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ABS-TRACT

Fiber reinforcement of glass material polymer has develop into an unconventional
strengthening in existing structure owing to its admirable rust conflict, resulting it
promising to come together amid concrete poised of salt water and marine sand. It
had been found that practice of glass filament increase potency of concrete and
resistivity of material towards acid and alkali.

Further, global investigations has revealed that there survive clear differences among
properties (“porosity, water absorption, low surface density, higher crushing value”)
of “recycled coarse aggregates (RCA)” and “natural coarse aggregates (NCA)”.
“According to the definite routine necessities of concrete, choosing suitable
unprocessed materials and then designing the most financial, high-class concrete
based on the appropriate mix fraction methods, is the best way to conquer the
shortcomings of the predictable design methods, and this puts forward new opinions
and design method”.

This study is therefore based on usage of glass fibers with fractional replacement of
standard aggregates with recycled aggregates and finding out the optimum mix.
Dissimilar percentages of glass fibers and second hand aggregates had been used in
design mix concrete. The compressive strength, flexural strength and split tensile
strength had been checked by casting cubes, beams and cylinders. Fracture toughness
study had been performed on parameters “stress intensity factor (Kic) and crack tip
opening displacement (CTOD)” by varying the fibre content for different percentages
of recycled aggregates. The research work included replacement of recycle aggregates
with five different mixes of concrete as 40,60,70,80 & 100% and in each five mixes
the addition of S2 glass fibre with 0.25%-1% by its weight with an augmentation of
0.25% had been done. 3 point bending test on notched beams were conducted for
fortitude of fracture toughness. The tests were performed as per the guidelines of
“Bureau of Indian Standards” and “International Union of Laboratories and Experts in
Construction Materials, Systems and Structures (RILEM)”. This study gives an idea
about optimum percentage of recycle aggregates and S2 glass fibre that could be used
in concrete for different structural applications. The compressive strength of mix
CR80GO0.75 found to be 0.15% more than the normal concrete. The flexural strength



and split tensile strength of CR70G0.75 mix had been found to be 0.74% and 0.5%
respectively less than normal concrete which was very much near to the normal
concrete. The fracture study depicted the behaviour of mix CR60GO0.75 to be having
31.44% and 31.03% increased in critical stress intensity and crack tip opening
displacement respectively as compared to normal concrete. Cost optimization
performed on mixes CROG0, CR60G0.75, CR60G0.5 and CR80G0.75 showed that
there was an increase of 19.95 % in cost on using CR60G0.75 where as on using
CR60GO0.5 the cost increment was 12.04 % only and hence mix CR60GO0.5 could be
used instead of CR60GO0.75. On checking chloride penetration of concrete it was
found that the chloride penetration increased on increase of recycled aggregates and
glass fibre but comes in moderate range which was acceptable. The XRD, SEM, EDS
and FTIR analysis performed on normal concrete and optimized mixes CR60G0.5 and
CR80G0.75 showed higher strength, elasticity, composite behaviour and corrosion
resistivity of optimum mix concretes. Verification of experimental behavior carried
out by finite element simulation using ANSYS workbench software depicted the
possibility of employment of the optimum mix CR60G0.5 for flexural members
where as optimum mix CR80GO0.75 could be use for compression members.
Keywords: Glass Fiber, Recycled Aggregates, Critical Stress Intensity, Crack Tip
Opening Displacement, XRD, SEM, ANSYS.
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CHAPTER 1 : INTRODUCTION

1.1 General

This chapter deals with introduction to the whole thesis emphasizing the problem
addressed, need of research and challenges faced during research progress. The
research work is dedicated on use of recycled aggregates in more amount which is
basically a waste material and its more usage results in reduction of environmental

depletion.

1.2 Thesis Background

Construction activities are increasing day by day as due to increasing population and
need of more space to live, work and pray. The increasing need of construction has
execrated the need of construction materials which are diminishing day by day.
Reutilization of construction and demolition waste is one of the main objectives of
many countries in recent years, which leads to the sustainable construction activities.
“Alternative materials have been one of the main objectives of maximum researchers
to be used in concrete as depicted from the detailed literature review which exhibits
the existing condition of acquaintance and examples of flourishing uses of different
materials in concrete technology, and a meticulous use of “Recycled Concrete (RC)
aggregate” as a coarse aggregate in non-structural and structural concrete. Numerous
researchers have dedicated their effort to depict the properties of these kinds of
aggregate, the bare minimum requirements for their utilization in concrete and the
properties of concretes made with recycle aggregates”. It had been found that the use
of recycled aggregates in concrete reduces the strength and workability and so the
maximum percentage of use of recycled aggregates is concise to 50%. So there is an
urgent need to find methods which can increase the use of recycled aggregates.
Various materials have been compared that can increase the strength and are
economical also. After a detailed research on behavior of various materials and their
compatibility with concrete it had been found that Glass fibers are best suited
combination. Earlier periodical studies depict that glass fibers are good component of

concrete and convention of glass fibers increase in strength of concrete and other
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properties. Therefore, usage of glass fiber reinforced concrete with recycled aggregate
could be a promising method to give optimum strength and economy. In this study
mechanical strength like compressive strength, flexural strength, split tensile strength
in addition to Fracture Behaviour Study have been compared of glass reinforced
concrete with recycled aggregates. Microstructure studies have also been performed

on optimum mixes along with software verification.

Fracture mechanics is an area of mechanics that addresses the need of crack
propagation in materials. A crack might be nucleated in the machine components or
structures which may begin to grow during its life span. For big, complicated
structures such as bridges, boats, aircraft, the chance of cracking/flawing is greater
[1]. When a current crack is present, fracture technicalities are used to determine the
permissible stress which the substance can resist in order to avoid fracture on it. The
need of fracture mechanics have became very essential in construction sector as it
deals with design of elements. The hypothesis on fracture mechanics is that a crack
exists in design elements. The crack like hole, notch, a slot, a corner can be manmade
due to various deficiencies in work. “The conventions on the Linear Elastic Fracture
Mechanics (LEFM) remain considered as the material to be isotropic plus linear
elastic”. If inelastic deformation occurs near the tip of the crack and the dimension of
the plastic sector is exceptionally short compared to the dimension of the crack (tiny
resilient), LEFM can also be implemented efficiently. “The stress turf nearby the
crack tip is calculated by means of the theory of elasticity. If the stresses nearby the
crack tip surpass the toughness of the material fracture, the crack increases. The
toughness of fracture in LEFM is defined by factor of stress intensity (K)”. The
material has to be regard by “Elastic Plastic Fracture Mechanics (EPFM)” as isotropic
and elastic-plastic deformation occurred during fatigue loading” [2]. “Elastic Plastic
Fracture Mechanics (EPFM)” relates when big areas of the fabric are subjected to
plastic deformation at almost the crack tip. The stress energy turfs or the opening
displacement close the crack tip are calculated in EPFM and the shell is developed
when the opening energy exceeds the critical value. “The fracture toughness in EPFM
is characterized by J-integral suggested by Rice [92] or Crack Tip Opening
Displacement (CTOD) recommended by Well” [93]. As one of the best important
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fields of science, fracture mechanics is used to evaluate material conduct in
construction. The tension-softening curvature can be regarded as a basic concrete
constraint. The curve reflects the material's post ultimate load ability [94]. The most
important characteristics of concrete for evaluating fracture conduct are the tension-

softening diagram shown in Figure 1.1.
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Figure 1.1 : Tension softening curve of normal concrete
(Source: Research paper reference [94])

