=
@

CONSTRUCTION
MATERIALS FOR
SUSTAINABLE FUTURE

Proceedings of the
1% International
Conference CoMS_2017

Zadar, Croatia, 19 - 21 April 2017

GRADEVINSKI
MATERIJALI ZA
ODRZIVU BUDUCNOST

Zbornik radova
1. medunarnodne
konferencije CoMS_2017

Zadar, Hrvatska, 19. - 21. travnja 2017.




Proceedings of the 1% International
Conference on CONSTRUCTION
MATERIALS FOR SUSTAINABLE
FUTURE (CoMS_2017),

Zadar, Croatia, 19 - 21 April 2017

Zbornik radova 1. medunarnodne
konferencije GRADEVINSKI
MATERIJALI ZA ODRZIVU

BUDUCNOST (CoMS_2017),

Zadar, Hrvatska, 19. - 21. travnja 2017.

ZAG

University of Zagreb University of Novi Sad Slovenian National Building and
Faculty of Civil Engineering Faculty of Technical Science Civil Engineering Institute

< BAM

Federal Institute for Materials
Research and Testing



IMPRESSUM

Proceedings of the 1% International
Conference on CONSTRUCTION
MATERIALS FOR SUSTAINABLE
FUTURE (CoMS_2017),

Zadar, Croatia, 19 - 21 April 2017

Zbornik radova 1. medunarnodne
konferencije GRADEVINSKI
MATERIJALI ZA ODRZIVU
BUDUCNOST (CoMS_2017),

Zadar, Hrvatska, 19. - 21. travnja 2017.

Editors:
Ivana Banjad Pecur, Ana Baricevic,
Nina Stirmer, Dubravka Bjegovic

Urednici:
Ivana Banjad Pecur, Ana Baricevic¢,
Nina Stirmer, Dubravka Bjegovi¢

Translation and proofreading:
Drazen Anicic, Marina Bagaric

Prijevod i lektura:
DraZen Anici¢, Marina Bagaric¢

Publisher:
University of Zagreb, Faculty of Civil
Engineering, Zagreb, Croatia, 2017

Naklada:
Sveuciliste u Zagrebu, Gradevinski
fakultet, Zagreb, Hrvatska, 2017

ISBN: 978-953-8168-04-8

ISBN: 978-953-8168-04-8




TABLE OF CONTENTS / SADRZAJ

KEYNOTE LECTURES / POZVANA PREDAVANJA

Bjegovic, D.; Serdar, M.: ALTERNATIVE MATERIALS IN SUSTAINABLE CONSTRUCTION 8

Celik, K.; Monteiro, P.J.; Padmaja, K.; Rheinheimer, V.; Taylor, R.; Wu, Y.; Yu, L.; Zhang, M.H.:

DEVELOPMENT OF MULTI-FUNCTIONAL ENERGY-EFFICIENT STRUCTURAL MATERIALS 25

Buyukozturk, O.: MULTISCALE MODELING FOR SUSTAINABLE AND DURABLE CONCRETE 34

De Belie, N.; Van Tittelboom, K.; Maes, M.; Van Belleghem, B.; Van den Heede, P. SELF-HEALING

CONCRETE IN AGGRESSIVE ENVIRONMENTS 42

Gucunski, N., Basily, B., Maher, A., Kim, J., Duong, T.: USE OF ROBOTICS IN AUTOMATED AND

COMPREHENSIVE NDE OF RC STRUCTURES 49

Alexander, M.: DEVELOPMENTS IN THE PERFORMANCE APPROACH FOR DURABILITY AND SERVICE

LIFE PREDICTION FOR CONCRETE STRUCTURES 56
TOPIC 1. INNOVATION IN MATERIALS TECHNOLOGY/ INOVACIJE U TEHNOLOGIJI MATERIJALA

Shi, C.: Eco-Construction Materials Through Innovative Uses of CO2 64

DeCristofaro, N.; Meyer, V.; Sahu, S.; Bryant, J.; Moro, F.: ENVIRONMENTAL IMPACT OF

CARBONATED CALCIUM SILICATE CEMENT-BASED CONCRETE 71

Perugini, V.; Schwotzer, M.: PROPERTIES OF NEW CEMENT FROM CERAMIC WASTE 77

Lasseuguette, E.; Burns, S.; Simmons, D.; Francis, E.; Chai, H. K.; Koutsos, V.; Huang, Y.: RECYCLING

CERAMIC WASTE TO PRODUCE GREEN CONCRETE 82

Mohaine, S.; Grondin, F.; Rougui, M.; Loukili, A.: LOW DENSITY FLY ASH: AN EFFICIENT BY-

PRODUCT FOR LOWER THERMAL CONDUCTIVITY MORTARS 88

Zalar Serjun, V.; Mladenovic, A.: LADLE SLAG CONTRAVERSY 94

Ukrainczyk, N.; Koenders, E. A. B.; Stirmer, N.: TRANSFORMATION OF WOOD ASH WASTE INTO

CONSTRUCTION MATERIALS 101

Carevic, I.; Stirmer, N.; Banjad Pecur, I.; Milovanovic, B.; Baricevic, A.; Jelcic Rukavina, M.:

POTENTIAL OF USE WOOD BIOMASS ASH IN THE CEMENT COMPOSITIES 109

Cosic, K.; Netinger Grubesa, |.: APPLICATION OF ASH FROM AGRICULTURAL BIOMASS IN

CONCRETE 115

Nakic, D.; Baricevic, A.; Stirmer, N.; Serdar, M.; Vouk, D.: MECHANICAL AND DURABILITY

