YHUBEP3UTET Y BEOI'PALY
MamuHncku paxkyarer

BERY JOKTOPCKHUX CTYNJA
IIpeamet: Pedepar o ypahenoj nokropckoj nucepranuju kagaunara Jlazap . Jepemuh, qunJi.
HHIK.MAII. — MacTep MHKehep MALIHHCTBA.
Onnykom 710/2 on 04.06.2020.ronuHe ©MEHOBaHU cMO 3a wiaHoBe Komucuje 3a nperiesn, oleHy u
olI0paHy IOKTOpCKE AucepTanyje kanauaara kanauaara Jlazap . Jepemuh, quna. muk.mMam. —

MacCTep HHIKEHHLEP MAalIMHCTBA 1101 HACJIOBOM

"ITPONEHA UHET'PUTETA 3ABAPEHUX KOHCTPYKIIUJA TPOJEKTOBAHUX CA
CMAIBEHUM CTEIIEHOM CUTI'YPHOCTH”

[Tocne mpernena mocraBibeHe Jlucepranmje u Apyrux nparehux MaTepwjajia W pasroBopa ca
kaHauaaToM, Komrucuja je caunnumia cinenehu

PE®EPAT
1. YBOJ

1.1. XpoHoJsoruja ogo0OpaBama 1 u3pajie Jucepraimje

Kangunat Jlazap /1. Jepemuh, aumut. MHXK. Malll.— MacTep MHXKEHEP MALIMHCTBA, YIHCAO j&
NpBY TOJMHY JOKTOPCKHMX CTyAauja Ha MamuHckoM (akynrery YHuBep3urera y beorpany
mkosucke 2015/2016. rogune. Ha ocHoBy 3axTeBa ctyaeHta Jlasapa Jepemuha, mMacT. uHX. Mmar.,
op. 1081/1 ox 11.06.2019. ronune na My ce ogo0Opu u3pajga AOKTOPCKE aUcepTauuje, pedepara
Kommucuje y cacrapy: np Anekcannap Cenmak, pen. mpod., np 3opan Pagakosuh, pen. mpod., ap
Onusepa Ilomosuh, pen. mpod., np Tamko Manecku, pena. npod. M®. y nensuju u ap Mapko
Japuh, nayunu capaguuk, UL[. M®. Beorpax 6poj 1081/5 ox 09.07.2019. roqune, a Ha OCHOBY
yrana 30. 3akoHa 0 BUCOKOM oOpazoBamy (,,Ciayx6enu rmacauk PC*, 6poj 76/2005, 100/2007 —
ayTeHTUYHO TyMmauewe, 97/2008, 93/2012 wu 89/2013), unmana 64. Craryra MamuHckor
¢dakynterera (6poj 1450/4 on 14.06.2018. ronune) m umana 30. IIpaBuiIHHKAa O JOKTOPCKUM
cryarjama MamuHckor ¢akynrera, HactaBHO-HayuHo Behe MarmmHCKor (akynirera Ha CeIHUIN
on 11.07.2019. rogune, noHeno je cienehy oqnyka fa ce NpuxBaTa HayyHa 3aCHOBAHOCT TeMe
JIOKTOpCKE AucepTanuje u koHctaryje aa cryneHt JIASAP JEPEMUR, MacT. nHX. Malll. UCIymkaBa
ycinoBe 3a wu3pany goktopcke mgucepranuje I[IPOLIEHA MWHTEI'PUTETA 3ABAPEHUX
KOHCTPYKIMUJA TTPOJEKTOBAHUX CA CMABEHUM CTEINEHOM CHUI'YPHOCTH. 3a
MeHTopa ctyaeHTy Jlazapy Jepemuhy, umenyje ce ap Anexkcannap Ceamak, pes. mpod.

Behe nayunux oGnacTu TeXHWYKHMX Hayka YHHUBep3uTeTa y beorpamy moneno je Omryky
Opoj 61206-2272/2-17 ox 11.7.2017. rommHe KOjOM ce Jlaje carjacHOCT Ha MpPEIOrT TeMe
JOKTOpCKe aucepranuje kanaunmata Jlasapa Jepemmha, monm wacmoBom: ,IIPOLIEHA
NHTEI'PUTETA 3ABAPEHUX KOHCTPYKLMJA ITPOJEKTOBAHUX CA CMAIBEHUM
CTEITEHOM CUI'YPHOCTU®.



Onnykom HacraBHo-nayunor Beha MammuHckor ¢akynrera beorpamy 6poj 1081/4 on
4.7.2019. rogune, ”MEHOBaHH cMO 3a wiaHoBe Komucuje 3a oreHy mojo0HOCTH TeMe U KaHIuaaTa
Jlazap [I. Jepemuh, crygenra [JokTopckux cryamja Ha MammackoMm (akynrery y beorpany, 3a
u3paay ITOKTOPCKE AUCepTallje U HayuyHe 3aCHOBaHOCTH Teme: ~IlpolieHa MHTerupreTa 3aBapeHux
KOHCTPYKIIM]ja IPOJEKTOBAaHUX Ca CMamEHUM CTEIICHOM CUTYPHOCTH Y CacTaBy:

e 1p Anekcannap Cenmak, penoBHH npodecop (MeHTOp), MammHcku dakyarer y beorpany

e 1p 3opan Panakosuh, penoBuu npodecop, Mammucku daxynrer y beorpany

e 1p Onusepa [Tonosuh, penosau npodecop, Mammuacku Gaxynrer y beorpamy

e 1p Tamko Manecku, mpodecop y nensuju, Mamuncku dakynrer y beorpamay

e 1p Mapko Japuh, Hayunu capaguuk, MHoBannonu uenrap, Mamuncku ¢gakynret y beorpany.

Behe nayunux obnmacTu TeXHMYKHUX Hayka YHuBep3utTeTa y beorpamy moneno je Ommyky
opoj 61206-3170/2-19 om 26.8.2019. roamHe KOjOM Ce Jaje carjlacHOCT Ha MPELIOr TeMe
JIOKTOpCcKe aucepranuje kanaunata Jlasapa Jepemmha, mnon wHacmoBom: , JIPOLIEHA
HUHTEI'PUTETA 3ABAPEHHNX KOHCTPYKIIMJA IIPOJEKTOBAHUX CA CMABEHUM
CTEIIEHOM CUI'YPHOCTH*.

