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PUCKbT OT OTKa3n e BaxHa 4acT OT PasfNyHK acnekTh B NPUNOXEHNETO Ha Matepuanute U UHXKEeHepHUTe paapa60TKM. KaTto yacT oT eheKTUBHUSA MEHUOXMBHT,
OL|EHKUTE Ha puCKa Ca BaXHO W3MCKBaHe 3a B3eMaHe Ha NOAXOAALLM PeLueHus Npu NopLApbXKaTa U peMoHTa. Ypes KOM6MHMpaHe Ha WHXeHEepH! U UHAHCOBM
METOAM € Bb3MOXHO Aa Ce HaMepu NOAXOAALLOTO BpeEMe 3a NPOBEXAaHe Ha PEMOHTHUTE AEMHOCTH. npeﬂ,CTaBeHMﬂT nogxop ce 6a3Mpa Ha aHanu3 Ha pelueHueto n
€ [IEMOHCTPUPaH Ype3 npoGneM 3a M360p Ha MoAXOAALLOTO BpeMe 3a UHCMEKLMS 1 PEMOHT Ha eaHo X-Tun Tp'b6HO 3aBapeHo CbeuHeHue.

BbBEJEHNE

PuckbT € mpucblla YepTa Ha E€XEAHEBHUS XUBOT Ha
xopaTa , KOWTO Mpuemat pucka, 3alioTo uckaT da nocTurHar
ceonte Uenu. EBomioumsTa Ha 4YOBEYECTBOTO 3acuniBa
Ba)XXHOCTTa HA MEHUIXMBHTA Ha puUcka B MHAyCTpusTa. Puckst
Ce OTYMTa KaTo HEOTAENMMa YacT OT NpoLieca Ha NpoeKTUpaHe
Ha KOHCTPYKLMW 3a MOCTUraHeToO Ha 3afjajeHa HaLexaHoCT B
3aBMCMMOCT OT CEPUO3HOCTTa Ha OTKa3WTe U Ha Hecuryp-
HOCTTA Ha BXogHWTe AaHHu [1,2]. PUCKbT € BaxeH Cblio K
KaTo OCHOBA 32 MEHWIDKbPCKU PELUEHUs OTHOCHO MHCMEK-
UusTa, PEMOHTA W M3CNEeBaHETO Ha KW3HEHWS LMKbA Ha
WHXXEHEPHUTE KOHCTPYKLMKM W ekmnupoBka [1,3].

MeToauTe 3a OLEHsBaHe Ha pucka OHEC Ca LUMPOKO pas-
MPOCTPaHEHN B eNEKTPOLIEHTPaNNTE, XMMUYECKaTa MHOYCTPUS,
obLLOMaLLMHOCTPOMTENHATa NPOMULLNIEHOCT U Ap. Te ca oT
ocobeHa BaXHOCT B Chy4al Ha TEXKM eKcrnnoaTaLyOHHM
YCMOBMS 33 HAKOW 4YacTi OT ekunupoBkaTa. @PUHAHCOBO €
HEeM3rogHO [a Ce 3aMeHs LfanaTta ekunupoBka, Camo 3aloTo
HAKOMKO 4YacTu ca u3nesnn ot cTposi. CwblyecTByBalata
cuCTEMa 3a PEedOBHM WHCMEKLUWM/ PEMOHTU He Mo3BOMsBa
[OCTUraHe Ha Hai-0o0py (hHAHCOBM PELLEHUs 3alLoTo TS €
n3rpaieHa Ham-Beye Ha MHXEHEPHU 13nckBaHus. HammpaHeTo
Ha mpeceyHa TOUKa MeXOy (DUHAHCOBUTE W WHXKEHEPHUTE
W3NCKBAHUS € HAYUHDBT 3a YCrex.

Llen Ha Tasu cTaTus e Aa npencTaBu cTpaTteru 3a u3bsr-
BaHe Ha pucka W fa ce aHanuaupaT Bb3MOXHOCTUTE 3a
13non3BaHe Ha NPoLedypy 3a MEHUIKMBHT Ha pucka, 3a [a
ce npeAckaxar nocneacTeusTa OT OTkas, Aa Ce NPEeAnoxu
€0HM NOAXoA 3a OMfpedensiHe Ha BPEMETO 3a MHCMEKLMs,
6a3npaHo Ha aHanu3 Ha (MHAHCOBUTE Pa3xoau.