PROPERTIES OF CEMENT MORTARS WITH BUILT-IN SEWAGE SLUDGE ASH 121

Dodoo-Arhin, D.; Nuamah, A. R.; Agyei-Tuffour, B.; Obada, D.; Yaya, A.: AWASO BAUXITE

REDMUD-CEMENT BASED COMPOSITES: PROCESSING, CHARACTERISATION, DESIGN AND

APPLICATIONS 127

Wang, J.; Li, F.; Zhou, Z.; Du, P.; Xie, N.; Cheng, X.: EFFECT OF SILICA FUME ON WASTE BASED

GEOPOLYMER COMPRESSIVE STRENGTH AND EFFLORESCENCE 134

Delic Nikolic, I.; Kuresevic, L. M. ; Vusovic, O.: KOSJERIC DIABASE AS BUILDING STONE 140

Samardzioska, T.; Jovanovski, M.; Lepitkova, S.: ZEOLITES - SUSTAINABLE BUILDING MATERIAL 146

Manolova, E.; Ivanov, Y.: APPLICATION OF CONSTRUCTION AND DEMOLITION WASTE AND OTHER

BY-PRODUCTS IN CONSTRUCTION 152

Samardzioska, T.; Grujoska, J.; Grujoska, V.; Moslavac, D.: USE OF WASTE GLASS AS AGGREGATE

IN CONCRETE 157

Bosnjak, S.; Ducman, V.: POTENTIAL USE OF WASTE FROM PAPER INDUSTRY IN THE CLAY BRICK

SECTOR 164

Snoeck, D.; De Belie, N.: REDUCING THE RISK OF THERMAL CRACKING IN CEMENTITIOUS

MATERIALS BY MEANS OF ENCAPSULATED PHASE-CHANGE MATERIALS 170




Jordan, S.; Ramsak, M.: NEWLY DEVELOPED NCC BASED THERMAL INSULATION BRIMEE 177
Camenen. J.-F.; Picandet, V.; Lecompte, T.: INFLUENCE OF COMPACTION PROCESS ON DENSITY

AND MICRO-STRUCTURE OF HEMP SHIV PACKING 183
Chen, M.; Ly, L.; Zhang, S.; Zhang, W.; Wang, S.; Zong, W.; Zhao, P.; Gong, C.: INVESTIGATION OF

THE ADDITIVES ON THE PROPERTIES OF EPS MORTAR USING RESPONSE SURFACE METHODOLOGY 189
Msinjili, N.; Schmidt, W.; Leinitz, S.; Kihne, H.-C.; Rogge, A.: EFFECT OF RHEOLOGICAL

PARAMETERS ON RICE HUSK ASH BLENDED PASTES WITH VARIOUS SUPERPLASTICIZERS 197
Uygunoglu, T.; Hocaoglu, I.; Topgu, |.: THE IMPACT OF STRESS INTENSITY ON SETTING TIME AND

POROSITY OF CEMENT-BASED MORTARS OF DIFFERENT SIZES 205
Nie, S.; Yuan, P.: Wang, F.; Hu, S.; Liu, Y.: INFLUENCES OF INTERNAL TEMPERATURE AND

HUMIDITY CHANGE ON THE HYDRATION AND MICROSTRUCTURE OF MASS CONCRETE 211
Ristic, N.; Grdic, Z.; Toplicic-Curcic, G.; Grdic, D.; Krstic, D.: POTENTIAL FOR APPLICATION OF

WASTE MATERIALS AS MINERAL ADMIXTURE FOR MAKING OF SELF-COMPACTING CONCRETES 223
Savic, A.; Marinkovic, S.; Jevtic, D.; Zakic, D.; Askrabic, M.: PROPERTIES OF FRESH SELF-

COMPACTING CONCRETE WITH RECYCLED CONCRETE FILLER 229
Sonebi, M.; Deegan, P.; Kelly, G.; Taylor, S.; Ferrara, L.; Pattarini, A.: EFFECT OF WATER TO BINDER

RATIO AND GROUND GRANULATED BLAST FURNACE SLAG ON MATURITY AND PROPERTIES OF
SELF-COMPACTING CONCRETE USED FOR PRE-STRESSED SLABS AND BEAMS 237
Jakumetovic, A.; Markulak, D.; Milicevic, |.: PROPERTIES OF LOW STRENGTH SELF-COMPACTING

CONCRETE WITH RECYCLED BRICK AS AGGREGATE 243
Wirth, D.; Banjad Pecur, I.: SELF-COMPACTING CONCRETE SHRINKAGE MEASUREMENT 250
Schipper, R.; Grunewald, S.; Troian, S.; Prashanth, R.; Schlangen, E.; Copuroglu, O.: ASSESSMENT

OF CONCRETE CHARACTERISTICS DURING THE DELIBERATE DEFORMATION OF A FLEXIBLE MOULD

AFTER CASTING 255
Mesic, H.; Skazlic, M.; Banjad Pecur, I.: APPLICATION OF SELFCOMPACTING CONCRETE IN BOSNIA

AND HERZEGOVINA 262
Jelenic, D.; Hozmec, S.; Skazlic, M.: ARCHITECTURAL PRECAST CONCRETE ELEMENTS 269
Merta, |.; Sajna, A.; Poletanovic, B.; Mladenovic, A.: INFLUENCE OF NATURAL FIBRES ON

