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FOREWORD 
 

Welcome to the CSCE 2020, 2nd Conference on Sustainability in Civil Engineering (CSCEô20) is going 

to be held by Department of Civil Engineering, Capital University of Science and Technology, Islamabad, 

Pakistan. The main focus of CSCEô20 is to highlight sustainability related to the field of civil engineering. 

It aims to provide a platform for civil engineers from academia as well as industry to share their practical 

experiences and different research findings in their relevant specializations. We hope all the participants 

experience a remarkable opportunity for the academic and industrial communities to address new 

challenges, share solutions and discuss future research directions. The conference accommodates several 

parallel sessions of different specialties, where the researchers and engineers interact and enhance their 

understanding of sustainability in the civil engineering dynamics.  

 

This year, we have wonderful and renowned keynote speakers for this edition of CSCE. We have received 

143 manuscripts from different countries around the world including UK, Australia, Italy, Vietnam, China, 

KSA and Pakistan. All papers have under gone a comprehensive and critical double-blind review process. 

The review committee comprised of 42 PhDs serving in industry and academia of UK, Hungry, Australia, 

New Zealand, Chile, Thailand, China, Malaysia, KSA, Oman and Pakistan. After the screening and review 

process, 68 papers are to be presented in Conference.  

 

We are a grateful to all the reviewers and keynote speakers who have dedicated their precious time to share 

their expertise and experience. With this opportunity, we would also like to express our gratitude to 

everyone, especially all the faculty and staff at the Capital University of Science and Technology for their 

great support and participation.  

 

In this regard, the participation and cooperation of all authors, presenters and participants are also 

acknowledged, without whom this conference would not have been possible. Last but not least, an 

appreciation to our advising and organizing committees whose hard work and dedication has made this 

day possible. 

 

 

 

 

 

 

 

 

 

Conference Chair of CSCEô20 

Dr. Majid Ali 

Capital University of Science & Technology, 

Islamabad, Pakistan 
 



2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering  

Capital University of Science and Technology, Islamabad Pakistan 

 

ii  

TECHNICAL COMMITTEE 
Dr. Shunde Qin WSP Global Inc. United Kingdom 

Dr. Furqan Qamar WSP Global Inc. United Kingdom 

Dr. Hamid Mehmood Transport Dept. Victoria, Australia 

Dr. Wajiha Gulzar  Massey University, New Zealand 

Dr. Mohsin Shehzad  Mott MacDonald, New Zealand 

Dr. Fenyvesi Oliver  BME, Hungary 

Dr. Claudio Oyarzo Vera UCSC, Chile 

Dr. Muhammad Raza Ul Mustafa UTP, Malaysia 

Dr. Teh Hee Min UTP, Malaysia 

Dr. Wesam Salah Alaloul UTP, Malaysia 

Dr. Khairunisa Binti Musthsuamy Pahang University, Malaysia 

Dr. Naveed Anwar AIT, Thailand 

Dr. Cao Mingli DUT, China 

Dr. Li Li  NW A&F University, China 

Dr. Munir Ahmed DAR Engineering, KSA  

Dr. Umar Farooq Islamic University of Madinah, KSA 

Dr. Mohsin Usaman Qureshi Sohar University, Oman 

Dr. M Zia ur Rehman Hashmi  GCISC, Pakistan 

Dr. Irfan Yousuf AEDB, Pakistan 

Dr. Shaukat Ali Khan UoL, Islamabad, Pakistan 

Dr. Liaqat Ali Qureshi SCET Wah, Pakistan  

Dr. Shaukat Ali Khan  Abasyn University, Peshawar, Pakistan 

Dr. Ayub Elahi UET, Taxila, Pakistan  

Dr. Sher Jamal Khan NUST, Islamabad, Pakistan 

Dr. Khan Zeb Jadoon  IIU, Islamabad, Pakistan 

Dr. Jawad Hussain UET, Taxila, Pakistan 

Dr. Mudassir Muneer Khan  Baha Uddin Zakariya University, Pakistan 

Dr. Rao Arslan Khushnood NUST, Islamabad, Pakistan 

Dr. Muhammad Alam Abasyn University, Peshawar, Pakistan 

Dr. Hassan Ashraf COMSATS University Wah, Pakistan 

Dr. Hassan Nasir CECOS Peshawar, Pakistan  

Dr. Naveed Ahmed UET, Peshawar, Pakistan 

Dr. Malik Muneeb Abid  University of Sargodha, Pakistan  

Dr. Sabahat Hassan  HITEC University Taxila, Pakistan  

Dr. Naveed Ahmad (Transportation) UET, Taxila, Pakistan 

Dr. Muhammad Adil UET, Peshawar, Pakistan 

Dr. Adnan Nawaz COMSATS University Wah, Pakistan  

Dr. Faisal Javed  COMSATS University, Abbottabad, Pakistan 

Dr. Fawad Najam NUST, Islamabad, Pakistan 

Dr. Tahir Mehmood  COMSATS University Wah, Pakistan 

Dr. Irshad Qureshi  UET, Taxila, Pakistan 

Dr. Naveed Ahmad (Geotech) UET, Taxila, Pakistan 

  

  

  

 

 
 

 



2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering  

Capital University of Science and Technology, Islamabad Pakistan 

 

iii  

ADVISORY COMMITTEE 
Dr.  M. Mansoor Ahmed 

(Vice-Chancellor CUST Islamabad) 

Patron 

Dr. Imtiaz Ahmed Taj 
(Dean Faculty of Engineering) 

General Advisor 

Dr. Ishtiaq Hassan 
(Head of Civil Engineering Department)  

Principle Advisor 

 

 
 

ORGANIZING COMMITTEE 
Dr. Majid Ali 

Chair 

Dr. Syed Shujaa Safdar Gardezi 
Co ï Chair 

Engr. Abdul Qadeer 
Conference Secretary ï I 

 

Engr. Umair Ahmed 
Conference Secretary ïII 

  



2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering  

Capital University of Science and Technology, Islamabad Pakistan 

 

iv 

KEYNOTE SPEAKERS 
 

Dr. Qaisar Ali  

VC UET Peshawar, Pakistan  

 

The impact of Civil Engineering on Humanity 

 

Dr. Shahid Nasir  

Director FE (Pvt.) Ltd,  

Islamabad, Pakistan 

 

Current Trends of Bridge Engineering in Pakistan 

Dr. M.  Waris Ali Khan  

P.E. PMP Universiti Malaysia Pahang, 

Malaysia 

 

Towards Green Procurement Practices in Infrastructure 

Construction Projects: A Sustainable Approach to Manage Eco-

Sensitive Projects in Pakistan 

 

Dr. Rabee Shamass  

London South Bank University, UK 

 

The Use of Basalt Fibers Reinforced Polymers BFRP in Concrete 

Structures  

 

Dr. Irfan Yousuf  

NEPRA, Islamabad, Pakistan 

 

Civil Engineering Vigilance in COVIDô19 Era 

 

Dr. Habib ur Rehman  

UET, Lahore  

 

Monitoring and Modelling of Groundwater Recharge Through 

Recharging Well  

 

  



2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering  

Capital University of Science and Technology, Islamabad Pakistan 

 

v 

TABLE OF CONTENTS 
FOREWORD ...................................................................................................................................................................... I  

TECHNICAL COMMITTEE  .......................................................................................................................................... II  

ADVISORY COMMITTEE  ........................................................................................................................................... III  

ORGANIZING COMMITTEE  ...................................................................................................................................... III  

KEYNOTE SPEAKERS ................................................................................................................................................. IV  

SIGNIFICANCE OF INCORPORATING STEEL FIBER AND POLYVINYL ALCOHOL FIBER IN CEMENT 

BASED COMPOSITES UNDER STATIC AND DYNAMIC LOAD ................................................................................ 1 

EFFECT OF U-SHAPED GFRP SHEAR KEYS ON THE BOND BETWEEN GFRP PLATE AND CONCRETE ......... 7 

EFFECT OF WASTE FOUNDRY SAND (WFS) ON STRENGTH AND DURABILITY OF PRESSED FIRED CLAY 

BRICKS .............................................................................................................................................................................. 13 

COMPARATIVE STUDY ON THE SEISMIC PERFORMANCE OF BARE FRAME AND INFILLED FRAME RC 

STRUCTURES WITH BRICK MASONRY AND LOW STRENGTH CONCRETE BLOCK MASONRY INFILLS ... 20 

ONE PART GEOPOLYMER USING RICE HUSK ASH AND METAKAOLIN  ............................................................ 28 

STUDYING BEHAVIOUR OF FIBRE REINFORCED COMPOSITES USING SCANNING ELECTRON 

MICROSCOPY ANALYSIS - A REVIEW ....................................................................................................................... 33 

BOND OF NATURAL FIBERS WITH SURROUNDING CEMENTITIOUS MATRIX-A REVIEW ........................... 41 

EFFICIENCY OF XRD METHOD FOR STUDYING FRC COMPOSITES ïA REVIEW ............................................. 48 

DIFFERENT TECHNIQUES FOR ENHANCING DURABILITY OF NATURAL FIBERS IN CEMENTITIOUS 

COMPOSITES - AN OVERVIEW .................................................................................................................................... 56 

ONE-PART GEO-POLYMER CONCRETE USING WHEAT STRAW ASH AND BENTONITE ................................ 64 

DESIGN AND PROBABLE IMPROVEMENT OF FIBER-REINFORCED CONCRETE CANAL-LINING BY ROLE 

OF ROUGHNESS COEFFICIENT .................................................................................................................................... 71 

UTILIZATION OF WASTE PLASTICS AGGREGATE IN CONCRETE: A REVIEW ................................................. 76 

EXPERIMENTAL DETERMINATION OF THE MECHANICAL PROPERTIES OF BRICK MASONRY AND LOW 

STRENGTH CONCRETE BLOCK MASONRY .............................................................................................................. 83 

EVALUATION OF HALF-THROUGH BRIDGE LOAD-CARRYING CAPACITY BY USE OF NON-LINEAR 

ANALYSIS METHODS ï CASE STUDIES ..................................................................................................................... 89 

MACHINE VISION BASED CRACK DETECTION FOR STRUCTURAL HEALTH MONITORING USING 

HARALICK FEATURES .................................................................................................................................................. 96 



          2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering 

       Capital University of Science and Technology, Islamabad Pakistan 

vi 

DETECTION OF BUGHOLES USING IMAGE PROCESSING TECHNIQUE IN HYBRID CONCRETE ................ 104 

ASSESSMENT OF BARS LAYOUT ON THE STRENGTH OF EXISTING RC HALF-JOINT STRUCTURES USING 

THE PLASTIC REDISTRIBUTION METHOD ............................................................................................................. 111 

BOND PERFORMANCE OF SUSTAINABLE REPAIRING MATERIALS WITH STEEL REINFORCEMENT ...... 117 

EVALUATING THE BLEND OF NAOH AND KOH ACTIVATORS FOR ECO-FRIENDLY GEO-POLYMER 

CEMENT MORTAR ........................................................................................................................................................ 124 

EFFECT OF ADDITION OF DIFFERENT PERCENTAGES OF BENTONITE AND FLY ASH ON COMPRESSIVE 

STRENGTH OF CONCRETE ......................................................................................................................................... 130 

FRESH, MECHANICAL AND DURABILITY PROPERTIES OF ECO-FRIENDLY CONCRETE CONTAINING 

SUGARCANE BAGASSE ASH AND WOOD SAW DUST .......................................................................................... 138 

FRESH AND MECHANICAL PROPERTIES OF AMBIENT CURED TERNARY BLENDED GEOPOLYMER 

CONCRETE REINFORCED WITH STEEL FIBERS .................................................................................................... 146 

CHARACTERIZATION OF BRICK MASONRY OF OLD AND NEW BUILDING BLOCKS AT GCT RASUL ..... 153 

SUSTAINABLE BUILDINGS AND INFRASTRUCTURES DEVELOPMENT USING INNOVATIVE MATERIAL 

AND ADVANCE TECHNOLOGIES-A REVIEW ......................................................................................................... 159 

CRITICAL SUCCESS FACTORS FOR SUSTAINABLE BUILDING CONSTRUCTIONS-A REVIEW ................... 165 

SUSTAINABLE CONSTRUCTION AND DEMOLISHING WASTE MANAGEMENT: A CASE STUDY IN 

PAKISTAN ...................................................................................................................................................................... 173 

SUSTAINABILITY ASSESSMENT OF CONSTRUCTION PROJECTS IN PAKISTAN AND GEO-SAT ................ 180 

CHALLENGES IN ADOPTION OF BIG DATA IN CONSTRUCTION INDUSTRY OF PAKISTAN ....................... 187 

SUSTAINABLE CONSTRUCTION RISK ASSESSMENT THROUGH DYNAMIC SITE LAYOUT PLANNING 

AND SIMULATION BY BUILDIN G INFORMATION MODELLING ........................................................................ 193 

PASSIVE DESIGN FEATURES FOR ENERGY EFFICIENT RESIDENTIAL BUILDING IN HOT CLIMATE ....... 200 

ANALYZING FACTORS INFLUENCING CONSTRUCTION LABOR PRODUCTIVITY USING FUZZY 

ANALYTICAL HIERARCHY PROCESS (FAHP) ........................................................................................................ 207 

DAMAGE ASSESSMENT OF HISTORICAL BUILDINGS: A CASE STUDY OF HISTORIC SHRINE OF MULTAN

 .......................................................................................................................................................................................... 213 

SUSTAINABLE DESIGN OF BUILDINGS THROUGH BIM: A COMPREHENSIVE REVIEW .............................. 220 

A REVIEW OF VIRTUAL, AUGMENTED AND MIXED REALITY TECHNOLOGIES FOR CONSTRUCTION .. 228 



          2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering 

       Capital University of Science and Technology, Islamabad Pakistan 

vii  

DEVELOPMENT OF AUTOMATED RESOURCE MANAGEMENT SYSTEM (ARMS) .......................................... 233 

ACHIEVING THE SUSTAINABILITY IN CONSTRUCTION BY USING ARTIFICIAL AGGREGATES IN 

CONCRETE ..................................................................................................................................................................... 240 

COST COMPARISON OF CONCRETE FRAMED STRUCTURE USING NATURAL AND ARTIFICIAL COARSE 

AGGREGATES ............................................................................................................................................................... 248 

EXPLAINING SUCCESS IN GREEN BUILDING PROJECTS USING TRANSFORMATION-FLOW-VALUE-

GENERATION THEORY ............................................................................................................................................... 255 

APPLYING SEMI DISTRIBUTION HYDROLOGICAL MODEL TO ASSESS HYDROLOGICAL REGIME IN LAI 

GIANG CATCHMENT, BINH DINH PROVINCE, VIETNAM .................................................................................... 264 

APPLICATION OF HYDRODYNAMIC MODELLING TO ASSESS THE EFFICIENCY OF HURRICANE 

PROTECTION MEASURE AT XOM RO DIKE, PHU YEN PROVINCE, VIETNAM ................................................ 271 

SECOND STAGE STILLING BASIN AS A SOLUTION FOR CHASHMA BARRAGE DUE TO DAMAGE CAUSED 

BY RETROGRESSION PHENOMENON ...................................................................................................................... 280 

THE CHINIOT DAM ï SHEET PILE DESIGN ASPECT .............................................................................................. 289 

PROVISION OF SUBSIDIARY WEIR AS A SOLUTION FOR DAMAGES CAUSED BY RETROGRESSION AT 

JINNAH BARRAGE ........................................................................................................................................................ 296 

INVESTIGATING MULTIPLE DEBRIS IMPACT LOAD AND ROLE OF VEGETATION IN PROTECTION OF 

HOUSE MODEL DURING FLOODS ............................................................................................................................. 303 

DRIVER AND PEDESTRIANS INTERACTIONS CHARACTERIZATION ............................................................... 309 

DEVELOPMENT OF A SHEAR THICKENING FLUID AND ITS USE AS A MODIFIER IN ASPHALT BINDER 314 

INFLUENCE OF BANANA FIBERS ON ASPHALT BINDER .................................................................................... 321 

THE EFFECT OF USING POLYPROPYLENE FIBER ON DEFORMATION RESISTANCE OF ASPHALT 

CONCRETE ..................................................................................................................................................................... 326 

THE EFFECT OF USING STEEL FIBER ON DEFORMATION RESISTANCE OF ASPHALT CONCRETE .......... 333 

INFLUENCE OF MORINGA OIL ON ADHESION AND MOISTURE SUSCEPTIBILITY OF RECLAIMED 

ASPHALT PAVEMENT ................................................................................................................................................. 340 

EFFECT OF TRANSPORT INFRASTRUCTURE DEVELOPMENT ON HEALTH OF NATIVES: A CASE STUDY 

OF LAHORE ORANGE LINE METRO TRAIN PROJECT .......................................................................................... 346 

ASSESSMENT OF ADHESION AND MOISTURE SUSCEPTIBILITY OF WASTE PLASTIC AND CRUMB 

RUBBER MODIFIED BITUMEN ................................................................................................................................... 354 



          2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering 

       Capital University of Science and Technology, Islamabad Pakistan 

viii  

EXPERIMENTAL STUDY OF SHRINKAGE IN MUD BRICKS AND ITS CONTROL ............................................ 360 

STABILITY ANALYSIS OF SLOPES USING LIMIT EQUILIBRIUM AND FINITE ELEMENT METHODS ........ 364 

INVESTIGATING THE SUITABILITY OF IN-SITU SOILS OF PESHAWAR FOR UN-STABILIZED RAMMED 

EARTH CONSTRUCTION ............................................................................................................................................. 372 

CONSEQUENCES OF POORLY COMPACTED BACKFILL MATERIAL ON CONCRETE RETAINING WALLS

 .......................................................................................................................................................................................... 379 

EFFECT OF SAWDUST- LIME AND SAWDUST ASH-LIME ON THE GEOTECHNICAL PROPERTIES OF AN 

EXPANSIVE CLAYEY SOIL ......................................................................................................................................... 385 

EFFECTIVENESS OF STONE DUST AS AN EXPANSIVE SOIL STABILIZER ....................................................... 392 

CHARACTERIZATION AND STANDARDIZATION OF SAND FOR LABORATORY TESTING IN PAKISTAN 402 

SOLUTION TO FOUNDATION PROBLEMS IN COLLAPSIBLE SOILS OF KALLAR KAHAR, DISTRICT 

CHAKWAL, PUNJAB, PAKISTAN ............................................................................................................................... 408 

APPLICATION OF PLAXIS FOR CALCULATING THE CONSTRUCTION STABILITY AND SOFT 

EMBANKMENT IN PROTECTING HA THANH RIVER, BINH DINH PROVINCE ................................................. 418 

THE USE OF PALSAR (D.E.M.) FOR MEGA FRACTURE ANALYSIS OF DABBAR ANTICLINE, SULAIMAN 

FOLD BELT, PAKISTAN ............................................................................................................................................... 426 

ECONOMIC COMPARISON OF THE GEOTHERMAL HEAT PUMP SYSTEM AND CONVENTIONAL WATER 

HEATERS FOR HOT WATER SUPPLY IN APARTMENT BUILDINGS................................................................... 431 

INDUSTRIAL WASTE WATER ANALYSIS:  A CASE STUDY OF CHASHMA SUGER MILLS, D.I KHAN ....... 439 

PHYSICOCHEMICAL AND BIOLOGICAL ASSESSMENT OF POTABLE WATER OF SAHIWAL CITY ........... 448 

DRINKING-WATER QUALITY ASSESSMENT:A CASE STUDY OF SADIQABAD CITY .................................... 455 

DIFFERENT PERSPECTIVES ON WATER QUALITY OF LOCAL FILTRATION PLANTS IN PAKISTAN ......... 462 

SPREADING OF COVIDô19 THROUGH WASTEWATER IN UNDERPRIVILEGED SOCIETIES - AN OVERVIEW

 .......................................................................................................................................................................................... 470 
 



          2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering 

       Capital University of Science and Technology, Islamabad Pakistan 

1 

SIGNIFICANCE OF INCORPORATING STEEL FIBER AND 

POLYVINYL ALCOHOL FIBER IN CEMENT BASED 

COMPOSITES UNDER STATIC AND DYNAMIC LOAD 

a Mehran Khan, b Mingli Cao 

a: School of Civil Engineering, Dalian University of Technology, Dalian, Liaoning, China, drmehrankhan@mail.dlut.edu.cn       

  b: School of Civil Engineering, Dalian University of Technology, Dalian, Liaoning, China, minglic@dlut.edu.cn  

Abstract- The single fiber reinforced concrete had improved mechanical properties 

than plain concrete. However, the addition of different fibers together resulted in 

better crack arresting performance at different scale that of individual fibers. 

Therefore, the steel fibers and polyvinyl alcohol (PVA) fibers are blended together 

to achieve the fiber bridging performance at multi scale. The inclusion of these two 

fibers will contribute together at their particular level and will contribute in the 

improvement of mechanical and dynamic properties. In this paper, the properties of 

steel fibers and polyvinyl alcohol fibers are studied with different length and contents 

to study the static and dynamic behavior of cementitious composites. For static 

properties, compressive strength and peak micro strain are determined; and to 

evaluate the dynamic behavior the curves of column top acceleration-time are 

considered. The addition of multi-scale fibers resulted in enhanced peak micro strain 

and showed longer time period under dynamic load. This indicate the positive 

synergy of steel and PVA fibers blend designed for improved static and dynamic 

properties of cementitious composites. 

Keywords- Crack arresting performance, Steel fibers, Polyvinyl alcohol fibers, Static properties, Dynamic properties.  

1 INTRODUCTION  

The performance of fiber reinforced cementitious composites (FRCC) are influenced by many factors like base matrix 

characteristics, fibre size, length and mix proportion [1-3]. FRCC are developed to reduce the brittleness of plain 

composites and improves its crack resistance performance [4]. The dynamic behavior of cementitious composites are 

necessary parameter to assess the safety performance [5]. The FRCC showed improved performance in earthquake resistant 

structures as compared to that of plain composites (PC) [6]. Steel fibers are generally used as a basic material for 

improvement in toughness of FRCC [7, 8]. Also, the PVA fiber are used in FRCC because of its high strength, large 

elongation, higher elastic modulus and bond strength [6, 9]. The improvement in toughness as well as crack arresting 

mechanism of composites is observed with use of PVA fiber [6]. The fiber composite should be design for enhanced energy 

absorption capability under dynamic load [1]. The addition of hybrid fibers result in reducing the crack propagation and 

delay the crack growth in cementitious composites. Thus, the combination of steel and PVA fibers may reduce the crack 

growth by controlling the displacement and acceleration of composites under dynamic load. During service life of 

composites structure it experiences a lot of dynamic loads like seismic load,  hydrodynamic pressure and wind load [10, 

11]. It was found that the behaviour of composite structure under dynamic load are relatively changed than under static 

loading [12]. The strong dynamic load due to earthquake can damage the structures and cause a huge loss in earthquake 

prone areas. The PC are susceptible to failure under the dynamic load due to its brittle behavior  [6]. Hence, it is essential 

to make a FRCC with superior characteristic to resist dynamic load that may be suitable for area susceptible to earthquake.  

Hybrid fiber reinforced composite is a compound material and many parameters effect its cracking mechanism like mixing 

regime, mix composition and basic raw material etc [13]. There are three basic stages during crack process in cement-

based material, i.e. initial cracking stage, crack extension stage and final stage when crack open. It is obvious that there 

are always some pre-existing crack available in cementitious composites. When the load is applied, the existence of these 

cracks will cause the stress redistribution in cementitious composites and will result in development of cracks in CSH and 

cement paste layer. By further increment in applied load, the crack will start to extend and step into crack extension stage 

in cement based material. At this stage, the PVA fiber will come across the crack and provide the bridging law in fiber 

composites. The bridging law of PVA fiber will result in fiber pull out or fiber fracture ultimately consume more energy. 

mailto:drmehrankhan@mail.dlut.edu.cn
mailto:minglic@dlut.edu.cn
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In the meanwhile, further addition of load will expand the crack and at the same time, the steel fiber start to act as bridge 

between the cracks and does not allow the crack to propagate in cementitious material. This bridging law will delay the 

crack growth and increase the crack propagation pathway eventually result in improved performance of hybrid fiber 

cementitious composites under dynamic load. The addition of single type fiber in composites will provide crack resistance 

at one scale, but the inclusion of hybrid fibers will provide the bridging law at different scale as per their size limitations. 

Therefore, to achieve the better performance under static and dynamic load the use of hybrid fiber are more effective than 

that of single fiber in cement based composites.         

To the best of authorôs knowledge no study is reported on dynamic mechanical properties of single degree of freedom 

specimen prepared by steel fiber-PVA fiber reinforced composites under hydraulic shaking table. However, researchers 

focused the dynamic behavior of hybrid fiber reinforced composites with steel bars; but this study is an initiative to study 

the behavior of hybrid fiber reinforced composites without steel bars. Therefore, this study explore the effectiveness of 

dynamic response of single degree of freedom steel fiber-PVA fiber reinforced composites. The cube compressive strength 

and peak strain are evaluated for static parameters; and for dynamic behavior, the column top-acceleration time curves are 

recorded. 

2 EXPERIMENTAL PROCEDURES 

The cement, quartz sand, super plasticizer, steel fiber and PVA fiber are used. The physical parameters of quartz sand, 

steel fiber and PVA fiber are presented in Table 1.A total of four mix proportion was considered and named as 2SF/13mm, 

1.5SF/13mm + 0.5PVA/6mm, 2SF/35mm and 1.5SF/35mm + 0.5PVA/12mm. The SF and PVA represents the steel and 

PVA fiber, respectively; and 2, 1.5 and 0.5 denotes the percentage of fibers. The short-steel fibers (13mm), short-PVA 

fibers (6mm), long steel fibers (35mm) and long PVA fibers (12 mm) were used. The mixing procedure is shown in Figure 

1, respectively. After uniform mixing, the moulds of cubes and columns with fresh matrix were filled and vibrating table 

was used for compaction. Finally, the cubes and columns were demoulded and kept at 20ϴ for 28 days. 

 Table 1- Physical parameters of raw materials 

Raw materials Density (g / cm3) Physical Parameters Mechanical Properties 

Quartz sand 2.65 Fineness modulus (2.51) Moh's hardness = 7.0 

Steel fiber 7.8 Length (13 mm and 35 mm ) Tensile strength Ó 2 GPa 

PVA fiber  1.29 Length (6 and 12 mm) Tensile strength Ó 1.1 GPa 

 

 

Figure 1: Mixing procedure 

3 RESEARCH METHODOLOGY  

The WAW / 600D universal testing machine (UTM) was used to test the FRCC cube specimen under for compressive load 

as per ASTM standard C39 [14]. The single degree of freedom SST-100 hydraulic shaker as shown in Figure 2 (a) was 

used to evaluate the dynamic behavior of FRCC. The dynamic signal acquisition system was used to calculate the dynamic 

signal measurement and analysis. The maximum force and acceleration was 100 KN and 1 g, respectively. The size of 
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shaking table was 2000 mm × 2000 mm × 200 mm. The real time test data was determined, which include column top 

acceleration obtained from acceleration sensor as shown in Figure 2 (b). 

4 RESULTS AND DISCUSSION 

4.1 Static properties 

The compressive strength and strain at peak are shown in Figure 3. The compressive strength for short length fiber 

composites of SF/13mm and 1.5SF/13mm were 81.75 MPa and 62.15 MPa, respectively. However, the long length fiber 

addition in composites of 2SF/35mm and 1.5SF/35mm + 0.5PVA/12mm were 79.55 MPa and 70.70 MPa, respectively. 

The incorporation of PVA fibers resulted in decrease trend for both groups, i.e. short length fibers composites and long 

length fiber composites. It is obvious that addition of fibers may reduce the compressive strength but it result in increased 

strain capacity of composites as evident from Figure 3 (b). The peak strain of hybrid fibers composites was increased with 

addition of steel and PVA fibers together than that of single length steel fiber. However, the better improvement was 

observed in peak strain with addition of long hybrid fibers as compared to that of short length hybrid fibers. The higher 

stiffness and higher modulus of steel fibers with 2% content resulted in greater compressive strength. On the other hand, 

the hybrid fiber composites with steel and PVA fibers resulted in low compressive strength. This is because inclusion of 

PVA fibers in composites produced new interfaces, which are the basis for low compressive strength. Similar results are 

also stated by Cao, et al. [15]. In addition, the blend of steel and PVA fibers together showed positive synergy and increased 

the peak micro strain of hybrid fiber composites that that of single fiber composites. 

a)    b)   

Figure 2: Test setup, a. (a) column under dynamic load, and b. schematic diagram 

 a)    b)    

Figure 3: Static properties, a. compressive strength, and b. strain at peak 
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Figure 4: Column top acceleration versus time curves 

4.2 Dynamic properties 

Figure 4 illustrates the curves of column top-acceleration versus time for all composites. The 2SF/13mm and 1.5SF/13mm 

+ 0.5PVA/6mm had presented better acceleration than those of 2SF/35mm and 1.5SF/35mm + 0.5PVA/12mm 

cementitious composites. In case of short-steel PVA fiber, the partial substitution of PVA lead to in reduced top-

acceleration time curve of cementitious composite. However, the substitution of long PVA fibers in 1.5SF/35mm + 

0.5PVA/12mm cementitious composite almost showed the stable performance. This short length of PVA fibers caused the 

reduction in acceleration due to shorter development length ultimately had low bond strength with cementious composites. 

In addition, the inclusion of PVA fibers produce new interfaces in composites that could result in low strength performance. 

Same conclusion is also reported in the literature [15]. In contrast, the long PVA fiber replacement in 1.5SF/35mm + 

0.5PVA/12mm composite had proper development length and showed proper bond. This resulted in increased acceleration 

by fiber bridging and eventually restricted the crack growth in composites. The steel fiber and PVA fiber will result in 

fiber pull out or fiber fracture ultimately consume more energy and improved the performance under dynamic load. These 

fibers does not allow the crack to propagate and act as bridge between the cracks in composites. 
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CONCLUSION  

The current study presents the compressive and dynamic response of hybrid fibers (steel and PVA fiber) in cementitious 

composites. The compressive strength and peak strain are determined under static load. The dynamic test is performed on 

hydraulic shaker with single degree of freedom condition and the curves of column top-acceleration verses time are studied. 

The following conclusions are made: 

¶ The degree of decrement in compressive strength is more in short length hybrid fibers cementitious composites 

than those of long length hybrid fiber cementitious composites.  

¶ The addition of long length hybrid fibers in composites improved the peak micro strain than that of short length 

hybrid fiber reinforced cementitious composites.  

¶ The long PVA fiber replacement in 1.5SF/35mm + 0.5PVA/12mm composite indicated better acceleration 

performance because of fiber bridging that provides crack arresting mechanism. 

¶ The steel fibers and PVA fibers offers the resistance against cracking by bridging across it at their particular scale 

ultimately caused the improvement in static and dynamic properties of hybrid fiber reinforced cementitious 

composites. 

 Further study is necessary with different lengths, contents, types and sizes of hybrid fiber in cementitious composites for 

enhanced performance under dynamic loading. Future work is to perform the SEM and XRD analysis for understanding 

the mechanism of hybrid fibers with matrix under dynamic load. 
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Abstract- The role of the bond between fiber-reinforced polymer (FRP) interface and 

concrete carries a key role for an interface-concrete composite structure. Various 

researches are conducted to study the effectiveness of different techniques for 

improving the bond between the FRP strips and concrete. The current study evaluates 

the effectiveness of the new type of U-shaped GFRP shear key on the bond between 

the GFRP plate and concrete. Specifically, double-lap shear tests are conducted on 

specimens with GFRP shear key bonded GFRP plates to evaluate the rupture modes, 

the extreme load, the stiffness of interface (interfacial), and curves with load on the 

y-axis and slip on the x-axis for static loading. The tests are conducted on the double-

lap shear specimens sized 514 mm x 100 mm x 100 mm. The bond length (222.5 

mm) of the GFRP plates is kept higher than that of the effective bond-length bonded 

with Type A epoxy resin. C60 concrete having 184 kg, 392 kg, 660 kg, 1214 kg, and 

2.94 kg of water, cement, sand, aggregates, and water reducer, respectively per 1m3 

of the mix is used. The influence of the shear key and its position variation i.e. 80 

mm and 160 mm from the loading end is evaluated in comparison to the GFRP-

concrete double-lap shear specimen without a shear key. The use of shear keys along 

with the interface imparts significant enhancement in the bond between the concrete 

and GFRP plate. Shear key located at 80 mm from loaded end performed well as 

compared to that at 160 mm in increasing bond strength between concrete and GFRP 

plate. It can be concluded that the gap between the shear key and loading end also 

has a considerable effect in increasing the bond between concrete and GFRP plate. 

Keywords- GFRP Shear Key, Interfacial Bond, GFRP Plate, Concrete 

1 INTRODUCTION  

Fibre Reinforced Polymer (FRP) has noticeable benefits such as high resistance to corrosion, fatigue, lightweight 

resistance, and huge strength. Being a structural material, it can be the best choice as an alternative to steel. One of the 

effective ways to get rid of issues due to corrosion of steel in a severe environment is to use FRP [1]. Advantages of the 

FRP-concrete composite structure encompass a higher level of industrialization, lightweights, elevated strength, design 

versatility, and zero corrosion as compared with structures of the traditional materials [2-4]. Therefore, the application and 

development of FRP materials with ultra-high durability and reinforced concrete composite structures are getting more 

attention. 

Interface bonding between concrete and the FRP plate has the role of a medium for load transmission from concrete to 

FRP plate. Therefore, interface bonding has a key role in increasing the strength of concrete by the FRP plate. Studies 

showed that the interface was prone to interfacial peeling and slippage during the application of load, which affected the 

shear resistance of the interface of the composite structure, resulting in premature separation of FRP materials and concrete 

and not able to fully exercise their full mechanical strengths [5-7]. 

Numerous researches are conducted so far related to the mechanical characteristics of the FRP-concrete composite 

interface. The shear mechanical and shear properties of the FRP-concrete interface were investigated for the three types (i. 

bolted, ii. Hybrid, and glued) of connections [8]. The best shear resistance was noticed for the hybrid connection along 

with an increase in extreme load capacity with an increase in the number of bolts. The use of a shear key (SK) with an 

mailto:huyi@gs.zzu.edu.cn
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interface of FRP and concrete was also noticed to be an adequate interface type of combination for improving the bond 

strength between concrete and FRP plate [9]. But the reported studies are limited to the dry bond interface only. 

Consequently, in the current study, double-lap shear tests are performed on specimens with GFRP shear key bonded GFRP 

plates. The outcomes are reported in the modes of failure, the ultimate capacity of load, the interfacial stiffness, and the 

curves of load vs slip for the static loading. 

2 EXPERIMENTAL  PROGRAM 

A. Materials 

P.O.42.5, an Ordinary Portland cement [10] is used. The maximum size of gravel and river sand is 20 mm and 0.5 mm, 

respectively. Glass fiber reinforced polymer (GFRP) plates having unidirectional fibers with transverse surface mats are 

used. The nominal thickness and width of the GFRP plate are 4 mm and 50 mm, correspondingly. The tensile strength, 

Young's modulus, and Limit elongation of GFRP plates measured as per the appropriate standards of China [11] are 516 

MPa, 33 GPa, 1.60 %, respectively. The U-shaped GFRP shear keys are used having a size of 55 mm × 45 mm× 27 mm × 

4 mm. Fig. 1 presents GFRP plates, locations of shear keys on the plates of GFRP, size of the shear key, and schematic 

view of an interface for each type of specimen. For increasing the force of anchoring, the area of contact between the plates 

of GFRP and shear keys is roughened and then epoxy resin is used for pasting the shear key on the exact locations of the 

GFRP plate. The adhesive bond between GFRP shear keys and GFRP plates is increased by keeping a steel block on the 

top of GFRP shear keys for 7 days. The Tensile strength, Modulus of elasticity, and Limit elongation of epoxy resin named 

as Type A measured as per the appropriate standards of China [12] are 34.7 MPa, 2.42 GPa, and 2.71%, correspondingly. 