BPB3KA 1 3ABNCMOCT MEXAY MHXEHEPUHI U
OUNHAHCH

MeHNIXMBHTBT Ha puUcKa € WHTEPAMCLUMNIMHApPHA Hayka,
kosiTo 06xBalLa pa3nuyHu 0BracTi, HO YeCTO Bpb3kaTa Mexay
WHXEHEpHUTe NpobnemMn W (PUHAHCMTE He € MHOTO SicHa.
HesaBucumo, u4e eeKTbT OT €OHO HEeXenaHo Cbbutue
0OWKHOBEHO Ce NpefiaBa kaTo (PUHAHCOB pe3ynTar, KnyoBaTta
TOMKa 3a pasbupaHe Ha Bpb3KaTa MEXOY WHXEHepHWTe
npobnemu U (uHaHcuTE He ce Buxaa necHo. OcHoBHaTa
npuymHa 3a ToBa HepasbupaHe e pasnukata Mexay WHCTpY-
MEHTUTE U AeDUHULMMTE, KOUTO Ce M3MON3BaT OT MHXEHEPH U
MeHUDKLPK. VI ABeTe rpynn TbpcAT COOCTBEHO peLUeHne Ha
eOuH npobrieM 1 He HamMMpaT MpeceyHa TOYKa MeXay CBOWTe
uenu [4].

OrpaHuyeHusiTa B pecypcuTe Ha opraHu3auusita npasst
TPyOHO 3@ WHXEHepuTe da HamupaT Heobxogumute WM
CpefcTBa 3a MOAAPBXKKA HA CKbMa ekunupoBka. MHxeHepuTe
He ycnseaT ybeauTeNnHO Aa NpencTaBsT UM JOKaXaT CBOUTE
W3WCKBAHUS Ha Teau, KOWTO B3eMmaT pELLEHWs, a ToBa
00KKHOBEHO Cca MEeHNIKbpUTE, KOUTO WCKaT [Oda BUAAT
nevyanba. [lpobnembT BbL3HMKBA, THA KAaTO MHXKEHEpUTE
HOpPManHO He Ce W3passBaT upe3 (HMHAHCOBM TEPMWHM, @ B
pe3ynTaT OT MHXEHEPHUs aHamu3, kaTo Hampumep, pecype,
pasnpocTpaHeHne Ha nykHaTMHM UM T.H. B  pombnHHue
WHXeHepuTe Tpsibea ga ce GOPAT 3a CPeACTBa 3a PEMOHT U
noaapbkka ¢ Apyrn otaenu ot dupmara. Hagnpesapata 3a
OpraHu3aLMOHHUTE pecypcu OOMKHOBEHO Ce OCHOBaBa Ha
KONMMYeCTBEHM MeToaM 3a (DMHAHCOB aHanua3 M aHanus Ha
peLLeHusTa.

OrpaHu4eHUsiTa B PecypeuTe 3a Nopapbkka ce nopaxaar
OT NMOBULLEHUTE Pa3Xoau 3a nopapbxka. [o-BUCOKUTE M3uC-
KBaHMA KbM pasxoauTe 3a MOAAPbXKA waBaT oT 0Bopya-
BaHETO, KOEeTO € Beye OCTapsiBallo OT [MedHa Toduka Ha
KM3HEHNA MY LMK, [IHEC MHOTO KOMMOHEHTH, KOUTo paboTat
B TEXK/A YCTIOBWS, Ca WNW BeYe JOCTUraT A0 KpUTMYHATa
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Bb3pacT OT CBOA XWU3HEH LIMKBII. Tak1Ba KOMMNOHEHTU 0OUKHO-
BEHO UMAT MO KPATHLK XNBOT B CPABHEHME C APYTUTE €IEMEHTU
OT EKMnupoBKaTta.