MECHANICAL PROPERTIES AND DURABILITY OF CEMENTITIOUS MORTARS 276
Nakov, D. I.; Markovski, G. R.; Arangjelovski, T. P.: INFLUENCE OF STEEL FIBRE REINFORCEMENT

ON THE PROPERTIES OF CONCRETE 282
Richardson, A.; Ovington, R.: PERFORMANCE OF FIBRE CONCRETE WITH REGARD TO

TEMPERATURE 288
Hasken, G.; Pirskawetz, S.; Meinel, D.: EXPERIMENTAL CHARACTERIZATION OF THE FRACTURE

BEHAVIOR OF UHPFRC 293
Son, M.; Kim, G.; Choe, G.; Kim, H.; Lee, S.: STRAIN RATE EFFECT ON THE MECHANICAL

PROPERTIES OF FIBER REINFORCED CEMENT COMPOSITES 300
Lee, S.; Kim, G.; Kim, H.; Son, M.; Nam, J.: STRAIN HISTORY ON THE REAR SIDE OF CONCRETE

SUBJECTED TO HIGH-VELOCITY IMPACT 308
Kim, G.; Kim, H.; Lee, S.; Son, M.; Nam, J.: IMPACT RESISTANCE OF AMORPHOUS METALLIC FIBER
REINFORCED CEMENT COMPOSITE PANELS 316
Korat, L.; Ducman, V.: X-RAY MICROTOMOGRAPHIC ANALYSIS OF POROUS BUILDING MATERIALS 323
Bouterf, A.; Smaniotto, B.; Hild, F.; Roux, S.: IN-SITU BEND TESTS ANALYZED BY X-RAY

TOMOGRAPHY AND DIGITAL VOLUME CORRELATION 329
Valentini, L.; Dalconi, M. C.; Artioli, G.: ADVANCED METHODS FOR ASSESSING THE NUCLEATION

AND GROWTH KINETICS AND MICROSTRUCTURAL DEVELOPMENT OF CONVENTIONAL AND

ALTERNATIVE CEMENTITIOUS BINDERS 336




Sankat, N.; Gottlieb, C.; Millar, S.; Gunther, T.; Wilsch, G.: ANALYSIS OF CONCRETE STRUCTURES

USING LASER-INDUCED BREAKDOWN SPECTROSCOPY 340
TOPIC 2. MATERIALS — ENVIRONMENT INTERACTION / MEDUDJELOVANJE MATERIJALA |
OKOLISA

Stirmer, N.: OVERVIEW OF DURABILITY PROPERTIES OF RECYCLED AGGREGATE CONCRETE 348

Dodds, W.; Goodier, C.; Austin, S.; Christodoulou, C.; Dunne, D.; Wingrove, E.: THE EFFECT OF

COARSE CRUSHED CONCRETE AGGREGATE ON THE DURABILITY OF STRUCTURAL CONCRETE 355

Duchesne, J.; Fournier, B.; Rodrigues, A.; Durand, B.; Rivard, P.; Shehata, M.: AGGREGATE

SELECTION TO IMPROVE DURABILITY OF CONCRETE EXPOSED TO SEVERE ENVIRONMENTAL

CONDITIONS 366

Malbois, M.; Darquennes, A.; De Sa, C.; Benboudjema, F.: EXPERIMENTAL STUDY ON THE EFFECTS

OF AGGREGATES IN CEMENTITIOUS MATERIALS SUBMITTED TO DRYING 373

Chifflet, P.: COLD TECHNOLOGIES RELATED TO SUSTAINABLE ROADS -EXPERIENCE IN FRANCE 379

Engelsen, C.; Petkovic, G.: LONG-TERM RELEASE OF HEAVY METALS FROM FOAM GLASS AND

RECYCLED CONCRETE AGGREGATES USED IN ROAD CONSTRUCTION 384

Dahunsi, B. |.; Adesina, P. A.: PROPERTIES OF BITUMEN MODIFIED WITH WASTE COOKING OIL

AND HIGH DENSITY POLYETHYLENE FOR APPLICATIONS IN FLEXIBLE PAVEMENT 390

Medved, S. M.; Lenart, S.; Zlender, B.: GEOCELL-REINFORCED PAVEMENT 398

Zenunovic, D.; Residbegovis, N.; Folic, R.: CHLORIDE PENETRATION THROUGH CONCRETE COVER

UNDER PRESSURE OF SALTY WATER 407

Kabashi, N.; Krasniqi, C.; Sadikaj, A.; Bublaku, S.; Murigi, A.; Morina, H.: CORROSION IN CONCRETE

UNDER SULPHATE AND CHLORIDE ATTACKS 414

Grengg, C.; Mittermayr, F.; Koraimann, G.; Szabo, M.; Demeny, A.; Dietzel, M.: THE DECISIVE

ROLE OF ACIDOPHILIC BACTERIA ON MICROBIAL INDUCED CONCRETE CORROSION IN SEWERS 422

Stefanoni, M.; Angst, U.; Elsener, B.: RELATIVE IMPORTANCE OF CORROSION RATE AND

EXPOSURE CONDITION ON THE PRACTICAL USE OF NEW ENVIRONMENTALLY FRIENDLY BINDERS 429

Ke, X.; Bernal, S.A.; Provis, J.L.: CHLORIDE BINDING CAPACITY OF SYNTHETIC C-(A)-S-H TYPE GELS

IN ALKALI-ACTIVATED SLAG SIMULATED PORE SOLUTIONS 436

Mundra, S.; Bernal, S.A.; Provis, J.L.: CORROSION INITIATION OF STEEL REINFORCEMENT IN

