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REHABILITATION AND STRENGTHENING AS A METHOD OF
SUSTAINABLE DEVELOPMENT OF EXISTING BUILDINGS

TPAJKOBA Mapuna, PAHI'EJIOBA ®anTunna
PEKOHCTPYKIHMJA U 3AJAKHYBAIBE KAKO METO/I 3A
OJIPKJINB PA3BOJ HA IOCTOEYKH OBJEKTH
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CM?* CONSTRUCTION MATERIALS

CM-1 CEREPNALKOVSKA Sonja, MITROV Ljubomir
EQUAL TREATMENT ON THE MARKET OF CONSTRUCTION
PRODUCTS

YEPEITHAJIKOBCKA Cowa, MUTPOB Jby6omup
EJHAKOB TPETMAH HA I'PAJIEZKHUTE ITPOU3BOIU HA
ITA3ZAPOT

CM-2 CHOBANOV LECHEV Plamen, NELKOV NENOV Konstantin
EFFECTS OF HYGROTHERMAL BEHAVIOR OF SINGLE-LAYERED
ASSEMBLIES CALCULATED BY THE CLASSICAL METHOD,
TAKING INTO ACCOUNT CAPILLARY ACTIVE PROPERTIES

YOBAHOB JIEYEB ITnamen, HEJIKOB HEHOB KoncranTun

E®EKTHU OJ1 XUT'POTEPMAJIHO OJJHECYBAIBE HA ®ACAJTHA
KOHCTPYKIIUJA ITIPECMETAHU CITIOPEJI KIACUYHA METOJA
3EMAJKH 'l BO I[TPEJBU ] KAIIMJIAPHO AKTUBHUTE
CBOJCTBA

CM-3 JANKOVIC Ksenija, BOJOVIC Dragan, STOJANOVIC Marko, LONCAR
Ljiljana, ANTIC Lana
THE INFLUENCE OF TAILINGS AS A PARTIAL SUBSTITUTE IN
AGGREGATE WITH SULPHATE-RESISTANT CEMENT TO SCC
CONCRETE DURABILITY

JAHKOBUK Kcennja, CTOJAHOBUK Mapko, BOJOBU JIparas, JIOHUAP
JInnjara, AHTUK Jlana

BJIMJAHUETO HA JAJIOBUHATA KAKO JEJIYMHA 3AMEHA 3A
AT'PET'AT BP3 TPAJHOCTA HA CAMO-KOMITAKTUPAUKH
BETOH HAIIPABEH O/ CYJI®ATHO OTIIOPEH HEMEHT

CM-4 JANKOVIC Ksenija, STOJANOVIC Marko, BOJOVIC Dragan, LONCAR
Ljiljana, ANTIC Lana
THE POSSIBILITY OF THE USE OF CEM IV IN AGGRESSIVE
ENVEROMENTS

JAHKOBUK Kcennja, CTOJAHOBHK Mapko, BOJOBUK Jlparan, TOHUAP
JInnjana, AHTUK Jlana

MO’KHOCTA 3A YIIOTPEBA HA CEM |V BO ATPECUBHHU
CPEJIAHU

CM-5 JEVTIC Dragica, ZAKIC Dimitrije, ASKRABIC Marina
POSSIBILITIES OF BUILDING STRUCTURES USING EXPOSED
CONCRETE - FACTORS OF INFLUENCE

JEBTUK Jlparuna , 3SAKUK Jumutpuje, AILIKPABUK Mapuna
MOZKHOCT 3A U3I'PAJIBA HA OBJEKTH O/l HATYP BETOH —
®AKTOPHU HA BJINJAHUE

* in alphabetic order of the first author’s surname - no a36y4eH pe/] Ha IPE3UMETO HA IPBUOT aBTOP
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CM-10

CM-11

LAZAROVA Silvana, GJOSHEVSKI Goran, PRANGOVSKI Goce, GOSHEV
Gjorgji

PREPARATION OF CONCRETE MIX DESIGN FOR ADHESION-
PRESTRESSED CONCRETE RAILWAY SLEEPERS PRODUCTION

JIABAPOBA Cuisana, I"OIIEBCKH T'opan, [IPAHTOBCKH T'oue, TOIIEB
T'opru

HOATI'OTOBKA HA PELHENITYPA HA BETOH 3A TIPOU3BOACTBO
HA ATXE3UOHO-IIPEJHANIPETHATU BETOHCKHA
KEJE3HUYKU ITPATOBU

LUKIC Ivan, MALESEV Mirjana, RADONJANIN Vlastimir, BULATOVIC
Vesna, VUKOSLAVCEVIC Suzana, SUPIC Slobodan

LIGHTWEIGHT AGGREGATE CONCRETE WITH HIGH AMOUNT
OF MINERAL ADMIXTURES

JIVKUK MBan, MAJIEILIEB Mupjana, PAJJOIAHUH Bnactumup,
BYJIATOBHK Becna, BYKOCJIABUEBUK Cysana, LIIYIIUK Cro6onan
BETOH CO JIECHU ATPETC'ATH CO I'OJIEMA KOJIMUUHA HA
MUHEPAJIHU AIUTUBU

MATESKA Maja, SAMARDZIOSKA Todorka, TROMBEVA-
GAVRILOSKA Ana, LEPITKOVA Sonja, JOVANOVSKI Milorad
MECHANICAL PROPERTIES OF ZEOLIT SAMPLES FROM
STRMOSH MINE, REPUBLIC OF MACEDONIA

MATECKA Maja, CAMAPIIMOCKA Tonopka, TPOMBEBA-
I'ABPUJIOCKA Amna, JIEIITMTKOBA Coma, JOBAHOBCKHW Munopan
MEXAHHNYKU CBOJCTBA HA 3EOJIUT OJI PYJIHUKOT
»CTPMOII*, PEITYBJINKA MAKEJAOHHUJA

NIKOLOVSKI Tihomir, SIMJANOVSKI Zoran
TESTING OF CORROSION ON GALVANIZED SURFACES

HUKOJIOBCKU Tuxomup, CUMJAHOBCKHU 3opan
TECTUPAIBE HA KOPO3UJATA HA ITIOLHMHKYBAHU
HHOBPIIMHH

RADEVIC Aleksandar, KUZMANOVIC Vladan, MISKOVIC Zoran
INFLUENCE OF VIBRATIONS DURING CONCRETE SETTING ON
ITS PHYSICAL AND MECHANICAL PROPERTIES

PAJIEBUK Anekcannap, KY3MAHOBUK Bnanas, MUIIIKOBYK 3opan
BJIMJAHUE HA BUBPALIMUATE BO TEK HA BP3YBAIGE HA
HEMEHTOT HA ®U3UUYKO-MEXAHUYKUTE KAPAKTEPUCTUKH
HA BETOHOT

RUKAVINA JELCIC Marija, GABRIJEL Ivan, BJEGOVIC Dubravka,
MRDULJAS Branka

DEGRADATION AND RECOVERY OF MECHANICAL PROPERTIES
OF SCC AFTER HIGH TEMPERATURE EXPOSURE

PYKABUMHA JEJTYUK Mapuja, T ABPUJEJI MBan, BJETOBUK JlyGpasxa,
MPIVJIJALL Bpanka

JAET'PAJAIINIJA U JAKHEIBE HA MEXAHUYKUTE CBOJCTBA HA
CAMOBI'PAYBAYKHN BETOH NOCJIE U3JIOKEHOCT HA
BUCOKA TEMIIEPATYPA
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CM-12

CM-13

CM-14

CM-15

SESLIJA Milos, RADONJANIN Vlastimir, MILOVIC Tiana, SUPIC
Slovodan, VUKOSLAVCEVIC Suzana