Fracture energy is the factor of cohesive plant designs; it represents the cracking
strength and the toughness of quasi-brittle plastics such as concrete. The models can
capture the vital characteristics of a gradually fracturing apparent and its development
up to the failure. The cohesive stress separation connection can fully characterize the
energy dissipation for crack propagation. The selection of softening feature (or
cohesive law) affects the structural reaction forecast and the behaviour of the local
fracture. In the mathematical representations of multiple finite element programs for

non-linear modelling, fracture energy had also been implemented [3].
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Over current years, several countries are focusing on the recycling of construction and
demolition waste as a latest building substance considering the use of it as one of the
main goals over terms of sustainable building. Many researchers had committed their
work to express the properties of recycled aggregates, the lowest amount requirements
for their use in concrete [4]. Past studies also showed that glass fibers are strong
concrete constituents and the use of glass fibers leads to an increase in concrete
flexural strength. The S2 glass fiber is having maximum tensile strength among the
other type of glass fibers. The use of S2 glass fiber in concrete with recycled

aggregates could give better strength and efficiency.

1.3 Scope and Objective

Glass fiber and recycled aggregates are the two major constituents of this study. High-
strength, alkali-resistance are some of the properties found in glass fibers which can
be implanted in a concrete matrix. In this form, both fibers and matrix hang on to their
physical and chemical identities, while offering a synergistic amalgamation of
properties that cannot be achieved with either of the components acting alone.
One of the chief challenges of our current civilization is the fortification of
environment. Some of the important attributes in this reverence are the reduction of
the consumption of energy and natural raw materials resulting in utilization of waste
materials. Recycled aggregates can be used as aggregates by partial replacement. The
behaviour of these two materials are studied in the past but their combined effect on
concrete has not been studied. Here an attempt have been made to check the strength,
properties and fracture behaviour for combined use.
The objectives of this study are
1. To study the behaviour of fracture and cracks in beams under flexure on
application of two point load using “critical stress intensity factor (Kj;) and
critical crack tip opening displacement (CTOD)”.
2. To verify the experimental results by modeling and analyzing using FEM
simulations in ANSYS.
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3. To analyze and design optimum mix based on results for different structural

applications.

1.4 Chapter Outline

This thesis comprises of 6 (Six) Chapters, each has been written to fulfil the major
objectives of research. The chapter contents are summarized in the paragraphs given
below.

Chapter 2 consist a detailed study on the researches been done on the two main
constituents glass fibre and recycled aggregates. The research has been listed in
chronological order taking the latest findings first and a detailed summary has been
prepared after analyzing the trends which are majorly visible.

Chapter 3 emphasises on the methodology being used in performing the detailed
research setup and the various standards being used for performing the experiments
under standard methodology with experimental investigation values obtained. It also
comprises the software verification done on the optimum mixes obtained.

Chapter 4 consists of discussion of the results obtained in various experiments like
mechanical strength, fracture behaviour study, cost analysis, Rapid Chloride
penetration test and microstructure study.

Chapter 5 summarizes the whole study into certain points and concludes on the
findings.

Chapter 6 includes future scope of study that means the further research that can be

carried by other researchers.
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CHAPTER 2 : LITERATURE REVIEW

2.1 General

A detailed study on the previous researches done by various researchers all over the
globe had been carried out. It had been found that using recycled aggregates result in
decreasing the strength attributes and increasing the water absorption and carbonation.
On the contrary better results like strength and credibility had been found on using
“glass fibers” in concrete. Possibility of applicability of more “recycled aggregates in

concrete” could be achieved by using “glass fibers” in concrete.

2.2 Literature review on mechanical properties of glass fiber reinforced concrete

and recycled aggregate concrete

Glass fiber had been found as a material that exhibits benefits by increasing “flexural
strength of concrete” where as recycled aggregate as a constituent could be used again
in concrete and it had been verified by various researchers. Demolished concrete now-
a-days is having great impact on environmental depletion which can be reduced by
using recycled aggregates in concrete. The research works done by various
researchers on “glass fiber reinforced concrete and recycled aggregate concrete” have
been described in sequential ascending order like Junji Takagi et al., in 1974 did a
remarkable job by investigating the effect of randomly oriented glass fibres on the
“flexural strength, compressive strength, splitting tensile strength, and Young’s
modulus of concrete”, and on the experimental data obtained concluded that on
increasing the fiber content results beneficial to concrete as it gives more strength [5].
Thereafter in 1996 C. Vipulanandan et al., varied the polymer amount till 18% and
checked the flexural behaviour of polyester polymer concrete where the fiber content
was 6% by weight of Polymer Concrete. Generally on addition of fibers it has been
found that there is an increase in the “flexural strength, failure strain (strain at peak
stress), and fracture properties”, but during the study done by C. Vipulanandan,
flexural modulus of Polymer Concrete was found to be remained almost unchanged. It
was found that on adding six percent by weight fiber content and doing saline

treatment of aggregates and fibers increases the “flexural strength” of Polymer
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Concrete to 41.6 MPa, which is almost double the strength of unreinforced 18%
Polymer Concrete [6]. In year 2000, Limbachiya M. C checked the behaviour of
recycled aggregates on concrete by partially replacing with natural coarse aggregates
and found that on using 30% of recycled aggregates no change in concrete strength
was found but on further increase in percentage of recycled aggregates the strength of
concrete reduces [7]. In year 2001, a campaign was held at “Federal University of Rio
Grande do Sul, Brazil by Leite” where “recycled aggregates” were used in the
production of concrete. Coarse, fine ceramic and recycled concrete were used with
several replacement percentages of RA was tested for various water-cement ratios 0.4,
0.45, 0.60, 0.75, and 0.80, and it had been found that a high percentage of fine RA
reduces “compressive strength, splitting and flexural tensile strength and modulus of
elasticity” [8]. Further in year 2001 S.H. Alsayed, et al., moved a step ahead by
studying the exaggerated behaviour of “glass fiber reinforced plastic bars” using as
reinforcing substance for concrete structures and found that GFRP bars are having
low modulus of elasticity and may control deflection in long beams reinforced with
GFRP bars [9]. In year 2002 Chini A. R. et at., tested use of recycled aggregates in
pavement and found that using of 100% recycled aggregates gives fair compressive
strength but less flexural and split tensile strength [10]. Then in 2002, F. Buyle-Bodin
et al., studied water absorption, air permeability and carbonation of recycled
aggregate concrete by using both “coarse and fine recycled aggregates” and found that
“water absorption is more while using recycled aggregates. The carbonation rate of
recycled aggregate concrete is also higher which leads to a weaker resistance of
recycled aggregate concrete to environmental attacks” [11]. Further in year 2002 L.
Azzouz et al., compared mechanical properties of concrete with 100% of natural
aggregates where recycled concrete aggregates were partially replaced with 0, 25, 50,
75 and 100% of “natural aggregates”. Results showed that “it is possible to
manufacture a concrete with maximum of 50% recycled aggregates and the strength
thereafter reduces” [12]. A research campaign was done at the “Israel Institute of
Technology by Katz”, in 2003, where “recycled aggregate” was researched in a new
and innovative idea by producing it in the laboratory by devastating concrete
specimens of 1, 3 and 28 days aged. Replacement of natural aggregate is done by
recycled aggregates of various sizes. Fine RCA had been applied in smaller amount to
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improve workability. “The hardened concrete was tested for compressive strength,
splitting and flexural tensile strength, modulus of elasticity, water absorption,
carbonation penetration and shrinkage”. The properties of the RCA with nearly 100%
of aggregate replacement, were tested. “Various particle size group showed
significant differences between the properties of the recycled aggregates where as the
crushing age had almost no effect. The properties of the concrete made with RA were
inferior to those of concrete made with virgin aggregates. Concrete made with
aggregates crushed at age 3 days exhibited better properties than those made with
aggregates of the other crushing ages” [13]. K. Ramesh, et al., 2003, experimentally
checked “the stress—strain behaviour of confined fiber reinforced concrete (CFRC)
and tested nine prisms of size 150x150x300 mm under strain control rate of loading”
and resulted increase in strength and strain of CFRC” [14]. The glass fiber was widely
researched in further years like in 2004 J.M.L. Reis et al., discovered in their
experiment an increase of 13 percent in fracture toughness of “glass fiber polymer
concrete (GFPC)” in comparison of non-reinforced polymer concrete with epoxy [15].
In year 2004 Khatib J. M., researched on use of fine recycled aggregates of particle
size less than 5 mm and used 25%, 50% and 100% instead of river sand and found
reduction in strength of about 15% to 30% [16] as shown in Figure 2.1. The figure
shows that on increasing the percentage of fine recycled aggregates in concrete the