SIMULATED ALKALI-ACTIVATED SLAG PORE SOLUTIONS 443

Baumgartner, E. W.; Kammersberger, A.; Schneider, M.: ENHANCED SERVICE LIFE OF REINFORCED

METALS FOR CONCRETE IN A CHLORIDE ENVIRONMENT 449

Juraga, |.; Simunovic, V.; Alar, V.; Stojanovic, I.; Kurtela, M.: APPLICATION OF Cr-Ni STEELS IN

CONSTRUCTION AND OUTFITTING OF BUILDINGS 457

Strigd¢, J.; Martauz, P. : MOULD PROOFNESS PROPERTIES OF CIRCULATING FLUIDIZED BED COAL

COMBUSTION ASHES AS NEW ADDED PERFORMANCE VALUE 465

Castel, Y.; Amziane, S.; Sonebi, M.: INVESTIGATION OF WEATHERING RESISTANCE OF HEMP

CONCRETE 469

Uzunov, N.: WATERPERMEABILITY OF CONCRETE - MECHANISM, METHODS, EXPERIENCE 477
TOPIC 3. SUSTAINABLE BUILDING DESIGN/ PROJEKTIRANJE ODRZIVIH ZGRADA

Novak, S.: ENERGY EFFICIENT BUILDINGS IN PRACTICE 485

Hlap, M.; Sojat, D.: "GREEN" SYSTEM SOLUTIONS FOR BUILDING ENVELOPES 500

Buljan, N.; Bjelanovic, A.; Turkulin, H.: STRUCTURALLY GLAZED TIMBER CURTAIN WALL 506




Trombeva-Gavriloska, A.; Lazarevska, M.; Cvetkovska, M.: EXPERIMENTAL TESTING OF
COMPOSITE MATERIALS AND SANDWICH PANELS WITH COMPOSITE FACE SHEETS WITH
POLYESTER AND EPOXY MATRIX

516

TOPIC 4. ASSESSMENT AND MONITORING / OCJENA STANJA | MONITORING KONSTRUKCIJA

Oshita, H.; Kanemoto, K.: QUANTITATIVE ESTIMATION METHOD OF REBAR CORROSION RATE OF

RC STRUCTURES 523
Trummer, R.; Vill, M: PROBABILISTIC ASSESSMENT OF REINFORCED CONCRETE SLAB BRIDGES

WITH LOW AMOUNT OF SHEAR REINFORCEMENT 532
Corbett, D.; Gattiker, F.: STRUCTURAL ASSESSMENT USING ULTRASONIC PULSE ECHO IMAGING 538
Shamsuddoha, M.; BaeRler, M.; Husken, G.; Pirskawetz, S.; Kihne, H.-C.; Thiele, M.:

IDENTIFICATION OF FAILURE PATTERN IN CYLINDRICAL GROUTED CONNECTION FOR WIND

STRUCTURES — A PILOT STUDY 544
Grandic, D.; Sculac, P.; Bjelanovic, A.; Frankovic, T.: CONDITION ASSESSMENT OF TORPEDO

LAUNCH PAD STATION STRUCTURE IN RIJEKA 552
Pejovic, R.; Bujisi¢, M.; Serdar, N.; Tesovi¢, |I.; Lukovic, O.: AGGRESSIVE IMPACT OF SEAWATER ON

CONCRETE STRUCTURES, THE REPAIR THEREOF AND THE EXAMPLE OF THE REHABILITAION OF

THE PIER IN BAR HARBOUR 559
Wirth, D.; Cosovic Bajic, S.: CONDITION ASSESSMENT OF COLLECTION CENTER AND RAWHIDE

LEATHER WAREHOUSE STRUCTURE 565
Traykova, M.; Chardakova-Nackova, T.: CONDITION ASSESSMENT OF TRADITIONAL POST-REVIVAL

RURAL BUILDINGS IN MOUNTAIN REGIONS IN BULGARIA 571
Jeftenic, G.; Kolakovic, Slobodan; Seslija, M.; Kolakovic, Srdan: ASSESSMENT AND PROPOSAL OF

REPARATION OF EARTH DAM MESIC NEAR VRSAC 578
Schwotzer, M.; Heinrichs, J.; ul Islam, M.; Perugini, V.; Gerdes, A.: DURABILITY OF CEMENT-BASED

MATERIALS IN DRINKING WATER STORAGE - TOWARDS AN INTEGRAL PERFORMANCE

ASSESSMENT 583
Radonjanin, V.; Malesev, M.; Lukic, I.; Supic, S.; Draganic, S.: MASONRY STRUCTURE OF CHURCH

IN RUMA - PART 1: THE ASSESSMENT 589
Papayianni, |.; Liapis, A.; Papachristoforou, M.: LIFE CYCLE ASSESSMENT FOR SUSTAINABLE

SOLUTIONS OF INFRASTRUCTURE PROJECTS 597
Voogt, H.; Louwen, P.; Langelaan, V.: FROM MEASUREMENTS TO PREDICTION OF MOMENT OF

INTERVENTION DURING THE (REMAINING) LIFETIME 603
Grammatikos, S.; Lofgren, I.; Luping, T.; Ye, L.; Liu, J.: ON THE DEVELOPMENT OF A DURABLE
GRAPHENE-BASED SENSOR FOR CONCRETE PERFORMANCE MONITORING 609
Sekulic, D.; Serdar, M.: EXPERIENCE WITH CORROSION MONITORING USING EMBEDDED SENSORS

