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ABSTRACT:  Safety is an essential concept of engineering design, and it tends to receive greater 

attention when the consequences of failure are severe. Every industry has its own safety requirement 

and guidelines to meet its own safety requirements, which includes protection of life and environment 

against possible hazards due to failures. The safety requirements for different industries vary from 

one another depending upon their functionality. Mechanical safety is one of the most important of all. 

Thus considerable steps have been taken in ensuring mechanical safety of the structural components. 

Usually, for mechanical safety, the design guidelines are based on stress computations and give 

importance to strength alone. However, concept of designing solely for strength, and using highest 

strength material without regard to fracture toughness is unreliable. These flaws are neglected by the 

conventional design approach hence they cannot be relied on all occasions. Hence the structure has 

to be designed considering the defects or flaws in structural components. Due to these flaws the 

component’s actual strength cannot be taken and new strength has to be found out for designing. 
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1 .INTRODUCTION:  As demand for concrete as a construction material increases the 

production of Portland cement also increases which in pollutes the environment there by 

causing global warming which is an alarming problem all over the world. This has raised the 

world to go for alternates for conventional concrete which would have the same properties of 

conventional concrete but on the other hand it should have less impact on the environment. 

2.  OBJECTIVE OF THE STUDY:     

 Study the fracture properties of geo-polymer concrete using FEM software.  

 Develop beam model for geo-polymer concrete and conventional concrete 

 Implement the various crack pattern in a beam model 

 Compare conventional concrete beam and geo-polymer concrete beam 
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3. SCOPE OF THE STUDY:  

 To design the concrete structure to withstand the failure due to fracture 

 To perform trial and error manufacturing technique in short period of time 

 To perform the general forming analysis, material comparison and process 

optimization. 

4. FRACTURE PROCESS ZONE: It is defined as the softening zone where the crack is 

going to propagate when the stress is being applied. In brittle materials, elastic energies are 

consumed in the form of surface energy with no fracture process zone. In the ductile 

materials the FPZ is known as the plastic zone which can consume a considerable amount of 

energy, much more than the surface energy. For quasi-brittle material, a large FPZ which 

consumes a large amount of energy prior to failure is usually formed ahead of the crack tip.  

 

 

                          Figure 1.1 Fracture Process Zone 

 

  
 

 

 

5. MATERIALS AND METHODOLGY:  Fracture mechanics is the branch of 

mechanics which deals with the propagation of cracks in structures subjected to loading. It 

provides a methodology of evaluating the structural integrity of components containing 
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defects. The basic criterion in any fracture mechanics analysis is to prevent failure. The 

importance of this topic are the initiation of crack like defects during service life needs to be 

understood and quantified, the influence of pre-existing cracks on the strength of materials 

needs to be understood and quantified, a defect tolerant design and maintenance philosophy 

needs to be developed. 

 

6. Geo-polymer Concrete: Geo-polymers are members of family of inorganic polymers. 

The chemical composition of Geo-polymer materials is similar to zeolitic, but they reveal an 

amorphous microstructure. During the synthesized process, silicon and aluminium atoms are 

combined to form the building blocks that are chemically and structurally comparable to 

those binding the natural blocks. 

7. Properties of Geo-polymer Concrete: Based on available experimental evidence, 

the Geo-polymer concrete has good compressive strength, Tensile strength, flexural strength, 

fracture toughness. Geo-polymer concrete when compared to normal concrete has following 

properties: 

 Increased early strength 

 Low shrinkage 

 Increased freeze-thaw resistance 

 Increased sulphate resistance 

 Increased corrosion resistance 

 Increased acid resistance 

 Increased fire resistance 

 Low curing time 

8. RESULT:  Conventional and geo-polymer concrete beam model is developed using 

abaqus software. Finite element method forms a basic of abaqus. The material properties 

assigned to model based on the literature review.  The load was applied incrementally to the 

beam model and deflection behaviour of three types of beam model was obtained. From the 

deflection value various fracture parameters was calculated using the formula discussed in 

chapter three.  
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9. CONCLUSION:  Different fracture parameters were studied for normal concrete and 

geopolymer concrete. The fracture parameters of Geopolymer concrete have been compared 

with conventional concrete. 