compressive strength reduces.
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Figure 2.1 : Effect of fine recycled aggregate on compressive strength

“Steam curing method had been used for curing recycled aggregate concrete with fly

ash using 0, 20%, 50% and 100% of recycled aggregates with 0.45 water-cement ratio
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and fly ash of 0%, 25% and 35% by weight replacements of cement” and was tested
for “compressive strength, modulus of elasticity, chloride penetration and shrinkage”
in Kou Shi C et al., research in 2004 and found decrease in strength of concrete on
increase in content of recycled aggregate in concrete”. It had been found that for
incorporating higher percentages of recycled aggregate in concrete, fly ash between
25-35% can be used with steam curing [17]. Further research done by Poon C. S, in
2004 also exhibit the same scenario that the usage of recycled aggregates had been
found optimum till 50% usage and workability reduces on using recycled aggregates
in concrete [18]. Further Yeol Choi, et al., in 2005, found 20 percent to 50 percent
increase in “split tensile strength” and 9 percent to 13 percent increase in
“compressive strength” on using “glass fiber reinforced concrete (GFRC)” and
“polypropylene fiber reinforced concrete (PFRC)” [19]. In year 2006, Saeed A. ant its
team researched in detail on all major aspects of using recycled aggregates in concrete
and pavement. The effect of environmental depletion had also been discussed in the
report and had been summarized to use recycled aggregates but in limited amount in
concrete [20]. Continuation to this in year 2007, G. Barluenga, et al., evaluated that on
using around 600 gm/m?® “Alkali Resistant (AR) glass fibers” in standard concrete and
self compacting concrete (SCC) shows “the maximum crack control ability, but larger
amounts then this did not increase the efficiency further” [21]. In the Cervantes et al.,
campaign, (2007) at the “University of Illinois, USA, the RCA families were defined
in terms of the addition of synthetic fibers in the concrete production. Only the coarse
fraction of natural aggregates was replaced with different ratios of recycled concrete
(0, 50, and 100%) and with 0.2% of synthetic fibers. The effective w/c ratio remained
constant at 0.51. The hardened concrete was tested for compressive strength, splitting
tensile strength, modulus of elasticity and shrinkage”. The test results reported that
“use of 50% RCA with 0.2% synthetic fibers produced a pavement quality concrete
with similar fracture and shrinkage properties to that of the virgin coarse aggregate
concrete” [22]. M. Etxeberria in 2007 experimentally tested shear behaviour and
strength of beams considering four concrete mixes with different percentages of
recycled aggregates with partial replacement by 0 percent, 25 percent, 50 percent and
100 percent with different transverse reinforcement taking same “compressive

strength” and found “a substitution of less than 25% of coarse aggregate, scarcely
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affects the shear capacity of RC beams” [23]. It was found out in year 2009 by
Srinivasa Rao, et al., that “there was an increase in durability of concrete by testing
“rapid chloride penetration test” on alkali resistant glass fiber reinforced concrete of
M30, M40 and M50 grade and also compared with ordinary concrete. They also
found reduction in bleeding and increase in acid resistance” [24]. During year 2009 A.
Bordelon et al., studied “fracture behaviour of paving concrete made with recycled
concrete as a coarse aggregate, virgin coarse aggregate, and a blend of recycled
concrete and virgin coarse aggregate with Discrete structural fibres and observed that
50-50 blend of virgin and recycled concrete coarse aggregate produced similar
fracture properties to VAC and both were 53% higher than the total fracture energy of
the 100% RCA concrete” [25]. Experimental results were used to establish a
relationship between some properties of hardened concrete (“compressive strength,
splitting and flexural tensile strength, modulus of elasticity, abrasion resistance,
shrinkage, water absorption, carbonation penetration and chloride penetration) and
the “density and water absorption” of the aggregates by Jorge de Brito, et al., in 2010
and found “The use of concrete with recycled aggregates should always take into
consideration that in most cases they perform worse than conventional concrete but
that the variability of their properties are similar. Therefore, the decrease in the
concrete with recycled aggregate performance in comparison to the conventional one
can be anticipated with the knowledge of the substitution rate and of the aggregates
properties” [26]. Kavita Kene, et al., in year 2012, conducted mechanical strength
studies on “steel and glass Fiber Reinforced Concrete Composites. The steel fibers of
0% and 0.5% volume fraction were used and alkali resistant glass fibers were added
to 0% and 0.25% by weight of cement using 12 mm cut length of glass fiber”. It was
found in this study that on adding “glass fibers results in increase of compressive
strength, flexural strength and split tensile strength” [27]. Further year 2012 proved to
be a major year on research of glass fibers in concrete and many researches were been
done like Avinash Gornale, et al., reported that there is an increase in compressive
strength, flexural strength, split tensile strength of glass fiber reinforced concrete for
“M20, M30 and M40 grade of concrete” by 20% to 30%, 25% to 30% and 25% to
30% respectively [28]. Further in 2012 also researchers Muna M .Abdullah et al.,

reported that “mechanical properties of glass fiber reinforced concrete have more
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strength where they used fibrous glass of content 0, 600, 1000, and 1400 gm/m®”.
They reported increase in the splitting tensile strength by approximately 1, 4.3, 12.5%
respectively as shown in Figure 2.2 and increase in ‘“compressive strength” of
concrete by ratios 3.6, 7.1, 9.3% respectively and shown in Figure 2.3.
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Figure 2.2 : Splitting tensile strength for concrete at different fiber content
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Figure 2.3 : Compressive strength for concrete at different fiber content