IN THREE BRIDGES ON THE ADRIATIC COAST 614
Mandic lvankovic, A.; Strauss, A.; Kuster Maric, M.: EXTRACTING PERFORMANCE INDICATORS FOR

ARCH BRIDGE ASSESSMENT 621
Kuster Maric, M.; Ozbolt, J.; Balabanic, G.; Mandic Ivankovic, A.; Zaric, D.: SERVICE LIFE

PREDICTION OF CONCRETE STRUCTURES IN MARITIME ENVIRONMENT — CASE STUDY:

MASLENICA MOTORWAY BRIDGE 629

TOPIC 5. PROTECTION, PRESERVATION AND REPAIR OF STRUCTURES / ZASTITA, OCUVANJE |

POPRAVAK KONSTRUKCIA



Malesev, M.; Radonjanin, V.: FIRE DAMAGES OF REINFORCED STRUCTURES AND REPAIR

POSSIBILITIES 638

Toric, N.; Uzelac Glavinic, I.; Boko, I.: SUSTAINABILITY OF ALUMINIUM IN CONSTRUCTION

PRACTICE — RECENT FIRE RELATED RESEARCH 647

Chifliganec, C.; Cvetkovska, M.; Trombeva-Gavrilovska, A.; Jovanoska, M.: PROTECTED AND

UNPROTECTED TIMBER BEAMS IN FIRE ENVIRONMENT 652

Rajcic, V.; Stepinac, M.; Barbalic, J.: ASSESSMENT AND STRUCTURAL HEALTH MONITORING OF

HERITAGE TIMBER STRUCTURES 658

Causevic, M.; Bulic, M.: REPAIR OF BRIDGES IN SEISMIC AREAS FOR EARTHQUAKE RESILIENT

SOCIETY 664

Blagojevic, P.; Zivkovic, D.; Sutanovac, A.: REDESIGN AND RECONSTRUCTION OF PARTIALLY

COLLAPSED WASTE WATER TREATMENT PLANT 671

Bacic, M.; Libric, L.; Kovacevic, M. S.. APPLICATION OF GEOSYNTHETICS AS HYDRAULIC BARRIERS

IN FLOOD PROTECTION EMBANKMENTS 677

Miksic, B.; Rogan, I.: PROTECTION OF HIGHWAY OVERPASS USING MCI®-INHIBITORS 684

Jacir, U.; Nagi, M.; Marjaba, N.: BIOBASED AND SUSTAINABLE MULTIFUNCTIONAL CORROSION

INHIBITING ADMIXTURE USED IN THE WORLD’S TALLEST BUILDING — BURJ KHALIFA 688

W(rth, D.; Dunovic, C.; Barukcic, I.: WATERPROOF CONCRETE STRUCTURES — WHITE TUBS 699

Blagojevic, P.; Grkovic, S.; Romanic, M.: SPECIFIC RECONSTRUCTION ASPECTS OF BELGRADE

BUSINESS CENTER “USCE” 706

Cizmar, D.; Arbutina, D.; Mackic, D.; Alfirevic Arbutina, H.: REHABILITATION PROJECT OF ATELIER

MESTROVIC 712

Sahinagic-Isovic, M.; Cecez, M.: RECONSTRUCTION OF THE MUNICIPAL COURT, NATIONAL

MONUMENT BUILDING IN MOSTAR 718

Nicoletti, A.; Dal Bo, A.: CEMENT-FREE MORTAR FOR REFURBISHMENT OF OLD AND HISTORICAL

BUILDINGS - ADVANCED TECHNOLOGY FOR SUSTAINABLE CONSTRUCTION 724

Lukic, I.; Malesev, M.; Radonjanin, V.; Supic, S.; Bulatovic, V.: MASONRY STRUCTURE OF CHURCH

IN RUMA - PART 2: THE REPAIR 733

Pojatina, J.; Andic, D.: FLEXURAL STRENGTHENING TECHNIQUES IN HISTORIC MASONRY

STRUCTURES — THREE CASE STUDIES 741

Uglesic, D.; Uglesic, A.: MASONRY WALLS REINFORCEMENT OF EX MARASKA BULIDING IN ZADAR 747

Kisicek, T.; Caric, M.: STRENGTHENING OF REINFORCED CONCRETE STRUCTURES WITH TEXTILE

REINFORCED MORTARS 754

Kisicek, T.; Caric, M.: DESIGN DIAGRAMS FOR FRP FLEXURAL STRENGTHENING OF REINFORCED

CONCRETE CROSS SECTION 762

Basa, N.; Ulicevic, M.; Zejak, R.: THE RESPONSE ANALYSIS OF CONTINUOUS BEAMS WITH FRP

REINFORCEMENT 768

Saje, D.: EXPERIMENTAL INVESTIGATION OF BOND BETWEEN STEEL REBAR AND CONCRETE 777

Ibrahim, W.: BEHAVIOR OF RC BEAMS WITH LIGHTWEIGHT BLOCKS INFILL 783
TOPIC 6. MODELLING AT MATERIAL AND STRUCTURAL LEVEL / MODELIRANJE MATERIJALA |
KONSTRUKCIA