  

 

 

(a) (b) (c) (d) 
Fig.1 (a) GFRP plates, (b) locations of the shear keys on the GFRP plates, (c) Shear key size, and (d) schematic view of the 

interface 

B. Casting and testing procedure 

A typical preparation procedure is shown in Fig. 2. The specimens are cured in the standard room of curing by following 

the concerned standard of China [13]. Curing is carried out for 28 days. The average compressive strength of C60 concrete 

measured as per the relevant standard of China [14] is 72.0 MPa. 

  
  

(a) Preparation of WB 

interface specimens 

(b) Preparation of SK 

interface specimens 
(c) Concrete casting  (d) Concrete curing  

Fig. 2 Preparation procedure of test specimens 

 

 

55

2
7

4

4
5

GFRP plate 
GFRP plate with  

shear keys 

GC Specimen 

G8 & G16 specimens 



          2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering 

       Capital University of Science and Technology, Islamabad Pakistan 

9 

C. Nomenclature of specimens and loading scheme 

Three samples are tested for each type of specimen. An average of three results is taken as a corresponding property for 

each type of specimen. The control specimen without a shear key is named GC while the specimen with the shear key at 

80 mm from the loading end is named as G-8 while that of other with 160 mm distance from the loading end is named as 

G-16. Total 9 number of samples. Universal testing machine with 100 kN capacity is used for Double lap shear tests, as 

revealed in Fig. 3. 

  

Fig.3 Graphic illustration of the loading device 

 

3 TEST RESULTS AND ANALYSIS  

A. Modes of failure 

Three different modes of rupture are observed for the specimens:(1) Detach between the layer of the epoxy resin and the 

coating of concrete as a result of the deficient union of the interface of epoxy resin and concrete, (2) Pull-out of steel bolt 

happened for the reason that the force of fastening between concrete and the steel bolt was less in comparison to that of 

the bearing strength of the interfacial, and (3) Failure due to wedge-split of concrete between the wooden partition  and 

shear key, the possible reason may be smaller concreteôs tensile strength as compared to the interfacial bearing strength 

attributable to the high concentration of the stress between wooden partition at the loading end and GFRP shear key. The 

same observations were reported in other research studies [7,15]. 

Figure 4a displays the rupture mode noticed for the CG specimen, which was categorized by interfacial peeling amid the 

FRP plate and epoxy resin. It shows that full transfer of the load between the concrete and GFRP plate is not achieved due 

to pre-mature peeling of the GFRP plate. Shear key fail failure for one sample and steel bolt pull-out failure for two samples 

accompanied by the wedge-split of the concrete are observed for G8 specimens (with the shear key at 80 mm from the 

loaded end) as shown in Figure 4b. This supports the role of the shear key in utilizing the greater strength of the GFRP 

plate in supporting the applied loads and moments in addition to concrete without debonding. The rupture mode of the 

specimen (G16) having shear key distance at 160 mm is the failure of due to pull-out of steel bolt without any damage to 

the shear key as shown in Figure 4c. Pull-out of steel bolt is noticed, which could be described that the force of fastening 

between concrete and steel bolt was feebler as compared to the interfacial bearing capacity. And the wedge-split breaking 

of the concrete between the wooden partition and the shear key happened. 
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(a) CG (b G8 (c G16 

Fig. 4 Interface failure modes of four interface of GFRP plate specimens  

B. Load-slip curves 

The load vs slip curves of each test specimen are given in Figure 5(a). The interface anti-slip stiffness can be judged and 

compared by the slope of the initial elastic phase of the load-slip curve. The lowest slip of 0.8 mm is noticed for the epoxy 

resin GC specimen having GFRP plates without any shear key. While the slip for the G8 and G16 specimens having GFRP 

plates containing resin of epoxy on the bonded interface with the shear key is 0.98 mm and 1.32 mm, respectively. By 

equating the load carrying capacities, G8 outperformed the companions in increasing the load carrying capability  of the 

specimen. The peak load of the G8 is 28.8 kN and 13.8 kN more than that of the GC and G16, respectively, as shown in 

Figure 5(a). The percentage comparison of the slip at peak load are shown in Figure 5(b). The slip at peak load of G8 and 

G16 is 23% and 65%, respectively greater than that of the GC. 

GC specimens provided a satisfactory level of composite action. For G8 and G16, the bond of the FRP plate and shear key 

can be more fragile as compared to that exists between concrete and the FRP plate, which leads to a decline in the interfacial 

stiffness. Conclusively, the rate of slip increased for the shear key specimen with a low gradient of the primary elastic 

phase of the load-slip curve in comparison to that of the GC specimen. A variation in the positions of the shear key has 

tiny influence over the interfacial stiffness of the elastic phase. But the larger effect in the post-elastic region of the curve. 

It can be explicated that a smaller distance from the loading end was expected to produce a huge concentration of stress 

between the loaded end and shear key, and at a larger distance from the loading end do not effectively limit the interfacial 

detachment.  

(a) (b) 

Fig. 5 (a) Load-slip curves, (b) Percentage comparison of slip at peak load 

 

C. Extreme load capacity 

Figure 6(a) displays the extreme load capacity of the specimens. The extreme load of 47.27 kN, 77.57 kN, and 60.17 kN 

are observed for GC, G8, and G16, respectively. The extreme load of the G8 is 30.3 kN and 17.4 kN larger than that of the 
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GC and G16, respectively. It is observed that the shear key enhanced the extreme load capacity significantly as compared 

to that of the specimen without a shear key.  

 
(a) 

 
(b) 

Fig. 6 Ultimate loads (a) extreme load capacity (b) Percentage comparison of extreme load capacity 

Most importantly the shear key gap from the loading end also affected the load carrying capacity. It can be observed that 

the extreme load capacity of the GC and G16 is considerably lesser as compared to that of the specimen (G8) with a shear 

key located at 80 mm from the end of loading. The percentage comparison between the extreme load of the specimens is 

demonstrated in Figure 6(b). The extreme load-carrying capacity of the G8 and G16 is 64% and 27% greater than that of 

the GC. Variation in the shear key location showed a significant impact on the extreme load capacity of the specimen. An 

increase in the gap of the shear key from the loading end negatively affected the extreme load capacity of the specimen, 

indicating a decrease in the bond strength. This confirms that the distance of the shear key from the loaded end also needs 

to be considered to ensure better bonding between the interface and GFRP plates for attaining the required increase in 

strength. As per the considered case, the gap of the shear key from the loading end is inversely proportional to the bond 

strength between concrete and the GFRP plate. 

4 CONCLUSIONS 

Subsequent conclusions are made from the present experimental results: 

¶ Interfacial peeling (premature detachment) between the GFRP plate and epoxy resin is noticed for the specimen 

without GFRP shear key while the introduction of shear key helped in utilizing the full strength of the GFRP 

plates without any interfacial peeling and interface failure. 

¶ At the peak loads, the slip of 0.8 mm, 0.98 mm and 1.32 mm are noticed for the GC (GFRP plates reinforced 

specimen without shear key), G8 (GFRP plates reinforced specimen with the shear key at 80 mm from the loaded 

end), and G16 (GFRP plates reinforced specimen with the shear key at 160 mm from the loading end), 

respectively. 

¶ The extreme load-capacity of G8 and G16 is 64% and 27% greater than that of the GC 

The experimental outcomes showed significant improvement due to the use of GFRP shear keys along with the interface 

of GFRP plates in the extreme load capacity and capacity of the peak load of the double-lap shear specimen. Besides, pre-

mature debonding of GFRP plates is also prevented by GFRP shear keys. Conclusively, the shear keys improved the bond 

between concrete and the GFRP plate. Further investigations are required to evaluate the optimized location and size of 

the GFRP shear keys for attaining the maximum possible strength enhancement. 
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Abstract- Bricks are significant construction material due to their cost and excellent 

properties such as durability and compressive strength. With the increasing demand 

in construction, scarcity of natural material is nowadays a major problem. To counter 

this, waste foundry sand has been utilized in fired clay pressed bricks in different 

proportions by replacing clay. Compressive strength and durability were studied as 

main properties. It was observed that replacing clay with 10% waste foundry sand 

increases compressive strength. Incorporation of 10% waste foundry sand in bricks 

resists acid attack and minimum weight loss was observed. Scanning electron 

microscope analysis suggested the crystallization of bricks by incorporation of waste 

foundry sand. It is recommended that waste foundry sand can be effectively used in 

bricks to enhance its properties.  

Keywords- Acid Attack, Brick, Durability, Foundry Sand, Scanning Electron Microscope (SEM) 

1 INTRODUCTION  

Soil has been used in different forms as the construction material for centuries. In developing countries, with the least 

demand for natural resources, earth construction is considered as the most efficient and economic. However, with 

increasing demand in construction material as well challenges with waste disposal, both developed and developing 

countries are on a mission to impede scarcity of natural resources [1].  

Construction industry is one of the major industries to use waste in construction material promising to alter and enhance 

material properties. Investors, builders and stack holders are grueling to use alternates materials that provide the same or 

enhanced properties with low cost and ecofriendly. To counter this problem, researchers around the globe are using waste 

products in engineering materials with promising cost and superior properties than existing. For instance, concrete has 

been incorporated with fly ash, ground granulated blast furnace slag (GGBS), glass powder, marble powder, bentonite, 

waste foundry sand with multiple goals to enhance the properties of concrete as well utilization of discarded materials [2-

6]. 

Brick is the oldest, economic and commonly used material, was first used 6000 years ago [7]. Bricks are significant material 

in construction due to its cost and outstanding properties such as its compressive strength and great durability. According 

to a report, its worldwide production is about 1.3 trillion units per year and increasing [8]. Pakistan ranks third in 

contribution to the worldwide production of fired clay bricks which is about 59 billion units per year.  With this huge 

consumption of bricks, the diminishing of natural resources is a major problem. In recent decades, mainly in developing 

countries, researchers have been using waste materials in bricks by replacing fully or part of clay. For instance, the use of 

granulated blast furnace slag, rubber, waste processed tea, cotton waste, rice husk ash, industrial wastewater, limestone 

dust, sawdust, fly ash, cigarette butts, plastics waste and waste papers.   All these researches are evident for enhanced 

properties of brick which are mainly compressive strength, water absorption and durability. The brick properties along 

with material also depend upon the method of manufacturing, drying and firing [9-14]. 

Foundry sand is a byproduct in foundry and metal casting industries. Million tons of foundry sand is discarded from 

industries each year. According to a report, 104.12 million tons of both ferrous and nonferrous casting is carried out each 

year. Casting done with cast iron and steel are called ferrous industries while casting with aluminum, brass and bronze are 

termed as non-ferrous. Silica is the main constituent of foundry sand which is 80-95%. Other constituents such as iron 

oxide, alumina, calcium are also present but in very little amount. After casting, the foundry sand is discarded and dumped 

which creates landfilling and environmental pollution.  Foundry sand has been used before in construction material such 

mailto:luqmanyousafzai89@gmail.com
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as concrete which may enhance the properties at low cost [6,15].The foundry sand has been also utilized in making fired 

clay bricks which resulted in significant properties compared to commercial bricks [16]. 

In this research, an attempt has been made to incorporate Waste Foundry Sand (WFS) in fired clay bricks by replacing 

clay in different proportions. The machine pressing method was used for manufacturing brick and firing in a traditional 

tunnel oven.  Compressive strength and durability tests were conducted. Scanning Electron Microscope (SEM) was used 

to study the microstructure of bricks.  

2 EXPERIMENTAL PROCEDURES 

In this research, bricks were manufactured from the mixture of fired clay and Waste Foundry Sand (WFS). The WFS was 

collected from Heavy Mechanical Complex (HMC) Taxila, Pakistan at their dumping site. The large lumps of sand 

(bounded by chemicals) were separated at the site and clean sand was taken into bags. The sand was then taken into the 

lab for initial testing such as sieving, water absorption, and specific gravity. The physical properties of WFS is given in 

Table 1. The sieve analysis of foundry sand is given in figure 2, indicating more fine particles than natural sand. The 

elemental composition of the WFS has been analyzed through Energy Dispersive X-ray (EDX) technique in Central 

Resource Laboratories (CRL), University of Peshawar, Pakistan. The peaks generated by the corresponding elements are 

shown in Figure 1. 

Table 1- Physical Properties of WFS and fired clay 

Material  Specific 

Gravity  

Absorption 

(%)  

Fineness 

Modulus  

Moisture 

content (%) 

OMC Plastic 

Limit  

WFS  2.68 0.89 2.11 2.67 _ Non plastic  

Fired clay 2.64 - - - 8.62 34 

 

  

Figure 1: EDX analysis of WFS and fired clay 

The fired clay was collected from Standard Ceramics, Hattar, Pakistan. The clay was subjected to some initial physical 

tests. The physical properties of clay are given in Table 1. The elemental composition of the clay was found through Energy 

Dispersive X-ray (EDX) technique in Central Resource Laboratories (CRL), University of Peshawar, Pakistan indicating 

less silica then WFS as shown in Figure 2.   

The mixing, casting, drying and firing of bricks were done in the industry named Standard Ceramics, Hattar Pakistan. 

Total of six mixes of bricks were prepared by replacing clay with WFS. The replacement level of WFS was 10%, 20%, 

WFS 

 

Fired Clay 
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30%, 40%, 50% and 60% for each set of bricks. Each brick was designated by the level of replacement of clay with WFS. 

For instance, FB1 brick shows ñFired Clay Brick with 10% incorporation of WFSò.  

 

Figure 2: Sieve analysis of WFS 

After mixing of raw materials, 15% water by the weight of material is added to each mix. it may be worth noting that 

machine pressed bricks to require less water than traditional hand mix bricks. After that, the mixture was taken to a 

hydraulic pressing machine. The pressing machine is electric driven which presses the raw material with 20.6 MPa force 

and mold the raw material into standard brick size (9ò x 4.5òx 3ò). After removing from the pressing, the bricks were 

carefully stacked for drying in sun. After 6-8 days, the unfired bricks were loaded into conveyer for firing. The firing was 

carried out in a traditional tunnel oven which operates on natural gas. The length of the oven was measured 262 feet and 

its diameter was about 5 feet. The firing process is subdivided into three steps. In the first step, the bricks are loaded on an 

auto electric conveyer belt which moves with certain fixed speed into the oven. In this step, the further drying of the bricks 

occurs which eliminates the free water present in bricks. The temperature in this step ranges from 100 OC to 450 OC. In the 

second step, the crystallization process takes place and the highest temperature noted in this step was 1200±10 OC. In this 

step, the bricks are burnt completely and moved to third step. 

 The third step is linked with exit side of the tunnel in which cooling of the bricks process initiates. At the exit, the 

temperature of the brick was noted 60±5 OC. The firing process is completed in five days. After removal from tunnel; the 

bricks are left for cooling for few hours. After complete cooling, the bricks were collected and taken into a laboratory for 

compressive strength test, water absorption and durability. The whole process is demonstrate in Figure 3. 

Before the compressive strength test, the bricks were made leveled from both sides so that the force applied may remain 

constant throughout testing. The compressive strength values were noted for three set of bricks for each mix. For durability 

test, the bricks were immersed in 10% sulphuric acid (H2SO4) concentrated water for 28 days. Before immersing, the 

bricks were carefully weighed and noted. After 28 days, the bricks were weighed again and then taken into compression 

testing machine. The method of sampling, stacking and testing was in accordance with ASTM C67 / C67M-20 [17]. 
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Figure 3: Process of brick making from mixing, pressing, drying, firing and final brick 

3 RESULTS AND DISCUSSION 

3.1 Compressive strength 

All the bricks were tested in compression testing machine. For each mix, three sets of bricks were tested and values were 

noted. It was observed that the highest strength was noted for FB1 brick (incorporated with 10% WFS), which was 18.97 

MPa. The control specimen having designated as FB0 (having no WFS) shows the strength of 18.20 MPa, which was 

lower than FB1 by 4.24%. The lowest strength was noted for FB6 brick (incorporated with 60% WFS), which was 10.81 

MPa lower than control mix by 41.70%. The bricks FB2 and FB3 showed almost similar strength to control mix as shown 

in the figure.  

The increase in strength is attributed to the fine size of WFS which fills the pore of the mixes. As a result, a compact dense 

structure is formed which completely crystallizes during sintering process at 1200 OC in oven. The slow and steady firing 

also takes a share in high strength. It may be noted that due to the high content of silica in WFS, the bricks were showing 

brittle behavior during testing i.e., sudden failure with large cracks.  However, small cracks were observed for CM, FB1 

specimens compared to other bricks. The lowest strength, as indicated was noted for FB6 specimens, which may be due to 

the abundance of WFS particles. All the particles were not able to fill the pores and as a result, non-crystallization of bricks 

occurred which results in lower strength. 

3.2 Durability 

The bricks were immersed in 10% H2SO4 concentrated water for 28 days. After removal, the brick was weighed and tested 

for compression test. It was observed that no significant weight loss was observed for mixes except FB5 and FB6. The 

weight loss for control mix was 3.31%. Mixes incorporated with WFS showed higher weight loss than control mix. For 
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instance, FB1 specimen showed weight loss of 4.71% greater than control mix. The highest weight loss was found for 

specimens FB5 and FB6 which was 10.5% and 10.9% respectively as shown in Figure 5.  

  

Figure 4: Compressive strength Vs Bricks Specimens  Figure 5: Weight loss variations after acid attack  

The bricks were also tested for compression strength after immersion in acid concentrated water. It was observed that the 

same trend was followed in strength after removal from acid. The strength of control specimen, FB1 and FB2 showed 

almost same strength. For instance, FB1 showed a little higher strength than control by 4.08% whereas FB2 showed little 

lower strength than control specimen by 4.8%. it was observed that FB5 and FB6 specimens affected more due to the acid 

attack. The reason for strength reduction is the more permeability of FB2 bricks. The strength of FB5 and FB6 specimen 

was lower than control specimen by 41.9% and 50.4% respectively as shown in Figure 4.  

3.3  Scanning Electron Microscope (SEM) 

This test is used to study the topography of the material as well composition at various intensity and magnification. The 

statement of compressive strength for FB1 specimens can be verified through SEM. It was observed that the pores are 

filled well by WFS particles, which makes it firm and dense structure. The bridging effect is quite visible, which offers 

tremendous resistance against loads as shown in Figure 5.  

On the other hand, control specimen shows quite same micro properties as for FB1 specimen except that few pores are still 

left unfilled. It was observed from compressive strength test and durability that FB6 specimen affected more as compared 

to other specimens. Cracks are visible in FB6 specimen in SEM images. Moreover, there are unfilled pores present in 

greater density compared to other samples which make it a week and unable to sustain loads as shown in Figure 5.  

  

(a)Pores Filled 

by WFS 
(b)Bridge 

Effect 
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Figure 5: SEM FB1(a, b) ; CM (c, d); FB6 (e, f) 

4 CONCLUSION  

In this study, Waste Foundry Sand (WFS) has been utilized in bricks to study its properties. Following are the conclusion 

drawn from the study: 

¶ The Energy Dispersive X-Ray technique shows that silica is the main and abundant element in WFS.  

¶ Incorporation of 10% WFS in bricks gives maximum compressive strength. Beyond this replacement, the strength 

tends to decrease.  

¶ Acid resistance was found maximum for brick specimens having 10% incorporation of WFS by replacing clay. 

Specimens having 60% WFS incorporated affected most against acid attack.  

¶ It was observed that weight loss against acid is not significant in specimens except for bricks incorporated with 

60% WFS.  

¶ The scanning Electron Microscope analysis shows that bricks incorporated with 10% WFS crystallize completely 

during sintering temperature.  
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Abstract - A practice of constructing RC frame structures with unreinforced 

masonry infill walls is being followed all over the world from the past few years. In 

the start, these masonries were considered as the non-structural elements of the 

building, but recent researches and studies have shown that the presence of these 

infill masonries greatly influence the seismic performance of RC structures. This 

research aims at the evaluation of seismic performance of bare frame, brick masonry 

infilled frame and low strength concrete block masonry infilled frame RC structures. 

For this, a six storey (G +5) commercial building being located in Abbottabad was 

selected for the analysis. Three models of this building namely bare frame, brick 

masonry infilled frame and low strength concrete block masonry infilled frame were 

prepared in ETABS 2015. These models were then analyzed by linear dynamic 

method of seismic analysis i.e. response spectrum analysis. The comparison between 

seismic performance of these models of the given building was made on the basis of 

maximum storey displacement, maximum storey drift ratio, base shear, time period 

and overall stiffness of the structure. From the results of the research, it was observed 

that when the effect of infill masonries was considered in the analysis, the 

performance of the building was observed to be greatly improved. Analyzing the 

results, it was concluded that presence of infill masonries greatly enhances the 

overall seismic performance of RC structures by increasing their strength, stiffness 

and ability of resisting the lateral loads during seismic events. It was also concluded 

that brick masonry has a greater effect on the seismic performance of a RC structure 

as compared to that of low strength concrete block masonry because of its greater 

strength and stiffness properties. 

Keywords- Reinforced Concrete (RC), Infill Masonries, Seismic Performance, Response Spectrum Analysis (RSA).  

1 INTRODUCTION  

From the past few years, a practice of constructing reinforced concrete (RC) frame structures is being followed all over 

the world [1] especially in the Asian sub-continent, due to their functional efficiency and ease in construction. During the 

construction process, the frame elements (i.e. beams and columns) are constructed first and independently without any 

provision of infill walls. The open space left in between the frame elements is then filled up with unreinforced masonry 

that generally consists of either the brick masonry or low strength concrete block masonry. In the past, these infill 

masonries were considered as the non-structural elements of the building [1] (elements that do not contribute towards the 

load resisting ability of the structure) where they were supposed to fulfill two basic functions, first, to act as a divider for 

the division of interior spaces and second, as a protective shield against the effects of external environment i.e. snow, rain, 

wind, noise etc. But this is not the case now as the recent researches and studies have shown that they are no more the non-

structural elements but greatly influence the overall performance of RC structures during the seismic activities. In the bare 

frame idealization of a RC structure, it is considered that infill masonries do not take part in load bearing process which 

may lead towards the overdesign of the structure as the presence of infill masonries in between the frame elements largely 

mailto:raheelasghar68@gmail.com
mailto:shahzaasif@gmail.com
mailto:uzairshah197@gmail.com
mailto:aliakhtarglt@gmail.com
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increases strength, stiffness and energy dissipation ability of RC structures during the seismic events. If the effect of infill 

masonries is incorporated into the seismic analysis of RC structures, it will  lead to the design efficiency which may result 

in reducing the overall cost of the structures as they are already present in the structure and there will be no need to 

construct them separately like shear walls which are constructed in addition to the normal structural elements. 

Similar works have also been made earlier to investigate the effect of infill masonries on the overall seismic performance 

of RC frame structures. Hr, Chidananda., Raghu, K., and Narayana, G., [2] after analyzing a fifteen storey (G +14) 

residential building had found out that maximum storey displacement and fundamental time period of RC structure were 

reduced by 51% and 46% respectively when the effect of infill masonry was considered in the seismic analysis of the given 

building. Strength and stiffness of an infilled frame RC structure were found to be 5.2 and 149 times greater than that of 

bare frame RC structures respectively in a research made by Haldar, P., and Singh, Y. [3]. Yousuf Dinar et. al. [4] as a 

result of a research on the seismic performance of bare frame and infilled frame RC structures had found out that increasing 

the percentage of infill increases the overall performance of RC structures against seismic activities. Raza, S., and Khan, 

M. K. I. [5] had found out that brick masonries are the best in the business during seismic activities, then comes the hollow 

concrete block masonries and solid concrete block masonries. Considering the work done by previous researchers and their 

future work recommendations, this research aims at the detailed evaluation and comparison of seismic performance of 

bare frame (BF), brick masonry infilled frame (BMIF) and low strength concrete block masonry infilled frame (CBMIF) 

RC structures. Prime objective of this research is to compare the seismic performance parameters like maximum storey 

displacement, maximum storey drift ratio, base shear, time period and overall stiffness of the BF, BMIF and CBMIF RC 

structures. 

2 RESEARCH METHODOLOGY  

For this research, a six storey (G +5) commercial building being located in Abbottabad was selected for the seismic 

evaluation as shown in Figure 1 (a) and (b). Three models of this building namely BF, BMIF and CBMIF were prepared 

in ETABS 2015. This modeling of the building involves two steps; first, the modeling of frame structure and second, the 

modeling of infill walls. A general modeling procedure was used for the modeling of frame structure whereas the modeling 

of infill walls was done according to the standard procedure of ñequivalent diagonal strut methodò as given in the section 

7.5.2.1 of FEMA 356 [6]. According to this section of FEMA 356 [6], masonry infill walls should be replaced by a pin 

jointed equivalent diagonal strut of width ñaò, being provided between the two compression corners. The thickness and 

elastic modulus of which will be the same as that of infill wall whereas the length of it will be equal to the length of 

diagonal between the compression corners. According to FEMA 356 [6], the width of this strut ñaò is given by: 

 

a = 
Ȣ ᶻ

ᶻ Ȣ 

 

 

(1) 

 

ɚ1 = 
ᶻᶻ

ᶻ ᶻ ᶻ

Ȣ

 
 

     (2) 

 ɗ = tan-1    (3) 

 

The strength and stiffness of a perforated panel is not the same as that of the completely infilled panel but varies in 

proportion with the percentage of openings. This change in strength and stiffness of a perforated panel is incorporated into 

the modeling as a reduction factor for percentage of openings (i.e. R1). Al-Chaar [7] has explained this reduction factor in 

detail in his study. According to him, the reduced width of the strut ña Reducedò is given by: 

 
a Reduced = a * R1 (4) 

 

R1 = 0.6 * ρȢφz  + 1 
 

(5) 

In (1), (2), (3), (4) and (5), ñDò is the length of diagonal between the two compression corners, ñHò is height of infill 

between centerline of beams, ñhò is clear height of infill, ñtò is thickness of infill, ñlò is clear length of infill, ñI colò is 

moment of inertia of column, ñɗò is angle of inclination of strut with beam, ñE mò is elastic modulus of masonry ñE fò is 
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elastic modulus of frame material, ñɚ1ò is the strut stiffness factor, ñA openingsò is the area of openings whereas ñA panelò is 

the area of infill panel. 

The modeling of infill walls as an equivalent diagonal strut was done in such a way that it was provided as a pin jointed 

zero weight or mass element between the two compression corners of the given frame of the given building. The effect of 

inertial mass of infill wall was incorporated into the analysis by assigning the whole mass of infill wall as a uniformly 

distributed load to the entire length of the beam upon which it was supposed to be resting. 

a) b)  

Figure 1: (a) Plan of Given Building, (b) Extruded BF 3D view of Building 

Table 1: Buildingôs Material Properties 

Material Type E ɜ Unit Weight Design Strengths 

  (psi)   (pcf) (ksi) 

Concrete 3604997 0.20 150 f 'c =4 

Rebar/Steel 29000000 0.30 490 F y=60; Fu=90 

Bricks Masonry 410000  0.2383  120 f 'm = 0.79 

Concrete Block Masonry  250000  0.3127   120  f 'm = 0.40 

After the modeling, all the three models of given building were analyzed by linear dynamic method of seismic analysis i.e. 

RSA to get an insight into the dynamic behavior of the building. The seismic performance of all these models was then 

evaluated and compared on the basis of maximum storey displacement, maximum storey drift ratio, base shear, time period 

and overall stiffness of the structure. 

Table 2: Buildingôs Section Properties 

Section Type Size Material Shape 

  (in)    

Beam 12ò X18ò Reinforced Concrete Rectangular 
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Column  18ò X 18ò Reinforced Concrete Rectangular 

Slab 7ò Thick Reinforced Concrete Shell Thin 
 

Table 3: Summary of Loads on the Building 

Load Type Load Concentration Description 

  Storey 1 - Storey 5 Storey 6   

Dead Load - - Self-Weight 

Live Load 60 psf 40 psf - 

Superimposed Dead Load 43.75 psf 60 psf Mortar (3") + Tiles (1") 

Masonry Load 1 K/ft 0.15 K/ft Main walls Load on Beam 

Masonry Load 21 psf 21 psf Partition Walls load on Slab 

Earthquake Load BCP 2007 BCP 2007  - 
 

3 RESULTS 

After analyzing all the three models of given building, their performance was evaluated on the basis of five parameters i.e. 

maximum storey displacement, maximum storey drift ratio, base shear, time period and overall stiffness of the structure. 

The comparison was made on the basis of maximum response of the building against each of these parameters. A brief 

overview of the results obtained from RSA of the given building is given as under: 

3.1 Maximum Storey Displacement 

Displacement is an important factor to be considered, when a structure gets hit by a seismic event. It mainly depends on 

the stiffness of the structure, greater the stiffness lesser will be the displacement produced in the building and vice versa. 

From the results obtained by RSA, maximum storey displacement was observed to be reduced by 69% in case of CBMIF 

whereas 79% in case of BMIF. This greater reduction of displacement in case of brick masonry was observed due to its 

greater stiffness as compared to that CBMIF. 

 

Figure 2: Comparison of Maximum Storey Displacement 

 

3.2 Maximum Storey Drift Ratio 

Storey drift ratio is the ratio of relative displacement between the adjacent stories to the storey height. It measures the 

displacement changing characteristics of a building; gradual changing characteristics ensure structural stability, uniform 

stiffness and less probability of structure getting damaged. From the results obtained by RSA, maximum storey drift ratio 
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was observed to be reduced by 79% in case of CBMIF whereas 88% in case of BMIF. This greater reduction of storey 

drift ratio in case of brick masonry was observed due to its greater stiffness as compared to that of CBMIF. 

 

Figure 3: Comparison of Maximum storey Drift Ratio 

3.3 Stiffness 

Stiffness refers to the rigidity of a structure which means extent to which it can resist deformation under the application of 

a lateral load. Stiffness of a RC frame structure depends on the stiffness of individual structural elements, their 

concentration and orientation in the structure. Stiffness of individual elements on the other hand depends on their material 

and geometric properties i.e. modulus of elasticity and moment of inertia. Greater the elastic modulus or moment of inertia 

of an element, greater will be its stiffness resulting in increase of overall stiffness of the structure. From the results obtained 

by RSA, overall stiffness of the structure was observed to be increased by 238% in case of CBMIF whereas 413% in case 

of BMIF. This greater increase of overall stiffness in case of BMIF was observed due to its greater elastic modulus as 

compared to that of CBMIF. 

 

Figure 4: Comparison of Storey Stiffness 

 

3.4 Base Shear 

Base shear is an estimate of maximum anticipated sideways forces at the base of the structure as a result of a seismic event. 

Base shear generally depends on weight of the structure, stiffness of the structure and site characteristics of the structure. 
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For the structures having equal weight and similar site characteristics, stiffness is the ultimate parameter that base shear 

depends on. Flexible structures usually have lesser base shear as compared to stiffer ones. Base shear of all the three models 

considered in the research was found to be approximately the same because the analysis was terminated at same termination 

condition i.e. when dynamic base shear becomes greater than or equal to 85% of the static base shear. Therefore, base 

shear was expressed in terms of its scale factor for the sake of making comparison. Greater scale factor represents lesser 

base shear. From the results obtained by RSA, base shear was observed to be increased by 43% in case of CBMIF whereas 

53% in case of BMIF. This greater increase of base shear in case of BMIF was observed due to its greater stiffness as 

compared to that of CBMIF. 

 

Figure 6: Comparison of Base Shear in terms of Scale Factor 

3.5 Time Period 

Time period of a structure is the time that it takes for each complete cycle of oscillation when hit by a seismic event. It is 

the inherent property of the structure that generally depends on mass and stiffness of the structure. For the structures of 

equal mass, stiffness is the only parameter determining the fundamental time period of the structure. Greater the stiffness 

of the structure, lesser will be its time period and vice versa. From the results obtained by RSA, time period of the structure 

was observed to be reduced by 39% in case of CBMIF whereas 51% in case of BMIF. This greater reduction of time period 

in case of BMIF was observed due to its greater stiffness as compared to that of CBMIF. 

 

Figure 7: Comparison of Maximum Structural Time Period (Computational Model) 

 

101

57.65
47.14

0

20

40

60

80

100

120

S
c
a

le
 F

a
c
to

r

Structure Type

Base Shear in terms of Scale Factor

BF CBMIF BMIF

1.698

1.033
0.827

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

T
im

e
 P

e
ri

o
d

 (
S

e
c
)

Structure Type

Maximum Structural Time Period

BF CBMIF BMIF



          2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering 

       Capital University of Science and Technology, Islamabad Pakistan 

 

Building code of Pakistan (BCP 2007 [8]) also provides empirical relationships for the determination of fundamental time 

period of the building. According to BCP 2007 [8] time period of a building can be calculated by using (6), where H is the 

height, Ct is a coefficient (0.03 for bare frame and 0.02 for all other RC frame structures) and T is the fundamental time 

period of the building. From the results obtained by empirical formulae, time period of the structure was observed to be 

reduced by 33% when the effect of infill masonries was incorporated into the analysis. A comparison between the time 

period obtained from computational model and empirical formulae is also made in table 4. 

 
T = Ct * H0.75 (6) 

 

Figure 8: Comparison of Maximum Structural Time Period (Empirical Formulae) 

 

Table 4: Comparison of Time Period Obtained from Computational Model and Empirical Formulae 

  Time Period     

Structure Type Empirical Formulae Computational Model Increase % Increase 

  (Sec) (Sec) (Sec)   

BF 0.742 1.698 0.956 128.8409704 

CBMIF  0.494 1.033 0.539 109.1093117 

BMIF  0.494 0.827 0.333 67.40890688 

4 CONCLUSION  

From the findings of this research, following conclusions can be drawn: 

¶ Presence of infill masonries greatly improves the overall seismic performance of RC frame structures by 

increasing their strength, stiffness and ability of resisting the lateral loads during seismic events. 

¶ Maximum storey displacement, maximum storey drift ratio and time period can be reduced whereas base shear 

and overall stiffness can be increased significantly by considering the effect of masonry infill walls in the seismic 

analysis of RC frame structures. 

¶ Incorporating the effect of masonry infill walls into the seismic analysis of RC frame structures lead to the design 

efficiency which may result in reducing the overall cost of the structures. 

¶ Brick masonry can be considered as the best in the business among the two masonry types considered in the study 

during seismic events due to its greater strength and stiffness properties. 
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On the basis results of this research, future works are recommended on this topic in order to develop detailed guidelines 

for the analysis and design of RC frame structures with infill masonries.  
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Abstract- This research is conducted to assess the compressive strength of one part 

geopolymer mortar containing rice husk ash (RHA) and metakaolin (MK) . Sodium 

Silicate in powder form is used as activator for the geopolymer. Water to binder ratio 

is kept constant at 0.5 for each sample. Two percent super plasticizer by weight of 

binder is added in mortar mix. The strengths of GM samples with different RHA/MK 

mass ratios are tested on 7, 14, and 28 days. The casted samples are placed in oven 

at 70°C for first 24 hours and then at ambient temperature of 19°C for rest of the 

time, till testing. Compressive strength of RHA/MK mass ratio of 10/90 is highest 

among all mixes. It is found that increasing the RHA more than 10 percent, results 

in reduced compressive strength.  

Keywords- Geopolymer Mortar (GM), Metakaolin (MK), One Part Geopolymer, Rice Husk Ash (RHA) 

1 INTRODUCTION  

Concrete is the second largest used material in world after water. Its constituents such as cement requires higher amount 

of energy to be prepared, this energy is obtained by burning fossil fuels. Along this, the hydration reaction of cement with 

water during preparation of concrete is an exothermic process and it releases energy in form of heat into the environment 

while forming bonds [1]. These two are the main reasons that contribute towards a great carbon footprint of concrete. 

About 9 percent of carbon dioxide in environment is due to manufacturing or use of concrete and its constituents [2]. So, 

attempts are being made to produce greener concrete with lowest carbon footprint and highest strength and sustainability. 

One of these attempts is to make green concrete using geopolymer (GP) materials available abundantly throughout the 

globe. Mainly the materials having properties same as cement are used for this purpose, called supplementary cementitious 

materials (SCMs). The SCMs include RHA, Ground Granulated Blast Furnace Slag (GGBFS), Fly Ash (FA), Condensed 

Silica Fumes (CSF) and various other industrial and agricultural wastes that are rich in silica and alumina [3]. 