This study also focused on the increment of young’s modulus by 9.7, 56.6, 84%
respectively due to “use glass fibers in concrete” [29]. In the same year as well
Yogesh Murthy, et al.,, when performed “flexural strength” test on “Glass fiber

reinforced concrete beams” having 1.5% of glass fibers reported an increase of 30%
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in “flexural strength” but found that slump got reduced on increment of fiber content
[30]. Thereafter in year 2013, G. Jyothi Kumari, et al., instead of using “glass fiber”
of small size, used polymer flats made up of “glass fiber” called “glass fiber
reinforced polymer flats” which were silica coated which showed shear resistance and
exhibit fairly better ductility [31]. It was further found by Tassew et al., in 2014, that a
little effect on “compressive strength and modulus of elasticity” was found on using
“glass fiber” between 0% and 2% by volume in ceramic concrete but discovered a
significant increases in “flexural strength and direct shear strength”, regardless of the
matrix type or fiber length, where as the “workability decreased with an increase in
fiber content” [32]. The mechanical properties and fracture behaviour of glass
reinforced concrete for different percentages of 0.25, 0.5, 0.75 and 1.0, found that
fracture energy increased significantly after 0.25% dosage of glass reinforced
concrete studied by Ahmet B. Kizilkanat et al., in 2015 [33]. In year 2015 Kutalmis
Recep Akca et al., replaced normal aggregate with recycled aggregates and used
polypropylene fiber 0%, 1% and 1.5% by volume and “Compressive strength,
splitting tensile strength, flexural tensile strength, static and dynamic modulus of
elasticity” experiments were conducted in order to determine mechanical performance
of the concrete series. A remarkable increase in split tensile and flexural strength had
been found on increment of fibre content [34]. In year 2016, Arslan M. E., studied the
mechanical strength behaviour of concrete with glass fiber content of 0.5, 1, 2 and 3
Kg/m3 and reported no significant increase in compressive strength and young’s
modulus of concrete but flexural strength and split tensile strength was found higher
on usage of 1 Kg/m3 of glass fiber in concrete as shown in Figure 2.4 and Figure 2.5
which indicates on using of glass fiber on higher content to be not beneficial and a

maximum limit of using glass fiber in concrete reported till 1% only [35].
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Figure 2.4 : Splitting tensile strength of the mixtures
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Figure 2.5 : Flexural strength of the mixtures

Rath B. et al.,, in 2017 researched by adding glass fibers with supplementary
cementitious material coal ash to concrete where coal ash was used to reduce cement
quantity. Scanned Electrode Microscope analysis (SEM) and Ultrasonic Pulse
Velocity Test (UPVT) was performed and found that addition of glass fibres could be
beneficial for concrete but can be expensive so use of fly ash can reduce the cost and
help on obtaining a optimum mix [36]. There after Faisal Sheikh Khalid, et al., in
2017 studied on Mechanical Properties of Concrete Containing “Recycled Concrete
Aggregate (RCA)” and “Ceramic Waste as Coarse Aggregate Replacement and used
25 percent, 35 percent, and 45 percent RCA and ceramic waste as coarse aggregate in
producing concrete and reported that 35% RCA and 35% ceramic waste showed the
best properties compared with the normal concrete” [37]. Mohsen Ahmadi, et al., also

found the same by using waste tyres and recycled aggregates in concrete. Main results
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indicated that “by adding recycled fibers into the concrete with recycled aggregates
lead to the production of structural concrete by 50% replacement of aggregates.
Moreover on adding recycled fibers by 0.5 percent and 1 percent of concrete by
volume reduces the thickness of concrete pavement for the amount of 8 percent and
16 percent, respectively” [38]. In year 2017 Ngoc Kien Bui researched on “properties
of recycled aggregate concrete (RAC) by using sodium silicate and silica fume. The
method proposed was applied to 100 percentage of coarse recycled concrete aggregate
compared to untreated RAC had been able to improve compressive strength up to 33 -
50%, splitting tensile strength 33-41%, and elastic modulus 15.5-42.5%”. From the
experimental data, the compressive strength of the treated RAC could be estimated at

any age [39] as shown in Figure 2.6.
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Figure 2.6 : Variation of compressive strength and tensile strength on addition of
recycled aggregates and steel fibers to concrete

The paper by Hasan Katkhuda in 2017 presents the results of a study that investigated
“the improvement of the mechanical properties of recycled concrete aggregate (RCA)
produced by adding chopped basalt fibers (BF) with contents of 0.1%, 0.3%, 0.5%,
1%, and 1.5% by total volume of the mix to treated and untreated recycled
aggregates”. “The recycled aggregates were surface treated by pre-soaking them in a
0.1 M hydrochloric acid (HCI) solution for 24 hr. to remove the adhered mortars to
improve the bond between the recycled aggregate and the cement. In addition,
chopped BF was added to normal concrete (NA) mixes as a control for comparison.

The results showed that using chopped BF minimally enhanced the compressive
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strength of the concrete mix but significantly improved its flexural and splitting
tensile strength. Furthermore, the optimum BF content that produced the same
splitting tensile and compressive strength as NA was 0.5% for untreated RCA and
0.3% for treated RCA, while the flexural strength was 0.3% for untreated RCA and
0.1% for treated RCA” [40]. A dynamic research done by Viviana Letelier et al., in
2017 focused on use of waste materials like recycled aggregates and recycled
hydrated cement (RHC) shows an optimum mix by using 20% of RA and 5% of RHC
[41]. Then in year 2018, Christiana Alexandridou et al., have conducted experimental
study where concrete mixtures were prepared using partial replacement of natural
aggregates with percentages of recycled aggregates ranging from 0 percent to 75
percent, results indicate that the “compressive strength of recycled concrete ranges
from significantly lower (37% reduction) to equal, compared to conventional
concrete, depending on the composition of recycled aggregate” [42]. Then in 2018
again G. Wardeh et al., studied experimental “behaviour of compressive strength and
flexural strength on usage of recycled aggregate in concrete and found that
compressive strength on introduction of recycled aggregates results in a decrease in
elastic modulus and showed more cracks than conventional concrete members” [43].
As per article published in “IOP conference series by Kaiyun Wu et al.”, stated the
experimental study of “fracture behaviour of recycled aggregate concrete using 50%,
70% and 100% partially replacing normal aggregates and tested initial cracking load
and fracture energy. In the experimental procedure and result prediction it was found
that initial cracking load was high with normal aggregate concrete which is found less
in case of recycled aggregate concrete. Further the same is depicted in fracture energy
behaviour and was found a remarkable decrease of fracture energy using recycled
aggregate concrete” [44]. In year 2018 Jianzhuang Xiao, Studied behaviour of
Recycled Aggregate Concrete in comparison to partial replacement of Normal
Aggregates, where 0, 30, 50, 70 and 100 percentage replacement of normal aggregates
were done and checked compressive strength and found that compressive strength of
recycled aggregate concrete (RAC) is lower than that of natural aggregate concrete
(NAC) under the condition that water-cement ratios (w/c) are same [45]. As per the
review paper written by Ali Akhtar et al., “collecting data from 40 countries it was
found that till 2012 the construction and demolition waste generated per year is more
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than 3 billion and is increasing constantly. The various researchers studied in their
review paper found that the use of 30% to 50% recycled aggregate was suggested to
achieve the strength requirements which is not sufficient for developing countries
India and China” [46]. Yijie Huang et al., compared mechanical properties of concrete
with natural coarse aggregate, recycled coarse aggregate and coral coarse aggregate
considering 50% and 100% recycled aggregate [47]. In the research done by B.
Cantero, assessed “the performance of structural concretes containing 20%, 25%,
50%, 75% or 100% mixed recycled coarse aggregate, analysing fresh concrete
workability, density and air content and hardened concrete compressive, flexural and
splitting tensile strength. The decline in strength relative to conventional concrete was
smaller at longer curing ages. Concretes bearing up to 50% recycled aggregate
exhibited reduction in performance to 10% or under in most of the properties studied,
even at late ages. In light of the present findings, the mixed recycled aggregates used
in this research may be deemed apt for use in structural concrete with a characteristic
strength of up to 30 MPa” [48]. George Dimitriou in year 2018 also stated that it is
beneficial in using recycled aggregates to 50% [49]. F. Fiol in 2018 used “Recycled
Aggregates (RA)” from structural precast elements substituting 20 percent, 50 percent
and 100 percent of normal aggregates. “Three Control Concretes (CC-30, CC- 37.5,
CC-45) manufactured with Natural Aggregates (NA), and their corresponding
Recycled Aggregate Concretes (RAC-20, RAC-50, RAC-100) were evaluated in
terms of physical and mechanical properties”. The infresh properties results
(“flowability, viscosity and passing ability”) of the RAC were suitable for their use as
SCC [50].