Zhang, J.: CALCULATION OF SHRINKAGE STRESS IN CONCRETE STRUCTURES 788

Zhang, Y.; Ye, G.: A MATHEMATICAL MODEL IN CHARACTERING CHLORIDE DIFFUSIVITY IN

UNSATURATED CEMENTITIOUS MATERIALS 804

Zirkelbach, D.: GREEN ROOFS — HYGROTHERMAL SIMULATION OF MOISTURE AND ENERGY
PERFORMANCE

810




Vujkov, A.; Bibic, D.; Pesko, I.; Mucenski, V.; Cirovic, G.: ESTIMATION OF RECYCLING CAPACITY OF
MULTI-STOREY BUILDING STRUCTURES USING SUPPORT VECTOR MACHINES 816

Vitanov, V. V.: ANALYSIS OF REINFORCED CONCRETE SHEAR WALL STRENGHTENED WITH
EXTERNALLY BONDED FIBER REINFORCED POLYMERS SUBJECTED TO CYCLIC LOADING USING
CUSTOM MATERIAL MODEL 821

TOPIC 7. SOCIAL, ECONOMIC AND HEALTH ASPECTS OF THE BUILT ENVIRONMENT /

DRUSTVENI, GOSPODARSKI | ZDRAVSTVENI ASPEKTI IZGRADENOGA OKOLISA
Schmidt, W.: POTENTIALS FOR SUSTAINABLE CEMENT AND CONCRETE TECHNOLOGIES —

COMPARISON BETWEEN AFRICA AND EUROPE 830
Pavlakis, M.; Medic, A.: IMPLEMENTATION OF GOVERNMENT SUBSIDIZED LOW-COST HOUSING

PROJECTS IN DOLOMITIC REGIONS OF SOUTH AFRICA 836
Feric, K.: SUSTAINABLE BUILDING: SCIENCE OR FASHION? 842
Bobovec, B.; Banjad Pecur, |.: SUSTAINABLE MATERIALS FOR SUSTAINABLE CONSTRUCTION 850
Huber, J.: GREEN SENSE CONCRETE 855

Schoéner, G.; Schuurmans, A.: CONTRIBUTING TO A CIRCULAR ECONOMY BY PUTTING RECYCLED
CONTENT & SCARCITY OF THE PRIMARY RAW MATERIALS, ZERO WASTE AND RECYCLABILITY IN

THE FOCUS 860
Tibaut, A.; Kaucic, B.; Dvornik Perhavec, D.; Panetto, H.; Tiano, P.: KNOWLEDGE ENGINEERING

APPROACHES FOR BUILDING MATERIALS DOMAIN 864
Mardetko Skoro, N.; Borkovic, T.: THE DEVELOPMENT OF THE REGULATIONS IN THE AREAS OF

ENERGY EFFICIENCY FOR BUILDINGS IN THE REPUBLIC OF CROATIA 871
Potrc, T.; Kunic, R.; Legat, A.; Dovjak, M.: HEALTH ASPECTS IN BUILDING CERTIFICATION SYSTEMS 878
Schoéner, G.; Schuurmans, A.: HEALTH, SAFETY AND WELL-BEING: A CORE PART OF SUSTAINABLE

BUILDINGS 890

TOPIC 8. INNOVATIVE REUSE OF ALL TYRE COMPONENTS IN CONCRETE — ANAGENNISI /
INOVATIVNA UPORABA SVIH PRODUKATA RECIKLAZE OTPADNIH GUMA U BETONU

Baricevic, A.; Jelcic Rukavina, M.; Pezer, M.; Stirmer, N.; Serdar, M.; Bjegovic, D.; Dzaja, M.; Held,
M.; Ruzic, P.: PROPERTIES OF CONCRETE REINFORCED WITH RECYCLED TYRE POLYMER FIBERS 897

Hu, H.; Papastergiou, P.; Angelakopoulos, H.; Guadagnini, M.; Pilakoutas, K.: FLEXURAL
PERFORMANCE OF STEEL FIBRE REINFORCED CONCRETE WITH MANUFACTURED AND RECYCLED

TYRE STEEL FIBRES 904
Francic Smrkic, M.; Damjanovic, D.; Baricevic, A.: FATIGUE BEHAVIOUR OF STEEL FIBRES

REINFORCED CONCRETE ELEMENTS 912
Wang, Z.; Margarit, D. E.; Guadagnini, M.; Pilakoutas, K.: SHEAR BEHAVIOUR OF CONFINED AND

UNCONFINED RUBBERIZED CONCRETE 919
Christofe, A.; Neocleous, K.; Polydorou, T.; Kkolos, A.; Hadjimitsis, D.: SELF-COMPACTING

CONCRETE REINFORCED WITH TYRE RECYCLED STEEL FIBRES 927
Caldentey, A. P.; Garcia; C. M.; Cembranos, J. M.: A NEW WAY TO SUSTAINABILITY: DESIGNING

MORE SLENDER BUILDING STRUCTURES BY USING RECYCLED STEEL FIBRES 934

Maxineasa, S. G.; Neocleous, K.; Dumitrescu, L.; Themistocleous, K.; Taranu, N.; Hadjimitsis, D.:
ENVIRONMENTAL LCA OF INNOVATIVE REUSE OF ALL END-OF-LIFE TYRE COMPONENTS IN
CONCRETE 941




Proceedings of the 1st International Conference on Construction Materials for Sustainable Future, Zadar, Croatia, 19 - 21 April 2017

ensuring its fire safety. Nowadays, the fire safety of a building is considered as an essential part of the Declaration
of performance [3].

