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SENDOVA Veronika,|SIGMUND Vladimir] GULJAS Ivica,
VAREVAC Damir
SHAKING TABLE TESTS OF THREE-STOREY RC BUILDING WITH
HOLLOW AND SOLID MASONRY INFILL

ATTOCTOJICKA Pobepra, HEHEBCKA-IIBETAHOBCKA T'ony6ka,
IIEHIOBA Beponuxa,|CUT'MYH]I Binagumup| I'VJbAIL Usnuna,
BAPEBAI] Jlamp

TECTOBHA HA BUPBO IIVIAT®OPMA HA TPUKATHA AB 3I'PAJIA
CO UCHIOJIHA O/ ITYIIJIMBA U ITOJIHA TYJIA

SE-2 BOGDANOVIC Aleksandra, RAKICEVIC Zoran, JURUKOVSKI Dimitar, 359
BOGDANOVIC Bojan, ZLATESKA Elena
ASSESMENT OF THE CAPACITY OF AN EXISTING STRUCTURE
AS A RESULT OF STRUCTURAL CHANGES DURING
EXPLOATATION PERIOD

BOI' JAHOBUK Anekcangpa, PAKUKEBUY 3opas,

JYPYKOBCKM Jlumurap, BOTJIAHOBUK Bojan, 3JIATECKA Enena
OIIEHKA HA KATAIMTETOT HA IOCTOJHA KOHCTPYLIMJA
KAKO PE3YJITAT HA KOHCTPYKTUBHUM ITIPOMEHMU BO TEK HA
EKCIIVIOATAIHUOHHUOT NNEPHUO/J

* in alphabetic order of the first author’s surname / no a36y4en pej Ha IPE3UMETO HA IPBUOT ABTOP



SE-3

SE-5

SE-8

BOJADIJIEVA Julijana, SHESHOV Vlatko, EDIP Kemal, KITANOVSKI
Toni, CHANEVA Jordanka

ASSESSMENT OF THE LIQUEFACTION POTENTIAL —
EXPERIENCE IN MACEDONIA

BOJAIIMEBA Jymujana, IHEIIIOB Bnatko, EJIUIT Keman, KUTAHOBCKU
Tonu, YAHEBA Jopmanka

OLEHA HA ITIOTEHIINJAJIOT HA INKBU®AKIINJA - UCKYCTBA
BO P. MAKEJOHHJA

DAMCHEVSKI Bojan, CHURILOV Sergey, DUMOVA-JOVANOSKA Elena
MECHANICAL BEHAVIOUR OF MASONRY REINFORCED WITH
READY-MIX REPOINTING MORTAR

JAMYEBCKMH bojan, YYPUJIOB Ceprej, IYMOBA-JOBAHOCKA Enena
MEXAHHNYKO OJHECYBAILE HA SUJJAPUJA 3AJAKHATA CO
IoTOB MAJITEP 3A IIPE®YI'UPAIBE

DIVAC Ljubo, RADOVANOVIC Slobodan, MIRKOVIC Nikola
THEORETICAL BASIS OF THE SUBSTRUCTURE METHOD FOR
THE DYNAMIC EARTHQUAKE ANALYSIS OF ARCH DAMS

JIUBALL Jby60, PAJJOBAHOBUK Cno6oaan, MUPKOBUK Huxkona
TEOPETCKHU OCHOBU HA METOJIOT HOTKOHCTPYKIINJA 3A
JTUHAMUWYKA AHAJIN3A HA JIAUHU BPAHU ITPH 3EMJOTPEC

DIVAC Ljubo, RADOVANOVIC Slobodan, MITKOVIC Predrag
ANALYSIS OF HYDRODYNAMIC PRESSURES ON ARCH DAMS
USING THE SUBSTRUCTURE METHOD

JIUBALL Jby6o, PAJJOBAHOBHK Cno6oman, MUTKOBMK Ilpenpar
AHAJIN3A HA XUJIPOJIUHAMUWYKHU IIPUTUCOK KAJ JIAUHA
BPAHU CO IPUMEHA HA METOJIOT HA OJKOHCTPYKIIUA

DZOLEV Igor, LADJINOVIC Djordje, CVETKOVSKA Meri,
RADUJKOVIC Aleksandra, RASETA Andrija

SEISMIC RESPONSE OF RC FRAME STRUCTURE MODELLED
ACCORDING TO EN 1992-1-1 AND EN 1992-1-2

IIOJIEB Hrop, JAITMHOBUK Topre, IBETKOBCKA Mepu,
PAJIYIJKOBUK Anexcanmpa, PAIIIETA Annpuja

CEM3MUWYKHU OJITOBOP HA Ab PAMKA MOJEJUPAHA IIPEMA
EH 1992-1-1 1 EH 1992-1-2

EDIP Kemal, SHESHOV Vlatko, BOJADJIEVA Julijana,
KITANOVSKI Toni, CHANEVA Jordanka
SOIL MODELLING EFFECTS ON SEISMIC ANALYSIS OF FRAMES

EJINIT Keman, IHIEIIIOB Bnarko, BOJAIIMEBA Jynujana,

KHUTAHOBCKMU Tonu, YAHEBA Jopmanka

E®EKTHU HA MOJEJIMPAIGE HA ITIOYBATA IIPU CEU3MHNUYKATA
AHAJIN3A HA PAMOBCKHN KOHCTPYKIINHN

368

375

387

397

407

414



SE-10

SE-11

SE-12

SE-13

SE-14

EDIP Kemal, SHESHOV Vlatko, IVANOVSKI Dejan, 419
SOKLAROVSKI Antonio

DEVELOPMENT OF NUMERICAL MODEL OF FINITE ELEMENTS

FOR DYNAMIC ANALYSIS OF SOIL MEDIA

EJUWIT Keman, HIIEIIOB Biatko, UBAHOBCKMU [lgjan,
HIOKJIAPOBCKM Antonuno

PASBUBAIE HA HYMEPUYKU MOJAEJ HA KOHEYHHA
EJEMEHTU 3A IMHAMUNYKA AHAJIU3A HA IIOYBEHUA
MEJINYMHU

GJORGIIEV Igor, ZHUROVSKI Aleksandar 427
VALIDATION OF ENHANCED FREQUENCY DOMAIN

DECOMPOSITON BY FORCE VIBRATION TESTS ON NINE- STORY

RC BUILDING

I"OPI'MEB Hrop, J)KYPOBCKH Anekcannap, TAPEBCKU Muxann
BEPU®UKALIMIJA HA HATIPEJJHATA ®PEKBEHTHA JOMEH
JTEKOMITO3HUIMJA CO TECTOBH HA IIPUHY/IHU BUBPALIMU
HA JIEBETKATHA AB 3T'PAJIA