While Pakistan is an agricultural country and produces tons of agricultural wastes annually, the use of these agricultural 

wastes by incorporating them in concrete can be taken into consideration. Pakistan produces 6.7 million tons of rice husks 

(RH) every year, as of year 2017, as rice is one of its major consumed and cash crops [4]. These RH are used as a fuel for 

boiling rice paddy in rice mills. The ash obtained from burning RH, known as rice husk ash (RHA), is then discarded into 

open environment or rivers which causes ground, air and water pollution. RHA is one of the SCMs that contains more than 

90 percent silica. RHA when mixed with other materials such as GGBFS, FA in the presence of alkaline activators yields 

strength higher than that of normal OPC [5],[6]. RHA, containing silica, alone cannot replicate the properties of cement so 

an alumina source is also needed. Metakaolin (MK) contains considerable amount of alumina [7]. When inert Kaolin (KN) 

is calcined at elevated temperature then reactive metakaolin is formed. Several researches have been conducted which have 

shown that metakaolin can be used effectively with a silica source to replicate the properties of cement by the process of 

geopolymerization [8]. 

In this study RHA is used with MK to synthesize one part GP and then its strength is assessed. The use of GP based mortar 

utilizes the wastes of agricultural industry and consumes less energy as compared to the preparation of OPC. It results in 

reducing the depletion of natural resources that are used in manufacturing of OPC, as well as environmental pollution is 

also reduced which is caused by dumping RHA openly and a sustainable environment is created due to lesser emission of 

carbon dioxide. 
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b) a) 

2 EXPERIMENTAL DETAILS AND RESEARCH METHODOLOGY  

2.1 Raw Materials 

For research purposes, the raw materials are collected from nearby markets. RH (Figure 1a) are easily available on hay 

stocks that spread throughout the Hazara Region. KN (Figure 1b) is available in different qualities in small industrial area 

of Mansehra namely, single washed KN and double washed KN. Single washed KN contains more impurities than double 

washed KN, so double washed KN is acquired. This KN is calcined to obtain MK. MK along with RHA is used for making 

GP mortar. Since this research is focused on one-part GP, so sodium silicate is obtained in powder form from a vendor. 

Sand used in this research is obtained from Havelian sand quarry. 

2.2 Raw Materials Processing 

Rice Husks are first burnt in an uncontrolled environment. It helped in shrinking down the mass of RH. But the RHA 

obtained from uncontrolled burning is black in colour. The RHA obtained from uncontrolled burning is burnt under 

controlled temperatures in muffle furnace at 750 for 3 hours for elimination of carbon. The resulting RHA is white in 

colour. The larger chunks of white KN are first broken into smaller pieces with hammer and then calcined in muffle furnace 

at 750  for 6 hours (Figure 2a). The resulting MK is light brown in color. The RHA (Figure 2b) and MK are then 

separately grinded in roller jar mill. Then the grinded materials are passed through ASTM sieve number 200 and stored in 

air-tight bags, to prevent the materials from absorbing any moisture from atmosphere. 

 

 

 

 

Figure 2: Raw materials, a. rice husks and b. kaolin 
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a) b) 

 

 

 

 

 

 

 

2.3  Mixing, Casting and Testing 

After acquiring the desired materials for GP, a mix design is necessary to prepare the GP mortar. As both MK and RHA 

are high water absorbing materials so the water to binder ratio is set by hit and trial method. Mass batching is selected as 

the suitable batching technique for this research. After that, the mass of dry mix is determined for making three GP cubes 

in 5.08×5.08×5.08-cm mold. It is found out that a dry mass of 800 grams is suffice for preparing six mortar cubes for the 

afore-mentioned mold size. The binder to sand ratio is kept constant as 1:1. Table 1 represents only the 50 percent 

constituents of GP mortar, that is, binder only. The rest of 50 percent is sand. RHA, MK, Sodium Silicate and Sand are 

added and mixed in dry form with the help of cobalt mixture for 5 minutes on low speed. Then water is sprinkled slowly 

on the mix while mixture kept rotating. Super plasticizer is added after water and mixture speed is set at high for another 

two minutes. A homogenous GP mortar is obtained. Moulds are lubricated with oil and assembled. Then the GP mortar is 

added in moulds in three layers with 25 blows on each layer with a pastel. The surfaces of cubes are made even with a 

cutter. The moulds are kept in oven for 24 hours at 70°C. Then the mortar cubes are demolded and kept at ambient 

temperature of 19°C for 7,14 and 28 days till testing. The compressive strength of cubes is tested by universal testing 

machine according to ASTM C109. A total of 9 cubes are prepared for each GP mortar sample (3 cubes are tested for each 

curing age, for example, for determining the 7 days compressive strength of R10M90, 3 cubes are tested by universal 

testing machine and their average is taken). So, for 3 samples a total of 27 GP mortar cubes are prepared. And for Ordinary 

Portland Cement (OPC), 9 cubes are prepared separately. 

Table 5- Mix design of GP mortar 

Sample ID 

RHA (% of 

mass of 

binder) 

MK (% of 

mass of 

binder) 

OPC (% of 

mass of 

binder) 

Water to 

Binder Ratio 

Super-

plasticizer (% of 

mass of binder) 

R10M90 10 90 0 0.5 2 

R20M80 20 80 0 0.5 2 

R90M10 90 10 0 0.5 2 

OPC 0 0 100 0.5 - 

 

Figure 2: Raw materials processing, a. kaolin being calcined and b. grinded RHA 
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3 RESULTS 

The results of compressive strength on different curing age are shown in table 2. For each curing age three cubes are tested. 

The average of three compressive strengths is calculated and presented as the compressive strength of that single day. The 

table shows vigorous increase of compressive strength till 7 days and then the compressive strength keeps increasing 

gradually till 28 days. The 28th day strength is the maximum of all. The results show that R10M90 imparts greatest 

compressive strength of all mixes. However, by increasing the amount of RHA to 20 percent, the compressive strength is 

reduced as compared to R10M90. If quantity of RHA is increased to 90 percent, the compressive strength gets affected 

much adversely. It can be seen in the table below that 7, 14 and 28 days compressive strength of R10M90 is 48,53 and 64 

percent, respectively, more than that of OPC sample. The highest compressive strength is also shown by R10M90 at 28 

days, that is 21.05 MPa. The main reason for increase in compressive strength is due to bonds present between Silica of 

RHA and Alumina of MK, which represent the properties of geopolymers. 

Table 2- Difference in compressive strength as compared to OPC 

Sample ID 

Compressive strength at different curing ages (MPa) 

7 Days 

Difference in 

compressive 

strength as 

compared to 

OPC (%) 

14 Days 

Difference in 

compressive 

strength as 

compared to 

OPC (%) 

28 

Days 

Difference in 

compressive 

strength as 

compared to 

OPC (%) 

Standard 

Deviation (For 

three GP 

mortar 

samples) 

R10M90 17.56 48.18 19.26 53.34 21.05 64.45 7.19 (28 days) 

R20M80 15.25 28.70 16.86 34.23 17.65 37.89 6.67 (14 days) 

R90M10 04.82 -59.32 06.70 -46.65 07.25 -43.35 6.78 (7 days) 

OPC 11.85 - 12.56 - 12.80 - - 

 

Table 2 represents the difference of compressive strengths between GP mortars and OPC mortar. It can be noted that two 

GP mortar samples R10M90 and R20M90 have greater strength than OPC mortar at 7, 14 and 28 days. While R90M10 

GP mortar sample has less strength than that of OPC at all days. The negative sign (-) for R90M10 in strength difference 

columns represents that this GP mortar has strength less than that of OPC. 

4 CONCLUSION 

Following conclusions can be drawn from the conducted study: 

¶ One part geopolymers can be made successfully by incorporating RHA and metakaolin. 

¶ Maximum compressive strength can be achieved by using 10 percent RHA and 90 percent metakaolin in one part 

geopolymers. 

¶ RHA quantities more than 10 percent results in decrease in compressive strength, when used with metakaolin. 

The above outcome is favorable indicating the one part GPs can be synthesized successfully in Pakistan. The next step 

should be to make concrete from this one part GP, having higher compressive strength and higher durability. The chemical 

activator source should be replaced with the one found in nature. 
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Abstract- The microscope has been a versatile tool in the study of cementitious 

composites since the development of these materials. The scanning electron 

microscope (SEM) is one of the most developmental instruments available for the 

analysis and examination of morphological characteristics of fibre and its matrixes. 

This paper gives a brief review of the accuracy of scanning electron microscopy 

method for understanding performance of fibre reinforced composites and prediction 

of behavior of fibrous concrete. It also focuses on the scope of the scanning electron 

microscopy (SEM) method in the near future in fields fibre reinforced concrete 

research work. Selected researches of SEM usage in FRC have also been discussed. 

The electron microscopy is used as an investigation instrument in understanding the 

potential of the varying behavior of different fibrous composites at different 

conditions, an investigation mechanism in making suitable matrix, and a diagnosis 

equipment on problems like cracking. The paper also investigated how 

microstructural analysis reveal the expected mechanical behavior. 

Keywords- FRC, Performance of Fibrous Composites, Scanning Electron Microscopy. 

1 INTRODUCTION  

The use of SEM studies in recent years has become increasingly popular in concrete studies, similarly this approach 

remains important in the study of fibrous composites for many civil engineers. The importance of the versatile method is 

further incorporated as an electron microscopy [1]. An electron microscope equipped with an X-ray spectrometer for 

diffusion energy can entertain very useful interpretations in analyzing concrete problems with high resolution images such 

as alkali-aggregate reactions in aggregates [2]. The performance of high-performance concrete cannot be adequately 

evaluated without examining the features of interfacial microlevel analysis of high-performance concrete, as seen under 

SEM [3]. As the use of electronic microscopy is becoming more expensive, there is a chance that the process will be widely 

used and understood [4]. This understanding of the underlying mechanism, the opportunities it provides for understanding 

the behavior of fibrous composites and analyzing integrated fiber problems, and strives for a recommended opportunity in 

experimental programs where intensive studies can make good output from SEM. 

Microscale surface morphology analysis of the tested FRC samples can be easily revealed by SEM observations. To have 

reliable information about the microstructure, a large number of images were collected and analyzed for various microscale 

studies using a scanning microscope of mixed fibrous concrete containing fly ash and bottom ash [5]. It was concluded 

from the SEM experiment that when mixing the concrete, this light, C-S-H gel, covered the top surface of the concrete. 

This confirms that the C-S-H gel acts as a major handle on the concrete core to achieve the required strength, which is in  

consistent with the results in previous studies. [6]. The morphological analysis such as interfacial bonding, dilation of the 

matrix, fibre pulling or fracture between the fibre and matrix in treated and pretreated condition was studies in the 

composites are examined and analyzed using SEM analysis  [7]. The investigation of thermal properties hybrid fibrous 

composites and its effects of chemical treatment was found using Thermogravimetric analysis (TGA), Dynamic 

Mechanical Analysis (DMA) and differential scanning calorimetry (DSC) and the correlation of change in fibre 

morphology was verified by SEM analysis [8]. 

In early 80s, SEM image analysis was used to study the surface morphology and fracture pattern during cracking. The 

separation of cracks, branching and the debonding of interface provide energy absorbing capacity of the steel fibre 

composite. This energy absorption was verified as additional effect to fibre pull out [9]. SEM analysis of broken specimens 

of shear and compression shows a considerable difference in the fibre-cement transition. For un-aged fibrous composites, 

the transition zone around the fibres was open and having gaps and microcracks, and this was accompanied by a greater 
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fibre pull out in contrast to fibre exposed to natural aging and carbonation. [10]. SEM analysis of Chemically Treated and 

untreated coir fibre micromorphology have shown different characteristics i.e. the former has partially split unit cells due 

to removal of wax and larger pits and the latter have uniform unit cell and shallow cavities due to lignin and fatty 

substances. and mechanical results are verified by the evidence of SEM observations. [11]. Carbon nano fibre and nano 

materials significantly increase the mechanical performance of concrete.  [12] observation of cracked surface in glass fibre 

reinforced cement revealed the effect of aging on the pull out of fibre from the matric during fractures.  The images obtained 

showed how the surface were modified and increased pull out of fibre from the matrix. [13] The plain-strain fracture test 

was conducted by applying load on the composite specimen on the y-axis in the direction of loading and causing the 

propagation of the crack and the ZX plane. Carbon fibers are likely to be attacked along the bead printing direction because 

of its behavioral characteristics. Therefore, in perpendicular samples, the associated fibers may not contribute much to the 

stiffness. Because of this, the inter-bead contributed negligently to the cracking conditions. In contrast, where the beads 

are aligned with the fracture plane and have contributed to the fracture elasticity. The fibers within the conventional overlap 

size should provide surface resistance So, a large amount of fiber resistance and uneven topography are expected from the 

surface of the perpendicular beam fractures. In the case of 45 oblique samples, both cracks contributed equally to the crack 

process during load application [14]. SEM analysis is crucial in fibre reinforced composites and to the best of author 

knowledge no research is done on revealing FRC behavior using SEM method. A systematic literature review of SEM 

analysis on durability of natural, synthetic and steel fibre will be helpful in the application of the fibres. 

2  SCANNING ELECTRON M ICROSCOPY 

The SEM is constructed of a high-resolution image with an electron optical strand that produces and concentrates the 

electron beam above the visible surface. An evenly sized plate eliminates the energy of the electrons that strike through a 

series of certain scattering events. In cement and concrete attachments this volume can be 2-3 microns in depth and width 

[15]. Scanning low-power electron from the upper parts of the chamber are reflected on the surface layer of the specimen. 

The complex comes from the applied industry and is a subtle signal that can be detected such as back electrons, secondary 

electrons and X-rays. The unchanged electrons have high potential as they are dispersed in the process depth and are 

measured by detectors and converted into high resolution images. Comparison of concentrated electronics is very efficient 

in detecting basic differences, often in material that is distorted, and topographical distortion can still be seen if the 

difference in the standard range is large [1]. The basic comparisons, in the case of compounds, are equal to the atomic 

number of substituted elements depending on their relative behavior [16]. 

2.1 Sample preparation 

Optimizing the SEM view set in a separated and soft spot is easy by comparison. Paste at the beginning of 2 hours can be 

optimized for SEM observation [17]. High resolution images without polishing allow the examination and identification 

of crystals in cracked, aggregated surfaces that can be composed of polished plates [18]. Backscattered electron images in 

the molded area were particularly sensitive to unwanted changes in the sample in preparation. The sample structure can be 

stabilized by adding a low viscosity epoxy due to the Vacuum installation method, which is why the unwanted change can 

be reduced [19]. Some investigators consider that the invisible and open wire circuits of both scattered electrons and 

scattered back electrons give sufficient results when compared to embedded and polished epoxy samples [20]). For the 

preparation of both compacted and molded samples for SEM testing including pre-test suspension, this procedure may 

alter the microlevel coating surface and results in smaller cracks.  

2.2 Image analysis 

Backscattered electron Images make provision of examining the specific gravities of different phases at microlevel analysis 

directly. The characteristics of hitting of electrons scattered from a specimen locality on the sample surface solely depends 

on the structure and atomic/compound number of the material at that position. It was established to possibly categorized 

four stages: grains of un-hydrated cement takes shape as bright, pores black, other hydrated compounds darker grey and 

calcium hydroxide light grey [19]. The Backscattered electron Images examination process is developing and is mostly 

used together with other imaging investigation tools. SEM method has made elaboration to  the systematic analysis of the 

different stages in cement composites with expanding refinements [21]. Voids in fibrous cement composites can be 

distinguished, with the help of high-resolution images in software analysis, with respect to absorption and porosity, grain 

sizes, distribution and their inter connectivity. [15]. Now, there is important progress on the hardware side, particularly in 

the environmental scanning electron microscope. Optimistically, this will mitigate the issues related to damages in sample 

during electron microscopy observations [22]. 

2.3 Usage of SEM 

SEM have been used by many researchers in the field of concrete and cement composites, the detailed literature of the 

various applications is given below. 
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a. The aggregate/paste interface 

The two-dimensional system of adhesion and bonding to concrete can be better understood by microstructure studies using 

SEM. The model for the relationship of porosity and tensile strength was also considered as a system for both coating and 

bonded surfaces [6]. The delicate center of the joint and the adhesive shown by its magnitude, have been considered as a 

weak concrete phase for some time. This is a sensitive, compound-bonded, repeatable C-S-H film [23]). The SEM studies 

of this crucial bonding in concrete are easily  understood using high resolution images. The space between the adhesive 

particles in the concrete is almost up to 100 microns, while the average compaction area and the adhesive are about 50 

microns. A thorough examination of this guide and how it can be modified or installed has greatly assisted in the 

construction of the concrete for the strength and desirable properties. [6]. 

b. Effects of various Admixtures on the microstructure and properties 

The installation of various admixtures has always played critical role in the manufacturing of desirable concrete these days 

to enhance its efficiency, strength, durability, decrease in dampness and cracking. Upgraded and new admixtures are still 

required for desirable properties. Mineralogical admixtures such as fly ash and silica fume, are widely used in advanced 

and local concrete. The small effects of the admixtures structure cannot be ignored in different studies [16]. The 

incorporation of various mineral admixtures alters the properties of the surfaces through immersion pores and grains [24] 

.A convincing conclusion was drawn from research on the related effect of silica fume on concrete and adhesive, the 

supplement did not improve the adhesion strength, but the synthetic concrete was stronger than the adhesive [15]. 

c. Many sites practice 

Higher elevated temperatures due to cement delivery, materials use, different handling or concrete than curing and concrete 

vibration techniques have an impact on concrete properties. [25] Redon and jean used SEM and other analyzes to determine 

the effect of the therapeutic regime on the concrete microstructure. It was confirmed that pre-treatment of the joints with 

cement-lubricant or sliding off of the fume reduced the absorption and durability of the adhesive and adhesive linings. 

Many studies have shown the improvement of the paste/aggregate surface by pretreatment of concrete constituent. 

2.4 Concrete durability 

Various investigators have studied the contribution and effects of other factors on the performance and durability of 

concrete, through SEM testing. This includes cracking results similar to those found in concrete with steam treatment [26]. 

Tightening the bonding and its strength at paste/aggregate zoning, and the importance of paste/ fine-aggregate interface 

instead of paste and coarse aggregate [27]. 

2.5 Output of SEM 

SEM is important for developing our learning of the inner properties of concrete. Cement hydrated products are not only 

complex but also have structural importance [26]. Structurally, the paste contains crystalline, quasia-morphous and 

amorphous phases. In terms of particle size, the ratio is about the size of a micrometer. The particle assembly to form an 

adhesive micostorganist, on a micro-morphological scale, is in the tens or hundreds of micrometers. SEM has good 

solutions to these calculations and has been widely used in systematic studies. There was an increasing interest in concrete 

research in the 1970s. Cement concrete studies under SEM revealed "internal product" (cement hydration by the 

incorporation of water molecules into a waterproof concrete), and "external product" (made from finishing and burning 

without concrete)[28]. 

3 SCANNING ELECTRON M ICROSCOPY IN FRC 

The multidirectional divided and oblique cracks were initially  studied in Steel fibre reinforced cement in SEM observation. 

The acetone and trichloroethane fibers of a smooth and clean surface were inspected under SEM chamber prior to loading 

[9]. The cracking pattern was also observed after the loading of the preferred behavior of the reaction coupled with the 

extreme adhesion of the cement paste to solid and solid steel. Internal recognition of the interface at the bottom of the 

frame indicates that the fracture mechanism in the matrix around the fiber is catastrophic, and in many cases, characterized 

by branches, sometimes terminated by the formation of small microcracks around the larger one. The effects of the 

chemical treatment on surface polypropylene fibers (PPF) and the relative strength of PPF reinforced concrete have been 

investigated by N. loavat et al. There were three treatment groups in this study, all containing polypropylene fibers, and a 

control group. The first and second treatments were performed by adding PPF to a solution of mild aleic acid and an 

alkaline solution of the B-H group respectively. Some failed samples were randomly selected and examined using the 

Scanning Electron Microscopy (SEM) method. This was used to investigate the characteristics of the optical interface 

between the concrete tray and the fiber surface. The polypropylene fibers failed to be deposited and gold was synthesized 
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prior to SEM examination. Acid carbon atoms are attached to the surface of the PPF, forming an incomplete bond. This 

will render the earth inactive and in the surrounding matrix of the cement and consequently allow crystalline growth of 

hydrated materials in the form of Carbon-Hydrogen crystals on the fibre surface [29]. 

 

The effect of microstructures and the interface on cementitious materials made with steel slag were studied by yue et al. 

cotton-based resin and cotton-formaldehyde resin were added with iron slag and cement at 2: 3: 5. The strength, flexibility 

and durability was assessed after being immersed in a mixing water for 24 hours. Microscopic composition of the hydration 

products was observed with SEM. The analyzed images show that the insoluble fiber surface was smooth and the  

formaldehyde-coated surface was well integrated with a gel that sealed the gaps in the matrix, the mechanical strength 

increased by 18%, and the water resistance significantly improved, that is well in line with the physical characteristics of 

the microstructures and the study results show that urea formaldehyde resin and fiber treated have good adhesion 

properties[30]. Attempts were made by [31] geng and leon to connect the extracting the fiber from the matrix to the 

microstructure of the material and the matrix interface. The microstructural characteristics of fiber (steel, nylon and 

polypropylene) / matrix interface were examined during the fiber pull out and debonding process. Because the fiber output 

was found to be weak for subsequent compression, microlevel studies were performed on the frictional frames and lateral 

compression. SEM and energy-dispersive X-ray (EDX) analysis was performed in four different phases: (a) before 

debonding; (b) immediately after debonding; (c) smaller sliding distance; and (d) the greater sliding distance. It was found 

that the molding area was placed under tension, while the steel surface was placed under plastic deformation. As discussed 

in the SEM study, when applying lateral pressure to the mortar during pullout of fiber, the effect of abrasion has been 

much greater on the steel fibers. 

 

Lu Shang et al [32] studied glass fiber reinforced cement composites (GFRCC) with Portland cement and high fly ash 

content as a matrix. AR glass fiber 12 mm long with 2% volume content was used as reinforcement. The effect of ash 

content, treatment duration, and accelerated aging on GFRCC were investigated. The addition of fly ash reduced the initial 

capacity in term of early strength of the GFRCC. The higher the fly ash content, the greater the reduction in strength from 

7 to 28 days, flexural strength improved again, and continued to increase after 28 days. A very poorly damaged AR glass 

fiber in the Portland cement matrix without being filled with ash after 1 day of rapid acceleration in 80 ° C was observed 

using SEM. Glass fibers from a matrix containing 60% ash showed more smooth AR glass after 1 day of rapid aging. D.A. 

Silva [33] investigated the durability of reusable PET fibers with the material having properties as shown in Table No. 1, 

that were embedded in Portland cement materials. Two separate testing methods were approved to study the degradation 

of fibers in cement matrix. For the first time, the fragments were observed by infrared spectroscopy and scanning electron 

microscopy (SEM) after their exposure to solutions of alkaline substance. In the second process, a fiber-reinforced mortar 

model was created and tested to find other mechanical properties. Fibers are immersed in Ca (OH) saturated solution with 

a Lawrence solution for 150 days at 5, 25, and 50 C and then performed microscopy, revealing details on the materials 

used to produce the mud. Mud samples were molded and stored in lime water for two weeks prior to the laboratory 

description and at 42, 104, and 164 days of age, mortar indicators were evaluated for compression and tensile strength. 

The thicknesses of the matrix fragments obtained from the split tensile test were observed by scanning electron microscopy 

(SEM), in order to detect any evidence of deformation in the cement paste. the results were in line with previous findings 

on cement materials that used low volume PET fiber in cementitious composites. Figure 1 shows the micrograph inside 

the mix after 164 days. As can be seen, the surface of the fibers appears to be very hard, indicating that the fibers are 

attacked by something from the cement paste matrix. SEM micrographs allowed the interpretations of the rate of 

degradation of fibers within the membranes after 164 days. All the analyzed fibers showed some apparent corrosion. In 

some regions, complete destruction of the pieces of fiber may occur. The adaptive performance of cement mixtures 

involving low frequency cold plasma treated polypropylene (PP) was investigated in this study. The Potential physical 

changes in surface layers of the fiber were detected by scanning electron microscope (SEM) on micrometer scales. The 

experimental results have shown that normal plasma treatment conditions lead to improvement of toughness of PP fibres 

in the composites. From the SEM observations and measurements of wettability, it was argued that the main mechanism 

for improving performance was the result of an increase in adhesion between the PP and the matrix [34]. A. A. 

Ramezanianpour et all studied the effect of polypropylene fibers on permeability in concrete. Water penetration, ultrasonic, 

and sorptivity tests were performed in order to signify the effects of PPF on durability. The study of microstructures and 

interfacial transition zone reveal that PPF can possible minimize permeability and porosity by pore blocking [35] 
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Figure 3. Micrographs showing the aspect of the PET fibres after 150 days of immersion in Ca(OH)2 solution at (a) 5C, (b) 25C, and 

(c) 50C, and in Lawrence solution at (d) 5C, (e) 25C, and (f) 50C [33] . 

F. Elgabas et al, experimentally studied that the physical, mechanical, and durability characteristics of basalt fiber-

reinforced polymer (BFRP) bars. Three types of BFRP bars were investigated and Analyzed results postulated that the 

BFRP bars were of satisfactory performance and can be classified in the same general class as grade II and grade III GFRP 

(according to modulus of elasticity). The results confirm that the basalt fibers and resins used in this study were not affected 

by this condition. The deterioration of the strength seen in the BFRP bars was included in the fiber-matrix, which confirmed 

the poor bond between the resin and basalt fibers, as confirmed by SEM [36]. 

Table No 1. Characteristics of PET fibres[33] 

Physical properties Melting (C) 252.8 

determined by DSC Crystallization (C) 95 

Mechanical properties Strength (MPa) 323.5 

 Elongation (%)  70.7 

Yield stress (MPa)  196 

Elongation (%)  7.18 

E (MPa)  41.0 

 Toughness (MPa)  17279.0 
 

Analysis of the morphological features before and after splitting tensile test was studied using scanning electron 

microscopy (SEM) technique to follow the failure examination in carbon fibre reinforced polymer (CFRP) and epoxy 

resins. SEM Micrograph analysis of the CFRP plate prior to the split test shows the presence of some manufacturing 

complexity and faults, which can alter the properties of the materials. Micrograph analysis after rigorous examination 

shows that the propagation of the crack begins in the zones nearest to production defects, which results in the pullout of 

carbon fiber rather than fracture. Thus, cracks propagate through the contact surfaces that affect the strength of the 

interaction between the matrix and the carbon fiber. For epoxy materials, microscopy experiments show that even though 

epoxies adhere to phase separation prior to complex experiments, the failure zone is defined by fine granular particles 

attached to the matrix, and the material fails aggressively when the force exceeds these bonds. The mechanism of failure 

of each element related to mechanical properties and the behavioral characteristics of  the matrix was understood by SEM 

observation [37]. The cross section between FRP and substrate is reported to be the weakest link to other FRP reinforced 

systems, such as FRP-concrete and FRP steel system. Compared to the FRP-concrete and FRP-steel, these findings 

confirmed that the wood substrate is a more sensitive surface than the interface of the FRP wood system. The wood adjacent 

of the composite material deteriorated faster than the existing connection with heat exposure. Such information can 

advance understanding of the fire behavior of FRP and wood, and provide the basic details of fiber design, attachments or 

materials for combating firewood with better fire resistance[38]. M. Usman investigated the effect of natural weathering 

on prestressed concrete girder made with steel fibre reinforced concrete and polypropylene fibre reinforced concrete. The 

specimens were exposed to natural environment for 36 months. The durability properties were investigated, and SEM 

analysis was done. SEM microgram of steel fibres in confined environment are shown in figure 2(a), since the fibre were 
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not exposed to natural environment and thus fibre are in normal condition and has no effect of rusting. The high-resolution 

SEM micrograph of the fibrous concrete exposed to natural environmental conditions are shown in figure 2(a) and figure 

2(b). The effect of natural weather was examined in the area around the steel fibre (SF) and it was concluded that steel 

fibre were rusted and concrete was in normal condition. The more high-resolution image in figure 2(c) verified that steel 

fibre corroded due to rusting and this was happened due exposure to atmospheric condition [39]. 

 

 
(a) (b) 

 

(c) 

 

Figure 4. (a): Steel fibre embedded in concrete in confined condition, (b) and (c):  Steel fibre in concrete exposed to natural weather 

conditions [39] 

V. afroughsabet et al investigated properties of hybrid-fiber-reinforced concrete (HyFRC) constituted with expansive Type 

K cement and addition of fiber volume fraction of 1%. The microstructural and mechanical properties of steel double hook 

end (DHE), steel hook end (HE) and polyvinyl alcohol (PVA) fibrous composites were studied. The addition of type K 

cement improved volume stability at drying condition and enhanced pull out resistance of steel fiber by 26%. The SEM 

micrograph of fiber embedded in paste as shown in figure 3 were investigated. As shown in figure 3(a) on a fracture surface 

of matrix having 0.5% PVA fibres. A half embedded PVA fibre in matrix (solid square in red) and the other end of the fibre 

(red dashed square) shows large deformation, possibly this could be a fracture too. This indicated that a very well embedded 

PVA fibre in the mix increased resistance against cracking. In figure 3(b) a very tight bond between mix and fibre was 

observed and the mix was still tightly attached to steel fiber even after fracture. The SEM observation therefore confirmed 

that the bonding between fibres and matrix was solid and could significantly increase the fracture toughness of the mix [40]. 

  

Figure 5. Microscale morphology of: (a): HE0.5 + PVA0.5 paste and (b):  DHE0.5 + HE0.3 + PVA0.2 paste after 28-day curing. 

�6�F�D�O�H���E�D�U�V���D�U�H�����������P�����5�H�G���V�T�X�D�U�H�V���D�Q�G���F�L�U�F�O�H�V���L�Q�G�L�F�D�W�H���G�H�W�D�L�O�V���R�I���3�9�$���I�L�E�H�U���D�Q�G���V�W�H�H�O���I�L�E�H�U�����U�H�V�S�H�F�W�L�Y�H�O�\ [40]  

4 LESSONS LEARNED 

Form the relevant literature review it is postulated that fibre reinforced composites enhance flexural performance, split 

tensile strength, toughness, ductility, microcracks resistance, corrosion resistance and reduces early age cracks.  Bridging 

of the fibre in the matrix enhances strength and ductility. Pull out of fibre can be decrease by certain chemical treatment 

of fibre and surface treatment as it makes the surface rough due to removal of wax. Analyzed fibre matrix interface have 

elaborated different morphology of rough and serrated surface and its possible output in the fibrous composites. Continuous 

phase and a granular phase elaborated through BSE, verified the distribution of fibres in the fibrous matrix. Fibre continuity 

and fibre alignment can alter the performance in cracking pattern, more finding can conclude its effects. fibre volume 
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fraction and resin volume fraction can be easily found through the study of high-resolution images and its outcome can be 

postulated with detailed studies of the matrix in different phases.  

5 CONCLUSION  

Following conclusions were made after extensive literature review: 

¶ SEM analysis supported the investigations of effect of Distribution of fibres, its continuity and fibre alignment 

on mechanical properties. 

¶ Surface treatment of the fibre make it rough and it can decrease the pull out of fibre from the matrix. 

¶ SEM analysis can verify the bond between fibre surfaces and matrix and hence porosity and absorption of the 

fibre reinforced composites 
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Abstract-The need for sustainable material from renewable resources in the field of 

construction has become necessary due to large consumption of resources.Fibers 

obtained from plants are renewable.This literature study analyzes specifically; fiber 

used in various research, processing techniques, mechanical properties and their 

bonding mechanism in cement composites.Factors affecting the properties of 

concrete such as fiber types,fiber characteristics are also studied.It also presents the 

results obtained from pull-out tests conducted on embedded natural fibers in concrete 

mix.The purpose of this research is to investigate the effect of different treatment at 

the surfaces of natural fibers including their bonding in cement matrix. Four different 

treatments have been considered for this specific review. These treatment includes 

hybrid treatment using combination of horrification and polymer pigmentation, 

polymer pigmentation alone, horrification alone and alkali treatment using calcium 

hydroxide. A significant portion of this review is based on future trends related to 

the utilization of natural plant based fibers acting as curing agents and also as bond 

capacity improving material in cement composites. 

Keywords- Bond strength, Natural fibers, Cementitious matrix. 

1 INTRODUCTION  

Construction industry is known as the most dynamic sectors throughout the world.Itcovers about 28% and 7% of employment 

both in skilled and unskilled areas, respectively. At the same time, construction sector is responsible for major depletion of 

large number of resources. The utilization of renewable resources in construction industry as a building material will 

facilitate to attain stable utilization pattern of resources. Concrete is the most used materialsin construction works because 

of its reliable compressive strength properties. Different fiber cement products are being produced which replaces mineral 

fiber by other fibers, i.e. PVA and polypropylene [1]. This shows a great change in field of construction to use plant based 

fiber cement material with properties same as synthetic fibers and are also cost effective as well as eco-friendly. Therefore, 

adding natural fibers in cement composites can be a better approach to attain sustainable construction. This study covers 

utilization of natural fibers in building material by reviewing past related publications. 

Natural fibers consist of cellular structure. With various composition of cellulose, hemi-cellulosesas well as lignin 

comprise of various layers.Cellulose and hemi-celluloses are polymers made glucose units and various poly-saccharides, 

respectively. In case of lignin, it contains a mixture of heterogeneous and amorphous of aromatic polymers and also phenyl 

propane [2]. Fibers with difference in properties shows different behavior towards cement mix. Natural fibers show higher 

value of tensile strength and lower value of elasticity modulus; this shows a better performance when compared with 

synthetic fibers. One specific and significant draw backs of using natural fibers is their variation in properties due to which 

they show unpredictable variation in concrete properties [3, 4]. Performance of concrete can be enhanced by treating 

natural fibers using various methods and chemicals. 

Cement composites along with aligned fibers shows tension-hardening behavior[5]. Researchers have used many models 

to predict the pull-out behavior of fiber based reinforced concrete. Naaman et al. proposed a method with bondïstressï 

slip relation of interface for fibers with smooth surfaces [6]. 

Naaman and Najm stated that fiber-matrix bond is influenced by four factors, (i) physical adhesion and chemical 

adhesion,(ii) mechanical component in bond, (iii) fiber interlocking, and (iv) friction [7]. Peled et al. studied that the 

friction stress for different matrices through pull-out behavior of natural fibers depending upon their mixture found to be 

2.76MPA to 4.96MPA[8,9]. This can help to predict the bond shear stress versus slip curve, keeping in mind that method 
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of back calculations can be applied in estimation of parameter by pull-out versus slip [10]. Naamanôs presented a model 

of analyzing result of pull-out test, to verify bond properties in different fibers. 

Therefore, due to demand of natural fibers for both structural and non-structural application in the field of civil engineering 

needs to be explored by latest use of technology like SEM,TGA. There is need to explore bond strength and pull out 

behaviour by the use of latest technology. 

2 SURFACES OF NATURAL  FIBERS 

2.1 Surfaces of natural fibers for better bond. 

The fiber amendment can be done based on three groups:1)physical treatments to improve their properties; 2) chemically 

treated fibers to increase interfacial bonding in fiber-matrix 3) both physical and chemical treatments of preserved good 

fibers.Physical treatments on the surfaces of natural fibers cause change in their properties and also in structure.This change 

in properties and structures of natural fibers ( NF) effect their bond with composites. However, treating natural fibers with 

compatible chemicals leads to change in their properties and structure. Alkaline treatments affect fiber surface in two ways: 1) 

Increase in surface roughness, 2) Increase in number of cellulose exposed at fiber surface causing better interlocking 

between fiber cement matrixes. For composites with good physical as well as mechanical properties, increase in 

hydrophobic nature of natural fiber is the best solution ,which will improve the bond matrix. 

2.2 Bond strength techniques. 

Micro-mechanical testing (pull-out, micro-bond, disintegration, hornification) are of significant importancefor 

describing bond relation between fiber and matrix in cement composites.The processes that occur at the interface, one 

of the best techniques is the direct examination of interfacial failures through micro-mechanical failures. It helps to 

determine the time when cracks start occurring and also to check the already calculated values with actual process. 