EgHa TunndHa KpuBa Ha XWSHEHUS LMKBLI e nokasaHa Ha
curypa 1. Ts nokasBa knacuyectata dopma Ha Beinbynosata
KpMBa Ha XM3HeHUs Lnkbn [2,5]. B nsBata yacT cTeneHTa Ha
OTKasW MbpPBOHAYaNHO € BWCOKAa M MO-KbCHO Hamanssa. TykK
Ce BKMOYBAT HavanHute AedeKkT OT NPOEKTUpaHe |
NpOM3BOACTBO M MOpagu TOBAa TO3W MEpUO € MO3HaT KaTo
‘metcka CMBPTHOCT”. LleHTpanHata 4acT Ha kpuBata €
NEPUOABT Ha XMBOT C NPUBN3MTENHO KOHCTAHTHA CTEMEH Ha
oTKa3u. [lacHaTa 4acT Ha kpuBaTa e NepuoabLT Ha OCTapsiBaHe
Ha KOHCTPYKUMATA, M TS UMa EKCMOHEHLMArHo NoBuLLaBaHe Ha
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Bb3pacT Ha u3nenueTo
CTEMeHTa Ha OTKa3u Nopagu ChneuuduyHn 3a matepuana
MexaHu3MW Ha OTKa3Wu, KaTo Hanmpumep ymopa Ha Mare-
puanuTe, pasnpoCTPaHEHNE Ha MyKHATWUHW, W3HOCBaHE M HaT-
pynBaHe Ha nmnactuyHa Aedopmauus. Kpueata ce w3nonasa
[a OMWLLE XMBOTA Ha MOYTH BCUYKN MHKEHEPHW KOMMOHEHTM.

Queypa 1. Kpusa Ha XU3HEHUS UUKBIT

MeHnmKbpuUTE Ha MHOYCTpUanHUTe UpMK Ca U3HEHaAAHM
OT ronAMOTO HapacTBaHe Ha pa3xoauTe 3a PEMOHT 3a
KOMMOHEHTW OT KOHCTYKLMW, KOWTO Beye ca BbB (pasata Ha
oCTapsiBaHe OT XM3HEHUS Kb, ChLUeCTBYBA MHEHUE, Ye ako
Mo BpemMe Ha nepuoja C MOCTOSHHA CTeneH Ha OTKa3n ce
N3BbPLUBA PEAOBHA NOAAPHKKA, TO CTEMEHTA Ha OTKA3W HAMA
[a HapacTHe 3Ha4NTENHO.

OrpaHM4YeHMETO B pecypcute Ha oOpraHusauuata ce
MPUYMHSBA OT TMOHKABAHETO HA LEHUTE Ha MpOAyKUMsITa
npou3BexaaHa OT OoCTapsiBalla ekunupoBka. [uHamukata Ha
[HELWHMS Nasap € pesyntupana B W3NOM3BaHe Ha cTpaTervs
Ha HUCKITE LieHW, 3a Ja MOXe Aa ce nobean KOHKypeHumsTa.

MeHVIKbPCKUTE PELLEHUS Ca MHOTO TPYOHW, 3aWoTo OT
efHa CTpaHa MMa OrpaHN4YeHWe Ha pEecypcuTe MOpOLEHO OT
HUCKUTE LieHW Ha mpoAyKuudaTa, U OT Apyra, UMa noBuLLeHa
Hy)4a OT nogapbxka nopaau octapssaHeTo [6]. Mpe3 asaTa

Ha OCTapABaHe OT XW3HEHUA UWKbIT € HEBBb3MOXHO Oa Ce
oTnara peMoHTHaTa AENHOCT.

B Tasn cutyaums ronsima nomoLy okassa W3NoJi3BaHETO Ha
nogxoaa “AHanus Ha peLLeHneTo”, nogkpeneH ¢ (PUHaAHCOBM M
KONMNYECTBEHN TEXHWKW. TO3M NOAXoA e pa3paboTeH M aasa
[o0pu pasynTtati B 0bnacTra Ha MHBECTULMOHHUTE PeLLeHus,
KbAETO Ca BbBIEYEHM ToNsaMO KONMYECTBO OT pecypcu. Tosa
€ MHOro noaxogdiu, metod CblWo W npu B3eMaHeTo Ha
PeLLleHnss B MOCOKA Ha YNpaBlieHME Ha HECUIyPHOCTTA, KaTo
CTPEMEXBT € fa Ce HamMepy ONTUMAIHO BPEME 3a MHCMEKLMS
n obCnyxBaHe Ha EKUMMpOBKaTa MO BpeMe Ha nepuoga Ha
OCTapsABaHe OT XU3HEHUA LUKBI.

3a cnyyas Ha MHBECTULMOHHM PELUEHUs LenTa Ha noaxoda
€ [a Ce [JOoKaXe MONOXUTENHUAT eeKT OT WHBECTUpaHuTe
pecypcu, @ B Cryvas Ha PeLUeHWs OTHOCHO MHCMeKuMs W
PEMOHT, LenTa e Aa Ce Onpefenu nepuoabT npe3 KouTo
ekunupoBkaTa Moxe ga paboTi HagexaHo Oe3 noadpbxka,
7.€. 6€3 OMbAHUTENHU MHBECTULN [4].