The fracture parameters studied were stress intensity factor k, critical J-integral, fracture 

energy and fracture process zone. The fracture parameters have been studied by the molarity 

of Geopolymer concrete and also varying the notch to depth ratio from 0.05 to 0.2d 

The stress intensity factor for Geopolymer concrete was higher when compared to that of 

normal conventional concrete with 12 molar Geopolymer concrete having the highest value. 

The K value of Geopolymer concrete was 20% more when compared to that of normal 

conventional concrete. The value of K decreases as the notch to depth ratio increases. Since 

more stress intensity is required for the crack to propagate when there is less flaw in the 

structure 

The values of J-integral for conventional were near to that Geopolymer concrete with 

Geopolymer concrete of 12 molarity having a little higher value 

Fracture energy showed the same trend but the value of fracture energy for Geopolymer 

concrete was much higher than that of conventional concrete. 

The fracture energy of 8 molar Geopolymer concrete was 80 % more than that of the normal 

concrete and 12 molar Geopolymer concrete showed nearly 90% increase in fracture energy 

value when compared to that of normal concrete. 

The value of fracture energy decreased as the notch to depth ratio was increased since more 

energy is required for the crack to propagate when there is less flaws in the structure. 

The fracture process value of normal concrete was nearly 30% more than 8 molar 

Geopolymer concrete and 25 % more than 12 molar Geopolymer concrete. 

      

 

ISRJournals and Publications Page 304



International Journal of Advanced Research in Civil,Structural,Environmental and Infrastructure Engineering and
Developing

Volume: 3 Issue: 1 Mar,2017,ISSN_NO: 2320-723X

 

REFERENCE :  

1. Al-Mukhtar M., Henkel S., Biermann H. and Hübner P. (2009), “A Finite Element 

Calculation of Stress Intensity Factors of Cruciform and Butt Welded Joints for Some 

Geometrical Parameters” JJMIE, Vol. 3, pp. 236 – 245 

2. Bobiński J., Tejchman J. and Gorski J. (2009),”Notched concrete beams under bending – 

calculations of size effects within stochastic elasto-plasticity with non-local softening” 

International Journal of Non Linear Mechanics, Vol.61, pp 283-307 

3. Chao Wang., Yamei Zhang and Zho zhao (2011), “A fracture process of rubberized 

concrete by fictitious crack model and AE monitoring” Computers and Concrete, Vol.9, pp 

51-61 

4. Dylmar Penteado Dias and Clelio Thaumaturgo.(2005), “Fracture toughness of geo-

polymeric concretes reinforced with basalt fibers” Cement & Concrete Composites, Vol.27, 

pp. 49–54 

5. Emilio Jiménez Piqué. (2002), “Fracture process zone of quasi brittle materials: a model 

material approach” Technische Universiteit Eindhoven Publishers, ISBN 90-386-2793-9. 

6. Hardjito.D and B. V. Rangan (2005), “Development and Properties of Low- Calcium Fly 

ash based Geo-polymer Concrete”, Research Report GC-1, Faculty of Engineering,Curtin 

University of Technology,Perth, Australia. 

7. Hardjito, D., and Rangan, B.V. (2005), “Development and Properties of Low Calcium Fly 

Ash-Based Geo-polymer Concrete”. Curtin University of Technology. 

 

 

 

 

 

 

BIOGRAPHY 

SIBI RAJAN.R ,  Final year B.E. Civil Engineering, Panimalar Engineering College  

SUDHARSAN.S V,   Final year B.E. Civil Engineering, Panimalar Engineering College 

Powered by TCPDF (www.tcpdf.org)

ISRJournals and Publications Page 305

http://www.tcpdf.org