LIOLIOS A., LIOLIOS K., FOLIC B., GEORGIEV K., GEORGIEV 1. 438
SEISMIC UPGRADING OF OLD INDUSTRIAL RC STRUCTURES BY
TENTION-TIES UNDER SHEAR EFFECTS: A NUMERICAL

APPROACH

JIMOJINOC A., JIMOJIMOC K., ®OJIMK b., TEOPI'MEB K., TEOPI'MEB W.

CEN3MUYKO HAJOTPAAYBAILE HA CTAPH HHAYCTPUCKU Ab
KOHCTPYKIHMHU CO KABEJICKH 3ATEI' ITPU CMOJIKHYBAIBE:
HYMEPHUYKU ITPUCTAII

MILOVANOVIC Bojan, INGAITSA MUGANDA Anna, 446
KUZMANOVIC Vladan, SAVIC Ljubodrag
SEISMIC HYDRODYNAMIC LOAD ANALYSIS

MUJIOBAHOBUK bojan, UHTAULIA MYTAHJIA Anna,
KY3MAHOBUK Brnagan, CABUK Jby6oapar
AHAJIN3A HA CEUBMUYKHUOT XUIPOAUHAMMUYKHU TOBAP

MILOJEVIC Dusan, MARJANOVIC Miroslav, PETRONIJEVIC Mira 454
DYNAMIC ANALYSIS OF RC BRIDGE: BEAM VERSUS SHELL
DECK MODEL

MMJIOJEBUK Jlyman, MAPJAHOBHUK Mupocnas, IETPOHUJEBUK Mupa
JTAHAMHUYKA AHAJIM3A HA Ab MOCT: I'PEJITHU Y IIJIOYECTHU
MOJEJHU HA IIJTAT®OPMATA

PIRA Veton, APOSTOLSKA Roberta 465
PERFORMANCE OF MOMENT RESISTANT PRECAST BEAM-
COLUMN CONNECTIONS SUBJECTED TO CYCLIC LOADING

I[MNPA Beron, AIIOCTOJICKA Pobepra

OJHECYBAIBE HA TIPE®ABPUKYBAHUW BPCKHU I'PEJA-CTOJIB
OTIIOPHU HA MOMEHTHU U3JI0KEHHU HA IUKJIMYHO
TOBAPEILE



SE-15

SE-16

SE-17

SE-18

SE-19

SE-20

POSTOLOV Nikola, TODOROV Koce, LAZAROV Ljupco
METHODS FOR DETERMINATION OF CENTRE OF STIFFNESS
AND TORSIONAL RADIUS IN MULTI-STOREY BUILDINGS

[TOCTOJIOB Huxkona, TOAOPOB Kore, JIASAPOB Jbymnuo
METOIUA 3A OITPEJAEJTYBAILE HA IEHTAP HA KPYTOCT A
PAJINYC HA TOP3UJA KAJ ITIOBEKEKATHHU OBJEKTHU

RADUJKOVIC Aleksandra, STARCEV-CURCIN Anka,

LADJINOVIC Djordje, DZOLEV Igor

ASSESSMENT OF RC FRAME SEISMIC PERFORMANCE RELATED
TO CONFINED CONCRETE MODELS

PAJIVIKOBUK Anexcannpa, CTPAUEB-KYPUMH Agka,
JIATMHOBUK Topre, LIOJIEB Hrop

OLIEHA HA CEU3MHNUYKO OJJTHECYBAIE HA AB PAMKA BO
3ABUCHOCT O/l MOJEJIOT HA IOIIPEYHO OI'PAHUYEH
BETOHOT

RAIJIC Nikola, LADJINOVIC Djordje, RASETA Andrija
ASSESSMENT AND NONLINEAR DYNAMICS ANALYSIS OF BASE
ISOLATION FOR MULTI-STORY RC BUILDING

PAJUK Hukoua, JATMHOBUK Topre, PALLIETA Aunpuja
MPOLIEHKA Y HEJIMHEAPHA JIMHAMUUYKA AHAJIM3A 3A BA3HA
W30JIALIMJA KAJ OBEKEKATHH AB OBJEKTH

RAKICEVIC Zoran, BOGDANOVIC Aleksandra,

POPOSKA Angela, JURUKOVSKI Dimitar, GAVRILOVIC Petar
EXPERIMENTAL TESTING OF PHYSICAL MODEL OF
TELECOMUNICATION TOWER ON VODNO, SKOPJE,
R.MACEDONIA

PAKUKEBUK 3opan, BOFI[AHOBI/IK Anekcannpa, [IOIIOCKA Anrena,
JYPYKOBCKM Jlumurap, TABPUJIOBUK Ilpenpar
EKCIHHEPUMEHTAJIHA UCIIUTYBAIbA HA ®U3UYKHA MOJIEJI HA
TEJEKOMYHUKAIIUCKATA KYJIA HA BOJHO, CKOILJE,
P.MAKEAOHUMJA

SHENDOVA Veronika, ZLATESKI Aleksandar, DELOVA Elena,
POPOSKA Marina

SEISMIC SAFETY AND STABILITY OF THE “SHKPERDA FAMILY
HOUSE”