MpeaMMCTBOTO Ha NOAXOAA 33 aHanu3 Ha pelleHusiTa ce
BUXOA NO-000pe B CUTYaLMs, B KOSTO PELLEHUETO He e oYe-
BMOHO W WU3MCKBA KONMYECTBEHN METOAM 3a OLieHKa, 6asupaHm
Ha (DMHAHCOBM U Ha WHXEHepHU moaxoau. BbamoxHocTTa fa
Ce M3MON3Ba ChLUMSA TO3W NOAXOM 3@ pelleHus 3a MHBECTULMN
MpW PeLLeHns 3a MOAAPLKKA U MHCMEKUMs € MHOMO MonesHa,
MoHeXe MofApbKKaTa Ce KOHKypupa 3a yacT OT obumTe
PEcypcH Ha OpraHu3aLnsTa v Bb3MOXHUTE PELUEHNs MoraT fja
Ce CpaBHsiBaT.

NMPUNOXEHWE HA MOOXOM 3A AHANAS HA
PELLEHWETO

[MbpBaTta CTbMKa Npu aHarMsa Ha pelleHusTa e ga ce
Onpeaenu Kputepuit, kouTo aa Obae ontummaupad. LLupoko
13non3BaH Kputepun, Aasall fobpu pesyntatv npu puHaH-
COBWTE MPOEKTW € HeTHa Hactoswa cronHocT /NPV/. Toan
kputepuit onpegens Obgeljata CTOMHOCT Ha HaCTOSLMTE
WHBECTULMM 1 NO3BONSBA CPABHSBAHE Ha Pa3NYHM PEeLLEeHUS.

4 B -C
NPV = Z — (1)
L H(1+ /100)
HeTHaTa Hactoslla crtoiHocT ce Aaea ¢ copmyna (1),
KbeTo t e BpeMeTo B rofnHu, a cymata e 3a nepuog ot T

ropuan , B, v C, ca roguwnute nevanba v pasxoan, re

AWCKoHTOBaTa Hopma. EavH npoekT e nevenusL, korato NPV
€ NonoXwuTenHa u ONTUMaNHOTO PELLEHne e NPy Han-ronsiMata
cTomHocT Ha NPV.

Mpu MHXEHEPHITE MPOEKTY KaTo KPUTEPHIA 3a OLieHKa YECTO
Ce U3Mon3Ba BpemMeTo [0 0TKAa3 WM BEPOSTHOCTTA 3a OTKas.
HesaBncuMo OT TOBa, Ye ca UHXEHEPHU KpUTepun, Te pesyn-
TWpaT BbB (DMHAHCOBM nocrneanuy. ChluecTByBa Bb3MOXHOCT
[ia Ce CBbpXe BEPOSTHOCTTA 3a HAacTbMBaHe Ha eHO CbOUTHE
C NocneaumuuTe OT HACTBNBAHETO, KATO TEPMUHBLT NOCTEANLM
OT HacTbfBaHe € LUMPOKO M3Mo3BaH OT GU3HEC OpUEHTM-
paHuTe MEeHWIXbpPU. EQMH MO-NPUEMNMB MHXEHepeH TEPMUH
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[a Ce onuwe OTKa3bT e puck. B nurtepatypata puckbT ce
onpegens Kato Npou3BeAeHWe OT BEPOSTHOCTTA 3a HacTbm-
BaHe Ha otkasa POF wu nocneactBusita OT HACTBAMMOTO
cvbutre CF , B napuyHa CTOMHOCT,

R=POF*CF (2)

OuHaHCUCTUTE  HapuyaT  TO3M  MapameTbp  O4akBaHa
CTOMHOCT Ha nocrepcTBusTa. Tean KOMTO B3eMaT peLueHus ce
WHTEpeCyBaT Aa 3HAAT He Janu euH KOMIMOHEHT LLe OTKaxe, a
KaKbB pesynTar Lie MMa TOBa 3a koMnaHusTa. Tasu CcxogHocT
B JedmHULMMTE NO3BONSABA Aa Ce OCBLLUECTBU BPb3ka MEXay
WHXEHEpHUTE TepMUHM W duHaHcosuTe. Bpb3kata gednHu-
paHa Mexay pUCK 1 04akaHa CTOMHOCT OT nocrnencTeusTa ot
0TKa3 € KoY npu popMynupaHeTo Ha MOden 3a B3eMaHe Ha
peLLeHns 3a onpeaernsHe Ha BPEMETO 3a MHCMEKLNS U PEMOHT.

