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ABSTRACT: High Performance Concretes (HPC) are concretes with properties or attributes which satisfy the
performance criteria. Generally, concretes with higher strengths and attributes superior to conventional concretes are
desirable in the construction industry. HPC is defined in terms of Strength and Durability. Application of high
performance concrete has got momentum in various fields of construction globally in the near past. HPC is being
practiced in the fields like construction of nuclear reactors, runways at airport, railway sleepers, cooling towers, silos,
chimneys and all kinds of bridges. HPC, using admixtures, microsilica and other supplementary cementing materials
such as flyash makes concrete easier to place, stronger and more durable than normal strength concrete. When applied
to design, understanding the cracking behaviour requires the use of a modern method of structural analysis namely
Fracture Mechanics. Fracture Mechanics also provides powerful criteria for the prediction of crack initiation and
propagation. The improved pore structure of HPC is achieved by the use of mineral admixtures such as microsilica and
flyash causes densification of paste- aggregate transition zone, which in turn affects the fracture characteristics. The
objective of this project is to study the fracture behaviour of HPC element. In this study, a wide range of concrete
mixes have been designed to vary the strength of concrete by changing the percentage of microsilica and fly ash. The
fracture behavior of high performance concrete using microsilica and flyash by making beam of size 500 mm x 100
mm x 100 mm is to be investigated. In this project the analysis of the beam in ANSYS have been done and the
corresponding fracture parameters are obtained and also the preliminary investigations of the material properties have
been done.
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I. INTRODUCTION

Concrete is the greatest structural material used nowadays in civil constructions, since it can withstand whatever
compression forces, moreover it is workable and durable material, can be formed to any shape and also it is
economical. Tensile capacity of concrete is commonly known to be very small in comparison with its compressive
strength. To enhance the tensile property of concrete, reinforcement of various kinds are widely used. Metallic,
synthetic, and glass fibers were added to cement matrices to make High Performance Fiber Reinforced Cement
Composites (HPFRCC). Another alternative is to improve the density of cement matrices. This was made possible by
the addition of micro particles of pozzolanic materials such as micro silica and fly ash either as cement replacement or
additives. These additives tend to increase the bond strength between mortar paste and coarse aggregate, enhancing
fracture behavior of concrete. While it is generally believed that pozzolanic and packing effect are the two key
contributions enhancing the strength and durability of the cement composites, many remains unclear for each of its
specific contribution. Physical and chemical compositions of each fine particle added will be correlated with the
observed strength and fracture properties of the cement composites. A properly proportional fly ash and silica fume in
concrete mix improves properties of the concrete that may not be achievable through the use of Portland cement alone.
The resulting concrete mix becomes strong, durable and economical and also eco- friendly as it utilizes an
ecological hazardous material. However the presence of cracks and pores inside concrete material is inevitable and it
is necessary to investigate if they are stable or not. Failure of concrete structures typically involves stable growth of
large cracking zones and the formation of large fractures before the maximum load is reached. Within the framework
of developing advanced design and analysis methods for modern structures the need for experimental research

Copyright to JIRSET www.ijirset.com 9837


http://www.ijirset.com

@

IJIR SET ISSN(Online) : 2319-8753

International Journal of Innovative Research in Science,
Engineering and Technology
(An 1SO 3297: 2007 Certified Organization)
Vol. 3, Issue 2, February 2014

continues. Fracture mechanics deals with the mechanical responses of a cracked body subjected to the application of
forces or stresses.

HIGH PERFORMANCE CONCRETE

American Concrete Institute (ACI) defines High Performance Concrete (HPC) as -Concrete meeting special
combinations of performance and uniformity requirements that cannot always be achieved routinely using
conventional constituents and normal mixing, placing and curing practicesl. Important governing factors for HPCs are
strength, long term durability, serviceability as determined by crack and deflection control, as well as response to long
term environmental effects. High Performance Concretes (HPC) are concretes with properties or attributes which
satisfy the performance criteria. Generally, concretes with higher strengths and attributes superior to Conventional
concretes are desirable in the Construction Industry. HPC is defined in terms of Strength and Durability. Therefore
HPC can be considered as a logical development of cement concretes in which the ingredients are proportioned and
selected to contribute efficiently to the various properties of cement concrete in fresh as well as in hardened states.
Since less mixing water is required in HPC than in normal strength concrete for the same workable concrete
consistency, a lower porosity is developed in HPC which also produces higher compressive strengths.