LIEH/IOBA Beponuka, 3JIATECKUW Anexcannap, JIEJIOBA Enena,
I[TOITOCKA Mapuna

CEU3MHUUYKA CUT'YPHOCT U CTABUJIHOCT HA OBJEKTOT
, KYKA HA CEMEJCTBOTO LIKAITEPJIA“

STANOJEV Milovan, FOLIC Radomir
STRUCTURAL BEHAVIOUR OF RC BUILDING WITH SEISMIC
ISOLATORS

CTAHOJEB MunosaH, ®OJIUK Pagomup
KOHCTPYKTHUBHO OJHECYBAIGE HA AB 3T'PAJIA CO
CEU3MHUYKHA U30JIATOPUA

475

486
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522



SE-21 TODOROV Koce, LAZAROV Ljupco
SYSTEMATIZATION OF FAILURE MODES AT MASONRY
INFILLED FRAMES

TOAOPOB Korue, IA3ZAPOB Jbynuo
CUCTEMATU3AIINJA HA OBJIUIIUTE HA JIOM KAJ PAMKHA CO
HCITIOJIHA OJ1 SUTAPUJA

SE-22 VOLCEYV Riste, TODOROV Koce, LAZAROV Ljupco
APPLICATION OF BASE ISOLATION SYSTEMS AT PLAN
IRREGULAR STRUCTURES

BOJIYEB Pucte, TOJJOPOB Kore, JIA3APOB Jbymuo
MINPUMEHA HA CUCTEMMH 3A BA3ZHA U30JIALIUJA KAJ
HEPET'YJIAPHU KOHCTPYKIIMU BO OCHOBA

SE-23 ZAFIROV Trajche, MANOJLOVSKI Filip, BOGDANOVIC Aleksandra,
RAKICEVIC Zoran
SHORT REVIEW OF PASSIVE CONTROL SYSTEMS

3ADUPOB Tpajue, MAHOJJIOBCKU ®uw, BOFI[AHOBI/IK Anekcannpa,
PAKOKEBUK 3opan

KPATOK ITPEI'JIEJl HA CUCTEMMTE 3A TIACUBHA
JANCHUITAIIUJA HA EHEPTUJATA

FE* FIRE AND ENVIRONMENTAL
ENGINEERING

FE-1 CHIFLIGANEC Cvetanka, CVETKOVSKA Meri, LAZAROV Ljupco,
JOVANOSKA Milica
FIRE SCENARIO INFLUENCE ON THE FIRE RESISTANCE AND
BEHAVIOUR OF RC FRAME STRUCTURE

YUDJIMT AHEL I{Beranka, IBETKOBCKA Mepu, JIASAPOB Jbymuo,
JOBAHOCKA Munuia

BJINJAHUE HA MOXKAPHOTO CHEHAPUO HA ITIOKAPHATA
OTHOPHOCT U OJHECYBABETO HA APMUPAHOBETOHCKA
PAMKA

FE-2 CVETKOVSKA Meri, LABAN Mirjana, TROMBEVA GAVRILOSKA Ana,
LAZAREVSKA Marijana, CVETKOVSKA Elena
INFLUENCE OF CHIMNEYS ON FIRE SAFETY OF TRADITIONAL
WOODEN HOUSES

LIBETKOBCKA Mepn, JJABAH Mupjana, TPOMBEBA FTABPUJIOCKA Amna,
JIABAPEBCKA Mapujana, IBETKOBCKA Enena

BJIMJAHUE HA OIALIMTE BP3 IMMOKAPHATA BE3BEJHOCT HA
TPAJUIUOHATHUTE JIPBEHU KYKH

* in alphabetic order of the first author’s surname / o a36yueH pes Ha IPE3UMETO Ha MIPBUOT aBTOP
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FE-3

FE-4

FE-5

FE-6

FE-7

GJOSHEVSKI Goran, PRANGOVSKI Goce, GOSHEV Gjorgji,

STAMEYV Dragan

LABORATORY TESTS AND ANALYSIS OF R.C. CONSTRUCTIONS
AFTER THE ACTIVITY OF FIRE

I"OILLIEBCKU T'opan, IPAHIOBCKM Tone, TOLUEB INopiu
JJABOPATOPUCKHU UCITUTYBAIA U AHAJIM3H HA A.B.
KOHCTPYKIIUU [TPU JEJCTBO HA TIOKAP

HOEFFER Ruediger, FIKKE M. Svein, WICHURA Bodo, MARKOVA Jana
WEATHER EXTREMES AND PARTICULAR RISKS FOR
STRUCTURES

XOE®EP Pyaurep, ®UKE M. Cseun, MAPKOBA Jana, BUMYPA bozno
EKCTPEMHU KIIMMATCKH BJINJAHUJA U PU3UIIU 3A
KOHCTPYKIUUTE

JEFTENIC Goran, KOLAKOVIC Srdjan, RASETA Andrija,
KOLAKOVIC Slobodan, SESLIJA Milos, KRAJANOVIC Ivana
MODELING INFLUENCE OF ICE ON WIND TURBINE STRUCTURE

JE®TEHUK I'opan, KOJJAKOBUK Cpran, PAIIIETA Aunpuija,
KOJIAKOBUK Cno6onan, IIEITNIA Munour, KPAJAHOBUK Hpana
MOJIEJINPAIGE HA BJIMJAHUETO HA MPA3OT BP3
KOHCTPYKIIUJATA HA BETEPHA TYPEMHA

JELCIC RUKAVINA Marija, CAREVIC MilaN, MILOVANOVIC Bojan,
ALAGUSIC Marina, BANJAD PECUR Ivana, BJEGOVIC Dubravka
CONTRIBUTION OF FIRE BARRIERS IN FIRE PERFORMANCE OF
ETICS FACADES WITH COMBUSTIBLE MATERIALS

JEJTUMK PYKABUHA Mapuja, [IAPEBUK Munan,

MUJIOBAHOBUK bojan, AJIAT'VILIUK Mapuna, BAHJAJT ITIEUYP VBana,
BJET'OBUK JlyGpaBka