B nogobHa cutyaums e Heobxogumo Aa ce onpegenu
rofuHaTta npes KosTo LUe Ce W3BBPLUM MHCNEKUMSTa, Taka Ye
pa ce ontummanpa NPV u3amexgy HSIKONKO anTepHaTuBu.
AnTepHaTVBUTE OTrOBApSAT Ha MPOBEXAAHE Ha MHCMEKUMs Ha
Kpas Ha MbpBaTa, BTOpaTa, TpeTata WM T.H. FOQMHM OT
exkcnnoataums. Tyk NPV ce pasrnexaa kato Kputepui, Konto
oueHsiBa nevanbata OT HEWHBECTUPAHETO, U Ce WU3Mon3Ba Aa
ce onpeaenu roguHata Ha uHcnekums. Bue ¢opm.1 3a T ce
npueMa HOMepbT Ha roguHaTta, Korato Ce W3BbpLUBa
WHCMEKLMSATA M peMOHTa. 3a LienuTe Ha B3eMaHe Ha peLueHne
3a uHenekyws, nevanbara B BbB chopm.1 ce pasrnexaa kato
npeLoTBpaTeHn 3arybn n Moxe da ce u3pasu kato pegyuu-
paHe Ha pucka nopaam MHeNeKuys,

B = APOF *CF 3)

3a roguHuTe Npeau WHenekumsTa, nevantata B moxe pa ce
CyWTa paBHa Ha pucka, hopmyna 2.

BsemaHe Ha pewieHue 3a UHCNEKUUs 3a 3a8apeHo mpbOHO
cbeduHeHue om X-mun.

3aBapeHuTe CbeaMHEHNS Ca LIMPOKO Pas3npoCTpaHeHu B
CTOMAHEHWUTE  KOHCTPYKUMW, Hanpumep HedTEHn MOpCKM
nnatchopmu. TAXHaTa MexaHU4Ha 3[paBiHA € MHOTO BaXHa,
noHexe eOWH OTKas/paspylleHne Moxe [fa KMa MHOro
3HaunTenHn nocneguun. Tyk ce pasmexga egHo X-Tun
TPBOHO 33BapeHo CbeduHeHWe OT ronsiMa CTOMaHeHa
kocTpykuus [7,8], 3a fa ce onpegenu NoaxoasLoTo Bpeme 3a
WHCneKuusiTa My U ce pa3paboTi peMOHTHa nporpama, KosTo
TpsabBa [a OTrOBapsi Ha WHXeHepHUTe U (UHAHCOBM
nauckeanms. Mpu aHanusa TpabBa ga ce OoTYMTaT ABa BaXHM
Bbnpoca. OT dmHaHcoBa rnegHa Touka e Heobxoaumo aa ce
Hamepu BpemeTo, O KOeTo dwupmata Lie uma nevanba ot
ekcnnoarauusTa Ha KOHCTpykuusTa 6es nopgpwbxka. OT
WHXeHepHa rmedHa Touka, PeMOHTHT He 6uBa Ja ce otnara
MHOrO, 3aLl0TO BEPOSTHOCTTA OT OTKA3 M PUCK Lie HapacTHe
TBBPAE MHOTO.

3a fja ce Nonyyu U3MEHEHNETO Ha BEPOSITHOCTTA 3a 0TKa3 C
BpemMeTo /Opoid Ha HaToBapBaLUMTE LWKMW/, Ce M3Mon3Ba
nogxog 6asnpaH Ha BelibynoB aHanu3 Ha HagexaHocTTa [2], u
BEPOSITHOCTTHA MeXaHuKa Ha paspyLueHueTo [7]. Beinbynosust
aHanu3 ce M3nona3ea, 3aloTo TOV [aBa Ha4eXaHU pesynTaTtu
W MpU OrpaHUYeHN AaHHW. 3a LenTa ca M3Non3BaHu AaHHM OT

nabopatopHn u3nutanua [8]. B Tabmuua 1 ca nokasaHu
U3MepeHnTe AbnboYMHM Ha NyKHATUHATA B Pa3fNYHK TOYKW OT
HelHuMst npocoun. BposT unknu npepcTaensea GposT cnep
nosieaTa Ha MykHaTMHATa W  HEMHOTO MbpBOHAYamNHO
usmepsaHe. Tyk 15000 wumknu otroBapsat Ha 1 roguHa
ekcnnoatauums. Tean JaHHW ca NPUMOXEHW B eauH mMogen OT
MexaHuka Ha pa3pyLiaBaHeTO KOWTO BKIOYBA MEXaHW3bM 3a
OleHsIBAHe Ha  pasnpOCTPaHEHWETO Ha  MykHaTWHATa.
PesynTtatute OT Tasu cumynauusi ca BEpOSITHOCTM 3a paspy-
LUaBaHe CnpsiMo BpeMeTo, curypa 2.