As building technologies and science evolve, the timber fire protection measures are improved and upgraded. The
process of making wood more fire resistant usually involves application of surface coatings or impregnation with
chemical treatments. The use of rock wool, gypsum plasterboards or other fireboards, as fire-resistant linings, are
also common in practice.

Nowadays, as a result of the rigorous environmental and economical requirements, as well as ensured fire
resistance through appropriate design, the industries in many countries are trying to shift more public sector
construction to timber.

2. BEHAVIOUR OF WOOD, ROCK WOOL AND GYPSUM PLASTER BOARD IN FIRE
2.1. TIMBERIN FIRE

Wood is a complex composite of natural polymers and is generally anisotropic, heterogeneous and porous material.
The properties of wood are affected by the moisture content, which, in case of fire, evaporates and diffuses. This
leads to changes of material properties [4]. When exposed to the heat of a fire, the wood goes through a process of
thermal breakdown into combustible gases. The pyrolysis is a thermochemical decomposition of a wood at elevated
temperatures in the absence of oxygen (or any halogen). It involves the simultaneous change of chemical
composition and physical phase, and is irreversible. It usually starts at temperatures of 280 °C to 300 °C. The key
contributing factor in timber’s fire resistance is the layer of charcoal that is formed on the burning surface during
the pyrolysis process. This charred layer acts as an insulator protecting the inner core of the timber, making it resist
to heat penetration and thus burn more slowly [1]. The inner uncharred core remains cold and keeps its initial
properties, enabling to continue to carry its load (Figure 6). The progressive conversion of the fire-exposed surfaces
to ever-deepening char occurs at definable rates. Since charcoal is produced at a constant rate, the time to failure
of timber construction elements can be easily predicted. The rate of conversion to char decreases with increasing
of moisture content and density of the timber used. The charring rate is also affected by the permeability of the
timber to gaseous or vapor flow. Charring normal to the grain of timber is one-half of that parallel to the grain. As
long as the residual section is large with respect to the depth of char development, the rate is unaffected by the
dimension of the section exposed [5].

2.2. ROCKWOOLIN FIRE

In normal temperature environment, rock wool thermal insulation prevents convection by holding air still in the
matrix of the wool. Still air is a good insulator. It also stops radiation and limits the conduction of heat through the
body of the insulation. The effectiveness of rock wool in reducing heat transfer depends upon its structural
properties such as density, thickness, composition and the fineness of the wool as well as the temperature at which
itis used. Due to its non-combustibility rock wool insulation does not spread fire by releasing heat, smoke, or burning
droplets. In fire environment it retains integrity and hampers the fire process. The maximum working temperature
is about 750 °C and melting occurs at 1000 °C. Rock wool is used to: protect the flammable constructions or those
susceptible to the effects of fire; to increase the structural elements resistance to fire; and to slow down the heat
transfer in case of high temperatures.

2.3. GYPSUM PLASTERBOARD IN FIRE

Gypsum plasterboards are widely used in building construction. They consist of a gypsum core sandwiched between
two layers of paper and can also contain other materials in small quantities such as glass fibre and vermiculite within
the various proprietary products to improve their durability and performance when exposed to high temperatures.

There are three types of gypsum boards: Regular boards, Type X and Type C boards. Regular plasterboards are used
as non-fire resistant partitions, while the Type X boards and Type C are used in fire-rated applications.

Gypsum is porous and non-homogeneous material which contains chemically combined water (approximately 50%
by volume). When gypsum panels are exposed to fire, dehydration reaction occurs at 1002C to 120°C [6]. Heat is
absorbed as portion of the combined water is driven off as steam i.e. calcination occurs. Thermal energy that
converts the water to steam is thus diverted and absorbed, keeping the opposite side of the gypsum panels cool as
long as there is crystalline water left to be converted into steam or until the gypsum panel is breached i.e. heat
transmission is effectively retarded. In the case of regular gypsum board, as the crystalline water is driven off, the
reduction of volume within the gypsum core causes large cracks to form, eventually causing the panel to fail due to
structural integrity [7].

In Type X gypsum boards, special glass fibers are intermixed with the gypsum to reinforce the core of the panels.
These fibers have the effect of reducing the size of the cracks that form as the water is driven off, thereby extending
the length of time the gypsum panels resist fire without failure. Also, there are Type C gypsum boards whose core
also contains glass fibers, only in a much higher percent by weight. In addition to the greater amount of glass fiber,
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the core of the Type C panels can also contain vermiculite, which acts as a shrinkage-compensating additive that
expands when exposed to elevated temperatures of a fire. This expansion occurs at roughly the same temperature
as the calcination of the gypsum in the core. It allows the core of the Type C panels to remain dimensionally stable
in the presence of fire, which in turn allows the panels to remain in place for a longer period of time even after the

combined water has been driven off [7].

3. NUMERICAL EXAMPLES

3.1. DESCRIPTION OF THE PROBLEM

Aiming to determine the impact of fire on protected and unprotected timber beams and their behaviour in fire
environment, three numerical examples were analyzed using the program SAFIR [8]. The evolution of fire
temperatures over time is defined with the standard fire curve ISO 834. In all examples, the simply supported beam
is fire exposed on three sides (Figure 1). In Case study 1 an unprotected timber beam is analyzed, Case study 2
analyses the same timber beam but protected on three sides with rock wool and Case study 3 analyses the timber
beam protected with rock wool on the sides and X type gypsum board at the bottom. The cross-sections of the

beams used in the examples are presented in Figure 2.
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3.2.