Furthermore, the tests of “compressive, splitting tensile and flexural strength, as well
as density, porosity, water absorption, ultrasonic pulse velocity, stiffness, and both
dynamic and static modulus™ provided results close to those of the SCC with Fresh
aggregates. R.V. Silva et al., in 2018 after reviewing 130 research papers majorly
focusing on fresh properties of concrete, reported that “water absorption of recycled
aggregates is much higher than normal aggregates and so use of admixtures can help
to obtain workability” [51].

Further many researches had been done and all reported an increase in flexural and
split tensile strength of concrete on using glass fibers [52]-[57].
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To carry the literature review in detail review papers were written and published in
various journals focusing on review of recycled aggregates, glass fibers, fracture
study and flexural behaviour [58]-[61].

Therefore the studies done on glass fiber reinforced concrete had summarized that the
use of glass fiber in concrete results in increase in flexural and split tensile strength
and very less variation in “compressive strength of concrete” and so “glass fiber
reinforced concrete” could be well functional in “flexural members”. As been already
discussed in previous chapter that the major objective of this research focuses to use

more amount of waste in concrete.

2.3 Literature review on Fracture Study Parameters

The major objective of the research in this thesis focused on fracture study of fiber
reinforced concrete with recycled aggregates and so detailed research had been done
on fracture study in concrete which has been listed in chronological order like in year
1981, Newman suggested the alternatives for a surface fracture in a finite plate subject
to standardized strain by considering the stress-intensity factor. Different equations
were developed for different ratios of crack length to plate thickness and crack depth
to crack length were evaluated and found that for the ratios of crack depth to plate
thickness less than 0.8, the equations obtained from finite element analysis were
having results tolerance £5% but for crack depth to plate thickness ratios of 0.8 and
more the equations don’t give appropriate solutions which could be directly compared
[62]. Thereafter in year 1984 Tanaka et al. researched fracture study and fatigue study
on oxygen free high conductivity copper, very low carbon steel and stainless steel.
“The relationship between crack propagation rate and J-integral range was obtained.
The critical CTOD was defined as the opening of crack tip which was calculated at
the original notch tip of the specimen utilizing the deliberated most extreme load and
the critical, effective cracking length” [63]. In year 1991 S. P. Shah draft to RILEM
on methodology to conduct three point bend test to determine fracture parameters Kic
and CTOD [64] which was further published as RILEM-50 code [83]. Tracey in 2000,
researched “the finite element operation of separating the cracked setup into triangular

shaped singularity components around the crack tip with adjacent isoperimetric
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trapezoidal shaped components. Here the rigidity of the tip component was calculated
by an accurate integration of the anticipated singular field, resulting in incompatibility
on the boundary of the circular element by joining straight-edged triangular elements,
stress intensity factors within 5 percentage of accepted values was obtained” [65]. Z.
Jun in year 2003 researched on concrete beams with notch and applied three point
bending test and found that fracture energy and tensile strength depends on higher
amount and strength of coarse aggregates [66]. R. Ince in 2008 researched the two-
parameter model fracture parameters that were evaluated using regression analysis. In
the study different beams of various wi/c ratios ranging 0.34-0.85 were tested under
three-point bend test and was found that “fracture parameters of two-parameter model
were inversely proportional to w/c ratios and the results agreed with Abram’s Law”
[67]. Thereafter in year 2012, X. K. Zhu et al. described “the foremost vital fracture
constraints of the potential energy unharness rate G, the strain intensity factor K, the
J-integral, the crack-tip displacement d and the crack-tip angle (CTOA) and
conferred, primarily within the written account request, the important and progressive
developments of those fracture parameter take a look at and analysis methods. This
review paper functions as a brief technical manuscript for tracing the significant
improvement of fracture robustness testing and investigation, for higher considerate
and victimization correct fracture constraints and fracture strength that had been
defined by various researchers” [68]. In 2012 Tagawa et al. explored silicone rubber
reproduction of charged crack tips by opening shapes and crack tip displacement
(CTOD) in single edge notch bend (SENB) samples. Their dimensions showed that
CTOD in BS7448 overestimated the genuine CTOD for low yield-to-tensile steel and
encouraged the investigation of a new method of CTOD calculation, consideration of
variability in the reducing conduct of the crack tip owing to strain hardening. The
silicone rubber repetition of charged crack tips in SENB samples for various YR
steels was experimentally explored with crack opening profiles and CTOD. In BS
7448, CTOD settled with the real CTOD in YR=0.9 material. In YR=0.6 material,
still an overestimation was obviously noted. These ways led from the location of the
plastic strain influenced by the various hardening characteristics of the strain [69].
Shinde et al. addressed the impacts of precisely small weld beam and high resistance
overmatching on the fracture strength of laser beam repaired parts with focus on the
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plastic restraint variance in fracture toughness specimens and structural elements with
pop in repair metal. The equivalent CTOD ratio, 3, was evaluated numerically to
correct CTOD toughness for restrictive failure in structural elements [70]. Patil et al.
noted that Al-alloy A384 acquired the mild fracture toughness value around 22.91
MPa. For Al- alloy A384 material, the fatigue pre cracking load is 1.97 KN which is
required to produce sharp crack close to the crack tip. The peak load (Pmax) achieved
prior to complete sample fracture is approximately 2.67 KN. The fracture load (PQ)
acquired for Al-alloy A384 is approximately 2,068 KN. Al-alloy A384's temporary
fracture toughness was noted around 18.53 MPa. Analytical calculation such as
temporary fracture toughness and Al-alloy A384 fracture toughness was calculated to
be 18.44 MPa and 23.78 MPa respectively. Comparative research is produced
between the test and the analytical value of the toughness of the fracture and it is
found that there is only 3% mistake between them [71]. Brand&o et al. suggested a
method for estimating CTOD as a driving force for elastic-plastic fracture and is used
for assessing faults in welded constructions. A semi- empirical CTOD design
curvature has been created by the Japan Welding Engineering Society (JWES) to
calculate CTOD. Moreover, with a crack, there is individual sort of welded joint,
namely a semi-welded corner boxing fillet. Additional investigations should be
carried out for other welded joints and crack dimensions [72]. Khor calculated crack
tip opening by means of the equations BS 7448-1/ISO 12135, ASTM E1820 and
JWES were contrasted with the outcomes acquired by SRC and FE modeling
experiments. The ASTM approach provides a technique for determining CTOD from
J without necessarily measuring the displacement of the crack mouth, while
confirming practical precision through a spectrum of strain-hardening materials [73].
Yasuhito et al. addressed the impacts of little weld bar and high opposition
overmatching on the crack durability of laser bar fixed parts with an attention on the
distinction in plastic requirement of break strength examples and auxiliary
components with fix metal disfigurement [74]. Moural et al. demonstrated the reliance
on the sample density and ligament length of the fracture toughness. For all samplings
with different ligament lengths, a critical foundation radius was originated in which

the fracture's strength is entirely independent of the core radius of the notch. The
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expected fracture toughness is in excellent agreement with the measured information

using the established models [75].