Ha ocnoBy o6aBemrema npod. np Anekcanapa Cenmaka na je xanguaar Jlazap Jepemuh,
3aBpuIMO JOKTOpcKy aucepranujy mox HacimoBom: [TPOLHEHA MHTEI'PUTETA 3ABAPEHUX
KOHCTPYKIUWJA TIPOJEKTOBAHUX CA CMAWBEHUM CTEIIEHOM CUI'YPHOCTWU”u
npemiora Karenpe 3a Texnonorujy marepujana, HacrapHo-nayuno Behe MamuHckor (akynrera y
beorpany je Ha cemuuuu oapxkanoj 04.06.2020. rogune noneno Omnmyky Opoj 710/2 xojom ce
nMeHyjy wiaHoBu Kommcuje 3a mpersen, olieHy U 010paHy JOKTOPCKE AUCEpTaIlHje Y CacTaBy:

e 1p Anekcangap Cenmak, penoBHu npodecop (MeHTop), MammuHacku dakynteT y beorpany
e 1p 3opan PamakoBuh, pegouu npodecop, Mammucku daxynrer y beorpany
e 1p Onusepa [lonosuh, penosuu npodecop, Mammncku gaxyntet y beorpany

e 1p HeGojuia I'waroBuh, nouent, Mammucku ¢axkynrer y beorpany

e 1p Cumon Cenmak, Hayunu capaanuk, MlHoBaronu nenrap, Mammscku gakynteT y beorpany.

1.2. HayuHa o0xacT gucepraiuje

Jloktopcka guceprauuja 1oj HacioBoM  “IlpomeHa WMHTerpurTeTra 3aBapeHMX
KOHCTPYKLHja TPOjeKTOBAHMX €A CMambeHHM CTelleHOM CHTYPHOCTH”, Mpumaaa o0jacTu

TEXHUUYKHX HayKa - MalIMHCTBY, y»K0j HayuHo] oOnactu TexHosoruja marepujana-MammHcku

MaTepujaJM, 3a kojy je MamuHcku dakynrer YHuBep3urera y beorpany Mmatuyas.

1.3. buorpadcku nomaim 0 KaHIUIaTy

Jlazap Jepemuh je pohen 13.03.1991. y 'opmem MunanoBiry. 3aBpiivo je OCHOBHY IIKOTY
»~Momumno Hacracujesuh® y I'opmem MunanoBily, cpefmpby TEXHUUYKY HIKONY ,.JoBaH JKyjoBuh* y
l'opwem MunanoBiy. Mammuacku ¢dakynrer y beorpany je ynucao 2010. OcHOBHE IUILIOMCKE
crynuje je 3aBpmuo 2013. ca mpocekom 9.44, nok je Mactep akaneMmcke cryauje 3aspmmuo 2015. Ha
Kareapu 3a TexHosnoruja marepujana - MammHCKH MaTepHjalid U 3aBapUBamEe ca MpocekoM 9.65.
JlokTopcke cTynuje je ymucao HoemOpa 2015. Jlo cazna je moiokuo cBe MpeaMeTe Ha JOKTOPCKUM
cTyaujama.



Panno uckycTBO
2014 -2015- Messer Castoin beorpan, Uikemep 3aBaprBamba,

2015 — 2016- Mamunucku akynrer,Crunenaucta MuHCTaCpTBa HayKe HAa JOKTOPCKUM CTyIHjama,
2016 — 2017- Koncrpykrop Metai, beorpan, llled nponsBoame,

2017 — 2018 -TankMonT beorpan, Nnxemep 3aBapuBama,

2018 — 2019 - Saipem lItaly, Mmkemep 3aBaprBama,

2019 — MucTpakuBay capaauk, MHoBarmonu rienTap, MamHcku daxkynrer beorpa.

2. OIIUC JUCEPTAIIMJE

2.1. Caapkaj qucepraiuie

JlokTopcka nucepranvja kaHawmara kanampata Jlazapa Jepemuha mon “Ilpouena
HHTErPUTETa 3aBapPeHHX KOHCTPYKIHja NPOjeKTOBAHMX ¢a CMambeHHM CTelNeHOM
curypaoctu”caapxu: 109 crpana ¢opmara A4, 57 cmuxe, 30 Tabena, 51 jemHaumHa W cHMcak
KopuirheHe TuTepaType Koju caapxku 74 pedepenie.

JlokTopcka aucepranuja caapxu cieaeha moriabba:
1. VBox
[Ipernen nutepatype y o0nactu Te3e
OcoOuHe 1 MoHaIIamke YeIrKa MOBUIIeHE YBpcTohe U IUXOBUX 3aBapEeHUX CII0jeBa
MexaHuke TOMa U UHTETPUTET 3aBapEHUX CII0jeBa
Hanojuu nesoBona XE ,, bajuna bamra®
ExneprumeHnTanHu neo
Hywmepuuka cumynanuja nporotuna uesosoga XE ,, bajuna bamra*
OrieHa pu3nKa Ha OCHOBY MHTETPUTETA HAIMOJHOT 1I€BOBO/IA

©ooN RN

. AHanu3a M IMCKycHja pe3yiTaTa
10. 3akspyuax
11. Jlureparypa

OcuM HaBeIeHOT, JJOKTOPCKa JUcepTalrja CaJpKU pe3uMe Ha CPICKOM M EHIJIECKOM jE3HKY,
canpxaj, Ouorpadujy ayropa, M3zjaBy o ayropctBy, M3jaBy O HMCTOBETHOCTH ILITamIaHe H
€JICKTPOHCKE BEP3Hj€ TIOKTOPCKOT paja u M3jaBy o kopumhemy.