HPUJIOHEC HA MIOKAPHUTE BAPUEPH BO ITOKAPHOTO
OJIHECYBAIGE HA KCUHTHU ®ACAJIUTE CO 3AIAJLJIMBA
MATEPHUJAJIA

MULOSKA Ivana, CVETKOVSKA Meri, TROMBEVA GAVRILOSKA Ana
INFLUENCE OF CROSS-SECTION DIMENSIONS AND TYPE OF
ISOLATION ON FIRE RESISTANCE OF TIMBER COLUMNS

MYJIOBCKA Upana, I BETAHOBCKA Mepu,

TPOMBEBA I'ABPUJIOCKA Amna

BJIMJAHUE HA JUMEH3UUTE HA HAITPEYHHUOT ITPECEK 1
THUIIOT HA U30JAIINJA BP3 IIOJKAPHATA OTIIOPHOCT HA
JPBEHHU CTOJIBOBHA

NIKOLOVSKI Tihomir
SNOW LOADING ON STRUCTURES IN REPUBLIC OF MACEDONIA
AND NATIONAL ANNEX MKS EN 1991-3:2012 NA:2014

HUKOJIOBCKHU Tuxomup

OINITOBAPYBAIKBETO CO CHET' HA KOHCTPYKIIMUMTE BO
PEIIYBJINKA MAKEJIOHUJA 1 HAIUOHAJIHUOT AHEKC MKS
EN 1991-3:2012 NA:2014
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FE-9 TKOCZ Jasmin, HEEK Peter, THIELE Catherina, VITT Gerhard, 645
DOCEVSKA Marija, MARK Peter
TESTS AND NUMERICAL SIMULATION OF SFRC SLABS EXPOSED
TO FIRE

TKOUY Jacmun, XUK Ilurep, TUEJIE Katepuna, ®UT I'epap,
JOLIEBCKA Mapuja, MAPK Ilurep

HUCIIMTYBAILE U HYMEPUUYKA CUMYJIALIMJA HA
MUKPOAPMUPAHMU IVI0OYH U3JIOKEHHU HA TEJCTBO HA
MHOXKAP

CS* CONRETE STRUCTURES

CS-1 BARICEVIC Ana, PEZER Martina, STIRMER Nina 659
DURABILITY OF FIBRE REINFORCED CONCRETE FLOORS

BAPUYEBUY Amna, IIE3EP Maptuna, LIITUPMEP Huna
TPAJHOCT HA BETOHCKMU IIJIOYU APMUPAHMU CO BJIAKHA

CS-2 DOCEVSKA Marija, MARKOVSKI Goran, ARANGJELOVSKI Toni, 668
NAKOYV Darko, MARK Peter
NUMERICAL PROCEDURE FOR LONG-TERM DEFLECTION
PREDICTION OF RC ELEMENTS SUBJECTED TO DIFFERENT
LOAD HISTORIES

JIOIITEBCKA Mapuja, MAPKOBCKMU T'opan, APAHI'EJIOBCKHU Tonn,
HAKOB /[lapxo, MAPK Ilutep

ONPEJAEJYBAIGE JOJI'OTPAJHU JE®POPMALIUA HA AB
EJEMEHTU U3JIO)KEHU HA PA3JIMYUHU UCTOPUU HA
TOBAPEIGE

CS-3 DRAGAS Jelena, IGNJATOVIC Ivan, MARINKOVIC Snezana, 679
TOSIC Nikola, MILICEVIC Ivan
HIGH-VOLUME FLY ASH CONCRETE: PART 1: MECHANICAL
PROPERTIES AND K-VALUE CONCEPT

JIIPAT AL Jenena, UTlbATOBUK UBan, MAPMHKOBUK Crexana,
TOINK Hukona, MUJIMYEBUK Usau

BETOH CO BUCOK BOJIYMEHCKH IPOLIEHT HA JIETEUKA
MENEJ: IEJ 1: MEXAHUUYKU KAPAKTEPUCTUKHA U KOHLIEIIT
HA K-BPEJHOCT

@)
'
I

GJORGIIEV Igor, PETRESKI Borjan 691
INFLUENCE OF THE SECTION MESH AND INTEGRATION
METHOD ON DESIGN OF RC SECTION UNDER BIAXIAL LOAD

I"OPI'MEB Hrop, [IETPECKH Bopjau

BJAUJAHUETO HA MPEXKATA HA IPECEKOT U METOJOT HA
WHTETPAIIUJA BP3 JUMEH3UOHUPAKBETO HA A.B. IIPECEIA
W3JIO)KEHU HA BUAKCHAJIEH TOBAP

* in alphabetic order of the first author’s surname / o a36yueH pes Ha IPE3UMETO Ha MIPBUOT aBTOP
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IGNJATOVIC Ivan, CAREVIC Vedran, SAS Zoltan, DRAGAS Jelena 700
HIGH VOLUME FLY ASH CONCRETE: PART 2: DURABILITY AND
RADIOLOGICAL PROPERTIES

UT'thATOBUK Hsaw, I_IAPEBI/IK Benpan, CAC 3onran, APAT'AILl Jenena
BETOH CO BUCOK BOJITYMEHCKHN IMTPOLIEHT HA JIETEYKA
NEINEJ: 1EJ 2: TPAJHOCT A PAAUOJIOIIKA OCOBUHH

JANKOVIC Ksenija, STOJANOVIC Marko, LONCAR Lijiljana, 710
BOJOVIC Dragan, MILICIC Ljiljana

INFLUENCE AND THE POSSIBILITY OF TAILINGS FROM THE

COPPER MINE RADOVIS ON THE PROPERTIES OF SCC

CONCRETE

JAHKOBUK Kcernja, CTOJAHOBHK Mapko, TOHUYAP JIunjana,
BOJOBUK Jlparas, MMJINYMK JInnjana

MOJKHOCT 3A KOPUCTHUIHLE U BJIUJAHUE HA TAJIOTOT O/I
PYJHUKOT HA BAKAP, PAJIOBHII BP3 CBOJCTBATA HA
CAMOBI'PAJIJIMBUOT BETOH