APPLICATION OF PERVIOUS CONCRETE IN ROAD
ENGINEERING

HIENIIMIA Mwuomn, PAJIOBbAHWH Brnactumup, MWJIOBUK Tuanua,
IOYIINK Cno6oman, BYKOCJIABUEBUK Cy3ana
INPUMEHA HA ITIOPO3EH BETOH BO MIATAPCTBOTO

TRAJANOSKA Bojana, GAVRILOSKI Viktor
EXPERIMENTAL TESTING OF STEEL REINFORCED GLASS
ELEMENTS

TPAJAHOCKA bojana, TABPUJIOCKH Bukrop
EKCIHHEPUMEHTAJIHO UCIIUTYBAIBE HA EJIEMEHTH O/
CTAKJIO 3AJAKHATHU CO YEJIUK

TROMBEVA-GAVRILOSKA Ana, CVETKOVSKA Meri, GAVRILOSKI
Viktor, LAZAREVSKA Marijna, SAMARDZIOSKA Todorka
EXPERIMENTAL ANALYSIS OF MECHANICAL
CHARACTERISTICS OF FRP MATERIALS

TPOMBEBA-TABPUJIOCKA Ana, IBETKOBCKA Mepu, 'ABPMJIOCKHA
Buxrop, JIABAPEBCKA Mapujana, CAMAPIIMOCKA Tomopka
EKCIHEPUMEHTAJIHO OITPEJEJTYBAIBE HA MEXAHUYKH
KAPAKTEPUCTHUKH HA FRP MATEPUJAJIN

UZUNOV Nikola

SPECIALIZED MATERIALS FOR STRUCTURAL
BONDING/DEFINITION, TESTING, PERFORMANCES AND
CONFORMITY WITH EUPROPEAN STANDARD EN1504-4

VY3YHOB Huxoia

COBPEMEHU MATEPUJAJIA 3A KOHCTPYKTUBHO BP3YBAIBE
[TE®OUHUPAIBE, TECTUPAIGE, IEP®OPMAHCHU U
YCKJIAJIEHOCT CO EBPOIICKHOT CTAHIAP/ EN 1504-4/
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TS® TIMBER STRUCTURES

TS-1 MISULIC KOCETOV Tatjana, MANOJLOVIC Dragan
ANALYSIS OF WIND ACTION ON ARCH GLULAM TIMBER
BRIDGES WITH COMPOSITE CONCRETE DECK ACCORDING TO
EN 1991-1-4 and EN 1995-2

MMUIIYJIMK KOYETOB Tarjana, MAHOJJIOBUK Jlparan

AHAJIM3A HA JEJCTBO O/l BETEP HA IPBEHU JIAUHU
MOCTOBHU CO CITPETHATA KOJIOBO3HA ILJIOYA CIIPEMA EH
1991-1-4 u EH 1995-2

TS-2 PARTOV Doncho, STRAKA Bohumil, PETKOV Milen
TRADITIONAL STRENGTHENING TECHNIQUES FOR THE
TIMBER ROOF ELEMENTS IN THE CHURCH ST. DIMITAR IN
KUSTENDIL

ITAPTOB Honuo, CTPAKA Boxymun, IIETKOB Munen
TPAJJUIIUOHAJIHU TEXHUKU 3A 3AJAKHYBAIGE HA IPBEHU
KPOBHU EJIEMEHTH BO IIPKBATA CB. IUMHUTAP BO
KYCTEHINI

TS-3 SOKOLOVSKII Nikita, GARMANOV Grigory
USE OF LAMINATED WOOD ND WOOD-AND-METAL
STRUCTURES IN LONG-SPAN CONSTRUCTIONS

COKOJIOBCKU Hukuta, TAPAMAHOB I'puropu, MYPI'VJI Bepa
INPUMEHA HA TAMUHUPAHO JIPBO U CTPYKTYPHU JAIPBO-
METAJI KAJ KOHCTPYKIIMHU CO I'OJIEMHU PACITIOHHA

1S-4 STEVANOVIC Bosko, GLISOVIS Ivan, TODOROVIC Marija
GLULAM BEAMS REINFORCED WITH INTERNALLY POSITIONED
CFRP PLATES

CTEBAHOBUK bomiko, [JTUIIOBHK Uean, TOJOPOBUK Mapuja
JENEHO JIAMEJINPAHU T'PEJIU 3AJAKHATH CO BHATPEIIIHO
MO3UIIUOHUPAHU CFRP ILIOYA

TS-5 STOJIMANOVSKA Marta, HRISTOVSKI Viktor
EXPERIMENTAL AND ANALYTICAL RESEARCH OF XLAM PANEL
SYSTEMS

CTOJMAHOBCKA Mapra, XPUCTOBCKU Buxtop
EKCIIEPUMEHTAJTHO 1 AHAJTUTUYKO UCTPAJKYBAILE HA
MMAHEJHHM CUCTEMH OJT BKPCTEHO JIETTEHO JIAMEJIUPAHO
JIPBO (XLAM)

SS* STEEL STRUCTURES

*in alphabetic order of the first author’s surname - 1o a36yueH peji Ha OPE3UMETO HA PBHOT ABTOP
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DAMJANOVSKI Vladimir, KOCOVSKI Emil, POPOVSKI Denis,
PARTIKOV Mile

TESTING THE EXTRACTION OF ANCHORS IN EXISTING
CONCRETE SLAB

JAMJAHOBCKU Brnagumup, KOUHOBCKU Emm, ITOITOBCKU [lenmuc,
TTAPTHUKOB Muite

HNCIIUTYBAIE HA AHKEPU HA U3BJIEKYBAIBE BI'PAJIEHH BO
INOCTOEYKA BETOHCKA MACA

DZOLEV lgor, CVETKOVSKA Meri, LADINOVIC borde, RADONJANIN
Vlastimir

LOAD INFLUENCE AND FIRE EXPOSURE OF A SIMPLY
SUPPORTED BEAM

IIOJIEB Urop, HBETKOBCKA Mepu, JJAIITMHOBUY Ilopue,
PAJIOIbAHHMH Brnactumup

BJIMJAHUE HA HATOBAPYBABETO U ITIOKAPHATA
N3JIO0KEHOCT HA ITIPOCTA I'PEJIA

FRIC Nenad, PAVLOVIC Marko, BUPEVAC Dragan, MISKOVIC Zoran,
MARKOVIC Zlatko, GLUHOVIC Nina

CALIBRATION OF THE BOLT PRETENSION BY STRAIN GAUGES
VS. FEA

®PUII Henaz, ITABJIOBUK Mapko, BYLIEBALL Jiparas, MUIIIKOBUK
3opan, MAPKOBHUK 3narko, IJTYXOBUK Huna

KAJINBPALIMJA HA IIPEJHAIIPETHATH 3ABPTKH CO ITIOMOIII
HA MEPHU JIEHTH HACIIPOTU AHAJIN3A CO KOHEUHHN
EJJEMEHTH (FEA)

ILIEVA Yuliya
CONTEMPORARY VAULTED DOUBLE-LAYER TENSEGRITY
GRIDS

NIIMEBA Jynuja
COBPEMEHMU 3ACBOJEHU IBOCJIOJHU TEHCEI'PUTU MPEXKHA

KOCOVSKI Emil, DAMJANOVSKI Vladimir, PARTIKOV Mile,
POPOVSKI Denis
MODULAR REVISION PLATFORMS IN PRODUCTION HALL

KOYOBCKU Emun, JAMJAHOBCKU Bnanumup, IITAPTUKOB Mune,
ITOITOBCKMU [ennc

MOAYJAPHU PEBU3NOHU IIJVIAT®OPMHU BO ITPOU3BOJAEH
INOI'OH

MILANOVIC Milivoje, CVETKOVSKA Meri, CHIFLIGANEC Cvetanka,
JOVANOSKA Milica

DETERMINATION OF CRITICAL BUCKLING LOAD OF A STEEL
CONCRETE COMPOSITE COLUMN IN FIRE

MUJIAHOBUK Munusoje, [IBETKOBCKA Mepu, YNDJINT'AHEL]
IIseranka, JOBAHOCKA Mununa

ONPEJIEJNYBAIE HA KPUTUYHA CUJIA HA N3BUBAIBE HA
CIIPETHAT CTOJIB BO YCJIOBHU HA ITIOKAP
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SS-8