THERMAL AND MECHANICAL PROPERTIES OF MATERIALS USED IN THE NUMERICAL ANALYSIS

The characteristic values of the strength, stiffness and density of the timber beam, strength class C30, is taken in
accordance with the EN 388 [9]. The material was considered with 12% moisture content.

The X type gypsum board has a density of 648 kg/m3 and the rock wool has a density of 160 kg/m?.

All thermal properties for the materials used in the analysis are given in Table 1. Temperature dependant thermal
conductivity and specific heat for the materials are taken in accordance with the appropriate EC parts for the

materials.

Thermal property Unit Timber Type X gypsum board Rock wool
A (20 °C) [W/mK] 0.12 0.40 0.037

c (20 °C) [J/kgK] 1530 960 880

p (20 °C) Kg/m3 425 648 160

Oc [W/mK] 25 25 25

dc, cold [VV/mZK] 4 / /

£ 0.8 0.9 0.75

c)
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3.3. THERMAL ANALYSIS

As expected, significant differences in the time-dependant temperature fields in the cross-sections of the
unprotected and the protected beams were noticed. The temperature distributions in the cross-sections of all
analyzed case studies, for the specific time moments or for the usually required fire resistances, given in the
regulations, are shown in Figure 3, Figure 4 and Figure 5.

In Case study 1 (Figure 3), the unprotected timber beam reaches high temperatures in relatively short time period
and at the moment of failure (t=37 min) the charring depth in the horizontal direction is dehar=30.2 mm and in the
vertical direction hchar=30.1 mm. This implies that the charring rates (the ratio of the charring depth to the time of
fire exposure) are Bp=0.82 mm/min and B,=0.81 mm/min, respectively. Charring depth is the distance between the
outer surface of the original cross section and the position of the char-line (see Figure 6). The position of the char-
line is taken as the position of the 300-degree isotherm.
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According to the simplified analytical reduced cross-section method given in Eurocode 5-1-2 [10], the effective
charring depth in the cross-section of the unprotected timber beam in Case study 1 can be calculated by using the
following relations:

de=6n*t+ko*dp=36.6 mm
bsi=b-2*de=126.8 mm
hf=h-de;=163.4 mm

A= bs * h;=0.020719 m?
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A{%A)=51.8%

where: 8,=0.8 mm/min is the design notional charing rate under Standard fire exposure.
t=37 min is the time of fire exposure

ko=1 is for fire exposure t>20 min

do=7 mm is the zero strength layer

A.is the area of the reduced cross section

It can be see that the charring rates calculated analytically and numerically match.
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In case of protected timber beams, i.e. Case study 2 and Case study 3, the moment when charring process starts is
delayed (Figure 4 c and Figure 5 a) and only the numerical results are presented.

At 30 minutes of fire exposure, the whole cross-section of the timber beam in Case study 2 is cold (Figure 4 a). At
the same time, the timber beam in Case study 3 has 10 mm charring depth in the vertical direction of the cross-
section while the sides of the section remain unheated because of the positive influence of the rock wool insulation
(Figure 5 a). At time t=37 min the cross-section of Case study 1 is significantly heated and has charring depths of 30
mm in both directions (Figure 3 a).

The rock wool insulation shows far better results in the fire protection of the timber beam, in comparison to the
Type X gypsum board. After one hour of fire exposure the cross-section of the beam in Case study 2 remains cold,
that is not a case with the beam in Case study 3 which has a charring depth of 30 mm in the vertical direction (Figure
4 b and Figure 5 b). Figure 3 b shows that after one hour of fire exposure the unprotected beam has a highly reduced
cross-section.

3.4. STRUCTURAL ANALYSIS

The timber beam protected with rock wool (Case study 2) has reached higher fire resistance (time to failure) in
comparison to the timber beam protected with Type X gypsum boards (Case study 3). Both beams satisfy the
required fire resistance of 60 minutes, but the beam in Case study 2 has by far favourable cross-section temperature
distribution compared to the one in Case study 3 (Figure 4 b and Figure 5 b). The unprotected timber beam has a
fire resistance of tf=37 min. Besides the benefit to the thermal distribution in the timber cross-section, the
contribution of the rock wool to the structural fire performance of the beam is confirmed too. The cold cross-section
in Case study 2 results with prolongation of the load-bearing resistance of the beam and smaller mid-span vertical
displacements (Figure 7). The vertical mid-span displacements of the analysed beams (Ay) are presented in Table 2.

Type of cross section Ay [cm] Time [min]
Case study 1 3.72 37
Case study 2 1.37 60
Case study 3 2.15 60
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Figure 7: Time and temperature dependent vertical displacements at beams mid-span

4. CONCLUSIONS

The acceptable fire performance of unprotected timber elements should be attributed to the charring effect of the
wood. The char layer acts as an insulator and protects the core of the wood section. For the required duration of
fire exposure, unprotected beams may withstand the design loads only if proper dimensions of the cross-section are
used. Fire exposed beams protected with gypsum fireboards at the bottom show improved fire resistance, but best
results are achieved when the protection material from bottom side is rock wool. The improved fire resistance and
the reduced deflections of the fire protected beams should be attributed to the positive effect of the insulation
materials on the temperature distribution in the cross-sections of the beams.

In practice, if there are no architectural requirements for visibility of timber elements, floor and roof structures are
constructed as in Case study 3 and the rock wool is used only for satisfying the energy efficiency requirements. The
results obtained in this study show that a layer of rock wool from the bottom side of the structure (not only as an
infill) will significantly improve the fire resistance of the whole structure.
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