2.2. Kparak npuka3s nojeAnHaYHuX [MOIJIaBJba

IMornassbe 1 u 2: YBoa U nperiies IUTepaType y 00JacTH Te3e

Y mpBoM u apyrom mornaBiby kKanmuaar Jlazap Jepemmh je mao merashaH mperien
pelieBaHTHE HayYHE JINTEPAType KOjH je 0/ CYIITHHCKOT 3Havaja y IiJbY yTBphUBama J0caIanimbix
HAayYHUX pe3ynTaTata W AOCTUTHyha y OKBHpY pa3maTpaHe oOnactu. YTBplhyje ce mpeamer
UCTpaKuBama H JedUHUIIE Wb UCTpaKuBama.bruhe mpukazana moaena u npuMeHa mocyja moj
MIPUTHCKOM, KaTaKTEPHCTUKE MaTepHjaia Koje ce KOPUCTE 3a omnpemy noj nputuckom. [Ipukaszahe
KpaTak OMNHC TUIaHa IeNie JUcepTalje U Ha Kpajy he OUTH HampasbeH Mperiiel] TUTeparype us3
obnmactu oBe Te3e. buhe mpukazanm pesyntatu oapeheHUX pamoBa KOjU Cy ce OaBUIU OBOM
TEMaTHKOM, TIP€ CBera €KIEPUMEHTATHOT MCIUTHBama HamojHor mneBoBona XE ,,bajuna bamra®,
kao u camor ocHoBHOT Mateupujara SUMITEM SM80P, y koMOnHanmju ca METOJIOM KOHAYHHX
eneMeHarta, yKJbyuyjyhu pamose ca mel)yHapoaHux KoH(epeHIHja, U3 4aconuca, Kao U JOKTOPCKE
mucepraiyje. Kpos oBe pagose he 6utu o0janimeHo Kako je JOIUIo 0 uaeje 3a u30op TeMe, u Kako
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j€ CBe M3TIeaano oJ caMmor moderka. lIpenusHuje, pagoBu MpenCTaBbEHH Y OBOM IOTJaBiby he
outu Qokycupanu Ha cienche: EkcriepuMeHTAIHO UCTIUTHBAKE M HYMEPUUKY aHATU3Y HAIOJHOT
neBoBoyia XE ,,bajuna bamra® on yenuka nosuimieHe uBpcrohe, ca moceOHUM MaXHOM Ha 3aBapeHE
CTIOjeBEe M MECTa KOHIICHTPAIIMje HAIlOHA.

IMornaebe 3. OcobuHE U MOHAIIAKE YeINKa ITOBUIIICHE LIBpCTOhG " BbUXOBUX 3aBaAPCHUX CHOjCBa

VY TpeheM noriaBiby je pa3MOTPEH OCHOBHM MaTepujai, KOJU CHaja y 4elIMKe MOBHILEHE
yBpcTohe, uMajyhu MpPBEHCTBEHO y BUY CKJIOHOCT OBE Ipyle MaTepHjajia U BUXOBUX 3aBAPCHUX
CTOjeBa Ka HaCTaHKY M pacTy MpCluHa.

W3 oBe rpyre yenuka HajBUIIE C€ KOPHCTE HUCKOJICTHPAHHU YETUIM KaFbEeHU U OITYILTCHH.
OBu yenuIu ce, yCIOBHO, MOTY CMaTpaTH J00po 3aBapJbMBUM MaTepujaiinMa. HemoxkespHe mojaBe
KOje ce youaBajy NpH HHUXOBOM 3aBapuBamy cy nosehame TBprohe, cMameme KHIABOCTH,
nosehame MpenazHe TeMiepaType KpTocTu U nojasa npceiuHa y 3YT. HaBenene nojase nosehaBajy
CKJIOHOCT 3aBapeHUX CII0jeBa Ka KPTOM JIOMY, 300r dera je OCHOBHHU mpoOiem y ob6e3behemy
CUTYPHOT pajJia lbUXOBHX 3aBapeHHUX KOHCTPYKIMja 00e30eheme o1 mojaBe KpTor joMa.

3a 3aBapuBame OBE IpyNe 4YeluKa KOpHCTe KJIAaCHYHEe BPCTE 3aBapuBama y npBoM peay E,
TUI" u EINII. Ilocroju pu3uK OJ TOjaBe MPCIMHA HA XJIQJAHO KOJ YeIHWKA MOBHIICHE W BUCOKE
YBPCTOLE, YKOJIHMKO C€ MPUMEHY]y PENIaTUBHO Maje KOJMYMHE YHETE TOIUIOTE M JIO3BOJIU BHCOK
canpkaj BogoHuka. C pyre cTpaHe MPUMEHOM IIOCTYIKAa 3aBapuBamba Ca BEJIUKOM KOJUYHHOM
YHETE TOIUIOTE CMamYjy ce KunaBocT u uBpcroma 3YT.

Ilornasibe 4. MexaHuke 1oMa 1 HHTCTPUTET 3aBAPCHUX cnojeBa

vy YCTPBPTOM IIOIJIABJbY KaHAUAAT CC 0aBHO MEXaHHMKOM JIOMa ca ITOCeOHMM HarjackoM Ha
MCXaHUIH JIOMA U MTapaMEeTpuMa MEXAaHUKEC JIOMa y IIWUJbY IMPOUCHEC UHTCTPUTCTA 3aBAPCHE OIIPEME
noxa IMMpUTUCKOM.

Mornassbe 5: Hanojuu niesoBona XE ,, bajuna bamra®

Y mnerom mnoriaBjby KaHAWAAT J€ aHAJIM3UPAO KapaKTEpPUCTUKE HAMOjHOT 1I€BOBOAA
xuapoenektpane bajuna bamita koju je NMpOJeKTOBAaH OJf HUCKOJETMPAHOI YeJUKa IOBHILIEHE
ygpcTohe. Takohe je omucaHa TEXHOJIOTH]a 3aBapuBara I[€BOBOJIA, OMHC CaMOT MOCTpojejba U
nopauyH Je0JpHHe 31/1a 1IeBOBO/Ia Ha JI€JCTBO CTATUYKOT MPUTHUCKA

Ilornasibe 6 u 7: EknepuMeHT 1 HyMepHuKa cUMyIialyja npororumna nesososa XE ,,bajuna bamra*

VY mrecToM W ceIMOM TIOTJIaBJbY KaHIUAAT ce 0ABHO EKIEPUMEHTATHUM HCIUTHBAKHEM U
HYMEpPUYKOM cUMYanujoM nportoTuna nesosoga XE ,bajuna bamra®. PazmaTtpanu npoGiema, 1j.
npumenoM MKE kopumnthewem codrepckux naketa ABAQUS. Metona koHaYHUX ejeMeHaTa uma
BEJIMKY MPUMEHY y TPAKCH 3a MPOIIEHY HHTETPUTETa 3aBapeHNUX KOHCTpyKnuja. [Topen xmacuaamx
eKIepUMeHaTa, Kao joIlI je/laH ajaT KOju ce KOPUCTHU KO/ PETHUX KOHCTPYKIUj€ jecTe U HyMEepHUKa
cUMyJanyja. ¥ mpakcu ce yBEeK HyMepHUUKe aHajHu3e Mopeje ca eKCIEePUMEHTATHUM Pe3ylTaTHMA.
Anu gecto HHje Moryhe oJpaguTH eKIepuMeHTe 10 Kpaja, Ia ce Kao 3aMeHa KOPHCTe HyMEepUUKe
cuMyJainyje, uMajyhu y BUly IpeJHOCT HyMepUUKe cuMyJalntje /a je yBek Moryha mOHOB/BHBOCT
aHaJM3e, y3 YCJIOB J1a Cy TIOCTaBJbeHN JOOPU TPAHUYHHU YCIOBU M MPEXKa KOHAYHUX eJIeMeHaTa.

