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Review
on the PhD -Thesis

i T i nrdependent behavior of SFRC elements under sustained and repeated

variable | oadso

By Darko Nakov, M. Sc.

University ASs. Cyril and Methodi us

Faculty of Civil Engineering, Skopje, Macedonia

Scope and Contents

The thesis deals with reinforced concrete beams strengthened with additional steel
fibres under variable or sustained loadings. It follows a long tradition at the Institute of
the first advisor Prof. Markovski at the Faculty of Civil Engineering, Skopje on specific
loading types that vary over a day, but still induce a long term creep effect to concrete.
Typical practical examples are live loads in park garages with daily use (loading) and
nightly vacancy (no loading).

The thesis is subdivided into parts of theoretical investigations with analytical
modellings of creeping, the long term behavior of fibre strengthening and the
generalisations of adopted creep coefficients f/,) as well as experimentson 24 single-
span normal strength concrete beams in four-point-bending. The beams are reinforced
with

a) plane bar reinforcement

b) a moderate additional fibre volume of 30kg/m 3

c) a pronounced additional fibre dosage of 60kg/m 3

The loading types of the experiments vary from short term loadings with or without
prior ageing, constant long term loadings to variable long term loading. The
experimental results on cracking, long term behaviours of shrinkage and creeping as
well as internal and external displacements are analysed, compared to analytical
approaches like the B3 or updated B3-modell for creeping of Bazant and generalized for
first extrapolations to other material parameters, loadings and fibre dosages.

Innovations
Long term loadings on fibre reinforced concrete elements like beams or slabs are

internationally under high research consideration, as only a few research projects study
such effects till now.

Un



CONCRETE STRUCTURES

Prof. Dr.-Ing. habil. P. Mark RUHR __
RUHR- UNIVERSITAT
UNIVERSITAT BOCHUM

BOCHUM

Moreover, variable loading types are usually idealized in practical applications by a
corresponding sustained load. The idealisations usually base on pure assumptions that a specific
fraction of the variable part acts like a sustained loading effect. However, fundamental
experimental data can hardly be found in most situations, so assumptions of creep effects might
be conservative but uneconomic or even unsafe, as they then underestimate deflections, stress
redistributions or amplifications of cracking.

So the main innovative findings of Mr. Nakovds v

- fundamental experimental analysis of creep effeds in RC elements with steel fibre

additions under long term and variable loading situations, so showing the rather reduced
ongoing fibre pull -out with time

- analytical modeling of different long term loading scenarios with simplified creep

coefficients for practical applications. This includes alternate loads with recurrence
periods of 12, 24 or 48 hours and different sustained loading scenarios

- first analytical generalisations of the results for different material, loading and geometric

situations.

Summar y and Conclusions

Mr. Darko Nakov treats the behavior of SFRC beams with additional bar reinforcements
under creep inducing loading types like sustained or variable loadings.

The thesis contains a major experimental part with 24 beam tests as well as theaetical
investigations and an analytical modeling of the long term behavior of anchored steel fibres
in normal strength concrete under bending. The modeling is finally elaborated to obtain
effective creep coefficients y,for practical engineering purposes that idealise variable
loadings to corresponding sustained ones with a comparable creeping.

The thesis is well structured, suitably illustrated by several pictures, diagrams and tables
and contains well written English . The referencing by literature data should be more
pronounced. A number of 33 individual citations is rather limited and should be revised for
the final printed version. The thesis incorporates a very appropriate format for Structural
Engineering works, as it contains both, namely the basic experimental and theoretical
investigations as well as their analysis and idealization for practical applications. However,
generalisations are only treated in first aspects.

In conclusion Mr. Darko Nakov has developed a remarkable contribution to research
SFRC beams under long term effects. With the thesis submitted he has demonstrated his
scientific competence to perform independent research.

To the Academic Council of the Civil Engineering Faculty of Ss. Cyril and Methodius
University, Skopje | recommend to accept the thesis as a doctoral dissertation and to
continue the examination procedure with the public defence.

Bochum, Germany, 5" May 2014.

Prof. Dr.-Ing. Habil. Peter Mark, s.r.
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European (Post)Modernities , Ethnologia Balkanica,
Vol.15, pp 3344

2. Narrating the Nation, Narrating the City, Cultural
Analysis, Vol. 10 pp 322, 2011

3. Ethnocratic Remaking of the Public Space: Skopje
2014, European Federation for Landscape
Architecture Journal, Vol. 1 pp 33-36, 2011

4. Premature multiculturalism: Ethnic Pluralism in
the Macedonian Liberation movement,
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Na konkursot za izbor vo zvawe objaven vo vesnikot  AUtrinski vesnik  fina
den 122.2014 godina, se prijavi d -r Irena Avirovi} , vrabotena vo Ins titutot za
nacionalna istorija vo Skopje.