Thus, interfacial de- bonding process can be differ from other processes. The method involving the direct observation 

of cracks beginning  and spreading was developed and used in last few years, which caused significant improvement in 

data handling of micromechanical tests. 

a. b.                       c. 

Figure 1: Pull-out testing setup: (a) Testing machine, (b) Pull-out testingsetup (c) detailed sketch of pull-out testing 

setup [11] 

2.3 Bond strength investigation. 

In spite of all advantages of natural fibers, there are also some draw backs of using them, which limited their application 

with cement composites in construction industry.The inter-facial bond among natural fibers and that of cement composites 

is comparatively weak [19]. 

2.4 Bond strength. 

Natural fibers treated with different techniques and chemical leads to an improvement in their pull-out testing behavior. 

Fibers behave as bridge agent to createò bridging effectò in fiber matrix to enhance bonding strength between them. Adding 

natural fibers in concrete mix cause slip hardening during the process of pull-out testing. Fibers after horrification when 

treated with polymers, increase bond adhesion, that cause fiber fracture which is helpful for studying embedment lengths. 
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The difference in embedment length can lead to variation in pull-out mechanism. It can be noticed from the previously 

conducted studies that all treatments on NF results in improving their properties like, stiffness, adhesion and frictional 

bonding. 

3 BONDING BEHAVIOR OF FRC AND ITS APPLICATIONS  

Natural fibers obtained from raw materials of plants and vegetables are characterized by their compound micro-structure. 

But they offer great performance towards mechanical properties through tensile strength, which is commonly higher than 

the value of 200MPA [12-13]. Studies conducted on use of natural fibers shows their better properties and structure as 

compared to artificial and synthetic fibers. These studies describe that structure and properties of these fibers are somehow 

similar to those available in industry. While, to promote the use of natural fibers in construction industry as building 

material studies should be conducted on mechanism of bonding between natural fibers and cement composites. 

The figure-2 shown below gives a detailed review of natural fiber. Micro-structure of a NF consists of many fiber cells, 

joined together with many small lamellas. These lamellas contain hemi-celluloses and ligninas well. Every single fiber- 

cell in natural fiber micro-structure consists of further four major parts, which is primary wall of fiber cell, secondary wall 

with certain thickness, tertiary wall of fiber cell and lumen. Natural fibers are different due to factor, like;number and area 

of lumens, quantity and size of these fiber-cells,walls of secondary cell with thickness and the cross-section, but they show 

same morphology. 

 

Figure 2: Microstructure of a natural fiber[14] 

The factors such as lumen, fiber cells and secondary walls are reviewed for this specific study and few of these are 

presented(of specific fibers) in Table 1.. Example of fiber that consists of higher and lower lumen area are sisal, 

curaua and jute fiber. A single sisal fiber is made up of approximately 141 fiber cells with high lumen area value 

(about 5801 µm 2). while, Curaua fiber contain high amount of fiber cells (about 305) and lowest lumen area (about 

361 µm2) with diameter of (about 0.81 µm ).In case of jute fiber ,it is made of lowest quantity of fiber-cells (about 

26), with lumen area of about 1000 µm2[20, 22, 18]. It is a verification of the presence of hydrogen bridges 

hypothesis. Literature shows that the presence of hydroxyl group. in cellulose, hemi-celluloses and in lignin develop 

a great number of the hydrogen bonding among macro-molecules found inthe fiber cell of walls. 

Breakage of hydrogen bonds takes place because of humidity, which are again developed by hydroxyl group  when  

come in contact with water. This process of breaking down and again developing bond provoke swelling, as shown 

with a sketch in Fig. 3. Breaking down these bonds requires a high amount of energy. The number of cycles applied 

on fiber increase hydrogen bond, cause structural variation in walls of fiber and also increase the amount of AOH 

bonds.  Increase in this specific group cause an increase in hydrophobicity of lignin. The carboxyl groupswhen 

connect with new hydrogen bonds comes up with an increase in lignin macromolecule network [16]. 
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Figure 3: Schematic diagram showing swelling mechanism in wall of affecting bonding [15] 

The process develops an improved bond among lignin, cellulose and hemicelluloses, giving stronger material, excellent 

stiffness and good strain capacity. Literature also shows that the presence of covalent bond between lignin and that of 

hemi-celluloses is same as present in inhabitant wood [17]. These lignins are covalently bound to hemicelluloses and these 

are bound to the cellulose with broad hydrogen nbonds. 

Table 1: Nano-clay platelets with respective physical properties [21] 

Color 
Density value(g/cm3) 

Off-white 
1.99 

d-Spacingvalue (001)(nm) 1.89 

Aspect ratio value 220-1000 

Surfacearea value(m2/g) 751 
Size of Mean particle(lm) 6.1 

 

Natural fiber starts absorbing a major amount of water after some specific time. Under normal conditions natural fibers 

have capacity to absorb approximately 200% of theirrespective weight [18]. 

The presence of hemi-celluloses,cellulose and lignin in plant fibers are responsible for absorbing high amount of moisture. 

Ligno celluloses fiber keeps on absorbing moisture until it gets saturated with water. This water covers the available spaces 

present between fibrils. Thus moisture absorption capacity is being reduced by various treatments. It can be noticed from 

literature that hornified technique cause reduction in moisture content by 15%, while, alkali treated, polymer treated and 

hybrid treated fibers reduce moisture content by 17.5%, 25% and 50%, accordingly. 

Decrease in capacity of water absorption can be related with minor losses of hemi-celluloses and that of lignin, shown as 

TG analysis and the changes occur between chemical bonds making fibers further hydrophilic. In hornified treatment of 

fiber, moisture absorption capacity decreases after many cycles of wetting and drying . This process of wetting and drying 

increase the packing of fiber cells, while decreasing lumen. This result in minimizing moisture absorption capacity of 

fibers. For alkali treatment method, the mechanism is related to the removal of the lignin and that of hemi- celluloses, 

because of which it absorbs high quantity of water. Using polymer promotes for a coating layer, which specifically 

decreases its capacity to absorb water. In combination with hornification technique, it seems to be an effective method for 

high hydro-phobicity performance. It is believed that polymers penetrate in fiber cells ,this reduce the moisture absorption 

capacity of fibers. 
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4 DISCUSSION 

The use of natural fibers as building material in cement matrix has gained so much importance because of its ability to 

enhance weaknesses in mortars. Fibers present in concrete mix develop bridging effect along the cracks, which reduce 

cracking propagation. Therefore, natural fiber reinforced cement concrete (NFRCC) are referred because of their high 

tensile, flexural strength also due their ductile behavior and ductility resulted from cracks reduction. The factors controlling 

the post-cracking behavior in fiber reinforced cement concrete(FRCC)may effect the design criteria for FRCC members. 

The factors that control the post cracking behavior includes; fiber proportion, fiber structure, their distribution and position 

in cement matrix, their properties and their chemical bond with matrix. 

Micro-mechanical single fiber test can provide significant information related to strength of inter-facial bonding through 

the direct observation of cracks at their intiation and propagation. The inter-facial factors such as, interfacial shear strength 

(IFSS) and that of critical energy provide more reliable data than other conventional values. The values thus calculated 

had three independent micro-mechanical methods. The applied load to observe the distribution of shear stress 

experimentally along the interface of the produced cracks length shows the single shear lag produced due to applied load 

being function of internal failure. The stress and energy-based local failure criteria in similar way characterize the 

variations of interfacial bond quality upon fiber sizing for all systems investigated. By varying the size of natural fibers 

changes in IFSS are observed rather than aramid fibers because of various internal failure modes. The strength of natural 

fibers and those macro composites with sized as well as un-sized natural fibers correlates very well with bond strength 

investingated with the help of micro-mechanical testing such as pull-out testing etc. shown Figure3 below. 

Figure 3: Schematic diagram showing pull-out behavior [23] 

By increasing surface roughness, significant amendments can be done by above mention treatment as it results in 

disruption of hydrogen bonds in present network structure. It may develop a broad network of hydroxyl bond because 

of change in molecular hydrogen bonding. 

5 CONCLUSION  

Present research work presents all researchesôconducted in recent past years regarding use of natural fibers in cement-based 

composites, depending upon their preparation techniques, properties, their methods to improve bonding between fiber- 

matrix and proportions. Keeping in mind all the facts, following conclusions can be made: 

¶ Increase in embedment length cause an increase in pull-out force, however, no progress occurs in shear strength 

of bond after increase in embedded length from 10mm-40mm. 

¶ The hornification method of treatment seems to be the simplest solution to enhance mechanical properties as well 

as bond to cement system. These properties can also be improved during the process of wetting and drying. 
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¶ Properties of NF depend on their origin, structures,their age and also on their experimental condition (i.e. diameter 

of fiber, length of gauge, temperature). These properties can be improved by removal of impurities present on the 

surface of natural fibers which reduce water absorption and enhance properties related to fiber- matrix. 

¶ Removing impurities from the surface of the NF can facilitate the mechanical inter-locking also bond reaction 

that occur because of hydroxyl groupôs disclosure in chemicals for example resins and dyes. 

¶ The bond between fiber composites and that of concrete mix can be strengthened by adding a calculated 

proportion of fine sand into water epoxy coating. 

¶ In case of polymer treatment, high fiber-matrix bond can be achieved with better frictional mechanism and slip 

hardening. 

¶ Boiled fibers with thickness ranging from 0.30-0.35mm show more tensile strength than those with thin surfaces 

dried and treated with chemicals. 

¶ Change in embedment length can affect the bond strength of fiber and matrix. It has the highest embedded length 

value of 30mm. 

The results obtained from conducted research will pave path for detailed study and understanding of mechanical behavior 

of natural fibers in cement matrix. Above all, the study will look for structural application of NFRC members through their 

mode of response. 
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Abstract- The appropriate and proficient management of different types of fibrous 

materials is one of the major concerns by the agricultural countries. The plenty of 

natural as well as synthetic fibres from the last few decades are used by researchers 

for different civil engineering applications. The properties of fibres differ from each 

other depending upon their growing condition, harvesting and extraction method. 

The different fibre reinforced concrete are similar as of their texture apparently but 

differs structurally. Microscopic examination plays a vital role in identification of 

mineral composition. The microscopic study to explore micro-structure of fibre 

reinforced composites (FRC) needs to be done. A variety of methods are available 

for studying the material characterization at micro-level. This paper preliminary 

focuses on the characterization and efficiency of fibre reinforced composites through 

X-ray diffraction (XRD) test. XRD test is widely used to determine the cellulose and 

lignin composition. XRD test is most suitable for identification of crystallographic 

structure providing the crystallinity index as well. Similarly, Composition of lignin, 

cellulose and can be detected by use of XRD analysis. The detailed discussion on 

structural characterization is made. 

Keywords- X-ray diffraction, Fibre Reinforced Concrete, Material Characterization. 

1 INTRODUCTION  

The innovation of X-rays in 1895 by Wilhelm Conrad permitted the new applications possible in all major disciplines of 

engineering as well as scientific making the use of X-rays more beneficial. (Roentgen, 1895) [1]. The objective of this 

work focuses on the efficiency of XRD test for analyzing the material characterization at micro-level as shown in Figure 

1. In particular, Laue, Knipping and Friedrich initiated the study of crystals by X-rays and opened new possibilities to 

study the crystalline materials by using the X-ray diffraction to explore material characterization (Friedrich et al., 1913) 

[2]. The advancement in technological phase promoted use of X-rays like X-ray radiography, X-ray computer tomography, 

X-ray fluorescence spectroscopy etc. [4] The advance technologies are used for different composites study. The application 

of XRD method on crystals is a precise study of crystalline phase structure in a characteristic manner by the ability of 

crystals to diffract X-rays [5]. 

To date, having environment friendly materials is one of the current trends in the construction industry with the help of 

effectively utilization of natural fibres as an alternative of man-made or synthetic fibres in concrete [6-8]. Fiber reinforced 

concrete (FRC) for the use of structural applications has proven itself to be a comparable material due to its improved 

mechanical properties [9-11]. The use of fibres are seeking attention because of their light weight and improved mechanical 

properties [26]. Different industries like ceramic, polymer and construction industry have several applications of 

nanotechnology producing composites which are more improved and comparable mechanical and physical properties.  

[12]. The improvement of cementitious matrices and polymers for improving their fracture resistance and strength 

properties is greatly influenced by the use of cellulose and natural fibres [13,14]. Natural fibres are biodegradable, lighter 

and cheaper, than its equivalent man-made fibres. Wheat straw, cotton, rice straw, sisal, bagasse, flax, bamboo, hemp, 

banana, coir, and others are some of the examples of natural fibres [15-17]. Indeed, some obstacles which have limited the 

applications of fibres in the composites despite of all their advantages of fabrics and natural fibres. The FRC composites 

look apparently same because of presence of fibres but actually they differ structurally. Hence, having the different bond 

behaviour and different mechanical characteristics. The material characterization of natural fibres like jute, kenaf, hemp, 

coir, sisal and flax and their composites are explored by significant amount of research works and can be find on. The 

natural fibres particularly are in raw form having impurities in it. The fibres can be amended and make more effectively 
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incorporated. Physical and chemical methods are most adopted methods by which the surface of natural fibres can be 

modified which can make significant improvement in material characteristics. 

Figure 1: Material Characterization Techniques 

In engineering and material science field, the application of XRD method on crystals is a precise study of crystalline phase 

structure in a characteristic manner by the diffraction of X-rays and by the ability of crystals. The patterns recorded by 

diffraction analysis of the sample contains the influence of numerous micro- and macro structural features. With the, space 

group, macro stresses, peak position and lattice parameters the qualitative phase analysis or chemical composition can be 

examined. The information about the structure of crystals including occupancy, atomic position and temperature as well 

as quantitative phase including the texture can be obtained by the peak intensity. Therefore, the peak shape gives the 

detailed information about the sample micro-strains and crystallite sizes (Dinnebier and Billinge, 2008) [5]. In this study, 

the method of XRD and its material characterization with different composition level of crystalline and amorphous state 

of FRCs are discussed. The evaluation of XRD is emphasized on FRC in order to better understand the structural 

characterization in FRCs. The determination of crystallinity index of FRCs is also explained. 

2 OVERVIEW OF XRD METHODOLOGY  

2.1  Sample preparation. 

One of the most important requirements for XRD analysis is proper sample preparation. Sample preparation includes not 

only to remove undesirable substances by the precise sample treatments, but also appropriate and efficient techniques to 

get desirable thickness, orientation and particle size etc. To achieve good signal without distortion and fluctuation 

extremely fine grained sample are required for the analysis of XRD, and minimize preferred orientation to avoid spottiness. 

As reported by Brindley, 1980 and Cullity, 1978) [17], The recommended range of size for sample is around 1 µm to 5µm 

The mesh size of sieve 325 (45µm) is usually used for the sample sieving for the use qualitative evaluation of mineral 

components. 

2.2 Technology involved in XRD laboratory equipments. 

Generally, in labs stationary equipment is used. The main parts of the instruments for XRD are a sample holder, 

goniometer, primary and secondary optics with and an X-ray source having a detector as shown in Figure 2. Goniometer 

is essential part of the equipment and all  XRD equipments are equipped with a goniometer, The X-ray source are allowed 

to move through the goniometer which is the dominant part of the diffractometer, similarly in a very precise manner the 

detector and sample are placed relative to each other. While, the generation and acceleration of electrons is necessary for 

the generation of X-ray photons coming which can be done by the use tungsten filament. Generally, for the acceleration 

of electrons the voltage range between 20 to 60 kV are used (Spieß et al., 2009) [4]. For the production of X-rays 99% of 

the energy is dissipated in the form of heat and only 1% of the available energy is used for the generation of the radiation. 
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Moreover, the consideration of heating is a major issue which affecting the efficiency of the X-rays. Therefore, it is 

mandatory to cool down the system and instrument by using anode having continuous water cooling. While, limiting the 

beam intensity to 60mA and low current can be used in X-ray tubes. 

 

 

 

 

 

 

 

 

Figure 2: XRD equipment (D8 Bruker-AXS Advance Diffractometer [18] 

2.3 Employment Technique. 

Goniometer being the crucial part of the diffractometer which allows the movement of X-rays hereby all laboratory 

equipments of XRD are equipped with it. According to the purpose and required need of the measurement, particular 

sample holders e.g., automatic sample changing, continuous translation or sample rotation to achieve automatic sample 

positioning, etc., or considering the sample geometry a controlled preparation environment can be used. The use of glass 

plated can be done for powdered samples of amorphous polymer for carrying the powder. The additional rotation axes are 

generally required for the texture and residual stresses measurements, in addition to position these investigations of the 

sample are needed for these investigations.  

 

Figure 3: Employment Technique, a. principle of goniometer, b. ⱥ/ ⱥ goniometers, c. ⱥ/ 2ⱥ goniometers [18] 

The basic method of employment is shown in Figure 3. where the sample is fixed while, the detector as well as X-ray 

source moves, and at a fixed position Similarly, for the next round sample and detectors are moving with goniometer and 

the X-ray source is fixed. Both the actions can be done simultaneously depending upon the ability of detectors to read. 

2.4 Employment Technique. 

According to the peak height from the X-ray diffractogram, the Crystalline Index (CI) or degree of Crystallinity in 

cellulosic material technique can be determined by the established Segal empirical equation (Segal et al. 1959) [19], as 

shown in equation 1. 

a. b. c. 
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C.I =                       (1) 

Where: I200 is the maximum intensity of reflection by the crystalline plane of the cellulose at 2ⱥ and Iam is the maximum 

intensity of the amorphous part at 2ⱥ. 

 

 

 

 

 

 

 

 

Figure 4: Information about diffraction peak [18] 

In general, as a function of angle 2ⱥ the intensity distribution is extracted from the diffraction data. The information that 

can be extracted from the diffraction peaks is represented in Figure 4. 

3 REVEALED  CHARACTERISTICS OF FRC THROUGH XRD 

2ⱥ The mineral constituents as well as the textures (i.e. size, shape and arrangement of mineral constituents within the 

groundmass for both concretes are largely similar. However, microstructurally they are quite distinct. Many research by 

various researchers to study the change in the microstructure and surface morphology after the treatment of fibres are 

studied. The interfacial bonding can be improved by removing the cementing substances and impurities which can increase 

the effective area providing better interlocking and improved properties. [20-21].  Punyamurthy et al.[22] reported that the 

by the treatment of fibres the surface roughness can be increased this is because of the removal of hemicellulose and lignin 

removal . Symington et al. reported that excessive treatment of fibre can lead towards fibre cracking phenomena and can 

have adverse effect on mechanical properties of natural fibres. The examples of over treated fibres are kenaf, abaca, flax 

and sisal fibres  

 

 

 

 

 

 

 

 

 

Figure 5: XRD pattern of Bagasse Fibre Composite [25] 
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Fiore et al. subjected to the treatment of kenaf fibres improve surface morphology, which leads to increase the mechanical 

properties by the removal of surface impurities and other cementitious impurities, this was done by alkaline treatment of 

48 hours [23].  

The XRD analysis of the composites after the curing time of 28 days in water is shown in Fig. 5. Most commonly produced 

X-ray patterns are of crystalline materials like cristobalite and quartz. In the diffraction analysis both O and Si have long-

range atomic number and are arranged differently this arrangement of O and Si are reflected in the diffraction analysis. 

The O and Si atoms are organized differently, but both have atomic order of long range and the difference of their crystals 

structure are is reflected in the observed diffraction peaks. The broad scattered pattern of XRD analysis if observed by the 

amorphous glass because it does not have long-range atomic order. Fig. 6 shows the Quartz (SiO2) effect in the diffraction 

peaks. There is small presence and effect of hydrated compounds such as Ca(OH)2, CïSïH, and CaCO3. The content 

present of SiO2 in the mixture can increased due to the presence of micro-silica affecting its content ratio. Similarly, in the 

presence of water, reaction of silica (SiO2) with calcium hydroxide (Ca(OH)2) leads to the formation of CïSïH gel in the 

concrete mix. The peak of Ca(OH)2 in the diffraction can be disappeared. The formation of CïSïH gel can turn to increase 

the strength of composites because the amount of SiO2 decreases and more silica is used to react with Ca(OH)2 in the 

presence of water. Thus, calcite being the filler material in form of calcium carbonate contributes to enhance the strength 

of composites. This implies the formation of CïSïH gel comes in hydration reaction in which silica plays and important 

role. The presence of by-products such as calcium carbonate and calcium hydroxide are present but are in less ratio.  

One of the challenging part is the phase identification of nanoscale material by XRD because of nearly indistinguishable 

patterns obtained by the diffraction analysis. For example, Ag and Au have similar structure lattice and both are face-

centered cubic metals, which have broadened and scattered peaks obtained by XRD and is a tedious job which cannot be 

differentiated by XRD. Similarly, the XRD patterns of magnetite Fe2O3 and magnetite Fe3O4 two forms of iron oxide, are 

sufficiently similar with broad peaks, and they cannot be distinguished by XRD patterns. Differentiating the nitrides Ni3N 

and nickel carbides Ni3C or any hexagonal close-packed form can be similarly challenging. In these particular and other 

similar cases, the phase identification for additional characterization techniques are important [24]. 

4 RESEARCH FINDINGS / FINDINGS DRAWN / LESSON LEARNED 

Material characterization under the influence of various condition like treatment methods, absorption of water and loading 

methods etc.is an important aspect for the natural fibres and its composites to understand their behaviour. A visual or 

manual control and selection of peak needs to be done once the preselection of possible phases are defined for the selected 

pattern. The intensity variation from the ideal peak and due to the solid part or strain needs to be taken in part. The 

macroscopic strains as well as texture effects can be avoided for the case of fine powder samples, and therefore 

measurements and can actually match up to some extent with the theoretical patterns precisely. In contrast to all of these,  

Figure 6: XRD pattern of Bagasse Fibre Composite [24] 
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the engineering mechanisms and samples which are more solid can reveal the textures more strongly, large grains and 

therefore the poor diffraction and irregular peak shape or due to high conditions of microscope the peaks shift or scatter. 

The adoption of the present final phase selection by the user to be performed only, based on the required results and of this 

understanding about measurement conditions and measurement conditions of the investigated sample. For an ideal case of 

diffraction, all the peaks measured of diffraction obtained from XRD should be assigned to a phase. 

Crystallographic structure of sisal fibres was analyzed by Sahu [27] and reported that fibers mainly contain lignin, 

hemicellulose and cellulose. Cellulose is mainly composed of crystalline and that of amorphous structures, whereas the 

hemicellulose and lignin shows amorphous behavior. Development of the new hydrogen bonds among cellulose enhance 

crystalline percentage and crystallinity index of the natural fibers by treatment of fibres. The lignin part has amorphous 

structure and cellulose are crystalline in nature. The elimination of non-cellulosic parts makes fibre more crystalline and 

this is learned from XRD pattern. 

Table 1: .Variation of crystalline index and crystalline percentage of treated and untreated fibre composite 

Fibre Studied 

Maximum 

Intensity 

Angle (2-

Theta) at I200 

Maximum 

Intensity 

Angle 2 Theta 

at Iam 

Crystallinity 

Index 

Percentage of 

Crystallinity 

I200 2 ⱥ ï I200 Iam 2ⱥ ïIam CI % 

Sisal 4085 22.42 2246 15.98 0.45 64.52 

Treated Sisal 5814 22.38 2688 16.22 0.53 68.30 

 

Based on the prominent analysis of the FRCs, by the XRD pattern the source of the peaks can be confirmed. The observed 

peaks are represented in Fig. 6. The XRD pattern of the fibre reinforced composites show a peak at 2ⱥ, which represents 

the cellulose in form of crystalline constituents, the peak of amorphous denotes constituents like amorphous, lignin, and 

hemicelluloses. The treatment of natural fibres irrespective of any method the crystallinity index also tends to increase 

with their treatment. Most of this carbonation has taken place at the interface of the aggregates and few of them are 

associated with micro cracks and voids. On the basis of present investigation, it is concluded that the use of calcium stearate 

as admixture can enhance the strength and durability properties of concrete due to batter microstructure, formation of 

additional C-S-H gels and infilling of pores. Therefore, peak intensity tends to increase with the pretreatment of natural 

fibres and this pretreat of fibres can be done by various techniques such as chemical, alkaline treatments etc. 

5 CONCLUSION 

Since from the first experiment of XRD and the innovation of X-rays used for the crystals, among one of the most 

prevailing technique of art to explore material characterization is by mean of XRD methods. The design of high 

performance materials and their components have been strongly improved by the improved knowledge about properties of 

components, crystal structure and microstructure. Based on the review of XRD for FRC composites following conclusions 

are drawn 

¶ The sample preparation requires to be extremely fine grained to achieve good signal without distortion and 

fluctuation extremely fine grained sample are required for the analysis of XRD, and minimize preferred 

orientation to avoid spottiness. The recommended range of size for sample is around 1 µm to 5µm. 

¶ The interfacial bonding can be improved by removing the cementing substances and impurities which can increase 

the effective area providing better interlocking and improved properties  

¶ The crystallinity index may vary because of the present impurities and can be removed by treatment of fibres. 

¶ XRD is recommended to observe crystals behaviour, but for detailed investigations digital image processing 

techniques can be applied because of their advance revealing properties.   
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On the other side, In the present era present studies and new developments still ongoing, especially for the exploration of 

geometries, bonding of materials, complex material investigations and their applications. The advancements in the field of 

the high resolution XRD and energy-dispersive methods are opening new possibilities of investigations. 
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Abstract- Natural fibers in cementitious composites (NFCC) have been gaining 

popularity universal due to their application in low cost construction processes. In 

spite of the fact that there is wide scope of opening for natural fibers in cementitious 

composites, their long term durability performance under various exposure 

environmental conditions is still a question with unstable answer. Since several 

decades researchers have been working to dominate the durability issue by providing 

a correct technology for NFCC, actually possible product for different applications. 

This overview reveals a light on various durability mechanism of natural fibers and 

NFCC under several exposure environmental conditions, different techniques are 

accepted for enhancing the durability of natural fibers and NFCC. The durability 

improvement is encountered to be premier with the composites containing 

cementitious material than in plain fiber cement composites. Furthermore, 

incorporation/use of treated fibers in the treated matrix shows superior performance 

under durability testing. However, many studies necessity to be improved to confirm 

the existent improvement on durability of the natural fibers in cementitious 

composites. 

Keywords- Different Techniques, Enhancing Durability, Natural Fibers In Cementitious Composites 

1  INTRODUCTION  

Measurement of aging durability of natural fibers in cementitious composites, specimens for flexure test were placed into 

hot water saturated with lime and kept at a constant temperature of 70 ± 2 Cɞ and tested according to ASTM C1560-03 [1]. 

Accelerated aging test was performed for Vegetable fibers in natural weathering, specimens were placed into water for 

170 min at 20 ± 5 Cɞ, and then 10 min after they were dried for 170 min at 70 ± 5 Cɞ in an oven. Another cycle is started 

after 10 min, samples were immersed 200 accelerated aging cycles and test was recommended according EN 494 standard 

[2-3]. Water absorption test was performed at flax fiber, first sample was dried in a dehydrating oven at 40 Cɞ for three 

days, and then sample was immersed into distilled water at a room temperature. This test was stopped after 30 days, at 

each cycle, calculated weight of the fiber at dried and saturated conditions respectively. The related water absorption was 

calculated by (saturated weight minus dried weight) divided dried weight [4]. Jute fiber durability test was performed, first 

fiber was soaked in 100 Cɞ boiling water for 1h and then absorption moisture was evaporated for 2h at room temperature 

to fix specimens and then durability test was performed [5]. Environmental aging tests were performed by Bamboo fiber 

reinforced polymer and Bamboo Glass reinforced polymer, samples were immersed in water at 25 Cɞ and at 75 Cɞ for 6 

months 3 months respectively. Tensile tests were performed at the end of 6 months and 3 months for samples which 

immersed at 25 Cɞ and 75 Cɞ respectively [6]. Durability tests of vegetable fibers mortar composites were performed on 

the basis of flexure properties before and after exposures to various environmental conditions. Samples were placed to 

three various environmental conditions, first set of samples were placed into water at 18 Cɞ temperature, second set of 

samples were placed into London natural weathering conditions started from December 1994, and third set of samples 

were placed into wetting and drying cycles. Samples were tested after 6 months. Wetting and drying period was 7 days, 

samples were placed into water for a day at 18 Cɞ, and 6 days for drying at 23 Cɞ and 40% relative humidity [7].   

Natural fibers are used in cementitious composites to enhance the mechanical properties of the cementitious composites. 

Cementitious composites properties are reduced due to their durability problems, such as occur in aggressive and alkaline 

environments [31]. In durability conditions, mechanical properties of the NFCC were reduced like shear strength, flexural 

strength and flexural modulus   [8]. Some natural fibers maintained their tensile strength when fully wetted at room 
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temperature in humidity conditions, but others showed a significant decrease in tensile strength [9]. Sisal fiber has best 

mechanical properties with low density, however it has poor durability in alkaline environment, such as in cement matrix 

[10]. Flax fiber capability to moisture absorption, its durability resistance in humid environment is limited thus its 

application is restricted to semi-structural or non-structural interior products [11]. At moisture absorption of natural fibers 

bond in a polymeric matrix, the fibers hydro expansion can lead to reduction of the strength and stiffness, matrix cracking, 

over time associate losing of mass with water entrance [12]. Due to fiber mineralization and alkali attack in humidity 

environment is subjected to post-cracking strength and toughness reduction of the natural fiber reinforced composites [13]. 

Cellulose fiber reinforced cement composites gain strength and stiffness, but they are sensitive to moisture effects and they 

lost their durability with time [14]. Sisal and Coconut fibers reduced their strength when immersed in alkaline dilution, 

and date palm reinforced concrete had low durability performance when immersed in alkaline dilution [15]. In spite of 

vegetable natural fibers advantages, their production of cement base composites are limited due to their durability problems 

in environmental condition [16]. Sisal fiber durability problems are associated with increasing fibers fracture and 

decreasing in fiber pull out due to fibers attack by alkali, fiber mineralization, immigration of hydration products to lumens 

and fiber volume variation because of their superior water absorption [17, 32]. Fan palm fibers width were decreased when 

it were treated, using alkali treatment chemical method from 1 mm to a range between 0.6 and 0.9 mm [28]. The durability 

of natural fibers were related both external and internal environments, internal alkaline environment in cementitious 

matrixes were reduced the durability of natural fibers [30]. Short, discrete coconut fibers into high strength concrete 

reduced sulfate attacked on marine structures. Coconut fibers into high strength concrete retained crack propagation on 

marine structures, and it improved long term durability of marine structures compared to high-strength plain concrete, but 

degradation affected on fibers. To protect coconut fibers from degradation, treatment of the fibers is necessary [25]. 

Enhancing durability of NFCC were the modification of the matrix composites to remove or reduce the alkalinity of the 

composition [16]. Durability were improved of the natural fibers in cementitious composites by modified fiber surface by 

physical or chemical treatments to enhance their durability in cementitious composites [16]. Increasing durability of natural 

fibers in cementitious composites, a good solution is the replacement of Portland cement 30% and 20% by metakaolin and 

calcined crushed clay waste brick respectively [18]. Improving durability of sisal fiber composites by the help of matrix 

carbonation and soaking of the fibers in slurries silica fume [17]. Long term durability of natural fibers were enhanced by 

lower production of Calcium Hydroxide (only 50% normal Portland cement), reduced CO2 transpiration, and a sustainable 

and economical approach [19]. To improve the durability efficiency of natural fibers in cementitious composites several 

investigation were done including fibers saturation with blocking agents and water-repulsive agents, matrix sealing, 

decreasing alkalinity of the matrix, and fibers and matrix modification [20]. Saturated vegetable fibers in mortar reinforced 

composites had better durability behavior than in those with unsaturated fibers, colophony was very effective in the 

reduction of fibers mineralization in exposure conditions for saturated and unsaturated fibers [21]. Enhancement of the 

durability of natural fibers in cementitious composites are the sealing dry composites or coating of the fibers to prevent 

the effect of the water basically alkalinity, and decreasing the alkalinity in matrix by improving low alkaline binders [21, 

33]. Calcium-aluminate cement with 10% metakaolin content leaded to high durability of flax fiber reinforced composites 

materials [22]. Sisal fiber durability improved by treated of fiber by Acetic and Acetic Anhydride, and environmental 

condition had less effect on treated sisal fiber compared to untreated fiber [1]. Date palm fibers were treated by immersion 

in NaOH and Ca(OH)2 solutions, and showed better tensile strength and stiffness compared to untreated fibers thus it 

improved the durability of mortar matrix [29].Different techniques are considered to enhance durability of natural fibers 

such as fibers surface modification and matrix modification, replacement of the part of Portland cement with silica fume, 

slag and metakaolin, and early water curing with rich CO2 environment. This study will help to understand different 

techniques to enhance durability of natural fibers in cementitious composites. 

2 FACTS ABOUT REDUCING DURABILITY OF NATURAL FIBERS IN CEMENTITIOUS 

COMPOSITES 

2.1 Specification 

Measuring aging durability of natural fibers in cementitous composites, two set of specimens were tested under bending. 

Treated and untreated specimens were prepared from 77.2% of Portland cement type CPV-ARI, 12.8% of ground 

carbonated material industrialized from agricultural application, and 10% unrefined unbleached eucalyptus cellulosic pulp. 

Fibers were treated by slurry dewatering technique. Specimens were cured in two different conditions, Non-carbonated 

curing (NCC), and Accelerated carbonation curing (ACC). NCC specimens for first two days were kept in pertaining to 

weather chamber at 60 Co temperature and 90% relative humidity, and then kept under 25 Co in saturated curing until 28 

days. ACC specimens were kept for two initial days in pertaining to weather chamber at 60 Co temperature and 90% 

relative humidity, and then applied accelerated carbonation by releasing CO2 cycles into the chamber until the saturation 
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of the total environment. These cycles were performed until the absorption of the carbonation, and then specimens were 

kept under 25 Co in saturated curing until 28 days. All specimens were kept for 1 year in two different environmental 

conditions, natural weathering condition of the State of Sao Paulo, Brazil and soaking and drying cycles in laboratory. At 

soaking and drying cycles, specimens were placed into water for 170 min at 20 ± 5 Cɞ, and then 10 min after they were 

dried for 170 min at 70 ± 5 Cɞ in an oven. Another cycle was started after 10 min, samples were placed 200 and 400 

soaking and drying cycles respectively and then were tested according EN 494 standard [2, 3]. 

Table 1: Natural weathering condition of the Sao Paulo Brazil, and Soaking and drying conditions for test specimens  

 Set/Time   natural weathering, and soaking and drying conditions  

    

     28 days    1 year     

                                                       

Natural weathering  First 2 days water curing at   State of Sao Paulo, Brazil 

Condition   60 Co and 90% RH;    Annual RH = 84%;  

               Reaming water curing   Annual temperature = 21.4 Co 

                 Until 28 days at 25 Co    Annual rainfall = 2310 mm 

Soaking and drying   First 2 days water curing at   Soaking at 20 ± 5 Cɞ for 170 min 

Condition    60 Co and 90% RH;    Drying at 70 ± 5 Cɞ for 170 min 

    Reaming water curing    200 soaking and drying cycles, and 

    Until 28 days at 25 Co    400 soaking and drying cycles 

 

2.2 Technology Involve 

Universal Testing Machine Emic DL - 30000 was used to perform the bending test. It has two spans upper and lower. 

Upper span and lower span lengths were 45 mm and 135 mm respectively. For the determination of the mechanical 

properties the deflection rate was 1.5 mm/min. A deflectometer was used in the middle of span to collect deflection during 

the test [2, 20].  

 

 

 

 

 

 

 

 

Fig. 1. Four point bending test [19]. 

 

2.3 Method implementation 

For determination of mechanical properties, (1)-(3) equations were used as described by Tonoli et al in detail [26, 27]. 
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Where MOR is the modulus of rupture, LOP is the limit of proportionality, MOE is the modulus of elasticity, Pmax is the 

maximum load value, Lv is major span, Plop is the load at the upper point of the linear portion of the load-deflection curve, 

m is the tangent of the slope angle of the load vs deflection curve during elastic deformation, and b and h are the specimen 

width and depth respectively.  