SS-10

SS-11

SS-12

SS-13

NIKOLOVSKI Tihomir, TASEVSKI Boris, ALEKSANDROV Boris
SMALL SPAN TYPIFIED PREFABRICATED STEEL BRIDGES

HUKOJIOBCKH Tuxomup, TACEBCKH bopuc, AJIEKCAH/IPOB bopuc
MAJIM TUIICKUX MOHTAKHHM YEJIMYHU MOCTOBH

PARTIKOV Mile, CVETANOVSKI Petar, POPOVSKI Denis
DESIGN OF TRUSS WITH K GAP JOINTS ACCORDING TO EC3

[TAPTUKOB Mune , IBETAHOBCKH Tlerap, [TOITOBCKH Jlenmuc
IMPOEKTUPAIHE HA PELIETKACT HOCAY CO K JA3JIU CITIOPE/]]
EBPOKO/I 3

PARTOV Doncho, IVANOV Radan, DINEV Dobromir
40 YEARS FROM THE STRUCTURAL REHABILITATION OF THE
SMALL ASPARUHOV BRIDGE IN VARNA

ITAPTOB Jlonuo, UBAHOB Panan, JIMHEB Jlo6pomup
40 TOIUHU O PECTABPAIIUJATA HA MAJIMOT ACITAPYXOB
MOCT BO BAPHA

POPOVSKI Denis, CVETANOVSKI Petar, PARTIKOV Mile
TESTING THE BEHAVIOR OF SHEAR CONNECTORS

ITOITOBCKMU [enuc, IBETAHOBCKU Ilerap, IIAPTUKOB Muine
NCIIUTYBAIBE HA OJHECYBAIBE HA MOXKJIAHUIIA

POPOVSKI Denis, CVETANOVSKI Petar, PARTIKOV Mile

THE EFFECTS OF THE PRE-STRESSING BY CONTROLLED
IMPOSED DEFORMATIONS OF CONTINUOUS COMPOSITE
BEAMS

ITOITOBCKMU [enuc, IBETAHOBCKU Ilerap, IAPTUKOB Muine
E®EKTUTE O NTPEJHAIIPEI'AIBE CO CITIYHITAIBE HA
IHOTIIOPA KAJ KOHTUHYUPAHU CIIPETHATH HOCAYHN

SCEPANOVIC Biljana, LUCIC Dusko, KNEZEVIC Milos, MIJUSKOVIC
Olga

COLLAPSE MODE OF STEEL I-GIRDERS UNDER ECCENTRIC
PATCH LOAD

IIKEITAHOBUK bunjana, JIVUUK Jymxko, KHEXXEBUK Muon,
MUJVIIKOBUK Onra

OBJIMK HA JIOM HA JIOKAJTHO EKCIIEHTUYHO HATOBAPEHU
YEJUYHHA I-HOCAUHA

STOKUCA Milos

THE ROLE OF CLADDING AND ROOFING PANELS IN THE LOAD
BEARING CAPABILITIES AND DEFORMATIBILITY OF
CONSTRUCTIONS

CTOKYKA Musiom

VJOI'A HA TAHEJIMTE 3A IOKPUBAIBE U ®PACAJTHO
OBJIATAILE BO HOCUBOCTA U JE®OPMABHUJIHOCTA KAJ
YEJIUWYHUTE KOHCTPYKIIMU
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CONRETE STRUCTURES

ABAZI Sead, SUSINOV Bojan, GIORGEVSKI Spasen 578
RETAINING WALL REMEDIATION ON HIGHLY URBANIZED AND
POTENTIALLY INSTABLE TERRAIN

ABA3H Ceax, CYCHUHOB bojan, 'OPI'EBCKH Cnacen
CAHAIIAJA HA TIOTIIOPEH SHUJT HA T'YCTO U3I'PAJIEH U
MOTEHIMJAJTHO HECTABUJIEH TEPEH

BODIROGA Zelimir, PRESECKI Predrag 586
THE BIGGEST BBR PROJECTS IN 2014 IN CROATIA

BOJINPOI' A XKemumup, IIPECEUKU IIpemnpar
HAJI'OJIEMUTE BBR MPOEKTU BO XPBATCKA BO 2014 TO/IUHA

* in alphabetic order of the first author’s surname - no a36y4eH pe/] Ha IPE3UMETO HA IPBUOT aBTOP
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CHARDAKOVA Tanya, TRAYKOVA Marina

COMPARISON OF THE SUSTAINABILITY OF DIFFERENT
TECHNIQUES FOR THE STRENGTHENING OF REINFORCED
CONCRETE BEAMS

YAPJAKOBA Tamwa, TPAJKOBA Mapuna
CIIOPEJIBA HA OJIP2KJVIMBOCTA HA PA3/IMYHU TEXHUKHU 3A
3AJAKHYBAIE HA APMUPAHO BETOHCKU I'PEJN

CRAWFORD C. Kenneth

A CONCEPT TO EVALUATE CFRP-PLATE BOND CONDITION

ON FRP-STRENGTHENED M1 AND M2 BRIDGES

KPA®OP/ K. Kener

KOHIIEIIT 3A ITIPOITIEHKA HA COCTOJBATA HA BPCKATA HA
CFRP IIVIOYHA KAJ FRP 3AJAKHATH MOCTOBH OJ] ABTOITATOT
M1 U1 M2

CUCKIC P. Zivko, WITZANY Jiri, CUCKIC Vesna

OPTIMIZATION SYSTEM MORAVAMONT - NEW PROJECT OF
MORAVAMONT 2000 FOR CONSTRUCTION IN SEISMIC
CONDITIONS

I[YLIKHK II. Xusko, BAT3AHMU Jupu, IIYLIKHK Becua
ONTUMM3AIIMOHEH CUCTEM MOPABAMOHT-HOB ITIPOEKT
HA MOPABAMOHT 2000 3A TIPOEKTUPAIGE BO CEU3MUYKH
YCJIOBH

DOCEVSKA Marija, ARANGJELOVSKI Toni, MARKOVSKI Goran,
NAKOV Darko

NUMERICAL MODEL FOR SERVICEABILITY LIMIT STATES
ANALYSIS OF REINFORCED CONCRETE ELEMENTS

JOLIEBCKA Mapuja, APAHI'EJTIOBCKH Toun, MAPKOBCKH T'opan,
HAKOB Hapxo

HYMEPUYKHN MOJEJI 3A AHAJIU3A HATPAHUYHHUTE
COCTOJBH HA YIHOTPEBJIMBOCT HA APMUPAHOBETOHCKH
EJEMEHTHU

TROMBEVA-GAVRILOSKA Ana, SELIH Jana, LAZAREVSKA Marijana,
CVETKOVSKAMeri

STATE OF THE ART - MODELS FOR FAILURE PREDICTION OF
REINFORCED CONCRETE STRUCTURES STRENGTHENED WITH
FRP STRIPS

TPOMBEBA-T'ABPUJIOCKA Amna, IHEJINX Jana, TASAPEBCKA
Mapujana, UBETKOBCKA Mepu

NPEIJIEL HA MOJEJIN 3A IIPEABUAYBAIBE HA JIOM HA
APMHUPAHOBETOHCKHU KOHCTPYKIHUHN 3AJAKHATH CO FRP
JIEHTHU

LAZAREVSKA Marijana, TROMBEVA-GAVRILOSKA Ana,
CVETKOVSKA Meri, KNEZEVIC Milos

APPLICATION OF FUZZY LOGIC FOR PREDICTION OF FIRE
RESISTANCE OF RC COLUMNS

JIABAPEBCKA Mapujana, TPOMBEBA TABPUJIOCKA Ama,
LIBETKOBCKA Mepu, KHEXKEBUK Munom