Soglasno so [ dlukatanaSovetotnalnstitutotzanacio nalnaistorija, 02 -104/2
od 183.2014 godina, zaizborna d-r Irena Avirovi} vozvaweto nau~ensorabotnik ,
Komisijatavosostav: prof. d -r Todor “epreganov, prof. d -r Biljana Ristovska -
Josifovska, f{ tc =W Stefan Vlahov Micov |, go podnesuvaslednios

IZVE[TAJ

D-r Irena Avirovi} e rodena 1983 godina vo Skopje. Osnovno u-ilifte
zavr{ila vo Milano, Italja. Vo Skopje zavr{ila sredno u-~ili{te, a
diplomiral ana Filo lofkiot fak ultet ABla’e Koneski A, na gsatedrata za
romanski jazici , otsek italijanski jazik i literatura so {panski jazik i
literatura VO 2006 godina SO prosek 9,3 Od 2005
rabotivostudiot  ozastranskijazicikakoprofe sorpoitalijanskii {panskijazik. Od
2009 do 2012 rabotelakakolektorpo
{panskijaziknaUniverzitetot kKAmerikan Solex 'vo Skopje. Vo 2010 godina se
vrabotil a kako pomlad asistent

voBalkanolo{kotooddelenievolnstitutotzanacionalnaistorijavoSkopje

Vo 2009 godina stanala magister po dsto~no-jvropski istra’uvawa i
studii pri Univerzite tot vo Bolowa, Italija , SO odbrana na magisterskiot trud
Aemanamigracija i {emanasegregacija? MikrostudijazaMakedonija i Paterns of
Migration i Patterns of Segregatio® Macedonian Micrestudyd) so maksimalnaocenta i
po~est (110 od 110) Vo 2013 godina vo Institutot za nacionalna istorija ja
odbranila i doktorskata disertacija pod naslov AViakedonskata emigracija vo
SAD me|u dvete svetski vojni i so {to se steknala so titula  Is @loktor dz@toriski
nauki.

D-r Irena Avirovi}i ma dobieno serti fikati za u~estvo na pove}e
seminari i profesionalninadogradbi Vo zemjata i 9 tsstranstvo. Vo momentov
rabotikakoasistent  -istra’uva~
voBalkanolo{kotooddelenieprilnstitutotzanacionalnaistorija.

Spored nau~nata preokupacija ,interesot na dr Avirovi} e naso~en kon
migracionite dvi'ewa, etni~kite grupi i malcinstvata na
Balkanskiot 1 oluostrov, so poseben akcent vrz makedonskoto prafawe vo
periodot pome|u dvete svetski vojni. sako istra'uva~ na op{testvenite i
politi~kite promeni na Balkanot vo tekot na 20 vek, d -r Avirovi} J OQOolststs
BsdztsctcOW d * OlsOAPat it Patterns of oSegreddiionr Macddanian Micre

dzO
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K § dzls Ots L O dmlstcOy o OF § d Ctej o O j i sd
Ut ¢ Odzj LAdOIBOMOdzd © Of s [20€ j e &MS (S zdzsiztcj da stelz o3,
VstolzdzL O d3dzOH JAdz @i pdAARHEITION Y dzO [ o tetsf O (-) nEp@lRy] GO
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Vo nejzinata dosega{na nau~na rabota , d-r Avirovi} Eyj mMsodo ®dzO
SteE Oded L Oyd O [ 1Y & tzp s QEzOsiBOZY Stcj dzyd  © A70 G st
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Mistc Odefdsdi] * ©, wvdzdoe jtoL dlsj Is;.1oj=izclgCeilz v G to(B@folscpidsh Iso d2dC
14 az6eOH (] fdsQatiy HORDMOAEISMNdzO d mj ey jLEBe ddzp’, © [
¢ z tsvlemory and its Role in Conlit and Conf |l i ¢t [ TadauBXAsiO)daHajtté,o r
z§ Oded " O, Ldxff 9 gizp iz [ j 1§ QojaiONiss d 2 Az) 1)  [d jldgBtdzldc, dz
doMmlstcOdzd * ™ j(Cdgtxiodgadtc 2 0 1 3 )

Od prethodno iznesenoto, mo'e da se zaklu~i deka dr Irena Avirovi}
eanga’irana na poleto na nau~naistra uva~katarabota d pridonesuva za razvojot
na obrazovanieto i naukata vo R. Makedonija i za afirmacija na dos tignuvawata na
makedonskata istoriska nauka.

dlsjtojf SCtod &OzydsdhnscOykoOys Ok ©OBskO ¢
Is
J

s s d3d i) d kostatlda deka se ispolneti kriteriumite d -r lIrena
Avirovi} da se stekne so nau~no zvawe. Spored goreizlo enoto, imame ~est na
Sovetot na Institutot za nacionalna istorija da mu prepora~ame d -r Irena