For the determination of the specific energy as the total absorbed energy during the test divided the cross sectional area of 

the specimen. Absorbed energy was calculated by load-deflection curve integration up to the point in which 30% reduction 

of the maximum load occurring in a load currying capacity [2].   

3 DURABILITY METHOD IN CEMENTITIOUS COMPOSITES  

Evaluation of the durability performance of the natural fibers in cementitious composites, laminates were created and 

tested under flexural subjected to before and after an accelerated aging. Each sample was prepared from 5 layers nonwoven 

flax fibers saturated in paste matrix, and piled after the immersion in a drilled and subjected to a vacuum in an absorption 

chamber. Then samples were compressed under 3.5 MPa and cured at 20 ± 1 Cɞ and 90 relative humidity for 28 day, this 

principle for the lamination of 12 mm thickness (Fig. 2). Two plates were prepared of 300 x 300 mm2 per sample 

composition. Half of the specimens were tested after 28 days curing and remaining half were tested after the process of 

accelerated aging after the curing of 28 days. Accelerated aging had 250 wetting and drying cycles performed in an 

automatic chamber (CCI Calidad, Span). Every cycle was started with specimens immersion into water for 3 h at 20 Cɞ 

and then dried for 3 h at 20% relative humidity and 60 Cɞ. Flexural test was performed with an Incotecnic Universal Testing 

Machine, equipped with a 3 kN load cell and a 4-point bending device with 270 mm and 90 mm support span and load 

span respectively. Test was performed at rate of 5 mm/min and mechanical properties were determined from the curves 

[22]. 

 

 

 

 

 

 

 

 

 

Fig. 2: composite samples preparation. (a)-(c) nonwoven fabric immersion process in cement paste. (d)- (f)  

For the elimination of excess water vacuum is applied, after the placing of reinforcement into the mold. (g) 5 layers of 

cement-nonwoven-cement layer are prepared up to reach into the required thickness, and then under a higher pressure the 

compaction is currying. (h) Before curing composite specimens. (i) Cutting of the samples showing nonwoven layers [22}. 

Investigation was done on sisal and coconut fibers reinforced mortars. Control specimen was preferred from ordinary 

Portland cement mortar matrix, specimens were reinforced with short 25 mm sisal or coconut untreated distributed fibers 

and long 375 mm sisal untreated aligned fibers. Fiber friction was 3%, 2% short fibers and 1% long fibers were used in 

investigation. For the better incorporation of the fibers in matrix long fibers were immersed for 10 min in slurry silica fume 

and then dried for 15 min in air. Four different types of treated specimens were preferred, one set of specimens were 

preferred from (0.6OPC+0.4slag) 40% ordinary Portland cement (OPC) replaced with slag, another set of specimens were 

preferred form (0.9OPC+0.1silica fume) 10% OPC replaced with silica fume. Third set of specimens were preferred from 

(0.6OPC+0.4slag) and fibers were immersed in slurry silica fume, fourth set of specimens were preferred from 

(0.9OPC+0.1silica fume) and fibers were immersed in slurry silica fume. Test specimens, each measuring was 400 x 100 
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x 15 mm, and tested under bending after 28, 109, and 365 days respectively. The durability of the vegetable fiber reinforced 

mortar composites were measured before and after exposured to different environments on the basis of flexural properties. 

Results were indicated that increasing early water curing period decreasing the carbonation depth. Fibers were treated in 

slurry silica fume to create around the fiber low PH value to reduce or avoid alkaline attack and for the transportation of 

calcium products to the fibers. OPC was replaced 40% and 10% with slag and silica fume respectively, for the treatment 

of the matrix to reduce alkalinity and improved the durability of the matrix. Early cure of vegetable fiber reinforced mortar 

composites in a rich CO2 environment is another way to improve the durability of the matrix with aging. The durability of 

the matrix was improved by the decreasing the alkalinity of the matrix [7]. The mechanical properties of the matrix were 

increased with treatment of the fibers by silica fume and slag. Table 2 showed that post-crack flexural strength of the 

matrixes were enhanced by the replacement of the ordinary Portland cement with slag and silica fume, and also it enhanced 

by the immersion (treatment) of the fibers in slurry silica fume. 

Table 2: Comparison of post-crack flexural strength for different specimens  

Mix  Mix proportions of mortar Treatment applied     Fiber types          Volume         Condition: 46 wet-dry 

  (By weight)                   Friction   Cycles, post-crack  

         (Cement: sand: water)                  Vf  %   Flexural  strength 

(MPa)  

                                                                                                                                                                                  After 322 days 

                    

M1S2S1  1:1:0.4   Non-treated  Sisal  S2S1=3  3.06  

M1C2S1  1:1:0.4   Non-treated  Coconut + Sisal C2S1=3  3.79 

M1slagS2S1 (605 OPC+40% slag):1:0.4 Replace 40% OPC  Sisal  S2S1=3  2.9 

     With slag 

M1msS2S1 (90% OPC+10% MS):1:0.46 Replace 10% OPC  Sisal  S2S1=3  4.44 

     With silica fume 

M1S2S1i  1:1:0.4   Aligned immersion of fiber Sisal  S2S1=3  5.06 

     In slurry silica fume 

M1slagS2S1i (60% OPC+40% slag):1:0.4 Replace 40% OPC  with Sisal  S2S1=3  5.12 

     Slag + fiber immersion 

     In slurry silica fume 

M1S2S1cab 1:1:0.4   109 days carbonation Sisal  S2S1=3  6.39 

M1C2S1cab 1:1:0.4   109 days carbonation  Coconut + Sisal C2S1=3  5.39 

  

  

 

4 LESSON LEARNT  

 

Result showed that composites which were made from non-dried flax fibers and resin were low sensitivity to moisture 

compared to those composites which were made form dried flax fibers [34]. Non-dried flax fibers composites were 

enhanced the flexural strength and modulus of elasticity compared to dried flax fibers composites [34]. Replacement 15% 

cement with silica fume and 8% cellulose fibers content were improved the mechanical strength and durability of the 

cement paste composites for bore well [35]. Cellulose fibers were enhanced the mechanical strength of the matrix, and 

replacement of the cement with silica fume enhanced the durability of cement paste composites [35]. Palmyra natural 

fibers were treated by 4% stearic acid to improve the durability. Experiment showed that treatment of the fibers by stearic 

acid lead to reduce moisture diffusivity and enhanced the durability of the Palmyra natural fiber composites under different 

wet environment and temperature [36]. Investigation was done on three different flax fiber reinforced composites, 

untreated, pre-treated, and treated by zirconium dioxide coating. Fibers were embedded in cement paste and tested after 

90 days, untreated and pre-treated fibers retained 41% and 31% their initial strength respectively, while zirconium dioxide 

treated fibers retained 96% initial strength.  Fibers treated by zirconium dioxide improved their durability in cementitious 

composites [37]. Treated and untreated jute fibers were investigated, fibers were treated combined alkali modified (0.5% 

NaOH, 24 h) and polymer modified (0.125% carboxylated styrene butadiene rubber) successfully. Treated fibers had more 

tensile strength compared to untreated fibers in different exposure conditions [23]. 

Vegetable fibers durability performance in cementitious composites can be increased with curing conditions. Investigation 

showed that increasing initial water curing period, decreasing the carbonation depth in vegetable fiber composites matrix. 

Thus increasing early water curing period in a rich CO2 environment can be improved the durability of vegetable fibers in 
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cementitious composites with aging. The durability of natural fibers cementitious composites were enhanced with 

treatment of the fibers by slurry silica fume. Another way to improve the durability of natural fibers in cementitious 

composites is the replacement of the ordinary Portland cement 40% and 10% with slag and silica fume respectively. Slag 

and silica fume reduce the PH value of the matrix, thus it reduce the alkalinity of the matrix and improve the durability in 

different environmental conditions. Vegetable fibers durability were enhanced in reinforced cement mortar with saturation 

of the fibers, because colophony was effective in the reduction of the fibers mineralization in exposure conditions. Coating 

of the vegetable fibers with different chemical material also enhanced the durability of the natural fibers in cementitious 

composites.  

  

A good solution to enhance the durability of natural fibers in cementitious composites is the replacement of Portland 

cement 30% and 20% by metakaolin and calcined crushed clay waste brick respectively. Durability of the natural fibers 

were enhanced with surface modification of the fibers and matrix modification. Fibers surface modification was done with 

saturating of the fibers by slurry silica, stearic acid, silane, natural resins, bariumnitrate, formine, etc. and matrix 

modification was done by replacement of partially ordinary Portland cement with pozzaolanic materials such as fly ash, 

slag, metakaolin, silica fume, etc. Alkaline treatment of the fibers showed better performance in reduction of water 

absorption capacity, and modified surface of the fibers. Usually alkali treatments of the fibers are done with immersion of 

the fibers in NaOH, KOH, Ca(OH)2 etc. solutions. One of the investigation showed that treatment of the hemp fibers in 

NaOH solution enhanced the flexural strength 39% compared to those hemp fibers which were untreated. Durability of the 

natural fibers can be enhanced with beating and bleaching of the fibers, beating and bleaching is a type of mechanical 

surface treatment of the fibers. Treatment of the wood fibers with silane contents had better durability performance with 

aging, and also this type treatment improved the compressive strength and compressive toughness compared to untreated 

wood fibers. Pulping of the natural fibers is another technique to enhance the durability of the matrixes. Pulping removes 

the lignin (a material causing degradation effect) in greater extent and provides better durability and mechanical behavior 

for the composites.  

5 CONCLUSION  

Various types of natural fibers such as sisal, coir, banana, hemp, jute, kenaf, rice husk, human hair, horse hair, etc  are 

widely used in low cast construction. Different unwell effects associated with natural fibers due to water connectivity and 

degradation under alkaline solutions. These ill effects cause the natural fibers to be little used for long service life under 

different climatic conditions. There are several techniques to improve the durability of natural fibers in cementitious 

composites. 

¶ One of a good solution to enhance the durability of natural fibers in cementitious composites is the replacement of a 

part of Portland cement with metakaolin and calcined crushed clay brick. 

¶ Durability of the natural fibers can be enhanced with surface modification of the fibers and matrix modification. 

¶ Fibers alkaline treatment modify fibers surface, reduce fibers water absorption capacity, and improve fibers durability 

in matrix. 

¶ Early curing in a rich CO2 environment can be improved durability of the vegetable fibers in cementitious composites. 

This study demonstrates different techniques to enhance durability of natural fibers in cementitious composites. It shows, 

that natural fiber cementitious production will have been found better options for enhancing durability for different civil 

engineering applications. 
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Abstract Geopolymer concrete (GC) is considered as environmentally friendly 

concrete as compared to traditional concrete. As the formation of GC involves the 

addition of liquid Alkali Activated Materials (AAM) which is hazardous to the 

human skin. Hence, this research has been conducted to use activators (sodium 

silicate and sodium aluminate) in powder form along with Wheat Straw Ash (WSA) 

and bentonite for making GC.  Different combinations were used for making mortar 

as 100% Bentonite, 20% WSA, and 80% Bentonite, 30% WSA, and 70% Bentonite. 

In all these ratios 10% sodium silicate in each sample with w/b of 0.4. Bentonite and 

WSA are used because these materials are pozzolanic in nature and can replace 

cement. Samples containing 80% WSA and 20% bentonite with a w/b ratio of 0.3, 

0.4 and 0.5. 0.4 yields the highest compressive strength of 26 MPa. Hence, this ratio 

can be used in the future to further explore the behavior of GPC.  

Keywords- Ordinary Portland Cement (OPC), Geo-Polymer Concrete (GC), Alkali Activated Materials (AAM), Wheat 

Straw Ash (WSA), Carbon Dioxide (CO2), Super Plasticizer (SP), Sodium Silicate (Na2SiO3). 

1 INTRODUCTION  

Construction industries are increasing day by day due to an increase in the demand for the development of infrastructure. 

In today's world concrete is widely used as a construction material due to its low cost, high strength, mouldability and 

high-temperature resistance which requires low or no maintenance. During the formation of concrete, the essential 

component (cement) is added in it which affects our environment by emitting CO2 and Nitrogen oxides [1]. From previous 

studies, it can be concluded that by the production of 1 ton of cement release approximately 1 ton of CO2 to the atmosphere 

[2], this amount adds up to 7% of CO2 which is contributed towards global warming. Another major issue that contributes 

towards global warming is the burning of cropôs waste into ashes. So, to tackle this issue the researchers have worked and 

suggested that instead of disposing of the waste it shall be incorporated into concrete that could reduce the negative impact 

of CO2 on the environment. Besides, it could add to the internal properties of concrete (micro-structure properties) [3]. To 

minimize the usage of cement, alternatives solution is founded by researchers such as Geo-Polymers are introduced. It is 

formed by utilizing the waste materials. The main constituents of Geopolymer are Silicon and Aluminum which are 

provided by thermally activated natural materials (kaolinite) or industrial by-products such as Fly Ash, Rice-Husk Ash, 

Wheat-Straw Ash and alkaline activating solutions which polymerize these materials into molecular chains and network 

to create a hardened binder. Wheat straw is a byproduct of wheat that is commonly disposed of on a large scale. Even 

only in Pakistan for every 4 tons of wheat grain, 6 tons of wheat straw is produced [4].  The global estimated production 

of wheat from 2016 to 2017 was about 750 million tons [5]. WSA possess pozzolanic properties which is found by 

performing X-Ray Fluorescence (XRF) test that shows that WSA contain amorphous Silica and Alumina and has the 

potential to be used as a pozzolanic material, which is capable to replace cement partially [6]. Beside that it gives high 

compressive strength. So controlled burning of wheat straw is preferred at 600°C and at this temperature it showed best 

pozzolanic performance [6].  
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Figure 1: Flow chart of Wheat-Straw Ash 

Bentonite is the commercial name of a whole range of natural clays with a high-water absorption capacity. Bentonite may 

contain a variety of accessory minerals in addition to montmorillonite due to its pozzolanic property [7], it can also be used 

in addition to WSA. 

 
Figure 2: Bentonite 

One-part Geo-polymer concrete is new technique in Geopolymer field in which activators are used in powder form.  In 

our research work geopolymer is formed by using waste of agricultural material such as WSA with the combination of 

Bentonite in order to replace cement fully.  

Research significance of our research work are: 

¶ To contribute in reducing the CO2 emissions by cement production. 

¶ To achieve durable and workable geopolymer concrete based upon WSA and Bentonite. 

¶ To make the best use of waste material in concrete for an eco-friendly and sustainable environment. 

Many researchers have worked on a one-part geopolymer by substituting different alumina-silicate activators partially with 

cement, however no detailed and systematic studies have been designed on WSA and Bentonite fully replacing cement. In 

this research work we are substituting WSA and Bentonite with cement fully. 

2 EXPERIMENTAL PROCEDURES 

2.1 Testing 

Testing has been divided into two phases; the first phase included XRF while the second phase included compressive 

strength test. 

2.2 First phase Testing 

a. X-ray fluorescence (XRF) 

XRF test will be performed to determine the qualitative and quantitative elemental composition of WSA. The WSA 

particles would be excited by the primary X-ray source and each element present in the WSA sample produces a set of 

characteristic fluorescent X-rays that are unique for a specific element. 



          2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering 

       Capital University of Science and Technology, Islamabad Pakistan 

66 

2.3 Second Phase Testing 

b. Compressive Strength Test 

For assessment of the compressive strength of the mortar, samples were cast in cubes of the standard dimensions of 2in x 

2in x 2in. The sample, after its desired curing period, was placed in a Universal testing machine with its hardened face-up, 

on the plates of the machine. The sample was placed align to the axis of the machine. The final load was recorded which 

was divided by the cross-sectional area to compute the compressive strength. Moreover, for a single test, an average of 

three samples was taken.  

3 RESEARCH METHODOLOGY   

a. Materials 

b. The summary of all the materials that have been used throughout the testing has been given below: 

c. Fine Aggregate  

d. The fine aggregate that has been used was taken from a quarry near COMSATS University Islamabad, 

Abbottabad Campus. The sieve analysis was performed using ASTM C136-01. The sieve analysis gave a 

Fineness Modulus of 2.64. 

3.1 Wheat Straw Ash: 

The Wheat Straw Ash that has been used, as a replacement of Cement. Wheat Straw was acquired from Abbottabad, 

Khyber Pakhtunkhwa Pakistan. The Wheat Straw was burned at 600 ºC for 2 hours in Muffle furnace to obtain Ash then 

it was grinded for 2 hours in grinding mill.  

 
Figure 3: Wheat Straw Ash at 600 ºC 

3.2 Bentonite:  

Along with Wheat Straw Ash, bentonite was also used as a replacer for Cement. Bentonite was acquired from Azakhel 

Waziristan Khyber Pakhtunkhwa Pakistan. Calcium Bentonite was used. Calcium Bentonite first was ground to powder 

form and then was passed from sieve no 200. 

3.3 Mixing Water: 

The water that has been incorporated into mortar was the ordinary tap water of COMSATS University Islamabad, 

Abbottabad Campus.  

3.4  Sodium Silicate (Na2SiO3): 

During the whole research, Na2SiO3 in dry powder form was used. The anhydrous form of Na2SiO3 was used. The Na2SiO3 

is Alkali-Activated Activator which is used in sample preparation to activate the Silica and Alumina present in the WSA 

and Bentonite. The properties of Na2SiO3 are given below: 
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Table 1: Properties of sodium silicate (Na2SiO3) 

Colour                                  white 

 

Form                                   Powder (Anhydrous) 

 Molecular weight                122.063 g/mol 

3.5 Super-plasticizer 

After mixing all material along with water, the sample did not attain enough workability, so to enhance workability super-

plasticizer was added. 

3.6 Mix Proportion: 

To perform the whole experimentation, a mix of 2kg sample was prepared on a ratio of 1:1 (1 part of WSA and Bentonite 

and 1 part of sand). Initially, the water-binder (w/b) ratio was 0.3 and was increased gradually. The activator Na2SiO3 has 

been used as 10% of the total sample mix. The complete mix design has been summarized in Table below 

 
Table 2: Mix Design of Geopolymer Concrete 

      Bentonite   WSA   Activator    WSA   Bentonite   Na2SiO3   Sand   Water   SP   Water/Binder  Ratio (w/b) 

          (%)            (%)         (%)          (g)            (g)            (g)            (g)       (g)      (%)                  (%)   

           0.7             0.3          10           300          700           200        1000       300       3                    0.3 

           0.2             0.8          10           800          200           200        1000       400       2                    0.4 

           0.1             0.9          10           900          100           200        1000       500       2                    0.5 

3.7 Mixing 

After adding all materials, they were dry mixed for 20 minutes in Mixer, after dry mixing water was added and again 

mixed for 5 minutes. After that it was found that the sample was not enough for work. So, to increase workability 2% 

super-plasticizer was added, and then the sample was mixed for 5 minutes to achieve desire workability 

        

Figure 4: Sample of Mortar and Mixer Machine 

3.8 Sample Curing 

3.9 Heat Curing 

After casting samples, moulds were placed in the oven-drying machine at 70 °C for 24 hours. After that samples were left 

in the open air. 
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Figure 5: Sample after heat curing 

3.10 Exposed to Atmosphere   

After heat curing samples were kept in the open atmosphere for 3, 7, and 14 days. After that samples were tested for 

compressive strength at 3, 7 and 14days. 

4 RESULTS 

4.1 X-ray fluorescence (XRF) 

XRF was performed on the Wheat Straw Ash which was burned at 600 °C for 2 hours in Muffle furnace in order to obtain 

the chemical composition of the ash which is given in the table below. According to the standard ASTM C618, in order 

for a material to be classified as a pozzolana its (SiO2 + Al2O3 + Fe2O3) should be equal to or greater than 70%. 

Table 3: XRF test results 

Chemical Compounds (%)                                                  WSA at 600 °C 

SiO2           77.4 

K2O          5.4 

Al 2O3          1.5 

Fe2O3          1.3 

CaO          3.9 

MgO          1.9 

TiO2          0.97 

LOI          5.6 

(SiO2 + Al2O3 + Fe2O3)         80.2 

 

 

4.2 Compressive Strength Test 

The compressive strength results of the one-part geopolymer mortar samples at 3, 7, and 14 days are provided in Figures 

6. The results reflected that the early age strength of a one-part geopolymer is greater and later on strength. It can be seen 

because a one-part geopolymer gains its maximum strength at 3 days after heat curing at 70 ºC in an oven. Moreover, the 

compressive strength of the samples formed by 80 % WSA and 20% Bentonite is higher than the samples formed by 90% 

WSA and 10% Bentonite, 30 % WSA, and 70 % bentonite because of the shrinkage cracks that were appeared on their 
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surface. It was concluded that strength depends upon the percentage of activators that generate alkali base reactions in it 

and the initial heat curing after casting.   

 

 
                             Figure 6: Compression strength results of mortar samples at 3rd, 7th and14th days. 

 

5 CONCLUSION  

Following conclusions can be drawn from the conducted study: 

¶ The early age strength of a one-part geopolymer is greater than later strength. 

¶  One-part geo-polymer gains its maximum strength at 3 days after heat curing at 70 ºC in an oven. 

¶ Comparatively high compressive strength was of the samples formed by 80 % WSA and 20% Bentonite. 

¶ Higher bentonite ratios cause shrinkage cracks that appeared on the surface. 

¶ Strength depends upon the percentage of activators that generate alkali base reactions. 

The above conclusions indicate that the One-Part Geopolymer Concrete can be used where early-stage strength is required 

because it gains its maximum strength in 3 days after heat curing in an oven. It also indicated that by using higher 

percentage ratios of either WSA or Bentonite reduces Strength. 

PRACTICAL IMPLEMENTATION  

The application of geopolymer is same as the cement concrete but leading the world towards sustainability geopolymer is 

preferred. Geopolymer concrete is used for construction of pavements, retaining walls, water tanks and precast bridge 

decks and in the structure which are prone to sulfate attack. Recently the four-story structural building for public use is 

constructed using geopolymer concrete by the University of Queenslandôs Global change Institute. Another example is the 

building of Toowoomba Well camp Airport in which Geopolymer concrete was used.  
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Abstract- Flow resistance in channels carries prime importance for different purposes 

like evaluation of stage-discharge relationship. All relationships among Manningôs 

Roughness Coefficient (N) and Froude Number (Fr) result in obtaining valuable 

information concerning design of an economical section, implementation and reducing 

the cost of construction. Fiber Reinforced Concrete (FRC) is strongly gaining attention 

of researchers which is credited to its improved properties. The necessity for optimal 

design of water-conveyance structures offers a wide range of research in the field of 

Water Resource Engineering. A review carried-out on optimal channels design specifies 

that alteration of Manningôs Roughness Coefficient (N) with water depth has not been 

considered. This study primarily focusses on this variation of roughness coefficient in 

design of lined canal with the fiber-reinforced composites. So, the substantial difference 

regarding the results achieved for both scenarios, roughness coefficient of FRC compared 

with the conventional roughness coefficients of materials validates the need for 

considering variation of (N) with water depth. Moreover, when dealing with a distinctive 

design problem by means of the proposed equation it indicated the adequacy and the need 

for considering variable roughness while designing an economical section. 

Keywords- Alternative, Canal, Concrete-Lining, Fibers, Manningôs Roughness Coefficient.  

1 INTRODUCTION  

Design of open channels is conducted for transporting water at atmospheric pressure and may well be constructed in many 

shapes. When water flows in an open channel, it must have a free surface which is subjected to atmospheric pressure. So, 

the þow conditions in an open channels are complex as the position of the free surface will probably change with respect 

to time and space, and also by the fact that the discharge, depth of flow and the slope of the free surfaces and of the channel 

bottom are independent [1]. Flow resistance in channels is of key importance for different purposes like evaluation of 

stage-discharge relationship, and the assessment of sediment transport from the hydraulic properties of the channel by 

utilizing transport formulas. All relationships among Manningôs Roughness Coefficient (N) and Froude Number (Fr) result 

in obtaining valuable information concerning design of an economical section, implementation and reducing the cost of 

construction [2].  

The cross-section having maximum velocity or minimum area is in general, considered for lined canals. Such section is 

supremely effective (based on economy) as it includes least amount of earthwork. Design of irrigation canals for uniform 

flow includes optimization of cost by minimizing the flow perimeter and flow area to a minimum. Moreover, assessing the 

velocity and depth of flow are substantial for selecting adequate lining material. Special liners which do not get affected 

by erosion (such as concrete) are used where high velocity is permitted. For designing an economical section, the 

Manningôs equation is most widely accepted as adequate design equation [3]. Seepage and erosion to the bottom of channel 

and banks can be controlled by irrigation lining. Moreover, as the roughness is reduced in lined channels hence it permits 

channels to transport greater flow as compared to larger un-lined channels. This efficiency means that channel can be 

constructed in less land. In hydraulics engineering, to design water structures, frictional coefficient (f) serves as the critical 

parameter while velocity, discharge and flow profile calculation plays a vital role in flood management, water resource 

projects and the determination of hydraulic effects for river conservation [4]. Moreover, broad knowledge of the resistance 

characteristics of alluvial streams is of great importance when studying different applications of water resources. The 
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contribution of the factors like silting, scouring, location of bridges, flood forecasting, prediction of aggradation and 

degradation due to the presence of hydraulic structures and so on are key contributor in design of canals [5].  

The aim of this research is to investigate the effect of fibre reinforced concrete lining in Manningôs roughness coefficient 

on Froude number in open channel and resistance to þow through channel. In recent years, various researchers have been 

conducted regarding the roughness coefficient using Manningôs equation. However, there are still uncertainties remaining 

regarding the precise value and effect of roughness coefficient by using fiber-reinforced concrete on discharge in channels.  

Moreover, to develop relationship between different parameters, especially Froude number with Manning roughness 

coefficient (N), and other factors velocity (V) and head (H), is considered in order to find useful relations. 

2 SIGNIFICANCE OF THE STUDY  

Roughness coefficient is widely adopted by the Manningôs equation for lined-canal sections. The discharge of canal-

sections are dependent on channel slope and roughness coefficient. Significantly, the design slope and depth of flow for 

channel can be increased in accordance with the roughness coefficient to achieve non-silting and non-scouring channels. 

Engineers should adopt the viable parameters of FRC in design for the improved characteristics of hydraulic structures. 

3 L INED CANAL DESIGN PARAMETERS  

The Manning Equation is the most commonly used equation to analyze open channel flows. The Manning Equation is 

utilized in lined canal channel designs calculation as in (1) and (2).  

Q = A x V (1) 

ὗ   Ὑ Ὓ            (2) 

The Manning Equation was developed for prismatic channels.  Prismatic channels have constant dimensions along its 

length including depth with the steady state of flow.  

3.1 Design Cross-Section 

The equation (2) is stated in terms of flow, as flow area (A) is multiplied on both sides of the equation. In (2), left hand 

side can be stated as A*V as it is equivalent to flow (Q) in the continuity equation. Moreover, this equation can be 

effectively utilized to assess the velocity (V) by eradicating the area (A).  

3.2 Hydraulic Radius 

The hydraulic radius (R) is the ratio of cross-sectional area to wetted perimeter. It is one of the most important property of 

a channel as it controls the discharge of water. Moreover, hydraulic radius and volume of water that a channel can carry 

are directly related i.e. a river having greater (R) will have greater flow velocity, and it will also have greater cross-sectional 

area through which water can travel quickly. Also, it accounts for geometry of the channel.  

 

 

 

 

 

 

Figure 1: Schematic diagram of canal section for design 
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3.3 Slope of energy gradient  

Generally, energy gradient slope is utilized, which signifies that due to friction, energy is released at a certain rate from 

the conduit. This form of equation permits it to be utilized in order to carry-out an analysis on conduits that do not only 

flow under uniform conditions but also flows under different conditions.  

3.4 �5�R�X�J�K�Q�H�V�V���F�R�H�I�I�L�F�L�H�Q�W�����0�D�Q�Q�L�Q�J�¶�V���&�R�H�I�I�L�F�L�H�Q�W�� 

The Manningôs coefficient (N) is a unit less quantity which signifies the frictional factor (f) or the roughness of the conduit. 

Moreover, (N) is higher in case of rougher conduits having high friction whereas (N) is lower in case of smoother conduits 

having less friction. Manningôs coefficient (N) is an empirically derived coefficient and depends upon various factors 

including sinuosity and surface roughness. 

4 ROLE OF ROUGHNESS COEFFICIENT  

Flow resistance explicates the influence of friction on flow due to channel characteristics. Also, roughness equation is used 

for its estimation. Moreover, resistance coefficient can be stated as magnitude of resistance. In an open channel, the study 

of flow resistance is a delicate concept and there is no ideal approach to assess it (Järvelä, 1998). The factors that affect 

the flow resistance to a great extent are described below and it shall be observed that all of these factors are interdependent 

to a certain extent (Chow, 1959, 1973; French, 1986; and Bin Abrahim, 2011). Among the top of the factors surface 

roughness is indicated by the size and shape of the roughness particles of the material forming the wetted perimeter and 

producing the effect of retardness on flow. Retarding effect is greatly influenced by the bottom irregularities including the 

material roughness. Vegetation evidently decreases the capacity of flow for the channel and hinders the movement of flow. 

This effect depends primarily on stiffness, height, density, spreading and type of vegetation. Seasonal change influences 

the growth of weeds, willow and trees, aquatic plants and grass on the banks of channel or within the channel. On the other 

hand, channel shape, size and irregularity principally refers to shape dissimilarities in the channel, X-section and wetted 

perimeter along the gradient and slope of the channel. Erosion and sedimentation can alter the flow movement either to 

move un regular form or to divert and make irregular form. The factors mainly depend upon roughness characteristics and 

soil material type. Obstructions, for instance, debris flows, fallen trees, bridges, log jams and stones can have a noteworthy 

influence on the flow resistance. Stage-Discharge generally effect flow resistance in such a way that when stage-discharge 

increases, it leads to decrease in roughness coefficient.  

5 PROBABLE IMPROVEMENT IN DESIGN  

Concrete linings carry number of benefits and are used widely despite of their relatively higher cost. Cement concrete 

lining made from selected aggregate provides very satisfactory service. Cement concrete linings are optimal for main 

canals that carry a greater flow at high velocities. The conveyance of the channel is increased by smooth surface of the 

concrete lining.   

 Table 1- Roughness coefficient of different materials [20] 

Sr. No. Type Material/ Type Coefficient 

1 

Paved 

Watertight roofs 0.70-0.85 

2 Asphaltic cement streets 0.85-0.95 

3 Portland cement streets 0.80-0.95 

4 Paved driveways and walks 0.75-0.85 

5 Gravel driveways and walks 0.15-0.30 

6 Clayey soil lawns 2% slope 0.05-0.10 

7 2-7% slope 0.10-0.15 

8 >7% slope 0.15-0.20 

9 Sandy soil lawns 2% slope 0.13-0.17 

10  2-7% slope 0.18-0.32 

11  >7% slope 0.25-0.35 

 

Channel banks are kept at self-supporting slope 1.5H: 1V to 1.25 H : 1V, so that as a result lining is not needed to bear 

earth pressures and its thickness do not increase. They are durable, tough, hydraulic efficient and relatively impermeable 
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(Pencol, 1983). Lined irrigation canals serve for many purposes, out of which some are to minimize seepage, stabilize 

channel bed and channel banks, avoid piping through and under channel banks, reduce hydraulic roughness (flow 

resistance), promote movement rather than deposition of sediments, evade water logging of adjacent land, regulate weeds 

growth, lessen maintenance costs, assists cleaning and decrease movement of polluted groundwater plumes (Özcan, A., 

(2005). 

There are a number of reasons to make relationship like this because channel irregularity includes irregularities in wetted 

perimeter and disparity in cross-section, shape, size along the length of channel and ripples, meandering, which leads to 

small pitches or grooves unsettled in the bottom of the channel. These irregularities certainly provoke roughness in addition 

to that caused by the surface roughness and other factors (Abdul Ameer, 1989). Also, vegetation can be look upon as a 

kind of surface roughness, and evidently decreases the channel capacity and impedes the flow. Ebrahimi et al., (2008) 

discovered direct relation between (N) and vegetation density which means increase in (N) results in an increase in 

vegetation density [22]. Likewise, the erosion of particles and presence of sediments effects the Manningôs roughness 

coefficient. 

Contrarily, silting can vary an irregular channel into a relatively uniform channel and reduce Manningôs roughness 

coefficient (N), whereas scouring may result in an increase in (N) (Al Jawad, 1994). Side slope of the banks triggered an 

excessive effect on velocity, and plant growth also led to acquire the different values for (N). In lined irrigation canal, 

decrease in flow depth will result in decrease in velocity, Froude Number and increase in (N) [21]. 

Thus, from all those influencing parameters, the multi-regression analysis does not give a good understanding for the 

relation between (N) and stage-discharge and needs more detailed study for the concrete irrigation canals. The roughness 

coefficients of few materials are obtained empirically after the research work are presented in Table 1. 

6 CONCLUSION  

Based on the literature-based experiments which was investigated by many researchers in experimental tests on open 

channel, a summarized form of the findings and conclusions drawn from the studies are as follows: 

¶ The relation between Froude number and Manningôs roughness coefficient n in subcritical flow was appeared 

inverse relation having a good agreement with the observed value. 

¶ The relation between Froude number and Manningôs n in concrete lining irrigation canal is inverse relation with 

polynomial of fourth degree and showed moderate relation. 

¶ The relationships between Fr and n in the natural are inverse relations. The causes of the inverse relation are due 

to the presence of many variables belong to the hydraulic conditions, and river morphology which affecting the 

measurements and relationships. 

¶ The use of fibres provide the roughness which can be incorporated by increasing the depth of flow. 

¶ The roughness coefficient  is material characteristics, properties and roughness of each fiber varies and the design 

parameter of the canal design will be varied accordingly. 

On the other hand, role of roughness coefficient plays a vital role in design of the non-silting and non-scouring channels, 

by the use of the fiber in concrete canal lining we can increase the depth of flow, by reducing the effective surface area 

which is more likely to reduce the losses as well. The use of fibres in canal lining can be more cost effective and more 

sustainable material leading to green infrastructures.  
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Abstract- Plastic a material of thousand uses is enormously produced worldwide, 

this production has significantly increased the generation rate of plastic waste which 

is causing a serious threat to life on earth and environment. Recycling and reuse of 

plastic waste incorporated in concrete as aggregate is an eco-friendly solution, as it 

decreases the incineration and safeguarding the valuable land from landfilling. It has 

drawn attention many researchers and in the last decades extensive studies have been 

done and published on the replacement of plastic waste aggregate in concrete. This 

paper aims at the review of the latest research on concrete made with plastic 

aggregate. Discussions are made on the making of aggregate from plastic waste, 

followed by physical properties, mechanical properties and durability performance 

of plastic waste concrete. Due to lesser specific gravity of plastic, decrease in dry 

density is concluded. The Reduction in Compressive is attributed to the weaker bond 

of plastic waste aggregate with mix. Lessons learned for the practical applications 

and recommendations for future study are provided. 

Keywords- Aggregate, Concrete, Mechanical Properties, Plastic Waste.  

1 INTRODUCTION  

Plastic can be referred as a material of thousand uses, it meets demand in almost everything from automotive to food 

industries, electronics, clothing, packaging and medical equipmentôs. associated with its usage, worldwide, plastic is 

enormously produced. Materials that are produced in access in the production units than its elimination on earth, result in 

the environmental issues [1]. The excessive production of polymeric materials, and their globally accepted and versatile 

use, associated with the acceptance they have gained, make these materials devastatingly hazardous  to our lives on Earth 

and all the habitants of it  [2]. As delineated by United Nations Environment Program (UNEP), the worldwide generation 

was more than almost 400 Million tons of plastics annually. Figure 1 presents the plastic wastes production and generation 

from 1950s to 2015, throughout the world [3]. After the usage, the unwanted plastic is now categorized as waste and a 

huge amount of landfill is needed for the disposal as that much plastic cannot be recycled in plant a single day [4].  Each 

year, plastics waste of nearly 30 million metric tons (Mt) of the overall municipal solid waste (MSW) generation of United 

States only, and less than 9% is taken to recycling. Although recycling practices are performing well but the defective 

tractability of municipal consumer is causing the low figure of Recycling. Some of  scientific limitations are the stupendous 

hinderance to plastics recycling [5]. It has been estimated that globally around 8000 Mt as of freshly produced plastics to 

date. Up till 2015, approximately 6200 Mt of waste polymeric materials had generated, around 9%of which had been put 

for recycling, 12% was incinerated or used for energy production, and 79% disposed in environment which is finally 

disturbing the aquatic as well. If current production, higher generation rate continue, by 2050 approximately 12,500 Mt of 

plastics will overburden the natural environment [6]. Traditionally, plastics are very tough and not readily biodegradable 

in the surroundings exposed to environmental effects. Thus, plastics waste can remain on land for longer durations or may 

be many decades. Due to its high non bio degradability factors and chemically un reactive nature, Polymeric waste needs 

many of years for elimination in normal environmental conditions [7]. Currently plastics are derived from energy resources, 

about 4% of the resources are used for production of plastic and similar amount is provided as a raw materials [8]. 