INPOLHEHKA HA IIOKAPHA OTIHHOPHOCT HA Ab CTOJIBOBH CO
INPUMEHA HA ®A3U JIOTUKA
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CS-9 RADOJICIC Vladimir 641
- THE FIBER REINFORCED CONCRETE GIRDER S STRAINED BY
TRANSVERSAL FORCES

PAJIOJVUYMK Brnagumup
BETOHCKHN HOCAYU APMHUPAHU CO BJIAKHA HAIIPETHATH
HA TPAHCBEP3AJIHU CUJIN

CS-10 STOYNOVA lliana, IVANOV Radan, KAZAKOV Konastantin 646
FEM MODELLING OF CONCRETE AND REINFORCED CONCRETE
MEMBERS AND CONNECTIONS

CTOJHOBA Hmnana, ”BAHOB Panan, KA3SAKOB Koncrautuu
MOJIEJUPAIBECO MKE HA BETOHCKH 1
APMMUPAHOBETOHCKMU EJIEMEHTHU U1 BPCKH

CS-11 VITANOV Vladimir 654
MODELING OF FRP STRENGTHENED RC BEAM USING BUILT-IN
AND CUSTOM MATERIAL MODELS IN ANSYS

BUTAHOB Brnanumup

MOJEJIHUPAIBE HA Ab I'PEJIA 3AJAKHATA CO FRP CO
KOPUCTEIKBE HA BI'PAJEHU U COIICTBEH MATEPUJAJIEH
MOJEJ BO ANSYS

SEIZMIC ENGINEERING

92
[Tl
*

BOGDANOVIC Aleksandra, RAKICEVIC Zoran, FILIPOVSKI Dejan 662
OPTIMAL NUMBER OF DAMPING DEVICES IN STEEL
FRAME STRUCTURES USING GENETIC ALGORITHM

BOI' JAHOBUK Anexcannpa, PAKUKEBUK 3opan, ®UJIUITIOBCKHU [lejan
OIITUMAJIEH BPOJ HA JAMITEPH BO YEJIMYHU PAMOBCKH
KOHCTPYKIIUU CO KOPUCTEWKE HA TEHETCKHA AJITOPUTAM

BOJADJIEVA Julijana, SHESHOV Vlatko, EDIP Kemal, GJORGIEV Igor, 670
KITANOVSKI Toni

DESIGN AND CONSTRUCTION OF LAMINAR BOX FOR GEO-

MODELS TESTING

BOJAIIMEBA Jynujana, IIEIIIOB Braarko, EJIWIT Kemau, I'OPI'MEB Urop,
KHUTAHOBCKMU Touu

JAMMUHAPEH KOHTEJHEP 3A TECTUPAILE HA TEO-MO/IEJIX
HA BUBPO-IIVTAT®OPMA
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N

* in alphabetic order of the first author’s surname - no a36y4eH pe/] Ha IPE3UMETO HA IPBUOT ABTOP
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CHURILOV Sergey, MILKOVA Kristina, DUMOVA-JOVANOSKA Elena
EXPERIENCES FROM CALIBRATION OF MATHEMATICAL
MODELS OF MASONRY STRUCTURES BASED ON IN-SITU
DYNAMIC TESTS

UYPUIIOB Ceprej, MUJIKOBA Kpuctuna, IYMOBA-JOBAHOCKA Enena
HCKYCTBA O KAIMBPUPAIBE HA MATEMATHYKHA MO/JEJIN
HA SUJAHU OBJEKTHU BP3 OCHOBA HA IN-SITU AHUHAMUYKHU
TECTOBHA

EDIP Kemal, GAREVSKI Mihail, BUTENWEG Christoph, SHESHOV
Vlatko, BOJADJIEVA Julijana, GIORGJIEV Igor

SIMULATION OF WAVE PROPAGATION IN SOIL MEDIA BY
INFINITE BOUNDARY ELEMENTS

EJUIT Keman, TAPEBCKU Muxawni, IIIENIOB Bnarko, BYTEHBEI"
Kpucrod, BOJAIIMEBA Jymujana, ' OPIUEB Hrop
CHUMYJIALIAJA HA IIUPEE HA BPAHOBH BO ITIOYBEHU
CPEJJMHM CO KOPUCTEIE HA BE3KOHEYHU TPAHUYHU
EJIEMEHTH

FOLIC Radomir, COSIC Mladen, FOLIC Boris

DECIDING THE ORDER OF INTERVENTIONS ON THE
STRUCTURE OF REINFORCED CONCRETE (RC) BRIDGES FOR
EARTHQUAKE CONDITIONS

®OJIMK Pamomup, YOCUK Mnanen, POJIUK Bopuc
OJIPEJYBAIE HA PEJJOCJEJIOT HA UHTEPBEHIIUU KAJ
APMHMPAHO BETOHCKH MOCTOBH MO AEJCTBO HA
3EMJOTPEC

GJORGIJIEV Igor, GAREVSKI Mihail, EDIP Kemal, BOJADJIEVA Julijana
VERTICAL BEHAVIOR OF RUBBER BEARINGS WITH LAYERS OF
DIFFERENT MATERIALS

I"OPI'MEB Hrop, TAPEBCKH Muxaun, EJIVII Kemar, BOJAIIMEBA
Jynujana

OJ/IHECYBAIE HA TYMEHMU JIEXKUIITA CO CJIOEBH O]
PA3JIMYHUA MATEPUJAJIM BO BEPTUKAJIEH ITPABEI]

GLUHOVIC Nina, MARKOVIC Zlatko, SPREMIC Milan, DOBRIC Jelena
DESIGN RECOMMENDATIONS OF FLOOR VIBRATIONS INDUCED
BY HUMAN ACTIVITIES

[JIYXOBUK Huna, MAPKOBUK 3narko, CIIPEMUK Munan, JJOBPUK
Jenena

IMPOEKTHMU ITPEIIOPAKH 3A IIOJHU BUBPALINU
MPEANU3BUKAHM O/l YOBEUKH AKTUBHOCTH

MILUTINOVIC Zoran, SALIC Radmila, BOGDANOVSKI Goce
SEISMIC MEASUREMENTS AND ANALYSIS OF THE VIBRATIONS
INTENSITY CAUSED BY BLASTING IN MINEFIELD "GOVRLEVO"

MWJIY TUHOBUK 3opasn, ITAJUK Pagmuna, BOI JAHOBCKU Iomne
CEU3MUYKU MEPEIA I AHAJIN3A HA UHTEH3UTETOT HA
BUBPAILIMU IPEJJU3BUKAHU CO MUHUPABE BO PYJTHUKOT
“I'OBPJIEBO”