Avirovi}da B d Hzp tc O dahauypoto zvawe NAU Y EN SORABOTNIK

Komisija

Prof. d -r Todor “epreganov, dd.
Prof. d -r BiljanaRistovska -Josifovska , d.d.
n, d o.er Stefan Vlahov Micov, dd.
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fPatterns of Migration from Macedonifnternational Conference on Poverty and Social
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fJohn Phillips: Macedonia: Warlords and Rebels in the Balkans, London, New IYdsk

Tauris, 2004, (2244 | dzO fn) B4¢1L2,/205205,R | R, ¢ § ROIQ" j

fDeemaKanef f, Who Owns the Past? The Politics
Berghahn Books, 2004 r ) Is t5,XHVII,AR263-265,) R [ , & Q6&1F.° j ,
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fftc J H O 9 Oy dz0O IO it dred=Fag @ast events in Europe. Hidden aspects of our own
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a past left unsai€Challenges and opportunities for institutions aciglil society actors,
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fasmis-fdej HOo Oy 2O vdedo jteL dlsjlstsls A f1, St j, dz0O
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dYdsgoEsdeoso YdodERaIFwq DOE dEbp¥Ysq d_QGYjYY,
deodgqd¢F do ddej Yoq bEaeY. yE| YfF dEF Yo dg 69|
Y do Ebs¥Ydqa¥Yj Yorby¥Y DEjaEdodREwE. Lq 030[ dea
eonc FEdFEoWbQreyy frdE | E¥ Y3Yoaq Y fE dqayYi YY¥9q, | E¥
do 3dqoqoo dEpnYsq e6dqodosE3IbY3Y bE c[q aYji YYoq
9609dq¢o3FEs doddqoEb¥docdozdwMogoaodY fE Ydo
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Ooesoddeli)aj’&:lzaacdm%slz DQQQO[bYdeYbs»:)esEo oJY‘am[lZ Bry o
bE OFecEFEQqqbr BEFecegfwEoqdbE o0q 203Yq cINEIDEDE
Ydandeosoo Q{[Iicb;é?‘[rcpos, cO| E3E eo| Eeoo 623qmq
DYdaoJ3IbE ocaFEsaodnopk. YoQqdb¥yYr po9meq YdEno c{:)j(

)EaFEdsasyY bE aYooroaa‘lb(E@EEstﬁeﬁiemﬂﬁ‘scﬂhEYjY YdeodqgbyY
dEMEWE Y bYJIDbYosq pqgosoqivd# @Y dogWdudbaodde@, YEZ njgo 9.
Qaeo23dbE, caFoa0doFE wevo| E q JdosqopqaqbBE 3o dEf I
dE3YobKFEab¥Yoaq bEoeY.

OdoFEndeYos podqdb¥sr FEp H doXddo pbdf s qs Womokr of

oqddrb o E3 Y| K eob bodooso Y caadod ERFJFUOhDO b E [
bgaoabes3s Yo EaboqqddbyYr En Y 02689qdosdqbEosE 66doe¥Y(q
bE YdoFEoE.
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eob3qes3dydeWoBI p@,: 9dY 2 aF3I| E, fFKFeasaszoe Y a

Eo 303qos dgq e6dqodsKF3qb¥Y j oaFEIDYsq 3qay
do¥i bEso Qo 29Qdqdqby¥Ysq dqgqroaasEsyY. Eo 323qQos
eFfQuy bFEdaobgqosFE dosoad¥Y| FosH.doBHE R Ed e ddp sd o qf
do YdsodYdeFKEoF-FeoequbFEdHaouqedY| E DE YdaoaEpndel
pYdaoF 3dr aFaeEbdeYooseHwuovVddgoddqddbyddEpeY
e Y 3o YEeqQobY|E dq frEg¢gqaqRaIE qdqb, sqgd@dbbq b
3YqQ bE 3qgddeos o Qdqauas o Jede(loe Jes w s o Fd 3 g 34 Elr
e 0 b dJeoo| dfhoole,0 cevFb wdBdi| 20 9eecapd 3 Ye YA E| mY dqeBE f E
6q9d939gbY¥deossos JaEqqquwqi DEqgmBbNEGoaQBEEaadod&EbE
cdYovYdodagoihBo Y doddgonqgbodsosBE o (doosiol dpIJH b |
dedooY3IdosFiaeb¥Y dqqBaFecqdoEbgbobBE ©vEIjE
Eo 99| deaoe dgq deopnbFEsY Y pnpgoso(Qq¥Ysq bE YdsdER

nd3oso c60f aB3| q i oF b(@vadYeraYodVd E3 qvddeyYos Y Y
D0dgqdbY¥r Emodlo eIgaaaqon¥Yr YJFE { aEIDbBbYosq codooaKsy
sdEdY3sYobFabY¥Ysqgq dqa¥Yji Yorb¥Y dqEfFnbpYdaodFwE DODE Y
f aE3bYoq e6dqodoF3b¥Y3sY bBE pnpodqdb¥Yfrpnoo.
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