JANKOVIC Ksenija, STOJANOVIC Marko, LONCAR Ljiljana, 715
BOJOVIC Dragan, MILICIC Ljiljana

INFLUENCE OF THE WASTE FROM THE PROCESS OF STEEL
ALLOYING AS A PARTIAL REPLACEMENT OF AGGREGATE ON
CONCRETE PROPERTIES

JAHKOBUK Kcennja, CTOJAHOBHK Mapko, TOHUYAP JIunjana,
BOJOBUK Jlparan, MMJTYUK Jlumnjana

BJUJAHHUE HA OCTATOIIMTE OJI IPOU3BOJACTBO HA JIETYPH
HA YEJIMK BP3 CBOJCTBATA HA BETOHOT KOI'A CE
MPUMEHYBAAT KAKO AI'PETCAT

MANOJLOVIC Dragan, RADUJKOVIC Aleksandra, KOCETOV MISULIC 721
Tatjana

APPLICATION OF RITZ METHOD IN ANALYSIS OF
TIMBER-CONCRETE COMPOSITE SYSTEM

MAHOJJIOBUK JIparan, PAJIYJKOBUK Anekcaumpa,

KOYETOB MUIIIVJIMK Tartjana

MPUMEHA HA RITZ METOJOT 3A AHAJIM3A HA CIIPETHATH
JIPBO-BETOH KOHCTPYKTUBHM CUCTEMHU

MATESKA Maja, TROMBEVA GAVRILOSKA Ana 729
MECHANICAL PROPERTIES OF CONCRETE WITH DIFFERENT
AMOUNT OF ZEOLITE AS A PARTIAL SUBSTITUTE FOR CEMENT

MATECKA Maja, TPOMBEBA TABPIJIOCKA Ana
MEXAHMYKH CBOJCTBA HA BETOH CO PA3JIMYHO
KOJIMYECTBO HA 3EOJIUT KAKO JIEJTYMHA 3AMEHA 3A
LEMEHT



CS-10

CS-11

CS-12

CS-13

CS-14

CS-15

MILOSEVIC Bojan, PETROVIC Zarko, MIJALKOVIC Marina,
RANKOVIC Slobodan

EXPERIMENTAL ANALYSIS OF CONTINOUS BEAMS MADE OF
SELF-COMPACTING CONRETE

MWJIOIIEBHUK Bojan, IIETPOBUK XKapxo, MUJAJIKOBUK Mapua,
PAHKOBUK Crno6onan

EKCIHEPUMEHTAJIHA AHAJIN3A HA KOHTUHYAJIHA HOCAYH
0]l CAMOBI'PAJIJIUB BETOH

MILOSEVIC Bojan, PETROVIC Zarko, RANKOVIC Slobodan,
MIJALKOVIC Marina
STRENGTHENING CONTINUOUS RC BEAMS WITH GFRP BARS

MMJIOIIEBUK Bojan, IIETPOBUK YKapxo, PAHKOBUK CroGoznat,
MMJAJIKOBUK Mapuna

3AJAKHYBAILE HA KOHTHHYAJIHU AB I'PEJIM CO APMATYPA
OJI CTAKJIEHU BJIAKHA

NAKOV Darko, ARANGJELOVSKI Toni, JANEV Dejan
REPAIR AND REHABILITATION OF PREFABRICATED
REINFORCED CONCRETE PORTAL FRAMES

HAKOB Jlapxo, APAHI'EJIOCKU Tonu, JAHEB [lgjan
IHOIIPABKA U CAHALIMJA HA IIPE®@ABPUKYBAHU
APMHUPAHOBETOHCKHU ITOPTAJIN

PECIC Nenad, MILICEVIC Ivan
DEFLECTION CONTROL OF REINFORCED CONCRETE
ELEMENTS ACCORDING TO EUROCODE 2

[MELIMK Henan, MUJIMYEBUK Usan
KOHTPOJIA HA JEO®OPMAIIMU HA APMUPAHOBETOHCKHA
EJIJEMEHTH CIIOPEJ] EBPOKO/ 2

PRANGOVSKI Goce, GIOSHEVSKI Goran, GOSHEV Gjorgji,
MIHAJLOVSKI Siljan

USE OF RECYCLED MATERIAL FROM ELECTRONIC WASTE AS
COMPONENT FOR PRODUCTION OF CONCRETE

[IPAHI'OBCKH T'oue, 'OIIEBCKU T'opan, TOLLIEB I"opru,
MUXAJIIOBCKH Cunjan

YIIOTPEBA HA PELIUKJIMPAH MATEPHJAJI O/ EJIEKTPOHCKH
OTHAJl KAKO KOMIIOHEHTA 3A ITPOU3BOJCTBO HA BETOH

PRASTER Maximilian, PERUNKOVSKI Kiril, KLINKEL Sven
AN ADAPTIVE FE> METHOD FOR SMA-FIBER REINFORCED
MATERIALS

ITPACTEP Makcumunujan, [IEPYHKOBCKU Kupun, KIIMHKEJI Ceen
AJANITUBEH METO/I KE? 3A 3AJAKHATU MATEPUJAJIA CO
SMA-®UBEP
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CS-16

CS-17

CS-18

CS-19

CS-20

RADEKA Miroslava, MALESEV Mirjana, RADONJANIN Vlastimir,
SUPIC Slobodan, DUCMAN Vilma

BASIC PROPERTIES OF CONCRETE WITH AGGREGATE BASED
ON ALKALI ACTIVATED FLY ASH

PAJIEKA Mwupocmnasa, MAJIEIIIEB Mupjana, PAJIOBbAHWH Bractamup,
LIVIIMK Cro6oxan, JJYLIMAH Bunma

OCHOBHHU CBOJCTBA HA BETOH CO ATPET'AT BABUPAH
HA AJIKAJTHO AKTUBUPAHA JIETEUKA IIEITEJI

TOMIC Daniel
GLOBAL CAPACITY INCREASEMENT WITH RC JOINT
STRENGHTENING

TOMUK Jlauuen
3rOJJEMYBAIE HA IVIOBAJIEH KAITALIUTET CO
3AJAKHYBAIBE HA AB JA3EJL

STARCEV-CURCIN Anka, MALESEV Mirjana, RASETA Andrija,
KUKARAS Danijel, LADJINOVIC Djordje

DESIGN OF REINFORCED CONCRETE WALL WITH TWO
OVERHANGS USING STRUT-AND-TIE METHOD
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NBona HEI[EBCKAI, 3opan KPAKYTOBCKHM 2, 31aTKo 3ACDI/IPOBCKI/I3,
Crno6oxan OTBEHOBUK?