COMPOSITION OF HPC

The ingredients of HPCs are almost same as those of Conventional Cement Concretes (CCC). But, because of lower
Water Cement Ratio, presence of Pozzolans and chemical admixtures etc., the HPCs usually have many features
which distinguish them from CCCs. From practical considerations, in concrete constructions, apart from the final
strength, the rate of development of strength is also very important. The High Performance Concrete usually contains
both pozzolanic and chemical admixtures. Hence, the rate of hydration of cement and the rate of strength development
in HPC is quite different from that of CCC.

BASIC CONCEPTS OF LINEAR ELASTIC FRACTURE MECHANICS (LEFM)

Cracking is an essential feature of the behavior of concrete structures. Even under service loads, concrete structures are
normally full of cracks. Clearly, cracking should be taken into account in predicting ultimate load capacity as well as
behavior in service. Fracture researchers have at the present no doubt that the introduction of fracture mechanics into
the design criteria for all brittle failures of reinforced concrete structures (such as diagonal shear, punching shear,
torsion or pull out, or for concrete dams), can bring about significant benefits. It will make it possible to achieve more
uniform safety margins, especially for structures of different sizes. This, in turn, will improve economy as well as
structural reliability. It will make it possible to introduce new designs and utilize new concrete materials. Fracture
mechanics will be particularly important for high strength concrete structures, fiber- reinforced concrete structures,
concrete structures of unusually large sizes, and for prestressed structures. The application of fracture mechanics is
most urgent for structures such as concrete dams and nuclear reactor vessels or containments, for which the safety
concerns are particularly high and the consequences of a potential disaster enormous.Facture mechanics is concerned
with the qualitative description of the mechanical state of a deformable body containing a crack or cracks with a view
toward characterizing and measuring the resistance of materials to crack growth . It is a relatively new area of solid
mechanics research, with its foundation laid in the late 20™ century. Already it has broad application in systems
ranging in size from micrometer length scales ( thin films) up to kilometer length scales ( earthquake fault lines).
Fracture mechanics deals with the mechanical responses of a flawed or a cracked body subjected to the application of
forces or stresses. For certain cracked configurations subject to external forces, it is possible to derive closed- form
expressions for the stresses in the body, assuming isotropic linear elastic material behavior.Fracture behavior can be
classified into three basic types (Fig 4.1), each associated with a local mode of deformation. Mode |, or the opening
mode, where the principal load is applied normal to the crack plane, tends to open the crack. Mode 11, or sliding mode,
corresponds to in-plane shear loading and tends to slide one crack face with respect to the other. Mode IlIl, or the
tearing mode, refers to out-of-plane shear. A cracked body can be loaded in any one of these modes, or a combination
of two or three modes.

In the field of fracture mechanics, only Mode | is of major interest because Mode Il and 11l have been relatively less
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important in fracture testing and application except for testing of adhesive joints. Mode-1 causes the crack to open
orthogonal to the local fracture surface and results in tension or compressive stresses on surfaces. Mode-11 causes the
crack surfaces to slide relative to each other in the x1 direction and results in shear stresses in the x2 direction ahead of
the crack. In mode 111 or tearing mode, the body is loaded by shear forces parallel to the crack surfaces and the crack
surfaces slide over each other in the z direction the deformations are then skew symmetric with respect to the plane
perpendicular to the z and y-axes.

mode | mode Il mode I

Fig.1 Modes of Fracture
Il. METHODOLOGY

To investigate the fracture parameters of the high performance concrete beam of size 500 mm x 100 mm x 100 mm for
varying notch sizes with notch height to beam height ratio (a,/d) between 0.1 - 0.3 and tested under three point
bending test. The schematic representation of three point bending test is represented in Fig 2.
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Fig.2 Three Point Bend Test

NUMERICAL ANALYSIS

ANSYS is general-purpose finite element analysis (FEA) software package. Finite Element Analysis is a numerical
method of constructing a complex system into very small pieces called elements. The software implements equations
that govern the behavior of these elements and solves them all; creating a comprehensive explanation of how the
system acts as a whole. These results then can be presented in tabulated or graphical forms. This type of analysis is
typically used for the design and optimization of a system for too complex to analyze by hand. Systems that may fit
into this category are too complex due to their geometry, scale, or governing equations. The product offers a complete
set of elements behavior, material models and equation solvers for a wide range of engineering problems.