Y TOM 1IIUJbY HANPaBJbEH j€ TPOIUME3MOHH MOJIEN IIEBOBO/IA Y JIeTy HajBehe KOHIIEHTpaIje
HaroHa, J1a Ou ce moOwiIa mpernu3Ha pacrnojena aedopmalja ¥ HaloHa, OJHOCHO BepU(pUKOBAO
HYMEPHUUYKH MOJIEN, Ka0 U €KCIIEPUMEHTAIIHO Mepewe Aedopmarja MepHUM Tpakama. OcuM Tora,
OBHM MOJIEJIOM j€ CHMyJupaH LuKIyc onrtepeheme-pacrepeheme Koju je J0BEO 10 IUIACTHYHE
nedopMmalja Ha MEPHOT Tpamu y OJM3WHH 3aBapeHOr Cloja, OJHOCHO Ha MECTY CHMYJITAHOT
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7iejcTBa XETepOreHOI MaTepHjasia (JIOKATHO pasinyuTa KPYTOCT U MJIACTUYHOCT) M KOHIICHTpPALHje
HaroHa. Hymepuuka cumynamugja je mokasajio J00po ciarambe ca eKCIEpUMEHTOM Y CMHCITY
onpehuBama mactuuHe aedopmamje .

ITorinasine 8:

Y 0ocMOM TIOTJIaBJby KaHAMUJAT ce 0aBUO OIICHOM PU3MKA Ha OCHOBY MHTETPUTETA HAIOjHOT
neBoBojia XE ,, bajuna bamra“ je npeko ujarpama Ananuze Jloma (FAD) u matpurie pusuka.

IornaB/be 9: AHanu3a u IUCKyCHja pe3yiTara

VY mornaBsby AeBET KaHAMJAT j€ Aa0 AMCKYCH]Y pe3yiTara JOOHjeHUX eKCIIEpUMEHTATIHOM
AQHAJIM30M, PA3IUYUTAM HYMEPUUYKUM CHMYJalMjamMa M HBUXOBOMM MelycoOHMM yTuliajeM Ha
WHTETPUTET U PaJIHU BEK HarojHor 1eBoBoja. OOyxBara aHanM3y U AUCKYCHU]y pe3yiTara, Tlie cy

CBU IIPUKAa3aHU PE3Yy/ITaTU CUCTEMATU30BAHU, aHAJIM3UPAHU U NTPOJIUCKYTOBAHHU.
IToruassbe 10: 3axspyuak

VY mornaBiby JieceT JIeTaJbHO Cy CHCTEMATH30BaHM OCTBApPEHHM HAYYHH PE3YNITaTH U JaTH
npaBiy Moryhux, OJHOCHO, Oynyhux ucTpaxkiBama 3aCHOBAHUX Ha Pe3yJITaTa IOCTUTHYTHX Y OBOj
JTOKTOPCKO] IUCEPTaLIU]H.

Moraasspe 11: Jlutepatypa

VY moriaBspy jelaHaecT MpUKa3aHa je W HyMEpHCaHa JHTepaTypa KOpUIIheHa 3a H3paxy
JOKTOPCKE JIUCEpTAIHje.

3. OLIEHA TUCEPTALINJE

3.1. CaBpeM€eHOCT ¥ OPUTHHAIIHOCT

HcTpaxuBama y 001acTH MOHAaIIakha MoCy/1a Mo/ MPUTUCKOM M LIEBOBOJA BEOMa 3Ha4ajHa U
aktyenHa. Kanaunar je 1ao jacHy uaeHTHU(PUKALM]y U aHAJIW3Y OCHOBHHUX MpoOJjieMa KOjU J10BOJIE
JI0 XaBapHje I1IeBOBOJIa ca HecarjeaMBUM mocienuiama. JlokTopcka aucepranuja NpencTaBiba
CaBpEMEH W OpUTMHAJIaH JOMPHUHOC pa3MaTpaHo] MPoOIeMaTUII JIoMa YCJIe MOCTOjamka Tpeliaka
TUIA TPCJIMHA y MaTepujaiy, MoceOHO 3aBapeHOM CIOjy. Y OKBHPY JOKTOPCKE aucepTaluje
NPUMEHCHH CY CaBPEMEHHU HCTPAXMBAUKU TOCTYIIH M JIA00OpaTOpHjCcKa Mepema y3 KopHuIlheme
HAJHOBHUJUX COPTBEPCKUX PEIICHa 32 HyMEPUUKE CUMYJIalHje.

OpurnHAIHOCT JOOWjEHUX pE3ysTara y OKBHPY AHMCEpTalHje MOTBpyjy pajgoBH KOjU Cy
MyOJIMKO-BaHU U CAOMIITEHH Ha HAYYHUM CKYITOBHUMA WA 00jaBJbeHH Y YACOMMUCHMA.