2.4 Literature review on use of ANSYS on concrete beams

The research consist of verification of obtained results using software and so
possibilities of various softwares were checked and found that software ANSYS can
be used for analysis of beams. A detailed review had been done on use of ANSYS in
modeling and analysis of concrete beams has been listed in chronological order. In
year 2010, L. Dahmani et al., researched by using 3 meter long beam model of
element SOLID65 in ANSYS 8.0 and found a correlation between fracture mechanics
formulas and software results [76]. Kotresh M. in year 2018 predicted a numerical
approach to the stress field behaviour of crack in “shape memory alloy (SMA)”
particles reinforced composite known as the adaptive composite using Finite element
modelling and using ANSYS to evaluate the results [77]. Furthermore researches
were found on using ANSYS as a tool to evaluate the behaviour of materials on load
applications [78]-[79] and so it had been summarized that this software could be used
for verification of the optimum mixes and the results obtained by the software are

fully correct and reliable.

2.5 Summary of Literature Review

After detailed Literature Review it was found that for using more recycled aggregates
than 50% in concrete can reduce “flexural strength and split tensile strength of
concrete” and so there is a need of a material that can compensate the reduction of
strength and help in providing the optimum strength and economy. Looking on the
various options that could be used to increase the “flexural strength and split tensile
strength” glass fiber was found with better results in flexure and tension both. It was
reviewed that S2 glass fiber is having maximum tensile strength than other types of
glass fibers. The fracture behavior was also improved on using glass fibers in concrete
and so the research finally focused on usage of more recycled aggregates with glass
fibers and to find the optimum mix which would be good in strength, workability,

Chlorine resistivity and economy. It has been also summarized that the optimum
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mixes obtained could be checked and verified by modeling and analysis using
software ANSYS workbench.

2.6 Research Gap and Motivation of the Research

After broad and narrow literature review of existing research, research gap related to
the domain and thrust area had been found to work on "Studies on Fractural
Behaviour of Glass Fiber Reinforced Concrete with Recycled Aggregates”. It had
been found that maximum 50% of recycled aggregates could be used in concrete but
on adding further recycled aggregates the strength reduces and so glass fibers can help
in obtaining optimum strength with higher percentages of recycled aggregates. The
fracture study on recycled aggregates with glass fiber had not been performed by prior
researchers. The motivation of the research came from the book "Recycled
Aggregates Concrete Structures™ authored by Jianzhuang Xiao in year 2018 [95]. In
chapter 4 of the book published it had been mentioned that fibers can be used to
obtain better strength while using recycled aggregates. This intrinsically motivated to
perform research on the above mentioned topic. The further motivation was on use of

demolished waste which could help in reduction of depletion of environment.

2.7 Hypothesis of Research

This study is focused on mix design of M25 grade concrete as it is widely used for
construction works. Therefore this research is limited to strength requirements and
fracture study of M25 grade concrete. For checking strength of concrete specimens
cured for 7 and 28 days as expected to use this concrete for structural use. Another
important hypothesis was to collect the normal and recycled aggregates from local

region like Jalandhar, Ludhiana and Amritsar.
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CHAPTER 3 : EXPERIMENTAL PROGRAM

3.1 General

In this study design mix of M25 grade concrete has been used. The materials have
been tested for physical properties required to perform mix design. Glass Fibers of S2
class were used in proportions of 0.25%, 0.5%, 0.75% and 1.00% by weight of
concrete. Recycled aggregates had been used as partial replacement of natural coarse
aggregates in proportions of 40%, 60%, 70%, 80% and 100%.

As it had been found through literature review that using 100% recycled aggregates
decreases strength of concrete, but on addition of glass fibers could give a passage of
using recycled aggregate till higher percentages, (more than 50%). Test on materials
like cement, sand, coarse aggregates, S2 glass fibers and recycled aggregates were
performed as per the Indian Standards. Mix design for M25 grade concrete had been
conducted as per 1S:10262-2009 [80]. Concrete was tested for workability,
Compressive strength, Flexural strength, Split tensile strength, Fracture Behaviour by
checking crack length and crack tip opening for various mixes. To check chloride
penetration of optimum mix “Rapid Chloride Penetration Test” had been performed
on two optimum mixes and normal concrete for comparison. Microstructure study had
been performed to verify the behavior exhibit by samples during mechanical strength
test using XRD analysis, SEM, EDS and FTIR analysis. The optimum mixes obtained

after cost analysis were verified using software ANSYS workbench.

3.2 Scientific Theory

The glass fibers exhibits elastic behaviors in their stress-strain characteristics which in
compared with structural metal that is more brittle in nature. It imparts high energy
absorption which strengthened the concrete in microscopic scale. The high energy
absorption reduces the effect of external loads to microscopic level and thus reduces
the chances of catastrophic failure. The glass fiber in concrete increases the corrosive
resistance, increases damping capacities, has low thermal expansion and is having

anti-bacterial properties [97].
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The glass fibers behavior in concrete is represented in Figure 3.1 where on application
of load, the load is transferred to the fibers on micro-structural level and so the
deflection in beam reduces with increase in flexure and tensile strength. The glass
fibers not only make the concrete ductile but act as shockers for impact loads coming

from any direction because of their random distribution in the concrete.

Load

oncrete
v /©
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Figure 3.1: Concrete beam with glass fibers applied with load

3.3 Materials Used in Research Work

“Cement, fine aggregates, coarse aggregates, water” were used in mix design
of M25 grade concrete. The properties and specifications of these materials
are as under:

1. Cement: “Ordinary Portland cement” of 43grade was used for the
present investigation. The cement was of uniform colour i.e. grey
with a light greenish shade and free from any hard lumps. Summary
of various tests conducted on cement are given in TABLE 3.1. All
these tests were carried out in accordance with procedure laid down
in 1S:4031-1999 [84] and 1S:8112-2013 [85].