 

Inequalities in existing plastic control methods and regulations are particularly pronounced in developing countries with 

high plastic waste generation [9]. The presence of large quantities of wasted plastic and the low biodegradability due to 

polymeric chains, adversely affect the environment. All types of plastic used in everyday life eventually become waste and 

cannot be recycled quickly, and tons of plastic waste requires large areas of land to be disposed of [4]. Waste recycling is 

important in different sectors; it helps to recycle, reduces energy production and pollution and services in the production 
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and use of renewable natural resources [10]. The generation and recovery rate  of plastic waste in Municipality solid waste 

(MSW) of USA, from 1960 to 2012 are shown in Table 1 [11]. The amount of plastics waste generated in USA MSW 
increased from around 0.4 million tons to 31.70 million tons in the last 50 years. The generation of plastic waste increased 

approximately 80 times that in 1960s. ironically, the efficient recovery and recycling was not started until 1980, when 

started, its rate was 0.3% that year. Apart from this technological development and awareness in the span of three and half 

decades, the recycling rate jumped to around 9% in 2012 [12]. 

 

Figure 6: Global primary plastic waste generation in million tons according to UNEP report[3]  

Waste reuse is significant in from various applications of plastic recycling, minimize energy production and environmental 

hazards and  provide help in safeguarding natural resources which can last for a longer time[13]. Landfilling is now 

considered the last resort in dealing with plastic waste because it requires a huge amount of space and causes long-term 

pollution problems. By this method, recycled plastics can be reused without degradation in quality during the service cycle, 

and more importantly, the recycled plastics substitute the use of virgin construction materials [14]. Plastic waste aggregate 

replacement has been extensively investigated by researcher especially in last decades. The aim of this paper is to review 

the latest research on plastic aggregate replacement in concrete. In this study physical and mechanical properties and 

durability performance of concrete with plastic aggregate are discussed. Furthermore, recommendations for future studies 

in this field are provided. 

Table 6: Generation, recovery and recovery rate of plastic waste in United States MSW from 1960 to 2012 [11]. 

 

2 MAKING OF AGGREGATE FROM PLASTIC WASTE 

Various types of plastic wastes are being used in concrete as aggregate replacement, but the main types are polypropylene 

(PP), PVC and  PET [15]. These plastic could be processed and transformed in three set ups before they can be further 

utilized as plastic aggregate in concrete [8]. At fir st stage, various impurities like label of the product and adhesives should 

be cleaned and disinfected by washing with detergent. This is significant for making sure that finished product has 

consistent. The next stage is the shredding, where the plastic is teared up into small pieces or flakes. At last stage, the 

shredded pieces are melted and then pellet are made. This type of extrusion is simple and the oldest way of transformation 

process, usually adopted for PET. The latest development in processes of extrusions are molding and converting into 

extrusion foam[16]. Plastic aggregate has low specific gravity and bulk density than conventional aggregate, some related 

properties of different types plastic waste are shown in Table 2. The particles of plastic aggregates prepared, have 

impermeable and smooth surface compared to river sand, resultantly, a weaker bond is formed between waste aggregate 

and cement mix. therefore, to compensate the loss in mechanical properties caused by this weaker bond, usually pozzolan 

and plasticizer are used [17]. In addition, modern foaming technology and surface granulation technology which modify 

the exposed layer of plastic waste aggregate, can significantly enhance the overall mechanical behavior. Kou et all used 

superplasticizer and granulation of the waste aggregates for achieving improved mechanical properties [18]. 
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Table 7: Bulk density and specific gravity of plastic waste aggregate 

Plastic waste type Bulk density(kg/m3) Specific gravity  Reference 

PVC 641 1.3 [19] 

PET 438 1.34 [20] 

EPS 30 0.34 [21] 

LDPE 179 ±12 0.92 [22] 

PP 515 0.90 [21] 

 

3 PROPERTIES OF CONCRETE MADE WITH PLASTIC WASTE AGGREGATE  

3.1 Physical properties 

a. Slump 

A number of parameters such as water-binder ratio, shape and percentage replacement of the plastic waste results in 

different values of slump of plastic waste concrete  [12]. The replacement of plastic waste influenced the amount free water 

in concrete and hence alter the workability.[4]. Rehmani et all postulated that that the workability of concrete made with 

PET waste of flaky shape was decreased due to the effect on free water of concrete. It was also noted that increase in 

plastic waste content effected workability more pronounced. The decrease in workability was more than 40% when plastic 

waste replacement was increased at different increment  from 0 to 15%. [23].  Silva et all reported that workability 

decreases with increase in plastic size and roughness causing greater porosity that hindered workability  [20]. Saikia and 

Brito concluded that shape of plastic waste effected the slump. Three different shapes of shredded fractions i.e. fine range, 

course range and heat-treated cylindrical pellets were used. A slight increase in slump was noted with incorporation of 

heat-treated cylindrical pellets. Replacement of fine range and course range shredded fraction resulted in sharply decreased 

values of slump [24]. Researchers have concluded that increase in percentage replacement of plastic waste, decreases the 

slump values as shown in Table 3. 

Table 8: Slump value of different types of plastic waste aggregate concrete 

SNO Plastic waste type Percentage level 

(%)  

Slump value (mm) Reference 

 

1 

 

Polypropylene 

0 135  

[20] 7.5 131 

15 130 

 

   2 

 

Polyethylene terephthalate 

0 80  

[23] 5 65 

10 49 

15 33 

 

   3 

 

MSW Plastic waste 

0 53  

[39] 5 49 

10 37 

15 29 

 

b. Density/ unit weight  

It is postulated that fresh density and unit weight of concrete reduces with addition of plastic waste in concrete. Lima et al 

[25] concluded that replacement of waste ethylene acetate up to 50% in concrete reduced fresh wet, oven dried and dry 

densities by approximately 26% compared to control concrete. Colangelo et al [26] replaced polyolefins waste in concrete 

and compared the dry densities with control concrete. 35% plastic aggregate replacement resulted in 23% reduction in 

density. Similar results of reduction in density was presented by Islam et al [27]. 
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3.2 Mechanical properties 

a. Compressive strength  

The non-hydrating and hydrophobic effect, shape size and replacement level of plastic waste played significant part in 

controlling the behaviour related to compressive strength. Increase in PET waste replacement, reduced compressive 

strength generally. This compressive strength reduction was attributed to honey-com formation and failure [28]. Coppola 

et al [29] concluded that smaller and granulated plastic waste aggregate can reduce the loss in compressive strength. 

Similarly yang et al [15] presented that self-consolidated concrete with replacement of short column plastic waste lesser 

that 20 % replacement can increase compressive strength due to smaller fraction of plastic waste which can fill up the 

concrete voids. To prevent large reduction in compression strength the amount of plastic aggregate replacement should be 

less than 20%. Apart from this, larger plastic aggregate badly effects the compressive strength as it increases smooth 

surface layer and hence a week bond. Plastic waste of lamellar shape which increase the surface area and demand of water 

lead to further weakened aggregate mix bond [20]. 

b. Tensile strength 

Similar performance like compressive strength, split tensile strength reduction was reported by many researchers. Frigione 

concluded that tensile strength reduced in  concrete containing plastic aggregates of shredded PET bottles [30]. Punitha et 

al investigated different content of plastic with 10% metakaolin in concrete and split tensile strength reduction was up to 

40% and 36% at 7 and 28 days respectively [31]. Comparatively tensile strength was less affected by plastic size , however 

percent replacement and size of plastic waste effect was significant [24]. The Anova results postulated that temperature 

significantly affected the tensile strength, it was then followed by w/c ratio and type of plastic waste. at normal temperature, 

the addition of plastic waste particles decreased the tensile strength, while the Polypropylene fibres tend to maintain or 

enhance tensile strength. The results of the plastic waste in concretes exposed to temperature  600°C showed a positive 

effect on the tensile strength due to polymeric addition , with no difference for different w/c ratios [32]. 

c. Flexural strength 

Sadrimozi et all reported that increasing replacement level of plastic waste, the concrete exhibited improved plasticity and  

flexibility making it less brittle in failure as the nature of plastic is more flexible compared to conventional concrete [33]. 

Ruiz-herrero reported the materials had low mechanical properties in term of flexural strength, though the plastic waste 

was not intended to be part of structural element. It is pertinent to mention that improved mechanical properties could e 

achieved easily with higher content of cement or admixtures [34]. Similarly, Muhammad et al investigated flexure strength 

variation in concrete made with partial replacement of poly vinyl chloride (PVC) aggregate. Experimental analysis showed 

that 15% PVC resulted an increase of 8% in flexural strength. In case of fine aggregate replacement, the flexure strength 

unaffected in the range of 30% to 65% replacement. However, reduction of 42%  in flexure strength was found with 65% 

replacement of PVC as course aggregate  [19]. 

3.3 Durability performance 

a. Water absorption 

Most researchers have reported that replacement level of plastic waste also caused an increment in porosity and hence 

higher water absorption of concrete.  F. Colangelo investigated that substitution of 10%, 20% and 30% plastic waste 

increased open porosity by 19%, 31% and 40% while water absorption was increased was found to be approximately  9% 

to 15% accordingly [26]. whereas Iucolano et al [35] proposed that the increased porosity is attributed to difference in 

particle sizes and shape of plastic waste, and Brito et al [20] related this phenomenon to the weaker interfacial transition 

zone due smooth and impermeable surface of plastic waste aggregate. Apart from this the angulated plastic aggregate 

caused higher water absorption than corresponding regular and sphere-shaped aggregate. However finding obtained by 

Safi et al [36] were opposite to this. 

b. Resistance to freeze and thaw 

Wang and Meyer investigated the effect of freeze and thaw on impact polystyrene aggregate and expanded polystyrene 

foam in concrete. It was concluded that there was no effect of freeze and thaw resistance with replacement of high impact 

polystyrene in composites. However plastic aggregate in the form of expanded polystyrene foam improved the freeze and 

thaw resistance [37]. Ferrándiz and Alcocel concluded in their study that enhanced resistance was due to the performance 

of EPS to release the crystallization pressure of freezing water content which substantially reduces damage to composites. 
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However more strength reduction was examined when the substitution of EPS aggregate was higher than 50%, supposedly  

due poor workability [38]. 

4 LESSONS LEARNED FOR PRACTICAL APPLICATIONS OF PLASTIC WASTE 

Concrete incorporated with plastic waste produce light weight concrete, studies shows that concrete of different plastic 

waste aggregate meet various criteria of various national parameters of lightweight concrete. Plastic waste concrete made 

with polypropylene increases the tensile strength and decreases the weight of the structure so it can be used for earthquake 

resistance structures. Increase in freeze and thaw resistance at higher percentage replacement make it suitable for use in 

extreme climatic conditions. Studies shows that many properties are improved with plastic waste incorporation, so a part 

associated with plastic waste disposal can be minimized.  

5 CONCLUSION  

Following conclusions can be drawn from the conducted study: 

¶ Fresh and dry densities of concrete produced with plastic aggregate tend to decrease due to low specific gravity 

of polymeric materials. 

¶ Reduction in Compressive strength was concluded by many researchers and it was attributed to the weaker bond 

of paste with plastic waste aggregate. 

¶ At partial replacement of sand there was no effect on the freeze and thaw resistance however higher percentage 

replacement improved freeze and thaw resistance. 

¶ Water absorption and porosity of plastic aggregate concrete is higher than conventional concrete however this 

flaw can be eliminated by incorporating rich cementitious paste. 

Though an extensive research is available on plastic waste aggregate but a detailed study need to be done on leeching of 

toxic chemicals from plastic waste concrete and similarly a comprehensive research on the long term performance and 

recycling of plastic waste concrete is suggested to understand and verify its life cycle assessment. 
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Abstract- A practice of constructing reinforced concrete frame structures with 

unreinforced masonries is being followed all over the world. In the past, these 

masonries were considered as the non-structural elements of the building, but recent 

researches have shown their importance during seismic events where they greatly 

enhance the performance of the building. The most common type of masonries used 

in Abbottabad are brick masonry and low strength concrete block masonry. These 

masonries are the composite materials that generally consist of individual units of 

the bricks or concrete blocks bonded together with the help of mortar. Mortar is also 

the mixture of cement, sand and water. Due to this heterogeneity in the composition, 

mechanical properties of infill masonries are not the same as that of the individual 

units. Moreover, there are variety of materials available in the construction market, 

a most widely adopted material in one region may not be used entirely in other 

regions e.g. low strength concrete blocks that are most widely used masonry material 

in Pakistan especially in Abbottabad but are not considered outside the Asian sub-

continent. Therefore, it is desirable to find out the mechanical properties of these 

infill masonries experimentally at the local level in order to assess their response 

under different types of loading e.g. seismic loading. This research aims at the 

experimental determination of mechanical properties of two types of infill masonries 

i.e. brick masonry and low strength concrete block masonry. The research is further 

focused on the establishment of empirical relationships between different mechanical 

properties and making their comparison with those given by other researchers and 

international standards. For this purpose, masonry prisms for both these types of 

infill masonries were constructed and tested in the concrete laboratory of COMSATS 

University Islamabad, Abbottabad Campus and the results were reported in terms of 

compressive strength, elastic modulus, shear modulus, Poissonôs ratio. From the 

outcomes of this research it was found out that compressive strength of masonry 

depends on the compressive strength of masonry units and number of joints in a 

square unit. Greater the compressive strength of masonry unit, greater will be the 

compressive strength of masonry whereas greater the number of joints in a square 

unit, lesser will be the compressive strength of masonry and vice versa. Moreover, 

compressive strength, elastic modulus, shear modulus and Poissonôs ratio were found 

to be 790 psi, 410 ksi, 166 ksi and 0.2383 for brick masonry whereas 400 psi, 250 

ksi, 97 ksi and 0.3127 in case of concrete block masonry respectively. 

Keywords - Infill Masonries, Compressive Strength, Elastic Modulus, Shear Modulus, Poissonôs Ratio.  

1 INTRODUCTION  

In the present time, a practice of constructing reinforced concrete frame structures with masonry infill walls is being 

followed all over the world [1]. In the past, these masonry infill walls were considered as the non-structural elements of 
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the building [1], but recent researches have shown their importance during seismic events where they greatly enhance the 

performance of the building. The most common type of masonries used in Abbottabad are either the brick masonry or low 

strength concrete block masonry. These masonries are the composite materials that generally consist of individual units of 

the bricks or concrete blocks bonded together with the help of mortar. Mortar is also the mixture of cement, sand and 

water. Due to this heterogeneity in the composition, mechanical properties of the infill masonries (i.e. compressive 

strength, elastic modulus, Poissonôs ratio etc.) are not the same as that of the individual units. Individuals units of brick or 

concrete block masonries usually carries greater compressive strength and modulus of elasticity as compared to their 

masonries. The mechanical properties of the infill masonries generally depend upon the mechanical properties of individual 

units, quality of the binding material being used in the joints and workmanship. Though different building design codes 

provides empirical relationships for the determination of these parameters, but the quality of the material and workmanship 

being the major influencing factors for these parameters do not remain same in all parts of the world. Moreover, there are 

variety of material available in the construction market, a most widely adopted material in one region may not be used 

entirely in other regions e.g. low strength concrete blocks that are most widely used masonry material in Pakistan especially 

in Abbottabad but are not considered outside the Asian sub-continent. Therefore, it is desirable to find out the mechanical 

properties of these masonries experimentally at the local level in order to assess their response under different types of 

loading e.g. seismic loading. 

Similar works have already been done on the determination of mechanical properties of infill masonries in different parts 

of the world. Saroj Phajju and Prachand Man Pradhan [2] have conducted an experimental research on the determination 

of mechanical properties of brick masonry. The results of this research yielded a value of 2.5 MPa, 2703.2 MPa, 915.1 

MPa and 0.32 for compressive strength, shear strength, elastic modulus, shear modulus and Poissonôs ratio of given 

masonry respectively. Another researcher T.C. Nowofor [3] as a result of his experimental work have found out a value of 

11.86 MPa, 7420 MPa and 0.33 for compressive strength, elastic modulus and Poissonôs ratio of brick masonry 

respectively. Zeljke Radovanovic et. al. [4] on the basis of his experimental findings suggested a value of 2.89 MPa and 

3190 MPa for compressive strength and elastic modulus of clay block masonry whereas 2.9 MPa and 6600 MPa for 

compressive strength and elastic modulus of concrete block masonry respectively. Another research made by Mohamad 

Gihad et. al. [5] found out the compressive strength and elastic modulus of concrete block masonry to be 10.56 MPa and 

10145 MPa respectively. In another research made by Sayari Arash [6], compressive strength and elastic modulus of brick 

masonry were found out to be 3.7 MPa and 3751.3 MPa respectively. 

This research aims at the experimental determination of mechanical properties of two types of infill masonries i.e. brick 

masonry and low strength concrete block masonry. The research is further aimed at the establishment of empirical 

relationships between different mechanical properties and making their comparison with those given by other researchers 

and international standards. 

2 RESEARCH METHODOLOGY  

Two different types of infill masonries (i.e. brick masonry and low strength concrete block masonry) were considered in 

the research for the investigation of mechanical properties i.e. compressive strength (fô m), elastic modulus (E m), shear 

modulus (G m) and Poissonôs ratio (ɜ). In order to do so, masonry prisms for both these wall types were constructed in the 

concrete laboratory of Comsats University Islamabad (CUI), Abbottabad Campus. These masonry prisms were then given 

proper curing for 28 days after which they were tested in universal testing machine (UTM) for compressive strength test. 

During the compression strength test along with the axial deformation, lateral deformation was also observed in order to 

determine Poissonôs ratio. Due to the inability of testing device shear test was not conducted on the masonry prisms. 

Therefore, shear modulus was determined by using an empirical relationship as given in (1). Although this equation was 

derived assuming the material to be isotropic, but it can give reasonable results for masonry material as well. Most of 

building design programmers like ETABS and SAP 2000 use the same relationship for the determination shear modulus 

from elastic modulus and Poissonôs ratio.  
 

Gm = 
  
 

 
 

(1) 
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2.1 Construction of Masonry Prisms 

A total number of 3 masonry prisms for both these types of infill masonries were constructed on a relatively flat or levelled 

surface. These prisms were constructed with height to thickness ratio of 2 in case of brick masonry and 2.7 for concrete 

block masonry. The construction of these prisms was undertaken as per the standard procedure of ASTM C1314 [7]. 

Table 9: Physical Characteristics of Masonry Prisms 

Prism Type Length Width  Height Top Area 

  (in) (in) (in) (in2) 

Bricks Masonry 18 9 18 162 

Concrete Block Masonry 18 6 16 108 

2.2 Curing of Masonry Prisms 

All the masonry prisms were kept at a normal room temperature of 24 ± 8 °C in moisture tight bags after the initial normal 

curing of 48 hours. The prisms were extracted from these bags two days before the test. The guidelines of ASTM C1314 

[7] for the curing of masonry prisms were followed in their full spirit. 

2.3 Testing of Masonry Prisms 

All the masonry prisms were tested in accordance with the standard procedure of ASTM C1314 [7], and the results were 

reported in the form of compressive strength, elastic modulus, shear modulus and Poissonôs ratio. Compressive strength 

was obtained as a maximum axial stress taken by the prism before undergoing failure whereas elastic modulus was obtained 

as the slope initial elastic region of stress strain curve. Moreover, during the compressive strength test a dial gauge was 

also installed at one side of the prism to observe its lateral strain. The results obtained were then plotted in the form of 

lateral vs longitudinal strain curve. The slope of linear curve between lateral and longitudinal strain gives the Poissonôs 

ratio for the prism. Shear modulus was determined using (1). 

 
Figure 7: Testing of Masonry Prisms 

2.4 Testing of Masonry Units 

For the sake of making comparison between compressive strength of masonry (fô m) and masonry units (fô mu), compressive 

strength test was also conducted on masonry units. For this purpose, 3 samples of both bricks and mortar were prepared. 

Mortar samples were prepared in the form of 2-inch cubes with cement to sand ratio of 1:3 whereas brick samples were 

prepared by filling the frog of Class-A bricks with mortar. After the preparation of test samples, compressive strength test 

was conducted in compression testing machine (CTM) in the concrete laboratory of Comsats University Islamabad, 

Abbottabad Campus. This test was conducted in accordance with the standard guidelines of relevant standards. 
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3 RESULTS 

At the end of specified curing period of 28 days, all the masonry prisms were tested for compression test in UTM whereas 

masonry units in CTM. All the results obtained from the compression test were reported to the nearest 10 psi for 

compressive strength and 1000 psi for elastic and shear modulus. The Poissonôs ratio was reported to the four decimal 

places. A more detailed description of average test results is given in table 2 and table 3. On the basis of test results, a 

comparison was made between different mechanical properties of masonry and masonry units. Analyzing the results, 

compressive strength of masonry was found to be some fraction of masonry unit. This loss of strength is due to the presence 

of weaker mortar and interface elements in the joints. Greater the number of joints, greater will be the loss of strength 

which can be observed from the test results of brick masonry prism where greater loss of strength was seen due to the 

greater number of joints. Compressive strength of mortar used in the joints was found to be 1720 psi. In table 2 and 3, the 

symbol fô mu refers to the compressive strength of major masonry unit i.e. either bricks or concrete blocks. 

Table 10: Average Test Results for Brick Masonry Prisms 

Parameters Values Parameters Relationship/Values 

  (psi)      

fô m 790 ɜ 0.2383 

fô mu 1880 fô m ï fô mu       fô m = 0.4202 * fô mu 

E m 410000 E m ï fô m       E m = 520 * fô m 

G m 166000 G m - E m        G m = 0.405 * E m 

 

Table 11: Average Test Results for Concrete Block Masonry 

Parameters Values Parameters Relationship/Values 

   (psi)     

fô m 400 ɜ 0.3127 

fô mu 820 fô m - fô mu       fô m = 0.4878 * fô mu 

E m 250000 E m - fô m       E m = 625 * fô m 

G m 97000 G m - E m       G m = 0.388 * E m 

 

A comparison between mechanical properties of masonry infill walls determined experimentally during this research is 

made with that of previous researches in table 4. From the comparison it can be seen that Nowofor [3] has overestimated 

the mechanical properties of infill masonry whereas Randovanovic [4] has underestimated the results among all. The 

mechanical properties determined by all other researches lie in between that of Nowofor [3] and Randovanovic [4]. It was 

also observed that mechanical properties determined during this research neither lies very close to someone elseôs nor 

deviates too much from any other presented. A comparison between empirical relationships proposed by each of the 

researcher is also made in table 5. From the comparison it can be observed that empirical relationship of mechanical 

properties of infill masonries proposed by this research comply with most of the other researches. The relationship between 

compressive strength and elastic modulus lies closer to that recommended by FEMA 356 [8] whereas relationship of 

compressive strength of masonry and masonry unit lies closer to that proposed by Nowofor [3]. The relationship among 

elastic and shear modulus is almost the same as proposed by all the researcher. Poissonôs ratio was slightly overestimated 

by Phajju [2] and Nowofor [3] as compared to that presented in this research. 
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Table 12: Comparison of Mechanical Properties of Masonry 

Research Masonry Type fô m E m G m  

    (psi) (ksi) (ksi)   

This Research 
Brick Masonry 790 410 166 0.2383 

Conc. Block Masonry 400 250 97 0.3127 

Phajju [2] Brick Masonry 360 392 133 0.32 

Nowofor [3] Brick Masonry 1720 1076 404 0.33 

Radovanovic [4] 
Clay Block Masonry 420 463 - - 

Conc. Block Masonry 421 957 - - 

Gihad [5] Conc. Block Masonry 1530 1471 - - 

Arash [6] Brick Masonry 540 544 - - 

 

Table 13: Comparison of Empirical Relationships Between Different Mechanical Properties 

Research Masonry Type fô m - fô mu E m - fô m G m - E m 

This Research 
Brick Masonry 42.02%  E m = 520 * fô m 40.5% 

Conc. Block Masonry 48.78% E m = 625 * fô m 38.8% 

Phajju [2] Brick Masonry 22.5%  E m = 1085 * fô m 34% 

Nowofor [3] Brick Masonry 51%  E m = 626 * fô m 37.6% 

Radovanovic [4] 
Clay Block Masonry 44%  E m = 1104 * fô m - 

Conc. Block Masonry 89%  E m = 2276 * fô m - 

Gihad [5] Conc. Block Masonry 58%  E m = 961 * fô m - 

Arash [6] Brick Masonry - E m = 1014 * fô m - 

FEMA 356 [8] - - E m = 550 * fô m - 

4 CONCLUSION  

Following conclusions can be drawn on the basis of results of this research study: 

¶ Compressive strength of masonry depends on the compressive strength of masonry units and number of joints. 

Greater the compressive strength of masonry unit, greater will be the compressive strength of masonry whereas 

greater the number of joints in a square unit, lesser will be the compressive strength of masonry and vice versa. 

¶ Compressive strength of masonry was found to be 42% of that of masonry unit in case of brick masonry whereas 

49% in case of concrete block masonry respectively. 

¶ Elastic modulus of masonry was found to be 520 times its compressive strength in case of brick masonry whereas 

625 times in case of concrete block masonry respectively. 
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¶ Shear modulus of masonry was found to be 41% of that of elastic modulus in case of brick masonry whereas 39% 

in case of concrete block masonry respectively. 

¶ Poissonôs ratio was found to be 0.2383 for brick masonry whereas 0.3127 for concrete block masonry. 
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Abstract- UKôs existing railway network relies on many half-through bridges that 

were built during Victorian era and are already beyond their designated service life. 

Therefore, maintaining bridge assets in serviceable condition to ensure sustainable 

replacement rate without major network disruptions is vital. Current UK practice 

applies the British Standards and Network Railôs assessment codes to quantify the 

load capacity of such bridges using hand methods. If the codified methods rate the 

bridge capacity as substandard more advanced analysis (based on finite elements) is 

usually commissioned in an attempt to improve the capacity. In this advanced 

analysis the structure is modelled with 3D shell elements and the load group rating 

is extracted from a non-linear buckling and plastic analysis. Currently, there is not 

enough formal guidance regarding the pre-processing and more importantly the post-

processing techniques of a FEA based assessment and quite often the knowledge and 

experience is passed over solely from more experienced individuals. This paper 

presents two case studies of real half-through bridges that demonstrate how 

additional FE model refinement, mainly through convergence enhancements, could 

reveal essential information about bridge behavior at or close to collapse load. Based 

on findings from the case studies, a set of generic recommendations is produced to 

inform both pre- and post-processing aspects of future assessments where bridge 

capacity is extrapolated directly from FE model results. The main aim of this paper 

to add more clarity in the interpretation of Nonlinear Analysis results. This can lead 

to more appropriate maintenance or strengthening recommendations and savings in 

the budget.  

Keywords- Half-through, Finite element model, Non-linear analysis, Network rail.   

1 INTRODUCTION  

Bridges play a vital role in supporting railway infrastructure in the UK. Out of 30,000 bridges owned by Network Rail 

(NR), one third of them are of metallic composition such as steel, wrought iron and cast iron [1]. One of the most common 

configurations for metallic bridges encountered on railway is the óhalf-throughô type shown on Figure 1 (a) [2]. This form 

of construction is preferred on railway sites over others for its distinct positioning of trafficked surface with respect to the 

structural envelope. As opposed to other deck types, the trafficked surface lies within construction depth of a deck which 

allows to partially accommodate track components and traffic within deck boundaries, resulting in greater clearances 

beneath a bridge. The drawback is that only U-frame action provides lateral restraint at the level of compression flange, 

making this deck type susceptible to torsional buckling. A large fraction of óhalf-throughô type bridges, constructed during 

Victorian era, have detailing which renders U-frame action partially ineffective. An example of such detail is a non-

coincident position of cross girder with respect to web stiffener as shown on Figure 1 (b). With non-utilised U-frames, the 

spacing of lateral restraints, i.e. effective length, becomes equivalent to girder span. This results in a massive increase of 

compression flange slenderness and reduced bending capacity of a girder, as evident from Figure 1 (c). Moreover, many 
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investigations [3] demonstrate that standard rules for girder web and stiffener capacities are unduly pessimistic. 

Unsurprisingly, many old bridges fail assessments undertaken by codified hand methods. 

 

  

Figure 8: (a) Example of half-through construction [2] (b) Cross girder not coincident with web stiffeners in the bridge 

built circa 1900; (c) Chart indicating relationship between girder slenderness and limiting moment of resistance, MR [4] 

For bridges that have been rated as sub-standard by codified hand assessment, NR usually commissions a more advanced 

assessment, utilising Finite Element Analysis (FEA) where girder capacities are extrapolated directly from a FE model 

(primary shell). Some bridges with peculiar geometric features, e.g. fish-bellied geometry of girders, high skew, slanted 

girders on plan, bypass codified hand assessment if asset owner deems that hand methods are unsuitable. FEA assessments 

rate individual girder elements against buckling and yielding. The governing buckling modes in U-frame bridges are lateral 

torsional buckling to the compressive flange and shear buckling of web plates. Web plates are normally accompanied by 

transverse stiffeners to enhance webôs post-buckling capacity due to tension field action [5]. Buckling of plate structures 

is characterised by biaxial bending due to out-of-plane deflection of the elements. In contrast with axially loaded columns 

where buckling limits their ability to support more than the critical axial load, plates under compression will continue to 

support higher axial forces by utilising membrane action and they will fail in loads significantly higher than the theoretical 

critical load [6]. Additionally, in the design of new bridges, it is common to first size the structure for strength and stiffness 

and then carry out SLS and ductility checks over the remaining capacity, whereas target deflections and fatigue criteria 

can be used as a benchmark in determining reserve capacity of existing bridges. Similar to seismic or other complex designs 

some degree of plastic structural response can be expected when assessing old bridges under service loading. This relies 

on the inherent ductile properties and slenderness of steel and wrought iron girders that allow for internal redistribution 

effects [10,11]. However, plastic deformations are generally avoided in the assessment of existing old bridges because it 

is difficult, in practise, to define a point at the load-displacement curve where the reduction of the load-carrying capacity 

can be deemed as acceptable.  

Many Victorian era bridges are well beyond their design life yet continue to demonstrate resilience against NRôs 

performance metrics for safety and reliability. Numerous of these bridges are in poor condition with highest proportion 

(~33%) scattered over Scotland route [7]. Condition of bridges will continue to deteriorate and, eventually, replacements 

will need to be commissioned. NR strategic plans for Control Period 6 [8] highlight how unsustainable the current rates of 

remediation are and how it will have a knock-off effect on railway network capability in the future. For example, with 

Wessex route, at the present replacement rate, it is projected that some of the bridge assets will be 300 years old before 

they can be replaced [8]. This suggests that more influx of funding will be required to either increase the replacement rate 

or maintain old bridges in serviceable condition. In order to prioritise bridge replacements in a sustainable manner, 

improvement in the assessment reporting is required to ensure that replacement scheme appraisals are not driven by 

inconclusive results.   

(a) 

(b) (c) 
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Guidance on conducting non-linear assessments of NR bridges primarily lays emphasis on pre-processing aspects of FEA 

bridge modelling. A research gap has been identified in the post processing requirements which, in UK practice, are limited 

to examples of load-displacements charts and screenshots of yield labels on stress contours at the locations of interest. 

With the aid of two real bridge examples, in order to address the research gap this paper demonstrates that by blindly 

executing the assessments to the guidance requirements may lead to erroneous conclusions. The aim of this paper is to add 

more clarity to the interpretation of post-processing NL analysis results and to highlight the significance of buckling 

displacement history in extrapolating bridge load carrying capacity. 

2 METHODOLOGY  

2.1 General formulation of bridge models for analysis 

3D thick shell FE LUSAS v17.0 models of two real half-through bridges, Grand Union Canal and Battersby Lane, are used 

to investigate buckling behaviour of web panels. Shell thickness of surfaces in both models accounts for corrosion section 

losses that have been rationalised from inspection reports. A non-linear buckling analysis is undertaken in two steps, 

incorporating both geometric and material non-linear characteristics described in Section 2.2 and 2.3 respectively. First 

analysis step includes application of permanent actions as a single load increment. In the second step, it is intended to 

inherit residual stresses and deformation contour from first step and apply rail traffic at 0.05 load increments. A 0.05 

increment represents each load group number in RA (route availability) 0-15 range, capturing all locomotive classes that 

are used in the UK. Articulation is assigned to suit bearing conditions of each bridge (bottom flange bearings seated directly 

on bedstones) ï simply supported arrangement with restraints applied at centre line of bearing stiffener. As the selected 

bridges experience convergence issues early into the non-linear analysis, model refining is undertaken to alleviate stress 

concentrations in the bearing zones. Slide surfaces are used in Grand Union Canal Bridge to idealise contact between 

bedstones and bottom flanges and lift-off support capability is incorporated in Battersby Lane Bridge. Table 1 and Figure 

2 below showcases the LUSAS shell models and the key characteristics of the bridges that are analysed. 

Table 1: Key characteristics of bridges analysed 

Bridge 

Name 

Bridge 

Span (m) 

Bridge 

Width 

(m) 

Girder 

Depth (m) 
Skew Material  U-frame notes 

Grand 

Union 

Canal 

27.3 6.8 1.40 67̄  
Wrought 

Iron 

Partial compression flange restraint provided 

by unstiffened moment connection between 

transverse and main girders. Transverse beams 

are not coincident with stiffeners. 

 

Battersby 

Lane 
22.0 

12.0* 

(average) 
2.25 50̄  

Wrought 

Iron 

Compression flange restraint provided by 

stiffened moment connection between 

transverse and main girders. Transverse beams 

and stiffeners form an effective U-frame. 
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*Width varies along the bridge due to slanted alignment of girders on plan 

 

  

Figure 9: (a) Grand Union Canal LUSAS Shell Model; (b) Battersby Lane LUSAS Shell Model. Floor deck excluded for 

clarity 

2.2 Prescribed initial perturbations  

Non-linear buckling analysis is undertaken with initial deformations generated by web buckling modes from elastic 

eigenvalue analysis. Magnitudes for displacements are be derived in accordance with Table 8 in BS 5400-6 [12]. 

Displacement path has significant weight on how RA load group number for capacity is derived and it is undesirable to 

introduce excessive initial deformation especially if it has not been observed on site. The scale of imperfection only needs 

to be enough for triggering anticipated buckling behaviour. 

2.3 Materials 

The plasticity models that are more suitable for ductile materials which exhibit little volumetric strain such as isotropic 

metals are typically that of von Mises and Tresca. Both can appear side by side with little or no difference depending on 

complexity. Calibration of both criteria with respect to tensile (or compressive) strength and shear strength has shown that 

the maximum difference between the two is approximately 15% which, compared to assessment or design safety factors 

is relatively small.  Von Mises plasticity criterion is selected for model material attribute which in contrast to the more 

conservative Tresca (lower limit) is considered as more consistent to experimental data and more widely accepted for civil 

engineering applications [9]. Elastic-Perfectly-Plastic material is also assumed. A strain hardening gradient is assigned in 

the plastic material properties to further refine the model and improve convergence. A plastic strain limit is set at 0.15 

(15% elongation) according to NR/GN/CIV/025 which applies to wrought iron materials that have not been tested. The 

slope (E2) of the hardening gradient has been calculated using equation 1 as follows:  

E2 = („ -  „) / (‏  - ‏)  (1) 

Where: E= Modulus of �(�O�D�V�W�L�F�L�W�\�����1u = ultimate tensil�H���V�W�U�H�Q�J�W�K�����1y � ���P�L�Q�L�P�X�P���\�L�H�O�G���V�W�U�H�Q�J�W�K�����/1 � ���1y���(�����/2 = 0.15  

2.4 2.4 Post processing and interpretation of results 

Instead of following the scope prescribed in the Level 2 assessment guidance document which indicates RA0-15 (14t-31t) 

axle load range for non-linear analysis, the FE models are refined to improve convergence and run extended non-linear 

analysis with more increment steps with loading beyond RA0-15 range. The intent is to investigate whether there is any 

benefit of overloading a bridge deck to extract a more informative post-buckling displacement history graph. 