3.2. OcBpT Ha pedhepeHTHY U KOpUITNEHY JUTEPATYDY

VY nokTopckoj AucepTanuju KopuirheHa je oOMMHa TuTepaTypa U3 pa3IMuuTuX 00J1acTH, ma
Cy 300T U3pa3uTO KOMIUIEKCHOI KapakTepa TeMe JOKTOpPCKE aucepraiuje pedepeHTHe 00JIacTH
oOyxBaTaje MEXaHHKy JIOMa ¥ IIOHAIlamka METATHUX MarepHjaja, HYMEpHUYKe MeToJa H
CUMyJallfje, ajdd M EeKCIIepUMEHTaJHe MeToJie HCIuTHBama. OBa JuTepaTypa je KaHIuAaTy
MOCTYXXHJIa Kao IMoJjla3Ha OCHOBA 3a (OpMHpH-E Mperieaa nocTojehnx HCTpakuBama BE3aHHUX 3a
o0ylacT OTKasza yciel JoMa 3aBapeHUX KOHCTPYKIIMja, Kao M 3a MPUIIPEeMYy eKCIepUMEHaTa M
HYMEPHUUYKUX MOJesa. Y yBOAHOM /ey JOKTOPCKE JUcepTalje KaHAuIaT NPUKa3yje XPOHOIOIMIKH
MperJie]] peJieBaHTHE HAaydHE JIUTEepaTrype, YMMe je a0 KPUTUYKH OCBPT Ha HAjBAXKHH]E PE3yJITaTe
peneBanTHUX ayTtopa. CBe pedepeHiie kopuniheHe y paay MpukKa3zaHe cy Ha Kpajy pajaa, a KaHJauaatr
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ce MO3MBa Ha aHaJIM3e, Pe3yJTaTe U 3aK/bydyKke 00jaB/beHE Y HAYYHHM YaCOITMCHMA BHCOKOT PaHTa
KoHpepeHmjama wmehynapoxgnor 3Hadaja. Op HaBeAGHUX HacilIoBa KopuIIheHe JHuTeparype,
JOMUHHPAjy OHE Milal)e 0J1 1eceT roAnHa, Kao U oHe u3 Boaehux melynaponnux yaconuca.

3.3. Omnuc 1 aIcKBaTHOCT OPUMEHLEHUX HAYVUHHUX METOJIa

VY u3panu TOKTOPCKE AUCEPTaLUje IPUMEHEHE CY M eKCIIEPUMEHTATIHE U HyMEPHUYKE METOJIC.
Meroa KOHauHHMX eJieMEHaTa y CaBpEeMEHO] Haylll WMa cBe Behy NmpHMEeHy M KOpUCTU c€ 3a
UCTIUTHBAbA U IPOpauyHe PA3THMYUTAX MAIIMHCKUX KOHCTPYKIHja. Y CKJIOIMY HYMEPUUKHUX aHAIN3a
(dbopMHUpaHN Cy BEPOJOCTOJHH W MOY3JaHM HYMEPUYKH MpOopayyHCKH mozenu. llpumemene cy
MeToZie Bepu(HKalMje, 3acCHOBaHE Ha mopehemy A0O0MjeHUX HYMEPHUUKHX M EKCIIePUMEHTATHUX
pe3yaTara, Kao 1 MeToJia eKCIIEPTCKOT MUIILJbEHa TOKOM aHallu3e U TyMayerma JOOHjeHUX pe3yirara.

3.4. IIlpuMeHIJEUBOCT OCTBAPEHUX pE3VIITATA

JloOujeHn pe3ynraT y OKBUPY JOKTOPCKE JUCEpTaIHje IMOope/l HaydyHe BPEIHOCTH UMajy H
3HAYajHy NMPAaKTUYHY NPUMEHY, IIpe CBEra y NpopadyHHMa WHTETPUTETa 3aBapEHUX KOHCTPYKIIH]ja
Kao IUTO Cy IOCYAE IOJ HMPUTHCKOM M I1IeBOBOAM. OCTBAPEHU EKCHEPHUMEHTATIHU PE3YNTaTH
omoryhaBajy onpehuBame yTuiaja 3amopa U pa3IMYUTHX TEOMETpHja Koje ce Mory Hahu y
KIIMHAYKO] TPAaKCH Ha HAMOHCKO CTame, MHTETPUTET M PAJHU BEK 3aBAapEHUX KOHCTPYKIIH]a.
JlMjarHOCTHYKE METOJe MMajy BEIHMKY IMPHMEHY Y OTKpHBamy rpeliaka y Iu3ajHy, OJHOCHO
TCOMETPHjH KOHCTPYKIIHM]E WIH JIela KOHCTPYKIIH]je, ITOCEOHO Y CIIydajeBrMa O0TKa3a, a JI0CaIallbha
MCKYCTBA M3 IMpaKce MoKas3alia cy Jia Hajuemhu y3poK OoTKa3a MpeJCTaBibajy MojaBe MpCiIuHaHa Ha
MecTHMa HajBehrX KOHIIEHTpalija HalloHa, Koje je Moryhe 1o0ujeHrX HyMepHUUKHM ITPOPAYYHOM.

3.5. O1eHa TOCTUTHYTHUX CIIOCOOHOCTH KaHIMIATA 34 CAMOCTAJIHA HAVYHU pal

Tokom u3pajge JOKTOpCKE AUcepTalrje KaHIuAaT je MoKa3ao CIIOCOOHOCT 3a CaMOCTaJIHU
Hay4yHU paj, Kao U Ja pelaBa HaydyHe IpobiieMe, OAHOCHO Jia MMa M3Y3€TEHO 3HAmhe Yy OKBHUPY
o0JacTu Hayke O MaTepHjajinuMa, 3aTUM TEOPHjCKEe MEXaHHMKE JIOMa, Ka0 U CaBpeMEHE HyMEepUUKe
aHayiM3e, NMOTPeOHO 3a JajbM HaydyHO-UCTpakuBauku paia. To je morBpheHo kako OpojHUM
HCIUTHMA KOj€ je KaHAMJAT MOJI0KUO Ha JOKTOPCKUM CTyAHjaMa, TaKo U OpOJHUM KOayTOPCKUM
paroBUMa.

4. OCTBAPEHU HAYYHHU JOITPUHOC

4.1. IIpuka3 ocTBapeHUX HAYYHUX JONPUHOCA

OpurvHajaHM Hay4HU JONpUHOC KaHauzaara Jlazapa Jepemuha u meroBor JTOKTOpara IO
HazuBoM “lIIpomeHa MHTerpuTeTa 3aBapeHHMX KOHCTPYKIMja NPOjeKTOBAHHMX €A CMaHbCHUM
CTENEeHOM CHUTYPHOCTH jé Bepu(UKOBaH HOBH MOCTYIMAaK MpPOIICHE HHTEIPUTETA W pHU3KKA
3aBapeHUX KOHCTPYKIIMja MPOjEeKTOBAHUX Ca CMAambeHHM CTEIIEHOM CHUTYPHOCTH, Ha OCHOBY
KJITACHYHOT KOHIIENTa MEXaHWKE JIOMa, MPUMEHEH Ha KOHKPETHOM 3aBapeHOM IIEBOBOIY KpO3
MPUMEHOM OCHOBHHUX TNapamertapa y okBupy ujarpama AHammse Jloma u HyMepHUKe CHMYIIaInje
NpOTHIA 1I€BBOJA, IITO je MpuKazaHo y mornaiby 8.1 auceranuje Ha crpanama o 77-78 u
o0jaB/beHO y paay 2, kareropuje M23 y uwacommcy Technical Gazette, mocryman Ha JUHKY
https://doi.org/10.17559/TV-20200413142538, rae ce y moriasby 5 paga Ha crpanama 1146-1147
JaTy 3aKJbYUI UTEIPUTETA IIEBOBOJIA HA OCHOBY HyMEpUYKE CUMYJIAIH]e.
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Octanu OUTHU TOMPUHOCH JIOTOpaTa Cy:

[Tpukasan je mocTynak IpoIeHe MHTETPUTETa 3aBaApEHUX KOHCTPYKIIMja HA OCHOBY OLICHE
pU3MKa, IpHUKa3aH y moriaBiby 8 aucepranuje Ha ctpanama on 79-80, koju je Takohe mpUMeHneH
Ha KOHKPETHOM 3aBapeHOM IIEBOBOJY, W KOjH je TMOKa3aH y y paay 1, kareropuje M14, Lecture
Notes, Springer, moctymnan Ha JMHKY https://doi.org/10.1007/978-3-030-58362-0_16.

[Ipukaszana je mpouenypa Bepudukanuje HyMEPHUUKUX M EKCIIEPHUMEHTAIHUX pe3yJiTara
UCIHUTHBamka MOCY/a 1O MPUTHCKOM, TIPUKa3aH y MOTJIaBJbuMa 6 U 7 IUCeTandje Ha cTpaHama oJl
36-75, unme je omoryheHa npuMeHa KOMIUICKCHUX CHMYJIAllMja PEATHUX 3aBapEeHUX KOHCTPYKIIH]a
Y 1ITO je MOKa3aHo Kpo3 panose 2, 3 u 4.

4.2. Kputnyka aHajysa pe3yirara UCTPAKHUBAba

Ha ocHoBy mpersiena peiieBaHTHE Hay4HE JIMTEpaType W MocTojehinx pemiewma u3 00gactu
JIOKTOPCKE JMCepTaldje, KOMHCHja KOHCTaTyje Ja Cy MNPHKAa3aHW pe3yiITaTH HCTPAXKHBamba
U3y3€THO 3HAYajHH M HAy4HO yTeMeJbeHH. VICTOBpeMeHO, Ha OCHOBY YBH/A y 3ajare IHJbEBE
UCTPaXUBAKa M PE3yJITaTe TPEICTAB/BCHE Y JOKTOPCKO] AMCEPTAIHjH, KOHCTaTyjeMO Jia Cy
NPYXKEHU OJI'OBOPH HA CBA PEJIeBaHTHA IMHUTakba U J1a Cy PEIICHH MPOOIeMH ca KOjuMa ce KaHIiIaT
CyCpeo y TOKY HMCTpakMBarba. Pa3BHjeHM HYMEPHUYKH MOJCIH M CKCIIEPUMEHTAIIHE MPOIEAype
MMajy BEJIMKY MPUMEHUBOCT y 00JIaCTH MPOLIEHE HHTETPUTETA 3aBAPEHUX KOHCTPYKIIH]a.

4.3. Bepudukanmja Hay4YHUX JOOPUHOCA

Hayunu nonpunoc kanauaara Jlazapa Jepemuha, BepudukoBanu cy cieaehum pagoBuma:
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1. Aleksandar Sedmak, Snezana Kirin, Igor Martic, Lazar Jeremic, Ivana Vucetic, Tamara
Golubovic, Simon A. Sedmak - Structural integrity and life assessment of pressure vessels - risk
based approach, CNNTech 2020: Experimental and Computational Investigations in
Engineering pp 274-293, DOI Number: 10.1007/978-3-030-58362-0_16, M 14

Kareropuja M20

2. Lazar Jeremi¢, Aleksandar Sedmak, Blagoj Petrovski, Branislav Bordevi¢, Simon Sedmak
Structural integrity assessment of welded pipeline designed with reduced safety, Technical
Gazette, mocryman nHa nunHky https://doi.org/10.17559/TV-20200413142538, Vol. 27/No. 5,
cTp. 1461-1466, M23.

3. L. Jeremi¢, B. Pordevi¢, I. Sapi¢, S. Sedmak, N. Milovanovi¢: Manufacturing and integrity of
ammonia storage tanks, STRUCTURAL INTEGRITY AND LIFE Vol. 20, No 2 (2020), pp.
123-129, M24

Kareropuja M30
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Sedmak, Aleksandar Sedmak: Influence of exploitation conditions and welding on crack
initiation and propagation in pressure vessels, The Third International Conference on
FRACTURE MECHANICS "Engineering Applied Fracture Mechanics and Environment",
Chlef 27-30 November 2016., Algeria, M33
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Structural Integrity Assessment of Welded Pipeline Designed with Reduced Safety

Lazar JEREMIC, Aleksandar SEDMAK?, Blagoj PETROVSKI, Branislav PORDEVIC, Simon SEDMAK

Abstract: The main goal of this paper was to assess the integrity of welded joints in the main pipeline of the reversible hydropower plant "Bajina Basta". Japanese steel
Sumiten 80P (SM 80P) was used as the parent material. European recommendation for pipeline safety factor is equal to 1.7 and this value was used for calculations of the
RHPP "Bajina Basta", whereas the value recommended by Japanese standards is 2.1. A relatively small safety factor, which is different from the Japanese recommendation
(since the material itself is Japanese), represented one of the main reasons for a detailed investigation of the pipeline structural integrity and safety, using the prototype. In
the case of pressure vessels, the welded joint is a location of stress concentration, which can act in the same way as residual stresses. Assessment of prototype test results
is possible to perform based on stress and strain calculations of vessels with ideal geometry. For this reason, the solution for thin-walled vessels is given, both in elastic and
elastic-plastic areas. Numerous tests were performed in order to obtain a reliability assessment necessary for the construction of the pipeline, since the consequences of
potential failure would be disastrous in this case. A numerical simulation, based on the experimentally determined mechanical properties of the material used, was also
performed in order to obtain the stress/strain distribution. These results were then compared to the experimentally obtained ones, and it was concluded that there is a good

level of compliance between numerical and experimental results.