2. Fine aggregates: The fine aggregates used for the experimental work
had been locally procured and conformed to grading zone Il .Sieve
analysis of the fine aggregate was carried out in the laboratory as per
1S:383-1970 [86]. The sand was first sieved through 4.75 mm sieve to
remove any particle greater than 4.75 mm sieve and then washed to
remove the dust. The physical properties and sieve analysis of fine
aggregates are shown in TABLE 3.2 and TABLE 3.3.
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TABLE 3.1: Physical properties of cement

. No. | Characteristics Values obtained Standard Values
Normal
1 _ 33.3% _
consistency
Initial setting ) _
2 ] 48.5 min >30 min
time

3 Final setting time 240.5 min <600 min

4 Fineness 4.81 % _

5 Specific gravity 3.12 _

6 Compressive strength

Compressive
. No. Days
strength

1 3 24.81 MPa

2 7 37.52 MPa

3 28 47.64 MPa

TABLE 3.2: Physical properties of fine aggregates
S. No Characteristics Value

1 Specific gravity 2.585
2 Bulk density 1.333 g/cc
3 Fineness modulus 2.628
4 Water absorption 0.889
5 Grading zone Zone Il
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TABLE 3.3 : Sieve analysis of fine aggregates

IS- Weight _
) _ Percentage | Percentage | Cumulative
Sr.No. | Sieve Retained _ _ _
Retained Passing % retained
(mm) (gm)
1 4.75 14.6 1.46 98.54 1.46
2 2.36 37.2 3.72 94.82 5.18
3 1.18 246.52 24.652 70.168 29.832
4 600 u 205.51 20.551 49.617 50.383
300 p 287.53 28.753 20.864 79.136
6 150 n 176.92 17.692 3.172 96.828
7 Pan 31.72 3.172
Total 1000.000 SUM 262.819
FM = 2.628

Total mass taken: 1000gm

Fineness modulus of fine aggregates = 2.628

3. Coarse aggregates: Trampled rock aggregates (locally available) of
nominal size 20 mm were used in the research. The dirt and dust was
removed by washing the aggregates and were desiccated to exterior
dry conditions. The aggregates were tested as per 1S:383-1970
[86].The various test required for mix design were performed and the
values are given in TABLE 3.4 and TABLE 3.5 exhibits the values
obtained in sieving of aggregates.

TABLE 3.4 : Physical properties of coarse aggregates

S. No. Characteristics Value
1 Type Crushed
2 Specific gravity 2.692
3 Water absorption 0.557 %
4 Fineness Modulus 6.912

45




TABLE 3.5 : Sieve Analysis of Coarse aggregates

) Percentage | Percent Cumulative
S. _ ) Weight _ _
Sieve size ) retained Passing percentage
No. retained(gm) )
(%) (%) retained
1 80 0.00 0.00 100.00 0.00
2 40 0.00 0.00 100.00 0.00
3 20 68.51 2.283 97.717 2.283
4 10 2776.48 92.549 5.168 94.832
5 4.75 113.51 3.783 1.385 98.615
6 Pan 0.00 0.00 0.00
Total 3000.00 SUM 195.73 + 500 =
FM = 6.95

FM of 20 mm coarse aggregates= (195.73+500)/100 = 6.95

4. Water: Clean and Fresh tap water had been used in casting specimens

of the current study. The water was comparatively free from organic
matter, silt, oil, sugar, chloride and acidic material as per Indian

standard.

Recycled aggregates: Are parts and bits of solid structures which are
destroyed or remake. These were obtained by breaking big boulder
obtained from demolished concrete as shown in Figure 3.2 and
removing attached cement mortar using iron brushes were cleaned
from soil and broken to littler pieces as shown in Figure 3.3 to produce
aggregate which is named as recycled aggregates as shown in Figure
3.4. The recycled aggregates were being obtained from demolished
waste from Jalandhar, Ludhiana and Amritsar. The physical properties
required for mix design were tested and tabulated in TABLE 3.6. The
sieve analysis of recycled coarse aggregate have been shown in
TABLE 3.7.
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Figure 3.2 : Concrete boulders obtained from demolished structures in Jalandhar,
Ludhiana and Amritsar

Figure 3.3 : Demolished concrete broken and recycled aggregates obtained is

processed for cleaning
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TABLE 3.6 : Physical properties of recycled aggregates

SN Characteristics Value
1 Water Absorption 7.92%
2 Specific Gravity 2.34
TABLE 3.7 : Sieve Analysis of recycled aggregates
S.No. IS- Weight )
Sieve | Retained Percentage | Percentage | Cumulative %
Retained Passing retained
(mm) (gm)
1 80 0 0 100 0
2 40 0 0 100 0
3 20 136 4.53 95.47 4.53
4 10 2801 93.36 2.11 97.89
5 4.75 43 1.43 0.68 99.32
6 Pan 20 0.67 0
Total 3000 SUM 201.74+500=
FM 7.017

Figure 3.4: Recycled Aggregates
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6. S2 Glass Fiber: S2 Glass fibers are high quality glass fiber that gives
the most significant level of tensile strength out of all glass filaments.
Created with a more significant level of silica than standard glass
fibers. The glass fibers used for research work were free from CaO
and were of length 12-15 mm as shown in Figure 3.5. The properties of
glass fiber used have been tabulated in TABLE 3.8. The S2 Glass
fiber have been arranged from vendor AKS Build Systems, Ludhiana,
Punjab, the details have been attached in APPENDIX 4: Vendor Detail
for Glass Fiber. The S2 Glass Fiber should not be touched by bare

hands and gloves should be used while handling this fiber.

e

Figure 3.5: S2 Glass Fiber to be not handled with bare hands

TABLE 3.8 : Properties of S2 glass fiber

Property Results

Type of material Magnesium alumino silicate glass without CaO
Fiber length (mm) 12-15 (mixed)

SiO, Content 64-66%

Elastic Modulus(E) 79-89 MPa

Aspect Ratio 300-350
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3.4 Mix Design of Concrete

The Mix design of M25 grade concrete was carried out as per according to 1S:10262-
2009 [80] as this is the most used grade in structural purposes where there is no
specific requirement. The material test values obtained were used to perform mix
design and target mean strength was used by calculating standard deviation. The
water cement ratio used was 0.44 taken from IS code.
Characteristics strength =M25
Target men strength =25+1.65*4=31.6 N/mm?
Maximum water cement ratio =0.44
Minimum cement content according to 1S:456-2000 [87] =400 kg/ m®
Nominal maximum size of aggregate =20mm
According to 1S:10262-2009 [80] maximum water cement ratio =186 L.it.
For 50 * 75mm slump =186+3% of 186
=191.58 kg/m®

Water cement ratio is 0.44 so; cement comes to be 435.409 kg/m®
435.409 kg/m® > 400 kg/m®
According to zone of site for fine aggregate
Volume of Coarse aggregate=0.64
As the concrete is to be used in pumps also therefore reduce 10% in volume of coarse
aggregates
“Volume of Coarse aggregate = 0.64 * 0.9 = 0.576
Volume of Fine aggregate=1- 0.576 = 0.424
Mixing calculation per unit the volume of concrete”
a. Volume of water -1m?

=191.58*(1/1000)

=0.191 m®
b. Volume of cement = 435.409/3.12*(1/1000) =0.1396
c. Volume of all in aggregate =a- (b + ¢)

=1-(0.1396+0.191)
=0.6694 m®
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“Mass of coarse aggregate = (e)*vol of coarse aggregate*specific gravity of coarse

aggregate*1000”.
=0.6694 * 0.576 * 2.69 * 1000
=1037.19 kg
“Mass of fine aggregate =(e) * volume of fine aggregate * specific gravity of fine
aggregate*1000”
=0.6694*0.424*2.59*1000
=735.108 kg
“The mix design proportions come to be in 1 cum of concrete”
Cement Fine Agg. Coarse Agg. Water Units
435.409 735.108  1037.19 191.58 kg/m?®
1 1.688 2.38 0.44 Ratio

Using above mix design calculations cubes in 6 numbers were casted to

check the compressive strength after 7 and 28 days of curing. The

compressive strength of cubes after 7 days and 28 days have been tabulated
in TABLE 3.9 and TABLE 3.10
TABLE 3.9 : Compressive strength after 7 days