Tabnuual.
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Queypa 2. WsMeHeHUe Ha eeposmHocmma om omka3 b8

gpeMemo 3a 3agapeHo CbeduHeHue om X-mun

Mpouenypata 3a oueHsBaHeTo Ha NPV Tpsibea fa onpegenu
NOAXOAALLOTO BPEME 3a MHCMEKLMS 1 PEMOHT, KOETO OTroBaps!
Ha efiHa HeoTpuuaTenHa ctoiHocT Ha NPV. Tosu aHanus e
U3BBPLLEH C nomoluTa Ha Ekcen Tabnuua, kosTO No3BonsBa
necHo oueHsiBaHa Ha NPV. 3a 1031 npumep ca 13nonaBaHu
CneJHuTE HavanHu aaHHu: MocneacTans OT paspyluaBaHe Ha
3aBapeHoTo cbeanHeHne 20000, CTOMHOCT Ha MHCMEKUMS W
pemoHT 5000.

Pesyntatute ot usmeHeHueto Ha NPV cnpsiMo roguHuTe e
nokasaHo Ha ¢urypa 3. 3a nmbpeute geset roanHn NPV e
MonoxuTenHa W cred ToBa CTaBa OTpULATENHA, KOETO
Mnokasga, Ye MOMOXMTENHN (DMHAHCOBKM Pe3ynTaTu ca [oc-
TUTHaTK B MbpBUTE AEBET roanHu . CnefoBaTenHo Han-aobbp
(bMHAHCOB pe3ynTaT Lie MMa ako MHCMEeKUMsTa ce npoBege
npes geBeTarta rognHa.
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Tpsibea fa ce otbenexu, Ye e HeobxoaMMO fa ce cneam 3a
Bb3MOXHW MYMTUNMMKALUMOHHW edbekTH, mopagu dhakTa, 4e
€0VH 0TKa3 MOXe Aa Npean3syka BTOPUYEH EGIEKT - HOB OTKa3
(Hanpumep nnacTUyeH konanc). BeposiTHOCTTa OT TakbB
“kackageH” eekT e noBuLLEHa B CbBPEMEHHATA MHAYCTPUS U
KOHCTPyKUMM. 3a Taan uen e HeobXOAMMO [a Ce YCTaHOBSAT
BCWYKM BPB3KM MEXOY PUCKOBUTE CbOMTWSA, Ja Ce onpeaenu
BEPOSITHOCTTA 3a HAaCTbMBaHe Ha CbOWTUSTA 1 Oa Ce OLEHsT
MynTunnMuupaHuTe nocneacTeus.

N

d

N 5000 = " " —

-5000

-10006 N

0 2 4 6 8 10 12 14 16

[ognHun
@uaypa 3. UsmeHeHue Ha HemHa Hacmodwa cmoUlHocm 8b8
spememo
3AKITKOYEHWE

MpencTaBeH e nogxon 3a m3nonasaHe Ha NPV n pu
B3eMaHe Ha peleHus 3a NpOoBeXOdaHe Ha MHCMeKUMs K

nogapbkka. Tolt No3BonsBa [a Ce M3rpadsT Bpb3ku Mexay
WHXEHEPHU M (PUHAHCOBM EKCMEpPTW, OCHOBAHM Ha B3aMMHO
pasbupaHe 1 aethnHUpaHe Ha picka.

Ypes npumep e NokasaHo, Ye € Bb3MOXHO HaMUpaHeTo Ha
MOAXOASLIO BPEME 38 WUHCTIEKLNA U PEMOHT, OTUMTAIAKI UHXKe-
HepHWTE 1 (IUHAHCOBM acnekTu Ha Npobnema.
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ABSTRACT

The risk of failure is now important part of many different aspects of materials and engineering applications. As part of the effective management, risk
assessments are essential requirements for taking appropriate decisions for maintenance and repair. By combining both engineering and financial methods it is
possible to find the appropriate time for maintenance actions. Presented decision analysis approach is demonstrated on a problem for maintenance timing of a
welded tubular X-joint.