MYJUTHKPUTEPUYMCKHU AHAJIN3U 3A EBAJITYAIIIJA U KPUTHYKA
CHHOPEABA HA ITPOEKTH OJ1l TPAHCIIOPTHA UH®PACTPYKTYPA

PE3UME

Bo 0B0j Tpy/1 € TpHKaXkaHa METOIONOTHjaTa 3a M300p Ha Tpaca BO MPOIIECOT Ha IUIAHUPALE 1 TIPOCKTHPAHE
Ha JKeJIe3HWYKa TIpyTra Koja ce TeMellM Ha METoJaTa Ha MyJITHKPUTEPUYMCKO BpeaHyBame. [Ipeioxkenara
METO/IOJIOTHja OBO3MOKYBa IIEJIOCHO U CHCTEMATCKO PElllaBamhe Ha IMPOOIEMOT, YHj KpaeH pe3yJirar Tpeba ia
Owyie mpeyIor 3a HajIIOBOJIHA TPAca BO COMIACHOCT CO YCBOCHHUTE KPUTEPUYMH W PEATTHUTE OTPaHUUIYBambA.
Passuenara Merononoruja ¢ Oa3upaHa Ha TPHU Pa3IMUHA METOAU 332 MYJITHKPHUTEPHYMCKO OIJTY4yBarbe,
METOo/Ia Ha TIOHJICPUPAHK CyMH, AHAIUTHYKK Xuepapxucku mporec (AXII merona) u meronara Bukop, a
HEJ3UHOTO TECTUpAEe € M3BPIICHO Ha MpUMEp 3a W300p HAa ©IHO BAPUjaHTHO pEICHHE OJ JBETE
pasriieyBaHH TpacH 3a JKeJIe3HUYKa npyra Ha nenmaumna ox Kopumop 10, o cranumara Bo JlpadeBo (Ckorrje)
JIo ctanunara Bo Benec. J/loOnennTe pe3ynTaty nokaxkaa MpakTHYHa MPUMEHA Ha OBaa METOIOJIOTHja.

Knyunu 360posu: nranuparee u npoexmuparbe, MyImuKpumepuymcKo o0ay4yearse
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MULTICRITERIA ANALYSIS FOR EVALUATION AND CRITICAL
COMPARISON AT TRANSPORT INFRASTRUCTURE PROJECTS

SUMMARY

This paper presents a methodology for route selecting in the planning and designing of railways based on the
multiple criterion decision making. The proposed methodology provides a complete and systematic solution to
this problem. Result of the methodology is the most suitable route in accordance with the adopted criterion and
existing constraints. The developed methodology is based on three different methods for multiple criterion
decision making, Weighted Sum Model — WSM, AHP method (Analytic Hierarchy Process) and VIKOR method.
Evaluation is performed in section of railway route of two alternatives on the Corridor 10, on the section from
station Dracevo (Skopje) and station Veles. The results confirm validity and usefulness of this methodology.
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1. INTRODUCTION

Multi-Criterion Decision Analysis, or MCDA, is a valuable tool that we can apply to many complex
decisions. It is most applicable to solving problems that are characterized as a choice among
alternatives. It has all the characteristics of a useful decision support tool: It helps us focus on what is
important, is logical and consistent, and is easy to use. Generally, when selecting a conveyance system,
the usual procedure is to search for a solution by considering various variants. The most frequently
applied selection methods are based on the technical-economic and multi-criterion analysis. In the case
the multi-criterion decision-making is applied, the results of the technical-economic analysis (specific
costs) are treated as one of the criterion.

The developed methodology is based on three different methods for multiple criterion decision making,
Weighted Sum Model — WSM, AHP method (Analytic Hierarchy Process) and VIKOR method.

For successful application of these methods in practice, usually are adopted the following criterion:

- Investments for the construction,

- Management and maintenance cost,
- Capacity,

- Duration of construction works,

- Impact on environment.

In the table below are shown all the criterion that are taken into account when making this multi -
criterion analysis, and each criterion is expressed in his natural scale.

Criterion
Construction [ Cost management and | Capacity Duration of Impact of the
Alternative | Investments | maintenance of the rout construction work | environment
(€*10°) (€¥10%) (trains) (points) (points)
- - + + +
160 24d 653 591 32.7 20 50
120 24s 530 585 31.1 30 55

Table 1. Criterion in natural scale

2. WEIGHTED SUM MODEL - WSM

In decision theory, the weighted sum model (WSM) is the best known and simplest multi — criterion
decision analysis method for evaluating a number of alternatives in terms of a number of decision
criterion. It is very important to state here that it is applicable only when all the data are expressed in
exactly the same unit.