678

692

698

708

714

725


file:///C:/Users/Ana/Dropbox/DGKM16/prvi%20strani/CONTENTS/02INVITED_PAPERS/01BALAZS%20Gyorgy
file:///C:/Users/Ana/Dropbox/DGKM16/prvi%20strani/CONTENTS/02INVITED_PAPERS/01BALAZS%20Gyorgy
file:///C:/Users/Ana/Dropbox/DGKM16/prvi%20strani/CONTENTS/02INVITED_PAPERS/01BALAZS%20Gyorgy
file:///C:/Users/Ana/Dropbox/DGKM16/prvi%20strani/CONTENTS/02INVITED_PAPERS/01BALAZS%20Gyorgy
file:///C:/Users/Ana/Dropbox/DGKM16/prvi%20strani/CONTENTS/02INVITED_PAPERS/01BALAZS%20Gyorgy
file:///C:/Users/Ana/Dropbox/DGKM16/prvi%20strani/CONTENTS/02INVITED_PAPERS/01BALAZS%20Gyorgy

%
I
((o]

SE-12

SE-13

SE-14

SE-15

MIRCEVSKA Violeta, NASTEV Miroslav
EFFECTS OF DIRECTION OF THE SEISMIC EXCITATION AND
THE CANYON SHAPE ON THE ARCH DAM - FLUID INTERACTION

MUPYEBCKA Buonera, HACTEB Mupocnas
E®EKT HA ITPABEIl HA CEU3MHWYKO JAEJCTBO U TOIIOJIOTHJA
HA TEPEH BP3 UHTEPAKIIMJATA BPAHA-®JIYU /|

NECEVSKA-CVETANOVSKA Golubka, APOSTOLSKA Roberta,
SENDOVA Veronika, BOJADZIEVA Julijana

MULTY LEVEL METHODOLOGY FOR SEISMIC ASSESSMENT OF
EXISTING BUILDINGS — A PILOT APPLICATION IN KARPOSH
MUNICIPALITY, SKOPJE

HEYEBCKA-IIBETAHOBCKA T'onyoka, AIIOCTOJICKA PoGepra,
INEHOBA Beponunka, FOJAIIMEBA Jynujana

METO/I0JIOT MJA HA TIOBEKE HUBOA 3A CEU3MUYKA OLIEHA
HA ITOCTOJHU 3IPAIU — ITWJIOT AIUVIMKALIUJA - OITIITUHA
KAPIIOII, CKOIIJE

NECEVSKA-CVETANOVSKA Golubka
SEISMIC DESIGN AND ASSESSMENT OF R/C BUILDING
STRUCTURES - 50 YEARS IZ11S EXPERIENCE

HEYEBCKA-IIBETAHOBCKA T'ony6xa
CEU3MUYKO NTPOEKTUPAILE U OLIEHA HA AB 3I'PA/IN -
50 'OAMHU NCKYCTBO HA U3UUC

PETRONIJEVIC Mira, KOVACEVIC Dragan, GUDZULIC Vladislav,
NEFOVSKA DANILOVIC Marija

SIMPLE MODEL FOR PREDICTION OF TRAFFIC INDUCED
VIBRATION IN BUILDINGS

[IETPOHUJEBUK Mupa, KOBAUEBUK JIparan, I'VJI)KYJIMK Bnagucnas,
HE®OBCKA JJAHUJIOBUK Mapuja

EJJTHOCTABEH MOJIEJI 3A IIPEJIBUYBAIE HA BUEPALIUU BO
OBJEKTHU NPEJN3BUKAHU OJ] COOBPAKAJ

RADOVANOVIC Slobodan, SALATIC Ratko
PARAMETRIC ONE DIMENSIONAL DYNAMIC ANALYSIS OF
LAYERED SOIL

PAJJOBAHOBHK Cino6oman, CAJJATUK Patko
IHAPAMETAPCKA EJHOAMMEH3NOHAJITHA JMHAMHAYKA
AHAJIM3A HA CJIOEBUTA IIOYBA

RADUJKOVIC Aleksandra, LADINOVIC borde, RASETA Andrija
ANALYSIS OF GLOBAL SEISMIC RESPONSE OF MULTI STOREY
RC FRAMES DESIGNED ACCORDING TO EN 1998

PAJITYJKOBUK Anekcannpa, JAIIMHOBUK Ilopye, PAILIETA Aunpuja
AHAJIM3AHA IJIOBAJIEHOATOBOPHA MIOBEKEKATHHU Ab
PAMKU MPOEKTUPAHU CIIOPE/ EN 1998

RISTIC Jelena, HRISTOVSKI Viktor, RISTIC Danilo
SEISMIC PROTECTION OF BRIDGES USING INNOVATIVE
CONCEPT FOR SEISMIC RESPONSE MODIFICATION

PUCTUK Jenena, XPUCTOBCKMU Bukrop, PUCTUK Jlarmio
CEU3MUYKA 3AILITUTA HA MOCTOBHU CO IIPUMEHA HA
HNHOBATUBEH KOHLIENT 3A MOIU®UKALIUJA HA
CEU3MHUYKHUOT OATrOBOP
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SE-16

SE-17

SE-18

SALIC Radmila, MILUTINOVIC Zoran
AN OVERVIEW ON THE UP-TO-DATE RESEARCH IN THE

FIELD OF SEISMIC HAZARD FOR THE THERITORY OF
REPUBLIC OF MACEDONIA

LIAJIVK Pagmuna, MAJTY THHOBUK 3opan

MPEIJIEJI HA JOCET'AIIIHUTE UCTPAKYBAIA BO OBJIACTA
HA CEM3MHUYKHOT XA3AP/]I 3A TEPUTOPHUJATA HA
PENNYBJUKA MAKEJTOHUJA

IBRAIMI Shpresim, TODOROV Koce, LAZAROV Ljupco
APPLICATION OF NONLINEAR STATIC PROCEDURES FOR
SEISMIC ASSESSMENT OF STRUCTURES

WBPAUMM Ulnpecum, TOJOPOB Kore, JIA3APOB Jbymuo
MPOLIEHKA HA CEM3MHYKOTO OJHECYBAIE HA
KOHCTPYKI[UU CO IPUMEHA HA HEJIMHEAPHU CTATUYKH
METOIU

VITANOVA Marija, HRISTOVSKI Viktor
CLASSIFICATION AND SEISMIC VULNERABILITY OF BRIDGE
STRUCTURES IN REPUBLIC OF MACEDONIA

BUTAHOBA Mapuja, XPUCTOBCKU Buxkrop
KIIACU®OUKALINJA U CEU3MHUYKA ITOBPEJJIMBOCT HA
MOCTOBCKUMTE KOHCTPYKIIUHU BO PEITYBJIMKA
MAKEJOHHUJA

VOLCEV Riste, TODOROV Koce, LAZAROV Ljupco
SEISMIC ANALYSIS OF CONVENTIONAL AND BASE ISOLATED
STRUCTURE ACCORDING TO EUROCODE 8

BOJIYEB Pucre, TOOPOB Koue, JIA3APOB Jbymnuo
CEU3MUNYKA AHAJIN3A HA KOHBEHIIMOHAJIHO U BA3HO
N30JIMPAHA KOHCTPYKIIUJA CITOPEQ EBPOKO/I 8

ZAFIROV Trajche, POPOSKA Angela, ZLATESKI Aleksandar
COMAPRATION BETWEEN SEISMIC FORCES DEFINED
ACCORDING TO MK CODES ANDEUROCODE 8

3A®PUPOB Tpajue, IIOIIOCKA Anrena, 3JIATECKU Anexcangap
KOMITAPATUBHA AHAJIU3A HA CEU3MHUYKHU CNJIN
JE®UHHUPAHU 11O EBPOKO/ 8 U MK-ITPOITMCHU

ZHUROVSKI Aleksandar, MANOJLOVSKI Filip, CHAPRAGOSKI Goran,
ANASTASOV Risto, ZAFIROV Trajche