INTRODUCTION

Risk has always been an inherent part of the every day life. People accept risk because they want to achieve their goals. The
evolution of the mankind increases the importance of the risk management in the industry. Risk is taken into account as an integral
part of the design of structures to achieve target reliability depending on the severity of failure and on the uncertainty of the input
data [1,2]. Risk is also important as a base for managerial decisions on inspection, maintenance, and investigation of the life cycle of
engineering structures and equipment[1,3].

Risk assessment methods are now used widely in the electrical power plants, chemical engineering industry, general structural
and machine building industry etc. This is especially critical in the case of severe working conditions for some part of the equipment.
It is financially non-profitable to replace the whole equipment because only a few parts are out of order. The existing system of
regular maintenance/repair does not allow achieving the best financial decisions because it is build mostly on engineering
requirements. Finding an intersection point between financial and engineering requirements is way to success.

The aim of this paper is to present the strategies to prevent the risk and to analyse the possibilities to use the risk management
procedures to predict the consequences of failure, to propose an approach for maintenance timing based on financial costs analysis.

LINK AND DEPENDENCE BETWEEN ENGINEERING AND FINANCE

Risk management is an interdisciplinary subject that covers different topics but the link between the engineering and finance is not
always obvious. Although the effects of undesirable event usually translate into financial result the key point of understanding the link
between engineering and finance is not easy seen. The main reason of this miss -understanding is the difference between tools and

definitions used by engineers and managers. Both engineers and managers seek own solution of a problem and can not find a

simple intersection between their aims [4].

The limitations of the organisational resources make difficult for engineers to obtain the necessary resources to maintain the
expensive equipment. The engineers can not convincingly proof their requirements to the decision-makers that are usually managers
and want to see the profit. The problem arise because the engineers normally do not express themselves in financial terms but in
engineering analysis results as fatigue life, crack growth, etc. In addition engineers have to compete against other staff of the
company for resources to support maintenance of the equipment. The competition for organisational resources usually is based on
quantitative method for financial and decisions analysis.

The limitation on the maintenance resources is born from increasing the maintenance costs. The higher requirements on the
maintenance costs come from equipment that is in the ageing part of its life cycle. A lot of components working in severe conditions
are in or rapidly approaching the high age of their life cycle. Such kind of component has a shorter life cycle comparing to other
elements of the equipment.

Typical life cycle curve is shown in Figure 1. It shows the classic shape of the Weibull life curve [2,5]. In the left side the failure rate
decreases, that is known as infant mortality. There are initial defects from design and manufacturing. The central section of the curve
is a period of life with approximately constant failure rate. The right part is the ageing period of the structure and it has an
exponentially increasing failure rate due to some specific material failure mechanisms like fatigue, crack growth, wear and creep.
This curve is used to describe almost all engineering components.
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The manags rprised by the large increase in maintenance costs for components of
industrial facilities approaching to the ageing part of their life cycles. An opinion exists that during the constant failure rate period if
prudent maintenance was performed the rate of failures would not increase rapidly.

The limitation of the organisational resources is caused by lowering of price of products produced by old equipment. The dynamic
of nowadays market have resulted in using a low price strategy in order to meet competition.

Managerial decisions are very difficult because of one side there is a limitation on the maintenance resources due to the low prices
of the product and on the other side there is the increased need to do maintenance due to ageing [6]. At the period of ageing part of
the life cycle of the equipment it is impossible to postpone the maintenance work.

In this situation a big help is using decision analysis supported with financial analyses and quantitative techniques. This approach
has been developed and gives good results in the field of investment decisions where large amounts of resources are involved. It is
very appropriate approach as well in maintenance decision making, in the direction to manage uncertainty by trying to find the
optimal time to maintain equipment during the ageing part of its life cycle.

In the case of investment decision the aim of the approach is to prove the positive effect of invested resources but in case of
maintenance decisions the aim is to determine the period during which the equipment can work reliable without maintenance, that is
without additional investment [4].

The advantage of decision analysis approach is better seen for the situation when the decision is not obvious and requires
quantitative methods based on both financial and engineers knowledge. The possibility to use the same well known investment
decision approach for maintenance decision is reasonable since the maintenance is competing for the general organisational
resources and decisions can be compared.

APPLICATION OF DECISION ANALYSIS APPROACH

The first step in the decision analysis is to determine the criterion to be optimised. The wide used criterion providing good results in
financial projects is the Net Present Value (NPV). This criterion determines the futures value of recent invested resources and allows
comparing different decisions. The Net Present Value can be given as,

T -
NPV = E—B’ €. % 1)
(1+ r/100)

t=1

where t is time in years, and sum is for a period of T years, B, and C, are the annual benefits and costs respectively, r is the
discount rate in %.