Since the criterion are given in their natural scale, it is necessary to make normalization of the criterion,
i.e. reduction of natural measuring matrix to zero matrix. When making the zero matrix it is important
to define if the criterion is best rated with maximum or minimum value, i.€. to ascertain whether to make
maximization or minimization of criterion. Zero multi - criterion matrix is shown in the following table:

Criterion
Construction [ Cost management and | Capacity Duration of Impact of the
Alternative | Investments | maintenance of the rout construction environment
work
- - + + +
160 24d 0.81 0.99 1.00 0.67 0.91
120 24s 1.00 1.00 0.95 1.00 1.00
coefficient 32.50% 18.00% 22.50% 14.00% 13.00%

Table 2. Zero multi — criterion matrix

Since the zero multicriterion matrix has been calculated, next step is to calculate the global sum for each
alternative and select an optimal alternative solution:
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160 _24d = 0.81*32.50% + 0.99*18.00% + 1.00%22.50% + 0.67*14.00% + 0.91*13.00% = 0.88
120_24s = 1.00%32.50% + 1.00*18.00% + 0.60*22.50% + 1.00*14.00% + 1.00*13.00% = 0.99

Following the calculations for each alternative, it is evident that alternative 120_24s has higher global
sum than alternative 160 _24d, which means that alternative 120 _24s is higher ranked alternative, i.e.
according to the terms of considered criterion and obtained weight coefficients, it is recommend the
choice of variant 120 24d in the process of further design.

3. ANALYTIC HIERARCHY PROCESS

Analytic Hierarchy Process (AHP) is a structured technique for organizing and analyzing complex
decisions, based on mathematics and psychology. It was developed by Thomas L. Satty in the 1970s
and has been extensively studied and refined since then.

Users of the AHP first decompose their decision problem into a hierarchy of more easily comprehended
sub — problems, each of which can be analysed independently. The elements of the hierarchy can relate
to any aspect of the decision problem — tangible or intangible, carefully measured or roughly estimated,
well or poorly understood — anything at all that applies to the decision at hand. Once the hierarchy is
build, the decision makers systematically evaluate its various elements by comparing them to each other
two at a time, with respect to their impact on an element above them in the hierarchy.

Step 1. Calculate the selected criterion for assessing project performance.

Criterion
Construction | Cost management and Capacity | Duration of | Impact of the
. Investments | maintenance of the rout construction | environment
Alternative
work
(€*10°) (€*10°) (trains) (points) (points)

5 5 + + +
160 24d 653 591 32.7 20 50
120 24s 530 585 31.1 30 55

Table 3. Criterion in natural scale
Step 2. Analysis of individual criterion and determining their weight coefficients
Definition

Intensity of Importance Explanation

Two activities contribute equally to

1 Equal importance the objective

Weak importance of one over  Experience and judgment slightly favor

3 .
another one activity over another
5 Essential or strong Experience and judgment strongly favor
importance one activity over another
. An activity is strongly favored and its
7 Demonstrated importance activity g7y favorsd and !
dominance is demonstrated in practice
The evidence favoring one activity over
9 Absolute importance another is of the highest possible order
of affirmation
Intermediate values between .
2,4,6,8 e When compromise is needed

the two adjacent judgments

Table 4. Table of Saaty

The analysis are done for each criterion separately, depending on the values that has given appropriate
criterion for alternatives. For this analysis is very important to determine whether the observed criterion
is most favourable when it has maximum or minimum value, ie to determine whether it is necessary the
criterion to be maximized or minimized.
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K1 — Investment for the construction

Alternative | 160 _24d | 120 _24s | SUM | Average value
160 24d 1.00 0.20 1.20 0.17
120 24s 5.00 1.00 6.00 0.83
> 6.00 1.20 7.20 1.00

Table 5. Comparison matrix for K1

Investment costs

120_24s : 1 } 7 083

160_24d | 0.17

Weight co'efficienp‘20

040 060 0.80 1.00

Fig. 1. Coefficients for Investments cost

K2 — Management and maintenance costs

Alternative | 160 _24d | 120 24s [ SUM | Average value
160 24d 1.00 3.00 4.00 0.75
120 24s 0.33 1.00 1.33 0.25
> 1.33 4.00 5.33 1.00

Table 6. Comparison matrix for K2

Management and maintenance costs
120_24s 7] 0.25

160_24d ‘ | ‘ | 0.75

Weight coefficient 020 040 060  0.80

Fig. 2. Coefficients for Management and maintenance costs

K3 - Capacity

Alternative | 160_24d | 120_24s | SUM | Average value
160 24d 1.00 5.00 6.00 0.83
120 24s 0.20 1.00 1.20 0.17
> 1.20 6.00 7.20 1.00

Table 7. Comparison matrix for K3

Capacity
120_24s | 0.17

160_24d | 0.83

T

. - 020 040 060 080 1.00
Weight coefficient

Fig. 3. Coefficients for Capacity
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- K4 — Duration of construction work

Alternative | 160 24d | 120 24s | SUM | Average value
160 24d 1.00 2.00 3.00 0.67
120 24s 0.50 1.00 1.50 0.33
> 1.50 3.00 4.50 1.00
Table 8. Comparison matrix for K4
Duration of construction work

120_24s | 0.33

160_24d | 0.67

Weight Goefficient 0.20 0.40 0.60 0.80

Fig. 4. Coefficients for Duration of construction work

- K5 -Impact on the environment

Alternative | 160_24d | 120_24s | SUM [ Average value
160 24d 1.00 2.00 3.00 0.67
120 24s 0.50 1.00 1.50 0.33
> 1.50 3.00 4.50 1.00
Table 9. Comparison matrix for K5
Impact on the environment
120_24s | 033
160_24d | 0.67
Weight coefficient 0.20 0.40 0.60 0.80

Fig. 5. Coefticients for Impact on the environment

Step 3. Creating comparison matrix

Considering the defined purpose, for each pair of criterion should be submitted value of importance of
one criterion over another in the evaluation matrix (comparison).