SEISMIC ASSESSMENT OF RC FRAME STRUCTURE USING
NONLINEAR STATIC ANALYSIS

KYPOBCKU Anexcangap, MAHOJJIOBCKU ®wummmn, YAIIPAT OCKI
TI'opan, AHACTACOB Pucro, 3A®UPOB Tpajue

OLEHA HA CEU3MHUYKOTO OJHECYBAILE HA Ab PAMKOBA
KOHCTPYKIHUJA CO KOPUCTEILE HA HEJIMHEAPHA
CTATHUYKAAHAJIM3A

801
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SELECTED TOPICS

ALTANOVSKA Natalija, PETKOVSKA lIrina 856
PROTECTION TUNNEL GALERY ON ACCESS ROAD ZLETOVO -
KNEZEVO DAM

AJITAHOBCKA Haranuja, [IETKOBCKA Hpuna
3AIITUTHA T'AJIEPUJA HA ITIPUCTAITHUOT HAT 3JIETOBO —
BPAHA KHEXXEBO

APOSTOLSKA Roberta 862
NATIONAL IMPLEMENTATION OF THE EUROCODES —

ACTIVITIES SUPPORTED BY ENLARGEMENT AND

INTEGRATION ACTION OF THE JOINT RESEARCH CENTRE OF

THE EUROPEAN COMMISSION

ATIOCTOJICKA PobGepta

HAIIMOHAJTHA UMIIVIEMEHTALIUJA HA EBPOKOJOBUTE -
AKTUBHOCTHU HOJAPKAHU O] AKITUJATA 3A TIPOLINPYBAIBE
N UHTETPAIIUJA HA SAEJJHUUYKUOT UCTPAKKYBAUKHU
HEHTAP HA EBPOIICKATA KOMUCHUJA

BOGDANOVSKI Zlatko, SRBINOSKI Zlatko 870
GEODETIC DEFORMATION MEASUREMENTS ON INDUSTRIAL
CONSTRUCTIONS

BOI'JAHOBCKMU! 3natko, CPBMIHOCKMH 3naTtko
I'EOAETCKU JE®OPMALNUCKU MEPEIbA HA UHAYCTPUCKH
KOHCTPYKLIHHA

CHOBANOV LECHEV Plamen 878
SOFTWARE APPLICATION FOR BDS AND EUROCODE IN
PROGRAMMING SYSTEM PC PROEKTANT

YOBAHOB JIEYEB Ilnamen

COPTBEPCKA AIIJINKALIUJA HA BDS 1 EBPOKOJOBUTE IIPU
NNPOT'PAMUPAIBE CO CUCTEMOT PC PROEKTANT

* in alphabetic order of the first author’s surname - no a36y4eH pe/] Ha IPE3UMETO HA IPBUOT aBTOP
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ST-10

ST-11

GJORGJEVSKA Violeta, RADEVSKI Aleksandar
BREWERY - INDUSTRIAL BUILDING WITH CLEAR
ARCHITECTURE IN URBAN ENVIRONMENT

I"OPI'EBCKA Buonera, PAJITEBCKU Anekcannap
IINBAPA - UHAYCTPUCKU OBJEKT CO JACHA APXUTEKTYPA
BO YPEAHA CPEJUHA

IVANOV Vladimira, IAKIMOV lvan
UNIFIED PRINCIPLES AND PROCEDURAL RULES FOR PUBLIC
PROCUREMENT IN THE EU - PROPOSAL FOR DISCUSSION

NBAHOB Bnagumupa, JAKUMOB lBan
YHUOUIIUPAHU TPUHIIUIIN U ITPOLE/TYPAJIHU ITPABUJIA 3A
JABHU HABABKU BO EY — IIPEJJIOT" U IUCKYCHUJA

JAKUPI Enis, NUSHI Violeta, TOMIC Radmila

READING THE SYNTAX OF SPACE, YOU CAN UNDERSTAND THE
STRUCTURE OF THE MASSIVE STRUCTURAL SYSTEM OF THE
GORNA REKA HOUSE

JAKVIIN Enuc, HYIIIN Buonera, TOMUK Pagmma

YUTAJKHU JA CUHTAKCATA HA ITPOCTOPOT, JA CRAKAIL
KOHCTPYKIIMJATA-MACUBHUOT CUCTEM 3A I'PAJIBA KAJ
T'OPHOPEKAHCKATA KYKA

JOSIFOVSKI Josif, SUSINOV Bojan, GJIORGJEVSKI Spasen
COMPARISON OF DESIGN FOR SPREAD STRIP FOUNDATION
BETWEEN EUROCODE AND MKS

JOCU®OBCKU Jocud, CYCUHOB bojan, 'OPTEBCKH Cnacen
CIIOPEJIBA HA IPECMETKA 3A ILUIOYACT JIEHTOBUIEH
TEMEJI IOMEI'Y EBPOKO/ 1 MKC

KOSTIC Dragan, MILOSEVIC Vuk, DJURIC-MIJOVIC Danijela, CILIC
Aleksandra

MODERN FABRIC STRUCTURES FOR PROTECTION OF
ARCHEOLOGICAL SITES

KOCTHUK Jlparas, MUJIOILIEBUK Byk, I'VPUK-MHUJOBUK [lauujena,
YUJIUK Anekcannpa

MOJEPHA MOHTAKHHU KOHCTPYKIIMM 3A 3AIITUTA HA
APXEOJIOIIKHA HAOIAJIMIITA

LAZOVIC Milos, LAZOVIC Marija, RADOVANOVIC Janko
MODERN METHOD OF SLOPE STABILIZATION AND
FOUNDATION

JIAB0BHMK Mustom, JASOBUK Mapuja, PAJJOBAHOBUK Janko
MOJIEPHUA METO/M 3A CTABUJIN3ALIUJA HA KOCUHU U
TEMEJIEEE

MIJOSKI I. Goran, LEPAVCOV A. Andrej, POPOV Metodi

WINTER MAINTANCE OF THE STATE ROADS IN REPUBLIC OF
MACEDONIA AND ITS HARMFUL EFFECT ON THE OBJECTS ON
THE ROAD

MUJOCKU U. I'opan, JIEITABLIOB A. Arapej, [IOIIOB Meroau
S3UMCKO OPKYBAIE HA IPZKABHUTE ITATHUILITA BO
PENIYBJIMKA MAKE/IOHUJA U HEI'OBO LITETHO BJIMJAHUE
BP3 OBJEKTUTE
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ST-12

ST-13

ST-14

ST-15

ST-16

NEBI Ufuk, NEBI Mesut
INTRODUCTION TO MODELLING FOR STATICAL ANALYSIS OF
AN EGG-SHAPED STEEL STRUCTURE USING SAP2000 SOFTWARE

HEBU Yo¢yk, HEBU Mecyt
CTATUYKA NPECMETKA HA YEJIMYHA TIOKPUBHA
KOHCTPYKIIMJA BO JAJUEBH/HA ®OPMA

PAVLICIC Nevenka, KADOVIC Dijana, GOGIC Mladen, KNEZEVIC Milos
THE CHARACTERISTICS OF CONSTRUCTION WORKERS’
PERCEPTIONS IN TERMS OF JOB SATISFACTION AND SECURITY
AND LACK OF STRESS

[TABJIMYMK Hesenka, KAJIOBUK [ujana, TOTMK Mnazen, KHEXKEBHUK
Mujtom

KAPAKTEPUCTHUKHU HA NIEPLENNIIUJATA HA TPAJEKHUTE
PABOTHHUIIA BO OJJHOC HA 3AJJOBOJICTBOTO HA PABOTA,
CUT'YPHOCTA U HAMAJIYBAIETO HA CTPECOT