Concrete exhibits nonlinear behavior even under low level loading due to nonlinear material behavior, environmental
effects, cracking, biaxial stiffening and strain softening. These complex phenomena have led engineers in the past to
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rely heavily on empirical formulas for the design of concrete structures, which were derived from numerous
experiments. With the advent of digital computers and powerful methods of analysis, such as the finite element method,
many efforts to develop analytical solutions which would obviate the need for experiments have been undertaken by
investigators. The finite element method has thus become a powerful computational tool, which allows complex
analyses of the nonlinear response of concrete structures to be carried out in a routine fashion. With this method the
importance and interaction of different nonlinear effects on the response of concrete structures can be studied
analytically.

CALCULATING FRACTURE PARAMETER

In this analysis the model is considered as plane strain problem. Once the static analysis is completed, the POST1
command, the general postprocessor can be used to calculate the fracture parameters. As mentioned earlier, typical
fracture parameter of interest is stress intensity factor. Fracture process zone in concrete results from microcracking and
aggregate interlock around the crack tip. The size of this process zone is likely to depend on the size of aggregates, the
debonding characteristics of aggregates as well as specimen geometry. During the crack propagation, the crack growth
is affected by environmental conditions, material properties, and loading conditions including the magnitude and stress
ratio of overload. Careful attention must be given to a series of critical decisions about element type, mesh method
(Mapped mesh, Free mesh), element length size, the selection of material behaviors, model design (geometry of the
specimen, symmetric boundary condition or loading condition) and crack tip modelling (singular point) if the analysis
is to be reliable
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Fig.3 (a) Model of Concrete beam (b) Meshed model of concrete beams

ANALYTICAL RESULTS

The beam was analysed as static, linear, elastic, homogenous material using ANSYS 11.0 for the ultimate loads
determined from experimental investigations. A modulus of elasticity of 30930 N/mm? and poissons ratio of 0.15 is
applied to the material. The model was meshed as triangular mapped elements. The support conditions provided are
simply supported with an effective span of 400 mm. Fig 6.4 to 6.15 show the deformed shape of the HPC beams along
with their mid span deflections, stress contour and Stress Intensity factor, K|
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Fig.3 Deformed shape of HPC (a) B1 (b) B2 (c) B3 (d) B4 and Stress contour of HPC (e) B1 (f) B2
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Stress Intensity Factor of HPC B1
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Stress Intensity Factor of HPC B3
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In LEFM the stress intensity factor ‘K’ is the relevant fracture parameter to characterize the stress and strain fields
around the crack tip, as originally described by Irwin. Under mode | (crack-opening) loading _K,” may be compared
with a material's fracture toughness _Kc’ Inorder to predict the stability of a crack. To compute Kl with the finite

Stress Intensity Factor of HPC B2
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Stress Intensity Factor of HPC B4
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element method (FE) quarter-point crack-tip elements were introduced by Barsoum.

111. RESULT AND DISCUSSION

The values of stress intensity factors obtained from software analysis were used to calculate the fracture parameters

using the following equations The calculated vaues of these parameters are presented compared in Table 1
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Table 1 Analytical results

Parameters | HPC | HPC | HPC | HPC
Bl B2 B3 B4
Notch depth(mm) - 10 20 30
(a/d) 0 0.1 0.2 0.3
Maximum load, P
9.80 6.20 5.00 3.60
(kN)
Max. deflection
(mm) 6.609 4.424 4.109 3.828
Stress Intensity
1547.8
Factor, K 6 593.76 138.73 38.73
(MPaymm)
Energy Release | 6046 | 8898 | 04857 | 0038
Rate, G (N/mm)
Brittleness 2632 | 1596 | 462 171
Number, S
s
‘ —o—notch
\ depth vs
\ stress
‘\ intensity
factor
\ ——notch
depth vs
\ energy
[ —— 77?_&7 release
o an ! o rate

Fig.4 Analytical results
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it is observed that all the parameters depends on the notch depth. The mid span deflection decreases proportionally in

accordance with the (a/d) ratio
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IV. CONCLUSION

The finite element analysis gives a first estimation of fracture parameters. All the fracture properties of M60 mix
beam depends on the (a/d) ratio .When the (a/d) ratio increase the values of K, G,S decreases . The large amount
of reduction in values for a small increase in(a/d) ratio may be due to the presence of fly ash in concrete. These
behaviors have to be further verified by experiments on already casted beams.
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