3 RESULTS AND DISCUSSION 

3.1 Grand Union Canal Bridge �± sensitivity of buckling response to articulation  

As described in section 2, a non-linear finite element model is developed for Grand Union Canal bridge. This case 

il lustrates how the use of non-linear boundary conditions have allowed to run a more extensive analysis and evaluate 

behaviour from larger pool of results. Figure 3 (a) shows the load-displacement curve at the critical web panel using basic 

linear support conditions. Due to peak stress concentrations at the nodes restrained by simple supports, convergence issues 

aborted the analysis early and engineer rated the bridge as substandard (RA0; <14t per axle) governed by buckling of web 

panel adjacent to obtuse corner bearing. This was followed by recommendations for immediate speed and load restrictions 

(a) (b) 
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across the structure. Evaluation of the boundary conditions using NL slide line supports with contact surfaces to distribute 

the load over a more órealisticô area enhanced solvability of the model at the latter load increments.  

Figure 3 (b) shows how the displacement history of buckling response for the same element was extended to capture the 

non-linear behaviour up to factor of 3.0x. Moreover, as snap-through buckling behaviour is not identified in the refined 

analysis, it highlights how buckling response is sensitive to articulation attributes. As a result, sufficient displacement 

range allowed to extrapolate conclusive load group for buckling (RA6; 20t-22t per axle, a 42%-57% increase). 

 

          

              

Figure 10: Web buckling behaviour at obtuse corners of the girders. (a) Simple support conditions; (b) Slideline surfaces. 

3.2 Battersby Lane Bridge �± a case with two local buckling modes with inherently different 

behaviours 

This case demonstrates two local buckling modes obtained from web panels at the opposite obtuse corners of Battersby 

Lane Bridge. Figure 4 shows displacements paths against load increments for two non-linear analyses undertaken for main 

girder webs. The analyses have been prescribed with initial perturbations with maximum displacement applied to node 

15274 which has been identified by elastic eigenvalue buckling analysis. The only difference between the two analyses 

sets is the extent of displacement history. Figure 4 (a) graphs cover displacements up to 1.25 load factor which is equivalent 

to RA15, whilst Figure 4 (b) proceeds beyond load factor of 2.0 to capture displacements from higher load increments.  

 

Figure 11: (a) Non-linear buckling analysis 1, last load increment at factor 1.25 x RA1 live load; (b) Non-linear buckling 

analysis 2, highest load increment peaks at ~2.4 x RA1 live load. 

(a) (b) 

(a) 

(b) 
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From Figure 5 (a) it is clear that commencement of non-linear behaviour for node 15274 occurs within 0.7-0.9 load factor 

range. The displacement path peaks at 3mm at the last load increment (1.25x) and signals the development of gradient 

plateauing. In contrast, node 30507 shows no signs of non-linear behaviour within 0-1.25 load factor range yet its 

displacement peaks at 5mm. However, Figure 4 (b) illustrates that curve flattening at node 15274 is within narrow 

displacement range if compared to maximum displacement at node 30507. It is also evident that buckling at node 15274 

does not evolve into collapse load and does not show any signs of instability before sudden flattening at node 30507. This 

suggests that buckling at node 30507 triggers global instability and earlier commencement of non-linear path at node 15274 

does not warrant reporting of bridge failure as highlighted by Ryjacek, 2019. This conclusion is reinforced by observing 

non-amplified displacement contours shown on Figure 5 that shows how buckling at node 30507 (Figure 5 (a)) evolves 

into plastic collapse of the girder, whilst displacement at node 15274 (Figure 5 (b)) remains small with respect to adjacent 

elements. 

 

Figure 12: Displacement contours at buckled panels at load increment 2.0 x RA10 railway live load (non-amplified). Red 

crosses indicate yielded mesh. (a) Contour legend; (b) Node 30507, buckling at obtuse end of Girder óBô, signifying 

tension field action; (c) Node 15274, localised buckling at obtuse end of Girder óAô. 

4 CONCLUSION AND RECOMMENDATIONS  

Non-linear buckling analysis results for web panels of two bridges have been presented in this study. Following conclusions 

are drawn from this study:  

¶ Through additional refinement of models to enhance solvability, it has been revealed that interpretation of results 

could vary depending on the quantity of data, primarily displacement history. With the bridges analysed, 

inadequate displacement range has led to erroneous capacity reporting. 

¶ It has also been demonstrated how buckling response is sensitive to idealised boundary conditions and that further 

refinement of articulation can eliminate ódummyô buckling modes. In addition, as demonstrated by review of 

Battersby Lane Bridge results, eigenvalue buckling analysis is not always a reliable predictor of critical buckling 

modes. 

¶ Not all these matters are considered in the guidance note for undertaking advanced Level 2 assessments which 

has led to reporting of overly conservative results 

To avoid potential erroneous reporting in the future, the following recommendations are made: 

¶ The minimum threshold limits for buckling displacement history should be defined in the guidance document. 

From case studies presented in this paper, it is clear that 5mm displacement range is too narrow to make an 

informed judgement. Through inspection of graphs on Figure 3 (b) and 4 (b), 10mm lateral displacement range 

for local buckling of web should be sufficient to provide a plot from which load group against web buckling 

failure could be determined. Displacement range for flanges requires a separate study as flanges can undergo 

much larger lateral deformations before stability of the whole bridge is compromised. 

(a) (b) (c) 
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¶ For complex bridges, provisions for further sensitivity analyses to resolve convergence issues or improve results 

should be discussed and be considered in advance. Ideally additional budget will be included during the bidding 

stages solely for that. Bridges with large spans and excessive skew may take hours to complete one single analysis 

which has resulted in engineers taking shortcuts in order to complete the work within budget. 

¶ The scope of assessment should incorporate a more in-depth discussion of appropriate remediation measures for 

the failure mode under consideration. For example, it should be outlined which intervention strategy, such as 

planned preventative, do nothing, aggressive monitoring etc., best fits the behaviour of governing element. Having 

visibility of post-buckling reserve capacity would help to identify the urgency of strengthening or maintenance 

measures. 
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Abstract- Crack detection in structural elements is pivotal for structural health 

monitoring. In this paper, an automatic machine vision-based crack detection method is 

proposed, which is efficient, computationally simple, and fast in contrast to the time-

consuming and highly subjective traditional visual inspection approach. Textural analysis 

of the concrete surface image is performed using Haralick features for crack detection. 

First, a combination of 8 suitable Haralick features in 4 different directions are extracted 

from the SDNET2018 image dataset. Then, different SVM classifiers are trained on the 

extracted features and tested using a 5-fold cross-validation scheme to distinguish 

between cracked and non-cracked images. The resulting best-trained classifier achieves 

an overall classification accuracy of 88%. Furthermore, the high classification accuracy 

for individual image categories indicates that the proposed method can effectively detect 

cracks in the images. Finally, crack orientation is localized based on the extracted feature 

values. 

Keywords- Crack detection, Haralick features, structural health monitoring, machine learning  

1 INTRODUCTION  

Concrete cracks are generally unavoidable and very common due to expansion, shrinkage, overloading, settlement, or 

premature drying, which are common causes of cracks in the concrete surface. While concrete cracks are not always 

associated with high risk, they are nevertheless the first indicators of compromised structural durability and health. 

Therefore, the detection and assessment of crack properties, such as width, orientation, and its precise location in the 

structure, is crucial for structural health monitoring (SHM). Visual inspection by a trained inspector is the conventional 

method for crack detection which is highly subjective of the personôs experience and knowledge. More importantly, visual 

inspection is a particularly time-consuming and labor-intensive approach. Therefore, several reliable and cost-effective 

machine vision (MV) based automatic crack detection and assessment techniques have been proposed in the literature as 

a substitute for the traditional human visual inspection approach for SHM [1].  

MV-based SHM techniques mostly rely on the camera image for concrete crack detection. As the crack in a 2D image is 

characterized by an edge, these methods generally employ edge detection and segmentation algorithms for the detection 

of cracks in the concrete surface image. In [2], probabilistic relaxation with adaptive thresholding is proposed for crack 

detection. A pavement crack detection method: CrackTree [3], detected cracks from the crack probability map constructed 

through the tensor voting scheme after the correction of illumination using the geodesic shadow removal technique. A 

phase symmetry-based enhancement filter coupled with morphological operations and thresholding is proposed in [4] for 

concrete crack detection. In [5], cracks are detected by using the Sobel edge detector and OTSU thresholding scheme. This 

method was further extended in [6], where the connected component analysis was performed in HSV colorspace to detect 

cracks. In [7], the Sobel edge detector, morphological operations, and particle filter are employed for crack detection. A 

bottom-hat morphological operation is used in [8] for the detection of crack and surface degradation. A machine learning 

(ML) centered method is proposed in [9] where a classifier trained on the histogram of oriented gradient features is used 

for crack detection. A similar approach is presented in [10], where a trained classifier on speeded-up robust descriptors is 

utilized for the classification of images into cracked and non-cracked images. In [11], crack detection using small drones 
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is proposed by using a deep learning (DL) neural network approach. AlexNet convolutional neural network (CNN) is 

trained using a transfer learning approach to classify acquired camera images from the drone into cracked and non-cracked 

images. A method in [12] is also based on the AlexNet CNN, where an exhaustive search with a sliding window is utilized 

to detect cracks using a smartphone application. In [13], a semantic segmentation is performed to accurately detect crack 

pixels using a visual geometry group network (VCGNet) based CNN.  

The existing MV-based crack detection techniques are generally conditional variant due to pixel-based detection of cracks. 

Therefore, their performance is seriously compromised due to different light conditions, blemishes and concrete spalls. On 

the other hand, accuracy of DL-based crack detection methods is largely dependent on the quality and quantity of the 

utilized training dataset. In the present paper, a MV-based method for the automatic detection of cracks from the camera 

images is presented, which relies on the concrete surface texture analysis as a suitable measure for crack detection. For 

ameliorating this, Haralick features are initially extracted from the diverse database of the cracked and non-cracked 

concrete surface images. Then, the ML-based classifiers are trained and tested on the extracted features for crack detection. 

The trained classifier on the extracted features achieves high classification accuracy for crack detection. In contrast to 

existing techniques, the proposed method is based on the global robust features, and therefore, the performance of the 

proposed method is invariant to image translation, rotation, scale, and illumination. 

The remainder of the paper is organized into four sections. In Section 2, the materials and methods utilized in the proposed 

technique are presented. The proposed methodology is detailed in Section 3. Results are discussed in Section 4, and the 

conclusions and future work is presented in Section 5.  

2 MATERIALS AND METHODS 

2.1  Materials 

The required material for this study is the concrete images of different civil structures annotated as cracked or non-cracked. 

For this purpose, SDNET 2018 is utilized, which is a publicly available comprehensive dataset of more than 56,000 camera 

images of concrete walls, pavements, and bridges [14]. The images in the dataset (as detailed in Table 1) are labeled and 

categorized into two image classes: cracked and non-cracked. SDNET2018 is a challenging and diverse dataset as it 

includes images with different illumination conditions and obstructions. Further, it includes images of different crack 

widths ranging from 0.06 mm to 25 mm. Figure 1 shows some of the SDNET2018 images of different conditions and 

cracks widths. For our method, we have pre-selected images (as detailed in Table 1) for each class (cracked and non-

cracked) from each category. The selection was primarily done to balance the classes and more importantly, to remove 

images having barely visible cracks or cracks within tolerable crack width as per guidelines of American concrete institute 

(ACI) [15]. 

 
(a) (b) (c) (d) (e) 

Figure 1: SDNET2018 image dataset: Non-cracked (a) and cracked (b-e) sample images with different crack widths and 

lighting conditions of walls (top row), pavements (middle row), and bridge decks (bottom row). 
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Table 1- Details of original SDNET2018 and Utilized image dataset.  

Category 

 SDNET2018  Utilized dataset (Selected Images) 

 Cracked 

images 

Non-cracked 

images 

Total  Cracked 

images 

Non-cracked 

images 

Total 

Bridge deck  2025 11,595 13,620  960 960 1920 

Pavement  2608 21,726 24,334  964 964 1928 

Wall  3851 14,287 18,138  960 960 1920 

Total 
 

8484 47,608 56,092 
 

2884 2884 5768 

 

2.2 Haralick Features 

Haralick features are extracted from the gray-level co-occurrence matrix (GLCM) [16]. GLCM matrix is the statistical 

method of examining texture based on the spatial relationship of the pixels. The normalized and symmetric GLCM matrix 

is computed by calculating how often a pixel with a grayscale value i occurs with a specific pixel offset and direction to a 

pixel with the grayscale value j. For our proposed method, we have selected 8 Haralick features out of 14. The selected 

features are: Contrast, Angular second moment (ASM), Energy, Dissimilarity, Homogeneity, Entropy, Correlation, and 

Variance, which were the most suitable ones for the texture analysis of the concrete crack surface. The mathematical 

expressions for these features are presented in Table 2, where ὍὭȟὮ is the GLCM matrix of size ὔ ³ ὓ with Ὥ and Ὦ index 

values, ‘ is the mean value and „ and „ are the standard deviation in the ὼ and ώ directions, respectively. 

 

Table 2- Selected Haralick features.  

Feature Expression Feature value in presence of Crack 

Contrast Ὥ Ὦ ὍzὭȟὮ

ȟ

 Higher value 

ASM ὍὭȟὮ

ȟ

 Lower value 

Energy ЍὃὛὓ Lower value 

Dissimilarity ȿὭ ὮȿzὍὭȟὮ

ȟ

 Higher value 

Homogeneity 
ὍὭȟὮ

ρ ȿὭ Ὦȿ
ȟ

 Lower value 

Correlation 
ὭȟὮ ὍzὭȟὮ ‘ ‘z

„ „z
ȟ

 Lower value 

Entropy В ὍὭȟὮ ÌzÏÇὍὭȟὮȟ   Higher value 

Variance Ὥ ‘ ὍzὭȟὮ
ȟ

 Higher value 
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3 PROPOSED METHODOLOGY  

The block diagram of the proposed MV-based crack detection method from the concrete surface images is depicted in 

Figure 2 with the details presented below. The processes involved in the proposed methodology were implemented and 

executed using MATLAB and Python computer programming languages.  

 

 

Figure 2: Block diagram of the proposed method. 

3.1 Pre-processing 

The color concrete surface image is first converted to grayscale format using a linear transformation. Then, the image is 

quantized to 12 grey levels which were found enough for retaining the cracks with sufficient detail. The resulting quantized 

grayscale image was an accurate approximation of the original 256 grey level image. The quantization was done to 

facilitate the computation of GLCM as it is computationally very expensive to calculate GLCM for all 256 grey levels. 

After the quantization, GLCM is computed with a pixel offset of 1 for four angles (0ę, 90ę, 45ę and 135ę), corresponding 

to four directions: the horizontal, the vertical, and the two diagonals, respectively. 

3.2 Haralick Feature Extraction 

Selected Haralick features (as detailed in Section 2.2) are extracted from the GLCM. Out of the 8 features, 6 features 

(except Entropy and Variance) will have 4 values from 4 different directions. Therefore, the resulting feature vector length 

is 26. Further, the main orientation of the crack can be observed by analyzing the feature values in four different directions 

as there is a distinct discrepancy present among GLCMs generated at different angles. Cracks are generally oriented along 

with local minima or maxima of that individual feature, depending on the behavior of feature in the presence of the crack. 

3.3 Classifier 

A support vector machine (SVM) is used as a classifier for training and testing the proposed method. SVM is a global 

classifier suitable for fitting multi-class data distribution. Based on the kernel, it can perform both linear and non-linear 

fi tting for classification. For linear classification, a suitable hyper plane divides each cluster equally by the support vectors. 

While in non-linear classification, it transforms the initial distribution to a higher dimension where they are separable. The 

tested kernels included radial basis function (RBF), Histogram intersection (HI) and linear. For training and testing the 

SVM kernels, Ὧ-folds cross-validation scheme was utilized. The data were randomly partitioned into Ὧ equal sets and then 

the classifier is trained on Ὧ ρ sets with remaining ρ set left out for testing. The process is repeated for each set and the 

final accuracy is collectively calculated for the complete set. The value of Ὧ was 5 in our method. 

4 RESULTS AND DISCUSSION 

To quantify the performance of the trained classifier for crack detection, Accuracy (Acc.), Recall (R), Precision (P) and 

F1-score (F1) are computed. Table 3 presents the utilized performance metrics where TP is True Positive: a cracked image 

correctly classified as a cracked image, TN is True Negative: a non-cracked image correctly classified as a non-cracked 

image, FP is False Positive: a non-cracked image incorrectly classified as a cracked image, and FN is False Negative: a 

cracked image incorrectly classified as a non-cracked image. 
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Table 3- Performance metrics. 

Metrics Mathematical Expressions 

Accuracy (%) ὃὧὧȢ
Ὕὖ Ὕὔ

Ὕὖ Ὕὔ Ὂὖ Ὂὔ
 ³ ρππ 

Recall (%) Ὑ
Ὕὖ

Ὕὖ Ὂὔ
 ³ ρππ 

Precision (%) ὖ
Ὕὖ

Ὕὖ Ὂὖ
 ³ ρππ 

F1-score (%) Ὂρ
ς ³ ὖ ³ Ὑ

ὖ Ὑ
 ³ ρππ 

 

Table 4 presents the 5-fold cross-validation results in terms of Acc., R, P, and F1 of the tested classifiers for individual 

categories and all categories combined. It can be observed that the HI-based SVM classifier has the maximum performance 

metric values for individual categories. The proposed method can distinguish between cracked and non-cracked images 

with an accuracy of 88% for bridge deck surface images, 94% for pavement surface images and 89% for wall surface 

images. Further, when all categories are combined, the proposed method has a classification accuracy of 88% and the best-

trained model is a Linear-based SVM classifier. 

Table 4- Performance evaluation of the proposed method. 5-fold cross-validation results of SVM kernel-based 

classifiers trained on each image category and all images combined. 

Category Bridge deck  Pavement  Wall  All  

SVM kernel RBF HI Lin  RBF HI Lin  RBF HI Lin  RBF HI Lin 

M
e

tr
ic

s
 

Acc. (%) 74 88 88  88 94 92  66 89 88  64 57 88 

R (%) 66 85 84  84 93 91  74 89 87  74 59 86 

P (%) 77 91 91  91 95 93  57 89 88  59 55 90 

F1 (%) 70 88 87  87 94 92  64 89 88  65 56 88 

 

After the crack detection by a trained classifier, the extracted Haralick feature values in four directions are assessed to 

localize the main orientation of the crack in the image. While all extracted Haralick features show a distinctly different 

value along the direction of the crack orientation in comparison to the other directions, we have found the contrast as the 

most suitable feature for the localizing the main direction of the detected crack in an image. Therefore, the crackôs main 

orientation is ascertained by finding the maximum value of the contrast feature. To elaborate on this, Figure 3 shows two 

sample images with 135ę and 45ę crack orientations. The corresponding four contrast feature values calculated from 

GLCMs for these two images are tabulated in Table 5. As GLCMs have distinct discrepancies among themselves in the 

presence of a crack, this is reflected in the computed feature values. Figure 3(a) has the maximum contrast feature value 

of 2.36215 for GLCM computed at an angle of 135ę. Therefore, the main orientation of the detected crack in the image is 

the diagonal direction of 135ę. Similarly, the maximum contrast value for Figure 3(b) is 3.80787 for computed GLCM at 

45ęangle, which is indeed the main direction of the crack orientation in the image. 
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(a) (b) 

Figure 3: (a) Cracked image with 135ę crack orientation (b) Cracked image with 45ę crack orientation. 

  

Table 5- Haralick Contrast feature values for sample images in Figure 3. 

Contrast Values 

GLCM Angles  

0ę 45ę 90ę 135ę 

Figure 3 (a) 1.49887 1.74825 0.87333 2.36215 

Figure 3 (b) 2.67880 3.80787 1.10470 2.80471 

 

Finally, the performance comparison of our proposed method is made with a recent study in [17], where six different MV-

based algorithms are benchmarked for crack detection in concrete surfaces. Among the tested algorithms, the crack 

detection in spatial domain using Laplacian of Gaussian (LoG) filter proved to be the best performing technique for 

concrete crack detection. While the rest of the evaluated algorithms had a classification accuracy of below 85% [17], the 

LoG-based algorithm yielded a similar performance with 92% accuracy with 88% precision, which is comparable with our 

proposed method. However, the performance of the algorithm is reported on an image dataset size of 100 images of 

concrete panels only.    

5 CONCLUSION  

The following conclusions can be drawn from the conducted study: 

¶ An automatic crack detection from concrete surface images of different civil structures can be made using 

advanced machine vision techniques.  

¶ Crack detection can be done through textural analysis of the concrete surface image using a combination of 

appropriate Haralick features. 

¶ Crack orientation can be determined by assessing the extracted features in different directions. 

The proposed method shows a good classification accuracy for cracked and non-cracked images which motivates us to 

explore other Haralick features in future works. The proposed method can be integrated with unmanned aerial vehicles 

(drones) for autonomous concrete crack detection. Also, more robust pre-processing steps can be examined to enhance the 

region of interest to improve the crack detection and thereby, further improve the classification accuracy. 
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Abstract- Concrete is the most widely used construction material and its strength is 

affected by bugholes, caused by air entrapped in concrete, which can be removed by 

different admixtures and heavy compaction techniques. However, in this study waste 

material like silica fume (SF) and fly ash (FA) are used to remove the bugholes 

without compromising the compressive strength of concrete. Image Processing (IP) 

technique was used not only to detect the bugholes, but also to determine the area of 

bugholes in hybrid concrete. 24 cylinders with six different mix ratios were cast with 

0%, 15%, 25% of SF, and FA as cement replacement material in concrete. 12 of them 

were tested in compression and 12 of them were cut into 03 slices for images. The 

results show that compressive strength is increased with the increase in %age of SF 

and FA, while the  % age of bugholes decreases with an increase in %age of SF and 

FA. 

Keywords- Bugholes Concrete, Compressive Strength, Fly Ash, Image Processing, Silica Fume. 

1 INTRODUCTION  

Concrete is one of the most frequently used building materials. Concrete is the composition of cement fine particles, sand, 

and coarse aggregate [1], where cement is the most costly material. Cement production and demand are increasing day by 

day which causes an increase in the production of CO2 [2]. To reduce the cost of cement waste materials [3], cement 

replacement materials like silica fumes (SF), fly ash (FA), and GGBS is used to produce hybrid concrete mixes having 

several benefits such as low production cost, reduction in CO2, increase environmental sustainability, and long term 

performance [4, 5]. Fly ash affects the compressive strength and workability of concrete. Compressive strength of concrete 

containing fly ash decreases at an early age then increases concerning the time at a certain level. Workability of the fly ash 

concrete was better than the one of simple mix concrete [6]. Toutanji et al. [7] studied the influence of silica fumes on the 

compressive strength of cement paste and mortar. The results of their study showed the compressive strength of concrete 

increased with an increase in silica fume usage and it depends on the bugholes on the surface of the concrete.  

Image processing is the application of performing operations on image to acquire certain information on or from the image. 

Image digitization is one of the techniques of image processing in which an image is converted to a digital form where 

each digit in the image matrix is representing the intensity of color on the surface of that image. Jiangu et al. [8] worked 

on two-dimensional image analysis method for evaluating coarse aggregate properties and its distribution in concrete on 

self-consolidated concrete mixed with fly ash of class C and  F and measured the aggregate area ratio (AAR) by using the 

least area rectangle (LAR) technique.  Bugholes are the surface voids that are due to the migration of entrapped air during 

the pouring of concrete, which may affect the surface of the structure of concrete. Liu et al. [9] used image analysis tool 

MATLAB for the detection of bug holes, area ratio, and diameter of bug holes. 

Several studies have been conducted in past using image processing to investigate bugholes but those mainly focus on 

plain concrete and smooth surface of the concrete.  In this paper, a two-dimensional image processing method is used to 

detect bugholes and to find the percentage of bugholes on a concrete surface with SF and FA as cement replacement 

material. The influence of SF and FA on bugholes and compressive strength was also investigated. SF and FA were 

replaced by 0%, 15%, and 25% weight of cement. 24 concrete cylinders of dimension 300 mm × 150 mm were fabricated 

at 14 days and 28 days against water cement ratio of 0.5 and 0.6. Half of the total specimens were tested in compression 

and the other half were cut into three slices of each specimen. The top and bottom surfaces of the slices of the concrete 

specimen were photographed in a cabin. Digital images of the surfaces of slices were converted to grayscale, cropped at 
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the center portion of the concrete surface, and thresholded in MATLAB. Bugholes on the top and bottom surface of each 

slice were detected and their area was also calculated. This technique can be utilized to determine bugholes presence in 

concrete, determine the ratio of bugholes, and can also be used to estimate the quality of concrete through the information 

of bugholes obtained from the images of concrete. 

2 EXPERIMENTAL PROCEDURES 

2.1  Specimen Preparation 

Six concrete mix ratios containing 0%,15%, and 25% of fly ash of class F and silica fume were used to prepare 24 concrete 

cylinders with water cement ratio of 0.5 and 0.6. Two concrete cylinders from each mix ratio were cured at 14 days and 

28 days. The chemical composition of the material is given in Table 14 and mix ratios of specimen preparation are given 

in Table 15. 

Table 14-Chemical Composition of Cement, SF, and FA 

Chemical composition (%) Cement  Silica fume  Fly ash  

Silica 22.4 83-87 56-64 

Aluminium oxide 5 1.0 (max.) 27-33 

Iron oxide 4.0 2.0-3.5 1-4 

Calcium oxide 63.25 1.0-1.5 1-2 

Loss on ignition 0.64 4-7 9.01 
 

Table 15-Six different mix ratios against 0%, 15% and 25% of SF and FA 

Name  Mix ratios W/C % FA %SF 14 days  28 days  

10.5MR-0%A 1:3:6 0.5 0 0 2 2 

10.6MR-0%A 1:3:6 0.6 0 0 2 2 

10.5MR-15%A 1:3:6 0.5 15% 15% 2 2 

10.6MR-15%A 1:3:6 0.6 15% 15% 2 2 

10.5MR-25%A 1:3:6 0.5 25% 25% 2 2 

10.6MR-25%A 1:3:6 0.6 25% 25% 2 2 

2.2 Compressive Strength 

One cylinder from each mix ratio and curing age was tested in the laboratory to obtain the compressive strength of concrete. 

The compressive test was carried out according to ASTM C-39.  

2.3 Cutting of Specimens 

The remaining specimens of concrete mix having the mix ratio as of the ones tested for compression in the laboratory were 

cut into three pieces of equal size for photography. Before the photography and experimental process, Ultrasonic Pulse 

Velocity (UPV) test was performed on each sample and was found similar to each other. The top and bottom faces of each 

slice of a specimen are shown in Figure 13. 
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Figure 13- Top and Bottom faces of the slices of concrete cylinder 

2.4 Image acquisition 

A non-transparent cabin was built to form the test setup and an artificial illumination system with appropriate light intensity 

was installed inside the cabin. The cabin was particularly made to take photos of samples under a fixed light intensity of 

2100 lux. Using daylight is not an appropriate method as it cannot maintain the same illumination for each photo. The 

image setup was made in a small room of dimension 2.5 m × 2.5 m. Two 30-watt LED lamps were mounted on the projector 

facing towards the surface of the concrete slice. Images were captured using digital camera NIKON D3300 fixed at a 

height of 300 mm above the concrete surface [1]. 

2.5 Image processing and detection of bugholes 

Digital images were imported into MATLAB 2018 and converted to grayscale images using Eq. (1). The grayscale image 

contains shades of gray colour throughout its entire region. After conversion to grayscale, the images were centered and 

cropped to remove the black part of the figure which is shown in Figure 13. A pixel is the basic unit of an image with 

values ranging within [0, 255]. A zero value represents the black color while the 255 value denotes the white color [10]. 

Values in between are different shades of gray. Cropped images were thresholded with the OTSU threshold method and 

voids that were detected on the concrete surface are shown in Figure 14. Mask images of the cropped images, as shown in 

Figure 15, were also generated to calculate the area of the voids using Eq. (2). 

ὋὶὥώίὧὥὰὩπȢςωψπzὙ πȢυωψzὋ ρρπzὄ (1) 

In Eq. (1), R denotes red, G denotes green and B represents the blue color. Each color value ranges within [0, 255]. 

Ὑ
Ὓ

Ὓ
 

(2) 

 

where Rb is the ratio of bugholes, Sb is the sum of white pixels obtained from void image and S is the sum of white pixels 

obtained from mask image. 
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Figure 14- six face of a concrete specimen with bugholes identified images 

 

Figure 15- Mask generated images of six faces of concrete cylinder 

3 RESULTS AND DISCUSSIONS  

3.1 Influence of Mix Design ratios, W/C, FA and SF on compressive strength 

Graphical representation of the relation between mix ratios and compressive, W/C ratio, and amount of additive is 

displayed in Figure 16. It can be seen that the compressive strength was lower at the age of 14 and increases at the age of 

28 days. Pozzolanic activity of SF and FA produces additional calcium silicate hydrate which contributes to the strength 

of concrete. The increase in fc at a later age was mainly due to the pozzolanic activity of FA which starts at a later age 

while the pozzolanic activity of SF starts at an early age. The compressive strength plot in these graphs showed that 

compressive strength decreases with an increase in W/C.  Compressive strength of concrete with SF and FA decreased in 

early age specimen but a significant increase in compressive strength was noticed in a specimen of 28 days. With 0% of 

SF and FA and W/C 0.6, the compressive strength of specimen is 10.20 MPa while a similar specimen with 15% of SF 

and FA has a compressive strength of 10.10 MPa [11]. The results showed that partial replacement of cement with silica 

fume had a significant effect on the compressive strength of the cylinder. The strength of concrete increases rapidly with 

an increase in the silica fume content [12]. 
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3.2 Effect of FA and SF on bugholes  

Figure 17 illustrated that by increasing the amount of SF and FA, there is a significant reduction in the % of bugholes[13]. 

SF is finer material than cement and FA particles have size almost the same as that of cement particles so they fill the 

micro voids in paste improving the packing of aggregates in concrete. Also, bugholes are not constant throughout the entire 

length of the concrete cylinder which can be noticed in the graph higher at the top face and lower at the bottom face of the 

slice of the concrete cylinder. 

3.3 Effect of curing days on the Bugholes 

From the obtained results it was seen that bugholes presence is also affected by the curing age. Specimens with 14 days 

curing age had a greater amount of bugholes as compared to the specimens cured at 28 days with the same specifications. 

As the number of bugholes decreased in 28 days samples, the compressive strength of the concrete was higher than that of 

samples cured at 14 days [14, 15]. Graphical representation of the effect of curing age on compressive strength can be 

noticed from Figure 16 and the effect of curing on bugholes can be seen Figure 17. Variation in histograms of six faces of 

the same specimen in Figure 18 depicts the void ratio not constant across the length of concrete specimen. 

 

Figure 16-Compressive strength of mix ratio of concrete at 14 days and 28 days with 0%, 15%, 25% SF and FA 

4 PRACTICAL IMPLICATION  

Construction accepts the fact that bugholes problem is a major problem that may tend to develop crack with time so it 

needs to be addressed carefully. Many techniques such as surface roughness measurement techniques and pressure 

differential technique which are costly, require a special tool or least effective. So the image processing technique may be 

easily adapted in the construction industry being inexpensive, easy to use, and requires less human effort. 
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Figure 17-Percentage of the void ratio of six mix ratios of concrete with 0%, 15%, 25% SF and FA at 14 days and 28 days 

 

Figure 18-Histogram of six faces of the same concrete specimen showing the different number of bugholes 

5 CONCLUSION  

This paper mainly studies the detection of bugholes through images, the effect of SF, and FA on bugholes and the 

compressive strength of the specimen. 

1. The image processing (IP) technique developed in this study can be used to obtain information on the existence 

of bugholes in concrete through images. 

2. The results show that the IP technique can be utilized to detect bugholes in concrete and to determine the 

percentage of bugholes on the concrete surface. 

3. Quality of concrete containing silica fume and fly ash can be evaluated based on information obtained from 

images of the concrete through this technique. 

4. The compressive strength is decreased at the age of 14 days and it increases at the age of 28 days with concrete 

containing silica fume and fly ash 
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5. It is also observed that with the increase in the percentage of silica fume and fly ash concrete, bugholes initially 

increase and then decrease.  

6 RESEARCH SIGNIFICANCE  

FA and SF are eco-friendly and environmentally sustainable pozzolanic materials. The use of CRM reduces the production 

of CO2 and is inexpensive. The conventional way of identification of bugholes such as surveying is and inspection of high 

rise buildings is costly, labor-intensive, and may subject to human error. The image processing technique can detect 

bugholes easily through the image of the concrete surface with the help of a computer. 

7 FUTURE WORK 

In this phase of work, bugholes have been studied based on images of the horizontal cut surface of the concrete cylinders. 

In the next phase, slices of the concrete cylinders will be cut also vertically and bugholes will also be studied from the 

images of the vertical cut surface of the concrete specimens. Moreover, microscopic images of both surfaces will be 

captured to study bugholes. The focus of the study will be on (i) detection of bugholes through image processing, (ii) 

prediction of the percentage of bugholes through ANN, and (iii) classification of bugholes using CNN based on the 

diameter of bugholes. 
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Abstract - Half-joints structures are commonly used during the 1960s. Construction 

of concrete bridges using half joint was simplified due to the central spans being able 

to be lifted into place once the cantilevered spans were constructed. In this form of 

construction, the beam geometry consists of a reinforced concrete nib with a full 

depth section adjacent to it; the force transfer from the load point through the nib and 

to the full depth section is relying on the reinforcement detailing, which can vary 

from the as-designed drawings. Engineers who are assessing the existing half joints 

structures may be challenged by missing bars or reinforcement layout not compliant 

with the current standards. Experimental work was carried out by Desnerck et al. to 

identify the consequences of a series of reinforcement configurations on the capacity 

(load) of half jointôs beams. The reference beam designed as per prevailing practice 

was analysed by Qamar et al. using both Strut and Tie Method (STM) and Plastic 

Redistribution Method (PRM), previous known as Yield Assessment Method 

(YAM). The aim of this paper is to compare the experimental results of the beams 

having missing reinforcement with analytical results using the plastic redistribution 

method. The effect of missing bars was not considered in the previous study. The 

reinforcement layout and details, covering either missing horizontal reinforced bars, 

missing diagonal reinforced bars or a decreased amount of shear bars, were taken 

from the Desnerck et al. experimental work. It was found that the resistance obtained 

from PRM differed with the experimental data by maximum 12%. The findings of 

both the PRM assessment and the empirical works suggest that the consequence of 

improper bars layout is evident on the strength of existing reinforced concrete half-

joint structures. 

Keywords: Half Joint, Plastic Redistribution Method, Strut And Tie, Yield Assumption Method.  

1 INTRODUCTION : 

During the 1960s and 1970s several half joint structures introduced into bridge deck construction. The main advantage of 

this construction type is the efficient installation of a centrally supported deck, allowing a reduced construction depth by 

recessing the supporting corbels into the depth of the beams supported. [6]. Design of the supported spans on half-joint 

structures can also be standardised which facilitates a modular design approach to be used for a series of bridges.  

