessel Code, Section I1I. ' celoukd goptia peydiov peyébovg, khdong D kotd ASME, o
Baotkdg ELeyyog TAGEMV GE GEIGUO gival

D D
Bp—+B,M—<4.5S 2.1
Y 2 2] m (2.1)

OTOV 0 TPMTOG OPOG APOPE TNV TAoN AdY® €6MTEPIKNG Tieong (aveEApTNT TOL GEIGHOV) KOl O
dgvTEPOG OPOG QLPOPA TNV TACT AOY® KOUTTIKNG portng M, 1 omoia mepthapuPavel kol v pomn AdY®
1iov Bapovg. O cvvteheotg B, glvan évag ovéntikdg cLVTELEGTNG TG TAGTG AOY® KAUTTIKOV pOTMV
®oTe vo. AMUPavel vIoyn TNV GLYKEVIPMON TUCE®MV GTO Un gubdypouue TUMUOTO TOL GOANVA.
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Soupova pe tig Tpdceoteg mpodtaypapés e ASME Boiler & Pressure Vessel Code 1 tiun tov B,
Aappdaveton ion pe

1.30

Kot Sy, €ival n uéytotn (oploky 1 ENXLTPETOUEVT) TAGT] GTO VAIKO TNG COANVAOGCTG.

Ewova 2.3: Kapmoia tufiuota (pipe elbows) oe fropnyavikég coAnvAaceLs.

YUVTEAEGTEG EVKORWIOG TG COAMVOONS

Mo tov axpiPny Tpocdiopioud v eviatik®dv peyedov (ponég) otov aywyd, o mpémel va Anedel
VoYM otV avdAven M avénuévn eukouyio TOV KOUTOLAOV TUMUITOV, HEC® KATOAANA®V
ovvtereotv evkapyiog. Ot cvvtehestéc gukopyiog deiyvouv to WOGO To €OKOUTTO givol éva

KOUTOAO TUNAUO COANVO o€ oyxéon He éva ovtiotoryo evBoypappo tuiue. To amotedéouata
exepalovtol cuvapTHGEL TNG PAGIKNG YEOUETPIKNG TOPAUETPOV h TOV KOUTOAOD TUNHOTOC

h=— (2.3)

KaODG Kot TNV TapapeTpo wieons v

_ PR’
Ert

v (2.4)

O mapdapetpol R, 1, t opifovtar oto oyniua 2.4.
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extrados

h=Rt/r?

intrados

Yypo 2.4: T'eopetpikol TopapUeTpol VOGS KAUTOAOD TUALATOG COANVOGE®V (pipe elbow).

O ovvteleotng svkouyiag f mov mpoteivetal, YPNCIUOTOLEITAL (OC TOPAVOUAGTHG GTIV OVOUUGTIKN
axopyio tov coAnvae (n oroia vroloyiletor pe Baon v amin Bewpia g dokov). O cvVTELESTNG
awTtoc eEapTdton amd TNV TN Tov h Kot Tov y:

:1.65. 1
h 1+ f,(hy)

S (2.5)

H ovvéptnon fi(h,y) e€aptdtar amd v T TG E0OTEPIKNG TIECNC KOL TNV YEWUETPIO TOV KOUTOAOD
tufuotoc. O cvvieheotc evkapyiog f(h,y) divetat pe ypoaekr popen otov Iivaka 2.5.

SUVTEAEOTEC eUKOUY {OG Yy KOUIUAQ TUAPATA OwANveov umd xduln

h y=0.0 | y=0.001 | y=0.002 | y=0.004 | y=0.008 | y=0.016 | y=0.032 | y=0.064 | y=0.128 | y=0.512
0.010 [ 173.206 | 55.377 | 35.398 | 21.927 | 13.460 8.304 5.205 3.363 2.288 1.352
0.015 | 115.470 | 50.447 | 33.859 | 21.526 | 13.366 8.282 5.200 3.362 2.288 1.352
0.020 | 86.602 | 45.719 | 32.124 | 21.020 | 13.239 8.252 5.193 3.360 2.288 1.352
0.030 | 57.734 | 37.792 | 28.619 | 19.827 | 12.907 8.170 5.174 3.355 2.286 1.352
0.040 | 43.300 | 31.832 | 25.458 | 18.547 | 12.502 8.062 5.147 3.349 2.285 1.352
0.050 | 34.639 | 27.341 | 22.756 | 17.292 | 12.055 7.933 5.114 3.340 2.283 1.352
0.060 | 28.865 | 23.886 | 20.482 | 16.115 | 11.589 7.787 5.075 3.330 2.280 1.352
0.070 | 24.741 | 21.167 | 18.568 | 15.036 | 11.122 7.630 5.030 3.319 2.2717 1.352
0.080 | 21.647 | 18.980 | 16.949 | 14.056 | 10.663 7.464 4.981 3.305 2.273 1.351
0.100 | 17.315 | 15.698 | 14.384 | 12.376 9.797 7.120 4.871 3.274 2.265 1.351
0.150 | 11.555 | 10.919 | 10.357 9.410 8.006 6.273 4.556 3.176 2.237 1.349
0.200 | 8.675 8.352 8.055 7.529 6.684 5.523 4.222 3.056 2.200 1.346
0.300 | 5.728 5.609 5.496 5.285 4.919 4.347 3.593 2.790 2.107 1.338
0.400 | 4.204 4.149 4.097 3.997 3.815 3.511 3.065 2.524 2.001 1.328
0.500 | 3.293 3.265 3.238 3.185 3.088 2.916 2.646 2.284 1.892 1.315
0.600 | 2.709 2.693 2.678 2.649 2.593 2.491 2.322 2.078 1.788 1.301
0.800 | 2.041 2.035 2.029 2.018 1.996 1.956 1.884 1.768 1.608 1.271
1.000 | 1.693 1.691 1.688 1.683 1.673 1.655 1.620 1.561 1.471 1.240
1.500 | 1.321 1.321 1.320 1.319 1.317 1.313 1.305 1.290 1.264 1.171
2.000 | 1.184 1.183 1.183 1.183 1.182 1.181 1.178 1.173 1.163 1.122
3.000 | 1.083 1.082 1.082 1.082 1.082 1.082 1.081 1.080 1.078 1.067
5.000 | 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.029 1.028