Any project is profitable when the calculated NPV is positive and the optimal decision is with the largest NPV.

In the engineering projects as criterion for estimation frequently time to failure, or probability of failure are used. Even they are
engineering criteria they result in financial consequences. It becomes possible to connect the probability of occurrence to
consequence of occurrence, that is term well accepted by business oriented managers. A more accepted term for engineers to
describe failure is risk. In the literature risk is determined as a product of probability of occurrence (failure) POF, and consequence of
occurrence (failure) of undesirable event, CF, given in cash terms,

R=POF*CF (2)



The financiers call the above mentioned parameter the expected value of the consequence. The decision-makers are interested
not to know whether a component will fail, but what result will produce this failure to the company. The similarity in definitions allows
to build a link between engineering terms and financial terms. The relationship defined by risk and expected value of consequence of
failure is a key in the formulation of the decision model for quantitative maintenance decision making.

In maintenance decision situation it is necessary to determine a maintenance action year to optimise NPV amongst several
alternatives. The alternatives correspond to performing maintenance action at the end of first, second, third etc year. Here NPV is
considered as criterion that estimate the profit of non-investing, and it is used to determine the year of maintenance. In equation (1)
T becomes the number of year when the maintenance/repair is performed. For the purposes of maintenance decision the main
benefit B in equation (1) is seen as prevented losses and can be expressed as a reduction of the risk due to maintenance,

B = APOF *CF (3)
For the years before the maintenance, the benefit B can be considered equal to the risk, equation (2).

Welded tubular X-joint maintenance decision problem

Welded tubular joints are widely used in structural industry, for example in offshore structures. Their mechanical durability is very
important, as a mechanical failure may have very significant consequences. Here a X-type welded joint from a large stricture [7,8] will
be investigated in order to establish appropriate maintenance and repair programme that have to cover engineering and financial
requirements. In the analysis two questions have to be considered. From financial point of view it is necessary to find time, till which
the company have benefit and profit from the structure without maintenance. From engineering point of view the repair must not be
delayed because the probability of failure and risk will increase too much.

To obtain the variation of the probability of failure with time (number of loading cycles) an approach based on Weibull reliability
analysis [2] and probabilistic fracture mechanics [7] was applied. The use of Weibull analysis technique is chosen, due to its
capability to give reliable results with limited amount of data. For this, data from laboratory tests was used [8]. In Table 1 crack
depths for four different location of the measured crack profile are shown. The number of cycles represents the number after initial
crack measurement. Here 15000 cycles correspond to 1 year in service. The above data was implemented in a probabilistic fracture
mechanics model that incorporates a damage propagation mechanism [7]. The results of this simulation are probabilities to failure
versus time, Fig. 2.

Table1.

Nu Wall thickness at different locations
mber (mm)
of
cycles

145 175 22 25 22.5
000
180 47 12.5 15.8 15.5
000
200 2.6 6.8 8.2 9.2
000
220 0.2 25 5 58
000
240 0.01 1.2 25 25
000

Probability of Failure

o
o

Years



Figure 2. Variation of probability of failure with time for X-type welded joint.

The procedure for NPV estimation has to determine the appropriate time for maintenance/repair, that corresponds to a non-
negative NPV. This analysis was performed using an MS Excel workbook that allows an easy NPV estimation. For the purpose of
this example the following initial data was used: Consequence of failure of the tubular X-joint is 20000, the cost of maintenance and
repair is 5000.

The results for variation of NPV with time are presented in Figure 3. For the first nine years the NPV is positive and later it
becomes negative indicating for positive financial results have been achieved in first nine years. Therefore, best financial output will
occur if maintenance work is performed during ninth year.

5000{ *—*—=—s_, 1

NPV
/

-5000 - '\. 1

-10000 4 NS
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Figure 3. Variation of Net Present Value with time

It have to be noted that it is necessary to take care about some multiplication effects, due to the fact that a single accident can
cause secondary effect — a new accident (e.g. plastic collapse). The probability of such cascading effect is increasing in modern
industries and structures. For this purpose it is necessary to establish all relations between all possible risk events, to estimate the
probability of occurrences and to evaluate the multiple consequences.

CONCLUSIONS

An approach for using NPV in maintenance decisions was presented. It allows to build a relation between engineering and
financial experts, based on a mutual understandable definition of risk.

It is shown on an example that it is possible to find out the appropriate time for maintenance and repair considering both
engineering and financial aspects of the problem.
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