Nevertheless, reinforced concrete half-joint structures are susceptible to concrete deterioration and reinforcement corrosion 

due to leakage of water and chlorides ingress through the joint [2,3]. Loss of reinforcement and concrete degradation are 

hidden problems which cannot be easily inspected in this type of construction. In addition, another challenge which is 

commonly encountered by the engineers when assessing the integrity of existing half-joint structures is the lack of 

information regarding the as-built layout of the existing reinforcement. In many cases, there are inconsistencies between 

the structures and the as-designed drawings, or the reinforcement details are not compatible with the current standards. 

With respect to half joint bridge assessment in the UK, the DMRB standards and advice notes BD44, BA39, BA51, IAN 

53 and CS 466 [7,8,9,10] provide engineers with guidance about the assessment methods and the challenge of 

reinforcement section loss.  

Experimental work carried out by Desnerck et al. [3,4] investigated four different cases to determine the consequences of 

missing reinforced bars on the load failure and mode (failure) of half joint structures. The load carrying capacity of the 
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half joints beams decreases as a result of decreasing the reinforcement amount while their failure mode is influenced. By 

eliminating the diagonal bars or U-bars in the nib, a failure at nib is observed, while reducing the shear reinforcement in 

the half joints beams results to a failure in shear across the full-depth section. The highest reduction in failure load had 

been observed in the beam having no diagonal reinforcement. The lowest reduction on failure load had been observed 

when the shear reinforcement was reduced [2]. 

 

 

 

 

 

 

 

Figure 19: Reinforcement layout (Desnerck et al 2016) 

The outcome of the experimental test program by Desnerck et al. for the reference specimen (complete reinforcement 

arrangement) had been analysed using STM and YAM by Qamar et al.; the resistance obtained from YAM matched the 

experimental work within an error of 7%. The aim of this paper is to discuss the efficiency of the PRM analytical method, 

previous known as YAM, by comparing the experimental results with the results of the PRM for the other three specimens. 

In accordance with CS 466 [11], the effects of plastic redistribution may be considered to improve the conservative 

estimates from the strut-and-tie analysis, whilst still giving a safe estimate of resistance. The reinforcement details and 

layout considered including the reference specimen were taken from the experimental work by Desnerck et al. and are 

shown in Figure 1.  

2 METHODOLGY  

2.1 Assessment of half joint structure in accordance with PRM 

The Plastic Redistribution Method (PRM) proposes a combined strut-and-tie system to estimate the resistance of the half-

joint structure. The three combined strut- and-tie models utilized to evaluate the capacity of the half-joint beams with 

reduced reinforcement are shown in Figure 2, and they have been analysed using MIDAS Civil 2018 v2.1. The tie 

members, which have been assumed to be fully anchored for the current analysis, yield one by one starting with the most 

critical member.  

When the critical tie member starts yielding, it is replaced in the model with a pair of internal forces equal to the yield 

resistance of the reinforcement, applied to the relevant nodes to represent the tie in the system. The model is analysed to 

determine the redistributed forces in the other ties and struts. This process is followed until all tie member reach their 

assessment yield resistance or the model becomes unstable. No other parameters or constitutive model is considered in this 

method.  
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Figure 20: Proposed SRM models 

3 RESULTS AND DISCUSSION  

The highest predicted failure load of 431.9kN was obtained using the PRM for the reference specimen differed with the 

empirical data by 6.8% (Table 1). The failure of the half joint occurred when the horizontal and inclined reinforcement 

reached their yield resistance and caused half joint failure. The same failure mode was also observed during the empirical 

testing; the half-joint failure observed because of rapture of the U-bar and diagonal reinforcement at the re-entrant corner 

location. By reducing shear reinforcement amount, the capacity of the beam was reduced by 10.9 %, resulting in 385 kN 

failure load in model, which differed to the failure load from the experimental work carried out by Desnerck et al (358 kN 

failure load) by 8%. However, the PRM failure was occurred in the horizontal reinforcement (U-bar) and not due to a full- 

depth shear failure as recorded during the experiments. This may be explained due to the assumption that was made that 

the horizontal reinforcement was fully anchored, preventing from developing cracking in the full depth area and resulting 

in a theoretical failure at the corner of re-entrant.  

It is also worth to note that all the partial factors were set to 1.0 for the plastic redistribution assessment. The absence of 

the horizontal U- bars, reduced the beam capacity, resulting in 237.6 kN failure load and reducing the half joint resistance 

by 45% compared to the reference specimen. The predicted failure load and empirical value differ by 12%. The highest 

decrement had been observed with elimination of diagonal reinforcement, resulting in 227.6 kN predicted failure load 

which differs to the empirical load by 7 %. The resistance of the half joint without the diagonal bars was decreased by 47% 

in comparison with the capacity of the reference model calculating with the PRM. The failure of the NS-ND and NS-NU 

specimens occurred because of diagonal and horizontal reinforcement in the corner of re-entrant, respectively, and it 

matches the failure mode observed during the experimental works. 

The resistance of the half joints without U-bar and diagonal reinforcement, calculated with the PRM, was slightly less as 

compared to the experimental results obtained by Desnerck et al. In contrast, for both the reference and with the decreased 

shear bars samples, the resistance of the half joint was slightly increased in comparison with the experimental work. The 

failure load and failure mode for all specimens for PRM and experimental work are shown in Table 1 and Figure 3. 

(a) No U bar (NS-NU) (b) No Diagonal bar (NS-ND) 

(c) Reduced stirrups (NS-RS) 
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Table 1: Half Joint Assessment Results 

Specimen 

Maximum Half Joint Capacity (kN)  Failure Mode 

Experimental 

Results 
SRM 

Ratio 

(Analytical / 

Experimental) 

% 

Experimental Results SRM 

NS- REF 402.3 431.9 6.8% Due to the rupture of inclined 

bars and the horizontal 

reinforcement. 

Top 2 elongated 

reinforcement are 

horizontal 

reinforcement and the 

inclined bars based on 

the strain analysis. 

NS- ND 244.9 227.6 7% Due to the rupture of the 

horizontal reinforcement in 

the corner of re-entrant. 

The top elongated 

reinforcement is the 

horizontal 

reinforcement based on 

the strain analysis. 

NS-NU 295.8 237.6 12% Because of rupture of 

inclined reinforcement at re-

entrant corner. 

The top elongated 

reinforcement is the 

inclined reinforcement 

based on the strain 

analysis. 

NS-RS 358 385 8% Failure in shear across full-

depth section of beam. 

The top elongated 

reinforcement is the 

horizontal 

reinforcement based on 

the strain analysis. 

 

  

 
(a) NS-REF (b) No Diagonal Bar (NS-ND) 
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Figure 21: Comparison of Failure Mode (Experimental vs SRM) 

4 CONCLUSION  

The findings of the empirical work carried out by Desnerck et al., which assesses the half-joints structureôs response. The 

structures having non-compliant reinforcement arrangements were analysed in this study and compared with the analytical 

results using the PRM. Following are concluded from current study:  

(c) No U Bar (NS-NU) 

(d) Reduced stirrups (NS-RS) 
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1. The highest reduction in failure load had been observed in model having no diagonal reinforcement, resulting in 

227.6 kN predicted failure load and showing 47% load decrement in comparison with the capacity in base model. 

2. With decreasing the shear reinforcement amount, the capacity of beam was reduced by 10.9 % 

3. The predicted failure load and empirical value differ by 6.8%, 7% ,8% and 12% for base model, the model having 

no diagonal reinforcement, the model having reduced stirrups and the model without U-bar, respectively. 

4. The failure for the reference model, the model without U-bar and with absence of diagonal reinforcement which 

was observed by the PRM matches the brittle failure observed at the corner of re-entrant during empirical works. 

The findings of both the PRM assessment and the empirical works suggest that the consequence of improper bars layout 

is evident on the strength of existing reinforced concrete half-joint structures. However, by decreasing the quantity of the 

shear bars, the failure occurred in the horizontal reinforcement at the corner of re-entrant and not because of a full- depth 

shear failure as recorded during the experiments. This may be explained due to the assumption that was made that the 

horizontal reinforcement was fully anchored, preventing from developing cracking in the full depth area and resulting in a 

theoretical failure at the re-entrant corner. Additional analysis is required in order to determine the potential effect of the 

anchorage on the failure mode and failure load of models with non-compliant reinforcement details. Other parameters like 

strain and crack evaluation will be considered in the future works. The work from this study gives a better confidence in 

the PRM assessment and can be used in the assessment of half joint structures which are biggest problem in the construction 

industry. This is due to unknow reinforcement and their condition.  
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Abstract- Owing to the notable benefits of cement concrete such as flowability, high 

compressive strength, temperature resistance and economy, it is being used 

extensively in construction industry. However, concrete structures may deteriorate 

due to excessive loading, aging or various environmental factors. Repairing of 

concrete structures is an effective approach to avoid structural collapse. Several types 

of repairing materials have been explored at laboratory scale as well as at industrial 

scale. Two recent repairing materials are; polymer cement concrete (PCC) and 

geopolymer concrete (GPC). Both types of repairing concrete were used in this work 

and their bond strength with steel reinforcement was evaluated through pullout test. 

Conventional concrete was also used as reference specimen and results of pull out 

strength were compared with it. Experimentation revealed that all three types of 

specimens exhibited similar bond behavior. The experimental results were also 

compared with the existing code. Moreover, a relationship was proposed for 

prediction of bond strength and it showed close correspondence with experimental 

observations as well as with CEB-FIP code.  

Keywords- Polymer Concrete, Geopolymer Concrete, Bond Strength, Pullout Test.  

1 INTRODUCTION  

Concrete is a widely used structural material with its ability to resist higher compressive loads. Due to various 

environmental and loading effects, reinforced concrete members deteriorate resulting in shorter age as expected. This is 

due to the lack of implementations in repair [1]. It is important to provide an appropriate solution for the deteriorated 

structures, in order to fulfill their intended use and to complete their service life. Repairing of concrete structures is a 

suitable solution for deteriorated structure, economically as well as environmentally, than to demolish it completely [1, 2]. 

Usually, spalling of concrete occurs thus indicating a substantial chance of failure and ultimate collapse. Such type of 

structural damages cannot be repaired by externally bonded fiber reinforced polymeric sheets. So, cementitious repair is 

required. Different novel repair materials and techniques can be used nowadays to increase the load bearing capacity of 

the members. Polymer cement concrete (PCC) and geopolymer concrete (GPC) are two common materials being used as 

a repair material [3, 4]. These materials have high strength and better adhesion. Also, they can resist thermal and 

environmental effects in a better manner as compared to conventional concrete. Polymer cement mortar can be prepared 

by adding polymers as an admixture [5, 6]. The particles of latex, when dispersed in water, forms rigid layer with minimal 

voids in it. Thus, contributing to the strength of PCM [7]. Geopolymer materials are also being employed in construction 

industry mainly due to the current interest in sustainable development. It has received attention as an alternative to the 

ordinary portland cement concrete (OPC) thus reducing high carbon dioxide emissions as well as the landfill costs. High 

silicon or aluminum materials of geological origin or industrial by products are employed as geopolymers. Geopolymers 

can be prepared from either from calcined or non-calcined sources. Higher compressive strength can be achieved by 

incorporation of calcined sources such as metakaolin, fly ash, slag as compared to those synthesized from kaolin clay; a 

non-calcined source [8, 9]. Several researchers have prepared geopolymer concrete by using industrial waste products such 

as fly ash, slag etc. Fly ash is widely being used in the production of geopolymer mortars and concrete. Class F fly ash 

contains more than 70% of silicon, aluminum and iron oxides which makes it pozzolanic in nature [10]. Thus, making it 

favorable for the use in concrete [11]. The use of fly ash in GPC results in the formation of sodium aluminum silicate 

hydrate (NASH) while two hydration products are formed by using slag in geopolymer concrete i.e. NASH and calcium 

silicate hydrate (CSH) [12]. The use of these industrial by-products in concrete not only makes it favorable for a cleaner 
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environment but also helps to achieve higher strength and less permeability. It has been reported that the increase in amount 

of geopolymer binder results in the improvement of mechanical properties as in the case of conventional concrete [12].  

Reinforcing bars are provided in concrete structures to compensate for tensile stresses. Different types of reinforcing bars; 

steel or fiber reinforced polymer, plain or deformed, are being used in reinforced concrete (RC) structures. However, steel 

bars are used as the most common type of reinforcement. Concrete has the ability to maintain a strong bond with steel 

bars. Bond stress depends on various factors such as concrete compressive strength, development length of steel rebar, 

diameter of rebar, bar type etc. Bond between concrete and rebar is maintained mainly by chemical adhesion and 

mechanical interlock. This bond is attributed to three types of forces; adhesion forces, shear forces, friction forces. Bond 

strength of steel reinforcing bars with GPC has been evaluated and reported to be higher than that of steel reinforcing bars 

OPC [13, 14]. However, bond strength of PCC has not been reported yet. 

Since, PCC and GPC are widely being used as the most suitable and sustainable repair materials and also as basic structural 

materials in some countries, therefore it is significant to investigate the bond strength performance of these repair materials 

with reinforcement. Relationships for bond stress have not been developed for PCC and GPC. The present study aims to 

study the bond behavior of PCC and GPC with steel reinforcement, to compare their bond behavior with OPC and to 

establish a relationship between bond strength and compressive strength. 

2 METHODOLOGY  

2.1 Materials 

Ordinary concrete (OPC) was prepared in the laboratory in order to compare the results with PCC and GPC. Materials 

employed in the production of concrete were easily available from local market. The properties of cement, sand and 

aggregate are mentioned in Table 1. 

Table 16-Properties of concrete constituents 

Cement (Paidaar cement) Coarse Aggregate (Sargodha 

crush) 

Fine Aggregate 

(Ravi Sand) 

Specific gravity 3.15 Fineness 2.65 Fineness 

Modulus 

2.4 

Consistency 31% Specific gravity 6.03 Specific 

gravity 

2.61 

Fineness 8% Loose bulk 

density 

1289 kg/m3 Bulk 

density 

1330 

kg/m3 

Initial setting time 105min. Rodded bulk 

density 

1584 kg/m3   

Final setting time 2hrs. - 

5min. 

Water absorption 0.99%   

 

Polymer cement mortar was provided by Imporient Chemicals in two-component form. Component A included cement, 

sand and polymeric fibers. Component B was latex to be mixed in component A in the prescribed ratio. Coarse aggregate 

was added in addition. PCC was cured for 28 days. Wet curing was carried out for first 7 days with jute bags and then the 

specimens were ambient-cured for next 21 days , as it has been reported to be the most suitable method [5]. The properties 

of structural repair mortar provide by the manufacturer are mentioned in APPENDIX 1. GPC was produced in the 

laboratory by using a combination of fly ash and slag as binders. These binders were obtained from DG cement plant in 

Pakistan and their properties are mentioned in Table 2. Sodium hydroxide (NaOH) and sodium silicate (Na2SiO3) were 

used as alkaline activators in a ratio of 1:2.5. Sodium hydroxide was prepared in the laboratory at 12M concentration by 

dissolving pellets into distilled water 24 hours prior to casting. GPC was cured for 7 days under ambient conditions to get 

desired normal strength requirement.  

Table 17 Chemical composition of binders for GPC 
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Material  Oxides 

SiO2 Al 2O3 CaO Fe2O3 MgO K2O Na2O SO3 

Flyash 56.34 23.08 9.02 6.43 1.70 0.56 0.28 - 

Slag 37.42 13.25 40.85 1.92 1.63 0.01 0.42 0.64 

 

Reinforcement was provided by steel reinforcing bars. Deformed bars of diameter 14mm with yield strength of 453 MPa 

were used to determine the bond strength between three types of repairing concrete and reinforcement. This diameter of 

bar was selected because it is commonly available and is being used in real applications. 

2.2 Preparation of specimens 

Cube specimens were prepared for pullout testing and compression testing. Cube size for pullout specimens was 150 × 

150 × 150 mm while that for compression testing was 100 × 100 ×100 mm. 

A hole with diameter slightly greater than that of the steel bar was punched in the center of the base plate of steel cube 

mould, so that the steel bar can pass through it easily. A steel plate, with a hole at the center and the diameter same as that 

in the base plate, was clamped to the upper portion of steel cube mould in order to fix the steel bar. Steel bars were wrapped 

with PVC pipe to maintain the bonded length of five times diameter of bar (5db) as shown in Figure 2.  

Casting and curing procedure of OPC followed the standard ASTM C192 [15]. Molds were cleaned and oiled prior to 

casting of specimens and steel bar was then fixed in the center of the mold. Ingredients were first weighed according to 

the mix design as presented in Table 1. Dry mixing of cement and half of the fine aggregate was carried first. After that; 

coarse aggregate, other half of fine aggregate and water was mixed for about five minutes. Concrete was poured in three 

layers and each layer was compacted by using vibrating table. The surface of specimens was then smoothened by steel 

trowel. Samples were demolded after 24 h and jute bags were used for curing. PCC was prepared by machine mixing of 

the two components provided by the manufacturer and coarse aggregate was added in addition. Similarly, GPC was 

prepared by machine mixing of binders, alkaline activators and coarse aggregate and its mix design is presented in Table 

4.   

Table 18-Mix design of OPC 

Ingredients Amount (kg/m3) 

Cement 368 

Fine Aggregate 552 

Coarse Aggregate 1105 

Water 165 

 

Table 19-Mix design of GPC 

Ingredients Amount (kg/m3) 

Flyash 384 

Slag 128 

Cement 128 

NaOH 183 (12M) 

Na2SiO3 457 

Fine Aggregate 640 

Coarse Aggregate 1280 

 



          2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering 

       Capital University of Science and Technology, Islamabad Pakistan 

 

120 

 
 

 

Figure 22: Specimen Preparation 

2.3 Testing of specimens 

Compression test was performed on the prepared cubic specimens of 100 ×100 × 100 mm following the standard ASTM 

C39 [16]. Compression test was performed in order to relate bond strength with compressive strength. Specimens for 

compressive strength were tested at the same age as that of pullout test. Compressive load was applied on the cubes by 

using Universal testing machine (UTM). Pullout specimens were tested according to the standard ASTM D7913 [17]. 

Specimens were adjusted in the pullout assembly. Dial gage was attached to the unloading end of steel bar in order to 

measure relative slip. Figure 23: Testing of specimens 

 present the testing of the specimen.  

   

Figure 23: Testing of specimens 

3 RESULTS AND DISCUSSIONS 

Compressive strength and bond strength were calculated from the experimental loads. Pullout failure mode was observed 

for all specimens. Bond stress-slip relationship was plotted for the specimens. Similar behavior was obtained for all three 

types of specimens with an increasing line with a minor slippage at first stage, then a decreasing trend and ultimately 

constant stress zone with a significant slip. This trend is plotted in Figure 24. Similar bond behavior of GPC has been 

reported in another study [18]. However, it has been reported that despite of similar bond behavior and stress-slip 
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relationship, GPC shows slightly higher bond strength depending upon the amount of flyash or source of binders. Also, 

GPC can achieve relatively higher bond strength at early age due to heat curing, but for ambient curing results of GPC are 

quite similar to those of OPC. Bond strength for PCC has not yet been reported by any other study. 

 

Figure 24: Bond stress - slip relationship 

A relationship was developed (Eq. (A) between compressive and bond strength from the experimental results with 

coefficient of determination (R2) value equal to 0.9.  

 

† ρȢυὪ Ȣ  

 

Eq. (A) 

where; 

†  = Maximum bond strength (MPa) 

Ὢ = Compressive strength (MPa) 

 

The obtained results were verified by using the relationship of bond stress specified by CEB-FIP 10 [19]. The relationship 

established by CEB-FIP Code is mentioned in Eq. (B). 

† ςȢυ Ὢ Eq. (B) 

Experimental results were in good agreement with those obtained by using the code. Upto 11% variation was observed 

between experimental and analytical results.  Thus, PCC and GPC can be used as sustainable materials for cleaner 

production and already existing relationships for OPC can be used for PCC and GPC to estimate their bond strengths 

accurately. These repair materials require minimal maintenance and can be used effectively [3, 20].  

4 CONCLUSIONS 

The results of the experimentation revealed that all three types of prepared concrete exhibited similar bond behavior. This 

is because all materials are cementitious so the stress-slip curve showed the same trend. Thus, the analytical relations 

established for OPC can also be used for PCC and GPC. Moreover, the experimental results were verified by using the 

specified standard and a close correspondence was obtained between the relationship established in the present study 

through experimentation and the standard-specified relationship, thus approving the results. 

 

 



          2nd Conference on Sustainability in Civil Engineering (CSCEô20) 

  Department of Civil Engineering 

       Capital University of Science and Technology, Islamabad Pakistan 

 

122 

5 APPENDIX 

APPENDIX 1 

Product Description 

 

Repair Mortar SF is a two component fibre reinforced, cementitious polymer silica 

fume containing multipurpose patching and structural repair mortar. 

Uses For patching or structural repair of deteriorated concrete and mortar. It is suitable 

for exterior or interior, horizontal or vertical surfaces. 

Advantages Easy to mix, apply and finish 

Excellent adhesion to substrate 

Shrinkage compensated 

Low water absorption 

Non-corrosive, non-toxic 

Test Standard BS 1881 ; ASTM C 109 

Technical Data: 

Form Two components; Grey powder with Polymer Emulsion 

Packing 22 kg powder: 3.0 Lit. Emulsion 

Pot life 50-60 minutes at 25 °C 

Density Fresh mortar: 2.0-2.1 kg/Lit. 

Yield Approx 14 litres of wet mixture 

Water absorption < 0.01 ml/m2sec (BS 1881, PART 208) 

Flexural strength 7-9 N/mm2 (28 days) 

Adhesion >2.0 N/mm2 on concrete (BS 1881, PART 207) 

Temperature Minimum 5 °C 

Maximum 40 °C 

Mixing  3 minutes electric mixing (500 RPM) 
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Abstract- Geo-polymer concrete is attaining the interest of scientific communcity 

as it is significantly addressing the ash disposal and CO2 emission issues. In this 

study influnece of Sugarcane Bagasse ash (SCBA) was investigated on cement 

mortar specimens. NaOH and KOH with different molarities were used as alkali-

activaots in prepartion of SCBA based geo-polymer mortar. Forty two mortar 

mixtures were prepared having water to binder ratio of 0.5. Test specimens were 

prepared with 20% change of cement weight with bagasse ash. Compression test was 

conducted to find the strength properties of bagasse ash based cement composite. 

Additionaly, water absorption test and permeable porosity test were also performed.7 

days compressive strength was found less as compared with control specimens due 

to less geopolymerization process. Moreover, geopolymer specimens posses higher 

water absorption values and found depended on pH of molar solutions. In non-

structural concret member, the use of geopolymer will leads to green environment.   

Keywords- SCBA, Molar Ratio, Geo-Polymerization, Naoh And KOH.  

1 INTRODUCTION  

Construction industry makes an important contribution in the economic growth of any country. Constant increase in 

demand of infrastructure is leading to its rapid growth. Nowadays, concrete is most widely used construction material due 

to its properties such as; high strength, durability, low cost, moldability, high-temperature resistance and low or no 

maintenance requirement and versatility. Consumption of concrete around the globe was around four million Metric tons 

in 2014 and hence; after water, it is the second most used material on earth [19]. Production of concrete imparts detrimental 

effects on the environment because of carbon dioxide (CO2) emission, nitrogen oxides and sulphur oxides due to excessive 

use of OPC. Studies reveal that manufacturing of cement emits an almost equal quantity of carbon dioxide into the 

atmosphere  [1].  

Sugarcane Bagasse ash (SCBA) is the alternative supplementary cementitious material that can be used as a mineral 

admixture in concrete and mortar due to presence of huge amount of amorphous silica. It is a combustion by product from 

sugar boilers and alcohol factories, and has been used to improve both durability and strength properties of concrete when 

replaced partially with cement [18]. Accordingly, performance of SCBA concrete, comprising of SCBA, had much 

improved than control concrete with regards to water permeation and compressive strength. Furthermore, efficiency of ash 

has been enhanced by increasing the surface area with the help of grinding [8]. Geo-polymer concrete is produced by 

polymerizing reactive alumina silicates; metakaolin (MK), rice husk ash (RHA), fly ash (FA) and high calcium wood ash 

(HCWA) with alkaline activators such as potassium hydroxide (KOH), sodium hydroxide (NaOH), potassium silicate or 

sodium silicate that may be temperature cured or cured at room temperature. The efficacy in producing geo-polymer 

concrete is greatly dependent on the activators as well as types of alumina silicate resources [3, 8, 13]. The research studies 

on geo-polymer concrete and alkali activation had emerged in 1950ôs.Glukhovsky model has been widely used for alkali 

activation of alumina silicates materials in past years [14, 15] . Later on, researchers have conducted experimental 

investigations and extended the Glukhovskyôs theory on geo-polymerization process involved in geo-polymer concrete 
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and mortar [17]. Mostly, earlier studies have been conducted on FA based geo-polymer concrete. Later, SCBA in 

combination with rise husk ash and with other alumina silicates were used to produce geo-polymer concrete[2].  

Many recent studies have also been conducted on binary mixtures of FA-SCBA and blast furnace slag (BFS) mixed with 

SCBA by using alkali hydroxides and silicates mixtures mainly (Na or K) alkaline activators [7, 9]. However, as per 

authorôs best knowledge, up till now no systematic study is conducted, to access the properties of geo-polymer concrete, 

consisting of SCBA activated with the combination of two activators such as NaOH and KOH activators. Endorsing that 

idea, SCBA based geo-polymer concrete activated with a blend of NaOH and KOH is intended to be investigated in this 

study. Influence of molarity was also determined on compressive strength and water absorption. 

2 EXPERIMENTAL PROGRAM  

1.1 Materials 

Ordinary Portland cement (OPC) as per ASTM C 150 Type I was used throughout the research work. Blaine air 
permeability a pparatus was used to determine the fineness of cement and found to be 2670 cm2/gm. Moreover 
coarse and fine aggregate was sieved and analyzed. It was noted that it fulfill the requirements as per ASTM 
standards. ASTM C136 �. 04 [4] .Distilled water was used in this study. SCBA was acquired from open burning. 
It was sieved through # 50 sieve to remove both course and fine fibrous carbon particles [13]. SCBA was then 
subjected to grinding for 120 min to achieve its maximum pozzolanic activity [14]. Its fineness was found to be 
2863 cm2/gm after grinding for 120 min. 

1.2 Specimen Designation 

GxNayKb represents the geo-polymer concrete sample prepared by adding solutions of two bases i-e óxNayKbô showing óaô 

percent of óxô molar NaOH and óbô percent of óyô molar KOH. Table 1 shows the mix proportions and specimens 

designations used in this study.  

Table 1: Mix proportions used for preparing 

Mix  Activator to 
Binder Ratio  

(A/B)  

Cement 

(%) 

Bagasse Ash 

(%) 

Sodium 
Hydroxide 

(NaOH)  

(mol)  

Potassium 
Hydroxide 

(KOH)  

(mol)  

G4Na4Kb 0.5 80 20 4 4 

G4Na8Kb 0.5 80 20 4 8 

G4Na12Kb 0.5 80 20 4 12 

G8Na4Kb 0.5 80 20 8 4 

G8Na8Kb 0.5 80 20 8 8 

G8Na12Kb 0.5 80 20 8 12 

G12Na4Kb 0.5 80 20 12 4 

G12N8K 0.5 80 20 12 8 

G12N12K 0.5 80 20 12 12 
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1.3 Solution preparation and their pH Test 

Solutions were prepared 24 hours before the casting and their pH test was conducted to find alkalinity of different NaOH 

and KOH molar solutions in the environmental lab, K block. 

1.4 Specimen preparation 

The SCBA based geo-polymer cement paste were prepared by mixing different combination of molar solution of NaOH 

and KOH in mix containing cement with 20% replaced bagasse ash mix having water to binder ratio of 0.5. The prepared 

mix was casted in 5cm x 5cm x 5cm mortar cubesô molds and after 24 hours samples were demolded and immersed in 

curing tank for 7 days and 28 days. The testing involved the compression test, water absorption test and the permeable 

porosity test at 7 and 28 days curing stage. 

1.5 Compression Test 

Compressive strength test was performed to check the strength of different SCBA based geo-polymer cement paste. 

Standard 5cm x 5cm x5cm cubes were prepared. Testing was carried out at the age of 7 days and 28 days. 

1.6 Absorption test 

Performed to experimentally determine water absorption capacity for different samples of geo-polymer cement paste. This 

test was performed in accordance with ASTM C 642-97 [5]. 

3 RESULTS: 

Three samples of each mixtures were prepared and tested under same experimental conditions and the average value was 

reported in this section. The variation of the individual result was kept at less than 5% of the average value, otherwise, the 

mixtures were casted again 

1.7 pH Test 

pH values of solutions ranges from 12.17 to 15.35. The pH test of different solution is shown in the Figure 1. 

Figure 1: pH values of SCBA based geopolymer cement composites samples 

1.8 Compressive strength 

Strength of mortars samples that have bagasse ash was more other than the normal samples for long period. Samples having 

high bagasse ash content observed low compressive strength at early age i.e 7 days after casting. The compressive strength 

of mortar samples at early stages was less because C-S-H bond and polymerization phase was not completed. 

Furthermore, [20] observed  that the compressive strength of geo-polymer samples decreases when cured at 
ambient temperature.  Increase in the porosity of concrete with a large amount of SCBA incorporation resulted in the 
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reduction of the amount of CT concrete and calcium hydroxide (from the hydration reaction). As a result, it was not 

sufficient for inducing the reaction with silica from the bagasse ash. 

With the increase in NaOH molarity the compressive strength of alkali activated slag increases due to increase in alkalinity 

that results in greater formation of hydrated products. Moreover, increase in alkaline solution to drag ratio results in 

decreased compressive strength. Increasing the Na2SiO3/ NaOH increase the compressive strength and enhanced the 

porosity. Figure 2 shows the compressive strength values of 12 molar specimens. In addition to this, it was found that 

the measurement of strength and porosity and shrinkage cracks depend on type of Na+ and K+ ion present in 

activator [6]. 

 

 
Figure 2: Compressive strength of 12M SCBA based geopolymer cement composites 

1.9 Water Absorption Test 

 Decrease in the water absorption having high cement was change by bagasse ash. Figure 3 presents the water absorption 

values for various mix at 7 day and 28 days of casting. With time, reaction was time consuming, which has an important 

bearing on the durability of the hydrated paste; secondly, pore size distribution has shown that the reaction products are 

very efficient in filling up large capillary space, thus improving the strength and impermeability of the system [16]. 

Furthermore, with increasing molarity the temperature release become higher resulted in small cracks causing 
more absorption [12]. Moreover, absorption values also depend on the pH values of molar solutions [6, 10, 11]. 

1.10 Reactivity Index 
From the results it is clear that reactivity of all the mixes, at 7 and 28 days, was lower than the CM.  This was because of 

the fact that as the time passes more hydroxide were generated during hydration process, which was needed for continuity 

of pozzolanic activity. Furthermore, it can be seen that, up to 20 per cent replacement of cement with bagasse ash, met the 

limitation laid down by ASTM C618 for strength activity. In order to overcome this low strength issue, use of accelerator 

and curing at elevated temperature is recommended. 
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Figure 3: Water absorption of 4M SCBA based geopolymer cement composites 

1.11 Application of Geopolymer concrete 

The blend of NAOH and KOH activators with aluminosilicate source (e.g., metakaolin, SG, RHA, FA, HCWA etc.) results 

in the obtainment of geopolymer which is an amorphous material. The SCBA utilization as a source of aluminosilicate 

with the blend of NAOH and KOH, eventually improved the durability of geopolymers. It has excellent potential for fire 

resistance structures, alkali-silica reaction, and acid resistance. The utilization of bagasse ash as a source of aluminosilicate 

for supplementary cementing material for geopolymers through systematic processing and characterization offer a 

profitable and environment friendly alternative to its disposal. Moreover, the use of geopolymer leads to green 

environment.  

4 CONCLUSION : 

This study was performed to evaluate the effect of NaOH and KOH  blend on preparation of eco-friendly geo-polymer 

concrete . Following conclusions have been drawn from the experimental work.  

¶ Production of bagasse ash as industrial waste is quite high and likely to further increase in Pakistan. Technically 

and financially bagasse ash has lots of potentials to be used as pozzolan in concrete construction industry. 

Furthermore, its usage as construction material will also solve pollution problem. Moreover, ash is a cost-effective 

option without compromising on the strength parameters.  

¶ SCBA is to be used as alumina silicate source for geo-polymer concrete after grinding for 120 min, by using blend 

of NaOH and KOH as activator.  

¶ Absorption of water decreased with increase in the ash for cement replacement. 

¶ Compressive strength of SCBA geopolymer concrete was less as compared with control specimen. However, 

curing at elevated temperature and use of accelerator will overcome this issue.  

¶ Eco-friendly, low cost concrete can be produced by incorporating bagasse ash as partial replacement of cement. 
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Abstract- Concrete is stone like manmade very used construction material and it is 

prepared by the use of cement, aggregates (Fine and Coarse aggregates) and water. 

Concrete is very strong construction material. It have very good strength in 

compressive. It is the most used material after water and its utilization is about a 

metric ton per annum per capita. Its remarkable properties in fresh and hardened state 

have raised its usage to 12 billion tons per year globally. It is a cheaper material and 

performs better than aluminum and steel. This research work is carried out for to 

investigate the effect of different percentages of Bentonite and Fly Ash on the 

compressive strength of concrete. In this research Calcium Bentonite and F class Fly 

Ash is used. Four types of samples are prepared in which M1, M2, M3 and M4 

contains (0%Bentonite, 0% Fly Ash),(05%Bentonite, 05% Fly Ash), (15%Bentonite, 

15% Fly Ash),(25%Bentonite, 25% Fly Ash) respectively. A 6ò by 12ò cylinder is 

used for to determine the compressive strength of concrete and total 36 cylinders 

were prepared in four groups according to different mix proportions. The 

composition mixture rate for water-cement (w/c) is 0.59 and target Compressive 

Strength is 2400kg/m3.Then, the samples were cured for 7th, 14th and 28th days 

before testing. The result obtained showed that the concrete with additive material 

achieved lower compressive strength but the workability was increased. At 5% 

addition of Bentonite and Fly Ash maximum Compressive Strength of concrete was 

achieved. 

Keywords- FA: Fine Aggregate , CA: Coarse Aggregate, FA: Fly Ash,  BTN: Bentonite , WA: Workability 

1 INTRODUCTION  

1.1 General  

In this research work concrete sample was made according to ASTM C-78. And this research work carried out for to 

determine the effect of different percentages of Bentonite and Fly Ash on workability and compressive strength of concrete. 

Different percentages of Bentonite and Fly Ash were replaced by cement at 5%, 15% and 25% by weight. Thirty-six 

samples was made and cured up to 28 days. Testing was preformed according to ASTM C-78 after 7, 14 and 28 days. 

Results indicate that compressive strength of concrete decrease as Bentonite and Fly Ash content increase. The increase in 

amount of both contents the workability increases. The optimum strength of concrete was achieved at 5% of Bentonite and 

Fly Ash. 

1.2 Problem Statement 

Cement manufacturing is a very complex procedure. A lot of Carbon dioxide (CO2) is produced that causes global 

warming. As present water crisis condition in Pakistan reached at peak point, in making of cement there is lot of water is 

consumed. Cement is getting uneconomical day by day. This is partly the reason why the majority of the people are left 

with poor services.  On the other hand, concrete is a porous material and concrete may contain some amount of salts and 

that cause efflorescence in concrete. As well as Bentonite and Fly Ash are useless material on the earth, which effect the 

aesthetics of natural beauty. 
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1.3 Objectives 

�¾ To investigate the effect of different percentages of Bentonite and Fly Ash on workability of concrete. 

�¾ To investigate the effect of different percentages of Bentonite and Fly Ash on compressive strength of concrete. 

�¾ To explore the implementation of Bentonite and Fly Ash with different construction activities. 

1.4 Scope of Work 

This research work will play a greater part in future to guidance of forthcoming researchers who aims to do work on 

Bentonite, Fly Ash and its ñEffects on workability and compressive strength of normal weight concreteò in future. Also, 

this will help Technologist/Engineer to provide an alternative binding material of cement that will be helpful in making 

construction more economical as well as strong. 

2 RESEARCH METHODOLO GY 

 








































































































































































































































































































































































































































































































































































































































































