Keywords: finite element method; structural integrity; Sumiten 80P; undermatched welded joint

1 INTRODUCTION

Penstocks in hydro-electrical power plants are generally
exposed to high stresses. In the case of the hydro-electrical
power plant "Bajina Basta", two different designs and steels
were considered:

1. The selection of common mild steel of yield strength
350 MPa required expensive design with 2 penstocks and 2
tunnels.

2. For only one penstock the application of high strength
low alloyed (HLSA) steel of yield strength level 700 MPa
was inevitable, bringing about additional problems due to
cracking sensitivity in respect to welding of such a steel.

Since the latter solution was adopted, additional "fitness
for purpose" was required, in order to understand better
crack significance. The following fact additionally
contributed to make a decision to produce two full scale
prototypes of this penstock in order to gather the data about
its integrity:

1. The plate thickness of the selected steel (Sumiten
80P, made by "Sumitomo", Japan) was maximum 47 mm,
leading to safety margin of only 1.7, significantly lower than
the recommended value 2.07, [1].

Two identical full-scale pressure vessels, modelled as
prototype of the penstock most stressed part (Fig. 1), were
produced by welding of SUMITEN 80P, 47 mm thick plates.
The burst test was performed on pre-cracked model for
testing resistance to fast fracture and crack arrest properties,
whereas the hydro-pressure test on a model with no crack
enabled the post-yield experimental analysis of weldments,
being the focus of this paper.

Most pressure vessels are welded using the automatic
submerged arc welding (SAW), due to its high productivity.
Anyhow, manual arc welding (MAW) is still important and
often used, at least for repair, so it will be considered here as
well. In any case, due to HSLA steel sensitivity to cracking,
so-called undermatching effect is a preferable option for
welded joints since the overmatching would cause additional
welding problems. The undermatching effect, as well as all

other constraint effects, requires essentially different app-
roach to welded structure analysis, [ 1-11], since plastic strain
in such weld metal is inevitable, [12, 13].

In this paper, the experimental data obtained on the
prototype was used for detailed analysis of welded joints,
as well as to verify numerical simulation of prototype
behaviour.

2 PROTOTYPE CONSTRUCTION

The prototype was constructed by taking into account
the geometry, measures and wall thickness at the most
critically loaded part of the pipeline (diameter of 4.2 m, with
a 5° bend, wall thickness of 47 mm). In order to reduce the
effect of lids, reinforcement ribs were placed at both ends of
the mantle. The plates were cold bent, and the edges were
prepared using gas cutting and grinding. Manufacturing of
the prototype involved all combinations of welded joint
positions and welding procedures used for the pipeline.

The geometry of the prototype which simulates the most
critically loaded part of the pipeline consists of a cylindrical
mantle with a diameter of 4200 mm and a 5° bend in the
pipeline transition area, was closed off using two lids, and is
shown in Fig. 1. Welding processes included manual arc
(MAW) and submerged arc welding (SAW).

The prototype was made of six sheets, with a thickness
of 47 mm, Sumiten 80P steel, joined by SAW and MAW.
The prototype consisted of three rings, made from four
longitudinal SAW joints (LS1, LS2, LS3, LS4) and two
longitudinal MAW joints (LM1, LM2), joined by circum-
ferential manually welded joints (CM), and automatically
welded joint (CS). Tests were performed on LS2, LM2,
CM and CS joints. Chemical composition and mechanical
properties of sheets and filler materials used for both
automatic and manual welding procedures are given
elsewhere, [1].

Fig. 2 shows strain gauge distribution on prototype
mantle, used to monitor welded joints during pressurizing.
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Figure 1 The design and dimensions of the pipeline prototype used in the stress-strain state analysis
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Figure 2 Strain gauge distribution on the prototype

3 PROTOTYPE TESTING

Hydrostatic tests of prototypes, by adding adequate
water pressure was performed under maximum working
stress conditions, as well as under conditions where these
stresses were exceeded by 30%. After the hydrostatic test,
corresponding specimens were cut out of the prototype and
various tests were performed in order to compare these
results to the unloaded specimens, thus assessing the
effects of overload and initial plastic strain. This involved
static tests and quick fracture tests.

Prototype strains were measured by 51 strain gauges
and 10 Moire grids. Hydrostatic testing was performed in
three stages, always followed by unloading:

1) Checking of the measuring system by increased
internal pressure in the prototype from 0 to 2.95 MPa.
2) Loading the prototype up to work stress level, by
increasing the internal pressure from 0 to 9 MPa, with
hold on under pressure 73.5 bar for two hours.
Overloading the prototype by 33.3%, by increasing the
pressure from 0 to 12.05 MPa, corresponding to 77.5%
of SAW joint yield stress (687 MPa). Since the
acoustic emission indicated noticeable activity,
loading was stopped.
Strain gauges had nominal lengths of 5 mm, denoted
by 1-36, and 50 mm, denoted by 51-59, Fig. 2, [1]. Strain
gauge 3 was connected to a pressure sensor, for the
purpose of monitoring the continuous change of strain
with pressure. Strain gauges 30-33 were connected to the
measuring system only during the third test stage (internal

3)

pressure increase from 0 to 12.05 MPa), thus the results
obtained from them are incomplete.

Focus will be here on the vertical weld LS4, Fig. 1.
Welded joint LS4 represents one of the most critical
locations in the prototype, due to its vicinity to the 5°
bend.

Fig. 3 shows the comparison of tangential strain from
strain gauges 23 and 27 with the equivalent strain.
Analytical expressions relating to strains and stresses in
elasticity are as follows:

1
é;t ::4257((7t - 1/O-z ) é;z ::‘25 (CTZ

B

2
b= 2(1+V)\/(gt _82)2 +(gz _‘91‘)2 +(8V _51)2
& =18.44x107 p

where ¢; is tangential, ¢; axial and ¢; equivalent strain.

Fig. 4 shows change of strains ¢; and &. with pressure,
loaded up to 9 MPa and 12.05 MPa. Circumferential
strain was measured by strain gauge 27, whereas axial
strain was measured using strain gauge 23.

Residual stresses that have occurred after the second
test stage affected the way in which stress changed with
strain in the third stage, in the sense of causing it to
deviate from the previous proportionality, for pressures
below 9 MPa. Further increase in pressure lead to
increased strain rate, whereas the stress changed in non-
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linear manner. For the maximum pressure in the third
stage, equivalent stress o; was calculated, by using von
Mises relation:
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Figure 3 Stress strain diagram for the parent material
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Figure 4 Strain change with pressure in welded joint LS4, for strain gauges 27
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As one can see, Figs. 3 and 4, maximal residual
(plastic) strain is 0.24% (strain gauges 27) in welded joint

LS4. Proportional behaviour during the second stage of
testing can be observed, whereas unusual "loop" behaviour
has been recorded in the third stage, as explained in [14].