PETROVSKI Aleksandar, ZILESKA-PANCOVSKA Valentina,
BLAZEVSKA-STOILKOVSKA Biljana, ZINOSKI Mihajlo
IMPLEMENTING CONSTRUCTION EXPERIENCE INTO
SUSTAINABLE DESIGN MANAGEMENTFOR IMPROVEMENT OF
THE DESIGN PHASE

INETPOBCKU Anexcannap, JKUJIECKA-ITAHUYOBCKA Banentuna,
BJIAXKEBCKA-CTOUJIKOBCKA bunjana, SMHOCKUW Muxajno
HMMIVIEMEHTAIIUMJA HA UCKYCTBA OJ U3I'PAJ/IBA 3A
YHAIIPEAYBAIBE HA OJIPKIMBOCTA HA ITIPOEKTHHUOT
MEHAIIMEHT BO IIPOEKTHA ®A3A

RAKOCEVIC Marina
ANALYSIS OF SIMPLY SUPPORTED LAMINATED COMPOSITE
PLATES USING DOUBLE TRIGONOMETRIC SERIES

PAKOYEBHK Mapuua
MMPUMEHA HA IBOJHA TPUTOHOMETPUCKHW HU3HU 3A
AHAJIN3A HA CJIOEBUTA KOMIIO3UTHA ILIOYA

SALEM AWADAT Hassan, LOZANOV-CRVENKOVIC Zagorka, MATIC
Bojan

DETERMINING THE BEST REGRESSION MODEL FOR
PREDICTION OF MAXIMAL DAILY PAVEMENT TEMPERATURES
AT AL JUFROH IN LIBYA

CAJIEM ABAJIAT Xacan, JIO3AHOB-LIPBEHKOBUK 3aropka, MATUK
bojan

ONPEJEJYBAIE HA HAJAOBAP MOJIEJI 3A PETPECHUJA 3A
NPEABUAYBAIE HA MAKCHUMAJIHA THEBHA TEMIIEPATYPA
HA KOJIOBO3OT BO AJI JY®POX BO JINBUJA
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ST-17

ST-18

ST-19

ST-20

ST-21

ST-22

SUPIC Slobodan, VUKOSLAVCEVIC Suzana, LABAN Mirjana, SESLIJA 989
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Zlatko ZAFIROVSKI!

PROBABILISTIC APPROACH FOR DEFINING ROCK MASS PROPERTIES IN
STRESS — STRAIN ANALYSIS IN TUNNELING

SUMMARY

Predicting the mechanical behavior of rock masses due to their complex properties and conditions
is an extremely complex task. So, when defining their physical-mechanical properties a
comprehensive approach is required, using the appropriate scientific methods. The principle of the
method “interaction of rock and tunnel lining support”, widely used for designing tunnel
constructions is presented in this paper. The reaction curve of the rock which shows the
connection between the pressure of the tunnel lining support and the tunnel convergence, as the
tunnel deformation versus the strength ratio of the rock mass and the local exerting is being
considered. These analyses for the reaction curves of the tunnel lining support and the rock are
made for a tunnel in Macedonia, using the software package ROCSUPPORT.

Keywords: tunnels, analysis, rock mass, RocSupport, tunnel lining support

3narko 3AGUPOBCKU?

IMPOBABUWINCTHUYKU ITPUCTAII 3A JTE@PUHUPAIBE HA
KAPAKTEPUCTHKH HA KAPIIECTH MACH ITPH CTATHYKA AHAJIN3A
HA TYHEJIN

PE3MME

[IpenBunyBameTo Ha MEXaHUYKOTO OJHECYBAh€ Ha KAPIECTUTE MACH, IIOPaad HUBHUTE CIIOXKEHU
CBOjCTBAa M COCTOjOM € HCKIIyYHTEIHO KOMIUIEKCHa 3ajnava. Ilpu nedumHuMpame Ha HUBHHTE
(U3NYKO - MEXaHWYKU KapaKTEPUCTUKHU MTOTpeOeH e ceorndareH nprcTar, KOpUCTEjKH COOIBETEHU
Hay4HH MeToau. Bo TpynoT ce mpe3eHTHpaHM NPUHIMIUTE HA METOJOT MpH aHalu3a Ha
WHTEpaKlMja Kaj CHCTEMOT Kaplecra maca — noArpagda Ha TyHEJICKa KOHCTPYKIH)a.
PasrienyBana e kpuBa Ha peakiyja Ha Kaprnara Koja ro mpHKaKyBa OJHOCOT ITOMEl'y IPUTHCOKOT
O]l MoArpaadaTa U TYHeJICKaTa KOHBEPreHIrja, Kako 1 TyHeJIcKa gedopMariyja HaCIpoOTH OJJHOCOT
Ha jaKOCT Ha KapIiecTa Maca M JIOKaJIHOTO Hamperame. CUTe aHaJM3M 3a KPUBU Ha peaklyja Ha
noArpandara M Kapmara ce HampaBeHH 3a o0jektm Bo P. MakenoHHja, KOpHCTEJKH TO
nporpamckuoT nakeT ROCSUPPORT.

Knyunu 36oposu: mynenu, ananusu, kapnecma maca, RocSupport, myneacka nooepadba

! Assist. Prof. PhD, Faculty of Civil Engineering, University “Ss. Cyril and Methodius”, Skopje, Republic of
Macedonia, zafirovski@gf.ukim.edu.mk
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1. INTRODUCTION

Although there are no clearly defined rules for tunnel support and lining design at the present
time, three general methods have emerged over recent years. These can be described as:

1) Closed form solution methods that are based upon the calculation of the extent of plastic
failure in the rock mass surrounding an advancing tunnel and the support pressures required
to control the extent of the plastic zone and the resulting tunnel deformation.

2) Numerical analysis of the progressive failure of the rock mass surrounding an advancing
tunnel and of the interaction of temporary support and final lining with this failing rock
mass.

3) Empirical methods based upon observations of tunnel deformation and the control of this
deformation by installation of various support measures.

Each of these methods has advantages and disadvantages, and the optimum solution for the given
tunnel design, may involve a combination of different methods, at different stages of the design.
For example, a preliminary analysis of temporary support requirements could be carried out with
RocSupport, and detailed final design, including plastic failure of the rock mass, and yielding
support, can be carried out with Phase2.

2. THE USE OF THE SOFTWARE ROCSUPPORT IN ESTIMATING SUPPORTS IN
WEAK ROCK MASSES

The analysis method used in RocSupport is often referred to as “rock support interaction” or
“convergence-confinement” analysis. This analysis method is based on the concept of a “ground
reaction curve” or “characteristic line”, obtained from the analytical solution for a circular tunnel
in an elasto-plastic rock mass under a hydrostatic stress field.

2.1 Applicability of Method

The main assumptions in the analysis method are as follows:
— tunnel is circular
— in-situ stress field is hydrostatic (i.e. equal stress in all directions)

— rock mass is isotropic and homogeneous. Failure is not controlled by major structural
discontinuities.

— support response is elastic-perfectly plastic

— support is modeled as an equivalent uniform internal pressure around the entire
circumference of the circular tunnel.

This last assumption in particular (that support is uniform around the entire circumference of the
tunnel), should be carefully considered by the user, when comparing actual tunnel behavior, and
calculated results using RocSupport.

The assumption of uniform support pressure implies that:
— shotcrete and concrete linings are closed rings
— steel sets are complete circles

— mechanically anchored rock bolts are installed in a regular pattern which completely
surrounds the tunnel.

Because this will not usually be the case, actual support capacities will be lower, and deformations
larger, than those assumed in RocSupport.
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2.2 Ground Reaction Curve

At the heart of the “rock support interaction” analysis method used in RocSupport, is the “ground
reaction curve” or “characteristic line”, which relates internal support pressure to tunnel wall

convergence.