Mivakag 2.5: ZuvteheoTég EUKAPWING Y10 KOUTOAO TUALOTH COAVOV VIO KAL)

YNUEIDVETOL TG TOPATAVED TOTOG IGYVEL Y10 COANVES OUOANG KAUTLAGTNTAG. [0 dALEG 0 cVVOETEG
MEPMTMOCELG GVVOEONS COAV®V (T.x. miter pipes, tee connections KTA.) o peietntig Bo mpémel va
ovpPovievtet to Appendix D tov tpodtaypapdv ASME B31.3.

YNUEIDVETOL EMIONG MG Ol TAPATAV®D EICMGELG OV TEPIAUUPAVOLY (OC TOPAUETPO TNV YOVIO, TOV
Kaumolov tunuatoc (elbow angle o oto oynua 2.6). Exer amodeyytel mwg n yovio avt) eivon
OTUOVTIKY KOl EXNPEALEL GNUAVTIKO TOV GUVIEAEGTH EVKOUWYING TOV KAUTOAOV, OAAG gV LITAPYEL
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TOTOG 0 OTOL0G TAPEYEL TNV EVKAUYIN TOV KAUTVAOD TUAUATOG, O OTTOT0G VO TEPIAUUPAVEL TNV ETLPPON
OVTAG TNG YOVIOG. ZNUEIOVETOL TAVIOG TMG OTIC TEPICCOTEPEG TEPUTTOGELS PLOUNYOAVIKDY EPUPUOYDV
N yovia petaé&d tomv 8o evfdypoppev THnudtoy givor 90° 0mdTe 01 TAPATAV® TOTTOL IGYVOVV.

\ end moment

end moment

Yyqpe 2.6: T'eopetpio KOUTOAOL TUNUATOG COANVOGCTG.

YUYKEVTPMOT] TAGEMV 6E KOUTVUAN TUNATO,

Amd OepnTiknig TAELPAS, €va KOUTOAO TUNMO OVOTTOCCEL TAGES Ol OMOlEg €lval GNLOVTIKA
UEYOAVTEPEG TV TAGEMV TOL OVATTOCGGCEL £Va. 1IG0JVVOUO gVOVYPOUUO TUMUE HE TO {O10, YEQUETPIKK
YOPOKTNPLOTIKA. AVO AOYOL GUVTEAOVV GE VTNV TNV ADENCN TOV TAGEMV:

o Amd v Osopia TOV KOUTOA®V doK®V YVOPILOLUE TOG 1 KATAVOUN TOV TAGE®V GE £va
KOUTOAO TUAUO HIOG O0KOD OlopEPEL ONUOVTIIKE omd TNV ovTioTolyn Tov €vdvuypappov
TUHOTOG, AOY® O10(pOpPAg GTOV OPIoUd NG TOPAUOPPOONG OTIS E0MTEPIKEG KOl TIG
eEmtepikég ivec. EvtonTolg, o Adyog ovtdg dev eivat o GNUAVTIKOTEPOG.

o O onuovtikdTEPOG AOYOC TOV SPEPOVY O1 TAGEIS GTOVG KOUTOAOLS GCOANVES €ival Ol TOAD
ONUOVTIKEG TEPLUETPIKES TAGELS OV AVOTTVOCCOVTOL GE £VO. KAUTOAO TN, Ol OToieg eivat
oVVNBW®E PEYOADTEPEC aMO TIG OVTIoTOLYEG OlapKeELg Thoels. Ot Thoelg ovTég opeilovtal 6TV
ALY TNG SLLTOUNG TOV GOANVA 07T0 KUKAIKY 6€ oynuo. ofaA (ovalization) kot TpokoAoHV
TPOWPN TAUGTIKOTOINOT 0AAG Kot aoToyia.