4 NUMERICAL SIMULATION OF LS4 WELDED JOINT
BEHAVIOUR

As already mentioned, numerical simulation based on
the experimentally obtained results was also performed in
order to obtain the stress/strain distribution. Aim was to
compare numerical and experimental results and their
verification [15-17]. This section of the paper includes the
numerical analysis of welded joint LS4, subjected to a
pressure of 12.05 MPa. The simulation is very similar to the
previous work involving the plastic deformation of welded
joint LS1, [18], and once again involves an undermatched
weld, due to the use of submerged arc welding procedure.
The goal here was to obtain equivalent strain which would
be similar to the experimental values [1, 12].

In this case, mechanical properties were defined for the
parent material (Yield Strength 760 MPa) and two weld
metals, which had somewhat different Yield Strengths, 687
MPa for SAW and 725 MPa for MAW. Other properties
were defined as for the true stress - true strain curves, in a
way explained in more details in [19].

Boundary conditions and the mesh are shown in Fig. 5a.
The bottom ring surface was fixed, whereas the top ring was
constrained in all directions except along the y axis. This was
due to the fact that the lower ring was reinforced along its
circumference on the prototype, whereas the upper one was
not, and in the experiment, it was able to expand in the radial
direction.

The mesh was defined with finer elements in the
regions of interest, being the circumferential weld CS,
since the strain gauges that were used as a reference were
located near it, Fig. 5b. The total number of elements was
147400, whereas the total number of nodes was 223110.
Standard linear hex elements (C3D8R) were used for this
simulation.

Figure 5 Boundary conditions and the mesh of finite elements

Obtained results for equivalent strain distribution was
compared with the experimental results for the same load, at
the same locations (strain gauges 23 and 27 in the prototype).

Results of the numerical simulation are shown in Figs.
6a (stresses) and 6b (strain). It can be seen that the stresses

in the relevant location were around 763 MPa (near the con-
nection between the two welded joints), and were slightly
above the Yield Strength for the weld metal (SAW),
resulting in plastic strain, 0.25%, which can be seen in Fig.
6b as the total strain (0.55%, including cca 0.3% of elastic
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strain) and in Fig. 7. These values are in excellent agreement
with experimental one, being 0.24% for the plastic strain,
and 0.66% for the total value, Figs. 3 and 4. Plastic strain
concentration in the upper right corner can be disregarded
since it was in the area where boundary conditions were
defined.

Figure 6 Results of the numerical simulation: a) stresses; b) strains

PEEQ

(Avg: 75%)
+2.500e-03
+2.292e-03
+2.083e-03
+1.875e-03
+1.667e-03
+1.458e-03
+1.250e-03
+1,042e-03
+8.333e-04
+6.250e-04
+4.167e-04
+2.083e-04
+0.000e+00

igure 7 Equivalent plastic strain distribution

Following the simulations shown above, an additional
case was also considered. In this case, it was assumed that
the penstock was made of steel SM60 instead of the original
parent material. It should be noted that this material was
actually used as the parent material for the remaining parts
of the HEPP "Bajina Basta" pipeline.

Fig. 8 shows the equivalent plastic strain magnitudes
and distribution, with the same test load of 12.05 MPa. As
expected, there was an increase in maximum values, of
around 10% compared to the results from Fig. 7. In this case,
however, plastic strain was present in a significantly larger
number of places, and "covered" a much larger area. Since
its maximum and other relevant values were distributed in a
similar way to the SM80P case, it was decided to focus on
the circumferential weld this time, since that one was not
previously considered.

PEEQ

(Avg: 75%)
+2.758e-03
+9.000e-04

+1,500e-04
+7.500e-05
+0.000e+00

-?
Figure 8 Equivalent plastic strain distribution with parent metal SM60

Fig. 9 shows the most critical region in the vicinity of
the circumferential weld (CS), at its connection to the LS3
weld. Here the plastic strain was around 0.09%, similar to
the values obtained in the area where welded joints LS4 and
CS meet, in the case of the previous model, with a stronger
PM. The fact that this value was lower despite that suggests
that the circumferential welded joint was not a critical
location in neither of the cases, whereas the overall distribu-
tion of PEEQ in the second model numerically confirmed
what was already known from experience - that a higher
strength steel was necessary for this particular penstock.

PEEQ

(Avg: 75%)
+2.7582-03
+9.000e-04
+8.250e-04
+7.5002-04
+6.750e-04
+6.000=-04
+5.250e-04
+4.500e-04
+3.7502-04
+3.000e-04
+2.250e-04
+1.500e-04,
+7.500e-05
+0.0002+00

Figure 9 Equivalent plastic strain distribution with SM60 in the cirumferential
weld

5 DISCUSSION AND CONCLUSIONS

Experimental tests of the prototype and its welded joints
have shown that there are significant differences in terms of
behaviour and properties of the parent material and the filler
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metals. The behaviour of a pressure vessel in exploitation is
dictated by the welded joint.

Having in mind the fact that this experimental inves-
tigation confirmed that the unloaded vessel had shown com-
pletely elastic behaviour, it can be concluded that further
increase in load will lead to plastic strain developing in
regions where deformation was highest.

Numerical simulation of the prototype also showed simi-
lar behaviour as in the experimental conditions. This nume-
rical model shows that the welded joints and base material
have good performance at inner pressure of 12.05MPa, which
proves that the integrity of the penstock is not compromised.
Additional models with the other material used in this pipeline
had shown that the choice of SM80P was correct, as in this
case there was noticeably more plastic strain involved.

Testing of weld metal and welded joint specimens
supported the viewpoint that the weaker weld metal can be
viewed as a "softer layer", providing additional plasticity to
the penstock as a whole, and crucially contributing to its
structural integrity. Anyhow, having in mind nowadays
capabilities to manufacture overmatching welded joints
which are not too sensitive to cracking, one should also
consider this option when designing such a construction.

Based on presented results and their discussion, one can
conclude that the integrity of the pipeline of HPP "Bajina
Basta" is not compromised, even when designed with a
reduced degree of safety.
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