Assume that a circular tunnel of radius r, is subjected to hydrostatic in-situ stress pg and a uniform
internal support pressure p;, as illustrated in the margin figure.

Pi = po (in situ stress)

—_—

uje — elastic displacement

critical support pressure
¢~ defined by initiation of

plastic failure of the rock

surrounding the tunnel

Po

Uip — plastic displacement

Support pressure p;

N\
Po

Inward radial displacement w; >

Figure 1. Plastic zone around the tunnel Figure 2. A typical ground reaction curve

Failure of the rock mass surrounding the tunnel occurs when the internal pressure provided by the
tunnel lining is less than a critical support pressure p,. If the internal support pressure p; is greater
than the critical support pressure pg, no failure occurs, and the behavior of the rock mass

surrounding the tunnel is elastic.

When the internal support pressure pi is less than the critical support pressure p,, failure occurs
and a plastic zone of radius r, is formed around the tunnel. A typical ground reaction curve is
shown in Figure2.This plot shows:

— zero displacement when the support pressure equals the hydrostatic stress (p; = p,)
— elastic displacement uj, for p, > p;i > per

— plastic displacement uj, for p; < pe

2.3 Support Reaction

The support reaction is a function of three components:
1. The tunnel wall displacement that has occurred before the support is installed.
2. The stiffness of the support system.
3. The capacity of the support system.

Once the support has been installed and is in full and effective contact with the rock, the support
starts to deform elastically as shown in Figure 3. The maximum elastic displacement which can be
accommaodated by the support system is ugy, and the maximum support pressure ps, is defined by
the yield of the support system.

Equilibrium is achieved if the support reaction curve intersects the rock mass displacement curve
before either of these curves have progressed too far. If the support is installed too late (i.e. uy, is
large in Figure3), the rock mass may have already deformed to the extent that loosening of the
failed material is irreversible. On the other hand, if the capacity of the support is inadequate (i.e.
Psm IS low in Figure3), then yield of the support may occur before the rock mass deformation

117



curve is intersected. In either of these cases the support system will be ineffective, since the
equilibrium condition, illustrated in Figure3, will not have been achieved.

support system yield

Support prESSUTe B g

equilibrium -

Imward radial displacement 4 ———p=

Figure 3. Response of support system to tunnel wall displacement, resulting in establishment of
equilibrium

2.4 Factor of safety for the support

The definition of the Factor of Safety in RocSupport is as follows:

— A Factor of Safety GREATER THAN 1 is calculated as shown in Figure4. In this case the
Factor of Safety is simply the ratio of the Maximum Support Pressure psm to the
Equilibrium Pressure peq (the pressure at the intersection point of the Ground Reaction and
Support Reaction curves). Figure4-a.

— A Factor of Safety LESS THAN 1(Fs<1) is calculated as shown in Figure4-b. This occurs
when the Ground Reaction curve intersects the Support Reaction curve after the elastic limit
of the support has been exceeded. A “projected” equilibrium pressure p'eq is calculated by
projecting the elastic support reaction curve until it intersects the Ground Reaction curve,
and this value is used in the denominator of the Factor of Safety equation.

_,.,
B

projection of elastic
support cunve

Support pressure oy

Support pressure p;

egquilibrium - P

Pam

/

Inward radial displacement vy ~ —p=

Imeard radial displacemeant ————

Figure 4-a Factor of safety Fs>1 Figure 4-b Factor of safety Fs<1

3. ANALYSIS OF INTERACTION FOR ROAD TUNNEL

The deterministic technique is shown by the example of the express road tunnel Raec-Drenovo for
two distinctive zones of rock masses. In the zones are present limestone whose thickness is 1-5
meters, and in some places more. The RMR parameter in this area is about 40 points.

If primary support is used:
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— shotcrete d=20cm, concrete grade -25;
— Steel sets Pantex, h=130cm, 2 J26+1 &34mm, G=17.5kg/m’;
— SN Rockbolts &@25mm, L=4.0m, al/ac=2.0/1.5m.
As can be seen, the picture shows the following data:
— The radius of the plastic zone (without support) is 5.5m;

— The final tunnel convergence is 0.19%.

Figure 5. There is plasticity of the rock mass (original results from software)

Unsupported tunnel convergence of 0.19%, shows us the necessity of using shotcrete and rock
bolts support.

Ground Reaction

Wall Displacement (mm)

Final walldisplacement: 10.24mm, Factor of Safety: NiA

Figure 6. Rock reaction curve (original results from the software)

The image shows that we have a linear relationship deformation/bearing of the support, which
means that the tunnel is in a state of elastic stresses and no problems are expected in its
emergence. The possibility of relegation of potential unstable blocks which could be formed by
cutting in the systematic cracks in the area of excavation will be stabilized with primary support of
shotcrete, rock bolts and steel sets.

The following should be noted for the reaction curve of the support:

— Origin of the support reaction curve on the horizontal axis (tunnel convergence) is
determined by the distance of the tunnel face depending on the longitudinal deformation
profile;

— Slope of the elastic part of the support reaction curve is equal to the maximum pressure on
the support;
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Figure 7. Analysis of the tunnel with support (original results from software)

Support Parameters T a X

| « ank.boltsl « Steelse'ts| ~ Shotcrete |Custom|

Add Support  Properties
Thickness {mm): 200
Uniaial compressive strength (MPa). 25
Young's Modulus {(MPa): 30000

Poisson ratio: 02
Custom

Mas. Support Pressure (MPa) [1.123 Mas. Support Stain [ (0.2

Support [nztallation

(@) Distance from tunnel face: 1 S m _E Advanced...

(1 When tunnel convergence is: 03 - =

1 When tunnel wall displacement is: |20 1 mm
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Figure 8. Input parameters of the rock (window where we input the parameters for the tunnel)

Support Pressure (MPa)

o
b
Displacement at tunnel face: 2 94mn

Ground Reaction
and Support Reaction

0 1 2 3 4 5 (] 7 8 9 10
‘Wall Displacement (mm)

Final wall displacement: 7.32mm, FS: 417
Displacement at tunnel face: 2.84mm, Displacement at support: 4.68mm

Figure 9. Reaction curves for the rock and support (original results from the software)
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The intersection of the two curves determines the portable pressure of the support, the final tunnel
convergence and the radius of the plastic zone.

It may be noted that the support of shotcrete has little effect on the radius of the plastic zone, the
tunnel convergence and the mobilized pressure on the support, and great effect on the safety
factor.

This is because the capacity of the shotcrete support moves the intersection point between the
curves from the two reactions from the rock and the support, where this values are obtained.

It should be noted that the strength used is for 28 days old concrete. The strength of the shotcrete
in the beginning is significantly lower than the one after 28 days and it must be noted that the
actual combined factor of safety changes during the hardening (aging) of the concrete.

The rock bolt support does not reduce the radius of the plastic zone. Although the length of the
rock bolts is not included in the RocSupport calculations (because the support is calculated as the
equivalent of the internal pressure), the radius of the plastic zone gives an indication of the rock
bolts length for effective support. For the rock bolts to be effective, they must be anchored in the
uninterrupted rock. That means they should extend behind the plastic zone.

4.  CONCLUSIONS

The RocSupport software package in which the method "rock support interaction” is implemented,
represents a very effective and simple tool to assess tunnel convergence and the size of the plastic
zone. These indicators on the other side are very important to assess the stability of the tunnel and
the type of the support to be applied to ensure the necessary safety of the staff and tunnel
machines. Certainly, the theoretical assumptions should be taken into account when using the
software, and if they are not fully satisfied the results should be carefully analyzed and approved.
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