Weight coefficients on the level of criterion

oferiterion. | ! oo |m | K5 | sum | G

K1 1.00 500 | 300 | 7.00 | 7.00 | 23.00 0.430
K2 0.20 100 | 3.00 | 300 | 400 | 1120 0.209
K3 033 033 | 100 | 3.00 | 7.00 | 1167 0218
K4 0.14 033 | 033 | 1.00 | 400 | 581 0.109
K5 0.14 025 | 014 | 025 | 100 | 1.79 0.033

Table 10. Sorting matrix
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Normalization

Table 11. Normalized sorting matrix

Step 4. Calculation with combined weighted with weight coefficients.

gf;gﬂi‘)‘;““ of | xy K2 K3 K4 K5 SUM co’:};ﬁ lhe’n )
KI 0.55 0.72 0.40 0.49 0.30 2.47 0.494
K2 0.11 0.14 0.40 0.21 0.17 1.04 0.208
K3 0.18 0.05 0.13 0.21 0.30 0.88 0.176
K4 0.08 0.05 0.04 0.07 0.17 0.42 0.083
K5 0.08 0.04 0.02 0.02 0.04 0.19 0.039

1.00 1.00 1.00 1.00 1.00 5.00 1.000

The combined weighted with weight coefficients is done by taking the weight ratios of each criterion
provided in table 12 and the weight coefficients obtained for each criterion separately with his
comparison in terms of both alternatives, which are presented in the above tables and graphs. The final
score and ranking are calculated according following steps: weighting criterion obtained for each
criterion separately in the analysis of two alternative solutions. Finally weighted coefficients are
summed and the final results are calculated, based of which can be done ranking of alternative solutions.

CALCULATION WITH COMBINED WEIGHT WITH WEIGHT

COEFFICIENTS
Weight
1 0.494 0.208 0.176 0.083 0.039
Management Duration of Impact on
Investment and . .
. Capacity construction the
costs maintenance .
work environment
costs
Weight
2 - - + + +
€ € trains points points
160 24d 0.17 0.75 0.67 0.75 0.67
120 24s 0.83 0.25 0.33 0.25 0.33
Management Duration of  Impact on
Investment and . .
costs maintenance Capacity construction the
work environment  FINAL
costs RESULT
- - + + +
€ € trains points points
160 24d 0.08 0.16 0.12 0.06 0.03 0.44
120 24s 041 0.05 0.06 0.02 0.01 0.56

Table 12. Final score

RANKING

From the performed calculations by AHP method, it is evident that alternative 120_24s is better solution

than alternative 160 24d
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4. VIKOR METHOD

VIKOR method is a multi — criteria decision making or multi — criteria decision analysis method. It was
originally developed by Serafim Opricovic to solve decision problems with conflicting and non
commensurable (different units) criteria, assuming that compromise is acceptable for conflict resolution,
the decision maker wants a solution that is the closest to the ideal, and the alternatives are evaluated
according to all established criteria. VIKOR ranks alternatives and determines the solution named
compromise that is the closest to the ideal.

Criteria
Alternative K K, K; K, Ks
(€*10°) (€%10%) (trains) (points) (points)
160_24d 1.00 1.00 0.00 1.00 1.00
120_24s 0.00 0.00 1.00 0.00 0.00
fi* 530.00 585.00 32.7 30 55
fi- 653.00 591.00 31.1 20 50
Di - 123.00 | - 6.00 1.6 10 5

Table 13. Initial decision matrix

For further implementation of multi - criteria decision making is required that all criteria can be assigned
relative weights or weight factors that determine their meaning. In this analysis to define the weighting
method used for the simulation of structural preferences, so that for the values of the weight coefficients
are proposed five scenarios:

- Scenario I: All of the criteria have the same importance, so they have same weight ratio.

- Scenario II: Priority is given to the economic and transport criteria, so that the heist value of
weighting is given to the criteria K1, K2 and K3, and lowest value of the criteria K4 and K5.

- Scenario III: Priority is given to the economic aspect, so that the highest value of weighting is
given to the criteria K1 and K2, and lowest to the criteria K4 and KS5.

- Scenario IV: Priority is given to traffic aspect and the highest value of weighting is given to
criterion K3.

- Scenario V: Priority is given to the environmental aspect, so the highest value of the weighting is
given to the criteria K4 and KS5.

Weight Scenarios
Coefficients

Table 14. Values of the weight coefficients for the proposed scenarios

Scenario 1 Scenario 2
15%
mwl mwl
mw2 15% mw2
w3 w3
m w4 m w4
w5 m w5
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Scenario 3 Scenario 4
9% 10%
mwl mwl
‘ mw2 w2
18% w3 w3
m w4 w4
w5 w5
Scenario 5

17% mwl

17% mw2

w3

m w4

m w5

Fig. 6. Graphic representation of weight ratios obtained by the method VIKOR

Based on fundamental relations of the program package VIKOR and adopted weight for strategy
making, v=0.5 has been obtained the following final decision matrix and ranking:

160_24d | 120 _24s
SC1 Qj 0,5 0,5
QS; 1,0 0,0
QR; 0,5 0,5
SC2 Q; 1,0 0,0
QS; 1,0 0,0
QR; 1,0 0,0
SC3 Qi 1,0 0,0
QS; 1,0 0,0
QR; 1,0 0,0
SC4 Qi 0,5 0,5
QS; 1,0 0,0
QR 0,0 1,0
SCS Qi 1,0 0,0
QS; 1,0 0,0
QR; 1,0 0,0
Table 15. Decision matrix based on indicators Qj, QSj and QRj
Ranking Scenarios
SC1 SC 11 SC 111 SC1V SCV
1 120 24s | 120 _24s | 120 _24s | 120 24s | 120_24s
(0.5) ©) () 0.5) ©)
2 160 24d | 160 24d | 160 _24d | 160 24d | 160 24d
0.5) @ @) 0.5) )]

Table 16. Ranked list of alternative solutions for the route of the proposed scenarios
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The results of the ranking show that alternative 120 24s is more favourable alternative solution for
scenarios 2, 3 and 5, while scenarios 1 and 4 rang both alternatives as same. Summing the results we
have come up with a solution that better solution is alternative 120 24s and it is proposed as a
compromise solution.

5. CONCLUSION

Finally this paper was intended to achieve several goals. First was described the application of multi —
criteria analysis in making decision to select the best route for a railroad. Second, multi - criteria analysis
were applied on a present case to choose the route for the rail using three different methods (Weight
Sum Method, AHP method and VIKOR method).

Based on the foregoing it can be concluded that multi — criteria analysis represent a flexible solution
intended for users who can successfully use only with a specific definition of the appropriate criteria
and alternatives.
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