H avénon tov tdoewnv ennpedlel onUavTiK Tov oYedlaco vt v Evvolo 0Tt 1 péylotn (oplaxn 1
EMTPEMONEVT) TOOT emnpedletor onuoavtikd. Avtd Aapfdvetar vadyn HE TOVG GULVIEAECTEG
CLYKEVTIP®ONG TACEMV Ol omoiol ekPpalovv TV avénuévn téomn mov £xel avamtuybel 6Tov coANVA
AMOY® KAUYNG 6€ GYECT e TNV avTioTtoyn téor mov o vroioyilaue pe Pdon v kKhaoikn Bewpia g
doK00. e TPpOTN TPOSEYyIon, 1 dueon emppon (coupling) g migong oty TAoN and KAUWYN Propet
va ayvonBei ko va Anedel vToY” €K TOV VOTEP®V.

Y10 éAeyy0 TACEWMV TOV TEPLYPAPNKE OVOTEP®, O oLVTEAEoT g By avaeépetor akplpdg oto
GUYKEKPIUEVO PALVOUEVO.

Aotoyio Xtoryeiov ZoiAnvocenv vrd Xeicpikn Aéyepon

Ye oyetkd mpdopatn avabempnon tov Kavoviopov ASME Boiler and Pressure Vessel Code, 1
HEYIGTN TAOM 7OV YPNOUOTOLEiTOL 6TOV Pacikd EAeyyo TOACE®V GE EOIKA KAUTOAO oTOlyEin
colnvocewv (pipe elbows) eivar ion pe 4.5 popég v PEYIOTN EMTPENOUEVN TACT TOL VAIKOL S,
(6mwg avaeépbnke avoTéP®).
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H ovotépo avabemdpnon omotéhece onueio onuavtikng tpiPng petaé&d Tov eUTAEKOUEVOV PEPDV
dedopévou OtL péypt 1o 1994, n avtictoyn T MTav 3 EOpég M UEYIOTN EMITPEMOUEVT] TAOCY] TOV
vAakoy S, H mopomdve ovaykn yuo aflOmiot avTIUETOTION TOL TPOPANUOTOS GYESIUCUOD
QVTILETOTIOTNKE PE Hio GEPA amd TEPAUATH TOV OPOPOLV KapmOAa TupoTo. ophng yoviag (90° —
degree elbows) mov vokewvTal 6 KUKAIKY @OpTion. Ta aroteléopata Tov Telpapdtev 08150V Tmg M
aoToyio TOV €VaicINTOV OVTOV TUNUATOV 0QSiAeTol GUVIO®G GTO QUIVOUEVO TNG OALYOKVLKAKNG
kénwong (low-cycle fatigue).

Yvotipoto XtpEns Tomvoceov (Pipe Racks)

Ot ompilelc TV Propunyavik®v colnvaceny gival 1d10itepeg Kataokevég — pipe racks — o1 omoieg
&yovv cuvnBwg ™V popen TANLGIoV. Ot KOTACKEVES OVTEG CUUTEPIPEPOVTAL (OC KAUGIK( UETOAAIKA
TAOIoO KO LEPTKA YOPOKTNPIOTIKG TACiGIo QaivovTal otny ewova 2.7. H swdva deiyvel v actoyio
pipe rack amo6 tov ceiopd g Nicoundewog (Tovpkia, 1999).

Ot ovvnBelg avtioelopkég amottnoelg (avtoyng, TAAGTIUOTNTAG KTA.) OV 1oYOOVV Y10, OAEC TIC
UETOAMKES KATOOKELEG B0 TPEMEL VO TANPOVVTIOL KOl OTNV TOPOVGO TEPITTMON TOV oTnpiemv
coMvacenv. O evdloeepouevog peaetnmg Ba mpénet va cvpovievetal o [apdptnua I' tov EAK.
Oa mpémel OumC vo onuelmbel TG ol AEITOVPYIKEG OmoUTAOES NG Prounyaviog mwOavdg va
amoyopevovy Ty dnuovpyic TAACTIKOV apfpmdoelc ot mhaicle Tov ompifeov — A0y Kupiog
peydlov ovembountov petatonicewv, evd o mpémer va efetdlovror ko va embewmpodvtorl pE
LEYAAT] TPOCOYN Ol GLVIEGELS TV COAMVOV e Ta TAaioa otpiEne. [ v evioyvon g axapyiog
TOV OVOTEPO TAUIGIOV (TPOg amopuy UEYGA®V Kol avemlBOUNTOV UETATOTICEMY) OAAY Kol TNV
abENoTM NG avToYNG aVT®V, UIOoPoVV va ypnoilporonfodv cuvdéopmv axapyiog popeng X (BA.
Hopdptua I' Tov keywévov tov EAK).

Ewova 2.7: Kataokevég otpiéng Propnyavikdv coinvaceny (pipe racks).
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Ewova 2.8: Actoyla mhoiciov otmipiéng Propnyovikdv coAinvocemv ot ceopd (Nucopndeia,
Tovpkia 1999).
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