S No. Weight of Peak Load Compressive Strength Average Compressive
Cube (Kg) (KN) (N/mm?) Strength (N/mm?)
1 7.787 454.8 20.21
2 8.172 571.4 25.39 23.19
3 8.167 539.2 23.96
TABLE 3.10 : Compressive strength after 28 days
S No. Weight of Peak Load Compressive Strength Average Compressive
Cube (Kg) (KN) (N/mm?) Strength (N/mm?)
1 7.93 798.6 35.49
2 7.91 723.4 32.15 33.39
3 7.89 732.2 32.54




3.5 Material compositions to be used in research work

It has been found in detailed literature review that recycled aggregates can be used in
concrete but to a limited amount and that is till 50%. The major focus of this research
is towards environment friendly concrete can be called as green concrete, evolution of
a new kind of concrete using more percentage of recycled aggregates in it. Many
countries are facing the problem of environmental depletion and which is creating
serious issues like global warming. The demolished concrete waste if dumped
untreated increase the carbonation emissions as shown in Figure 3.7. The main
problem that was found in using higher percentages of recycled aggregates in concrete
was strength and workability. The major strength reduction was found in flexural
strength on using higher amount of recycled aggregates. On finding out other
materials which could be added to increase flexural and split tensile strength of
concrete, glass fiber was found out to be more promising in terms of strength and
economy. Therefore, in this research higher percentages of recycled aggregates like
40%, 60%, 70%, 80% and 100% have been used as a partial replacement of natural
coarse aggregates. The glass fibers used were S2 glass fibers; having maximum
tensile strength as compared to other types of glass fibers. The percentages of glass
fibers used in research work were literature reviewed and taken as 0.25%, 0.5%,
0.75% and 1.0% by weight of concrete. The material mix prepared has been shown in
Figure 3.8. The materials that were used for various mix proportions have been listed
in TABLE 3.11 where it states the materials required for casting 1 cubic meter of
concrete. The designation of concrete specimens had been taken as CR__G__, where

the meaning of the designation is shown in Figure 3.6.

CR40G 0.5

| Percentage of Glass Fiber used

’ Glass Fiber |

| Percentage of Recycled aggregates used ‘

l Recycled Aggregates |

Concrete

Figure 3.6 : Mix designation explanation in detail
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Figure 3.7 : Demolished concrete dumped creating pollution
(Source: https://www.dreamstime.com/concrete-rubble-concrete-rubble-forest-
image164137451)
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TABLE 3.11 : Material composition of different mix designations for experimental

study
Material CROGO CR40G0.25 | CR40G0.5 | CR40G0.75 | CR40G1.0
Cement 435.41 435.41 435.41 43541 435.41
Coarse Aggregate 1037.19 622.31 622.31 622.31 622.31
Fine Aggregate 735.11 735.11 735.11 735.11 735.11
Recycled aggregate 0.00 414.88 414.88 414.88 414.88
Glass Fiber 0.00 5.52 11.04 16.56 22.08
Water 191.58 191.58 191.58 191.58 191.58
Material CR60G0.25 | CR60G0.5 | CR60G0.75 | CR60G1.0
Cement 43541 43541 43541 43541
Coarse Aggregate 414.88 414.88 414.88 414.88
Fine Aggregate 735.11 735.11 735.11 735.11
Recycled aggregate 622.31 622.31 622.31 622.31
Glass Fiber 5.52 11.04 16.56 22.08
Water 191.58 191.58 191.58 191.58
Material CR70G0.25 | CR70G0.5 | CR70G0.75 | CR70G1.0
Cement 43541 43541 43541 43541
Coarse Aggregate 311.16 311.16 311.16 311.16
Fine Aggregate 735.11 735.11 735.11 735.11
Recycled aggregate 726.03 726.03 726.03 726.03
Glass Fiber 5.52 11.04 16.56 22.08
Water 191.58 191.58 191.58 191.58
Material CR80G0.25 | CR80G0.5 | CR80G0.75 | CR80G1.0
Cement 43541 43541 435.41 43541
Coarse Aggregate 207.44 207.44 207.44 207.44
Fine Aggregate 735.11 735.11 735.11 735.11
Recycled aggregate 829.75 829.75 829.75 829.75
Glass Fiber 5.52 11.04 16.56 22.08
Water 191.58 191.58 191.58 191.58
Material CR100G0.25 | CR100G0.5 | CR100G0.75 | CR100G1.0
Cement 435.41 435.41 435.41 435.41
Coarse Aggregate 0.00 0.00 0.00 0.00
Fine Aggregate 735.11 735.11 735.11 735.11
Recycled aggregate 1037.19 1037.19 1037.19 1037.19
Glass Fiber 5.52 11.04 16.56 22.08
Water 191.58 191.58 191.58 191.58

Note:- All values are in kg/m?
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3.6 Compressive Strength Test

The cubes of specimens of size 150x150x150 mm had been casted as shown in Figure
3.9 and were tested under Compression load as shown in Figure 3.10 was performed
on compression testing machine of Make HEICO of 1000 KN, tested according to
Indian standards 1S:516-1959 [81]. Six specimens were tested of each designation
three specimens after 7 days and three 28 days of curing and average value of results
were considered. The results have been listed below in TABLE 3.12 and TABLE
3.13. The Average strength of various mix designations have been plotted on the bar

chart given below in Graph 3.1.

Figure 3.9 : Compression strength cube specimens
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TABLE 3.12 : Compressive Strength of Cubes after 7 Days in N/mm?

Mix Designations | CR40G0.25 | CR40G0.5 | CR40G0.75 CR40G1.0
Sample 1 22.57 18.80 13.42 16.44
Sample 2 21.87 16.89 12.75 13.56
Sample 3 22.31 16.98 13.19 13.64
Average 22.25 17.56 13.12 14.55
Mix Designations | CR60G0.25 | CR60G0.5 | CR60GO0.75 CR60G1.0
Sample 1 16.06 20.76 13.51 15.56
Sample 2 18.18 22.84 15.11 15.60
Sample 3 16.44 20.80 16.49 15.96
Average 16.89 21.47 15.04 15.70
Mix Designations | CR70G0.25 | CR70G0.5 | CR70G0.75 CR70G1.0
Sample 1 13.69 14.00 9.11 15.24
Sample 2 15.96 16.09 8.97 15.16
Sample 3 2031 14.09 1236 16.13
(discarded) (discarded)
Average 14.825 14.73 9.04 15.51
Mix Designations | CR80G0.25 | CR80G0.5 | CR80G0.75 | CR80G1.0
Sample 1 18.00 18.27 23.33 15.67
Sample 2 17.87 17.69 23.47 14.61
Sample 3 18.31 17.16 22.37 16.96
Average 18.06 17.70 23.06 15.75
Mix Designations | CR100G0.25| CR100G0.5 | CR100G0.75 | CR100G1.0
Sample 1 17.46 18.92 18.92 14.09
Sample 2 18.71 16.89 16.89 17.29
Sample 3 19.82 16.71 16.71 15.87
Average 18.66 17.51 17.51 15.75
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TABLE 3.13 : Compressive Strength of Cubes after 28 Days in N/mm?

Mix Designations | CR40G0.25 |CR40G0.5| CR40G0.75 CR40G1.0
Sample 1 23.51 20.00 19.11 18.49
Sample 2 28.71 19.42 23.82 19.25
Sample 3 25.64 22.62 25.29 17.70
Average 25.96 20.68 22.74 18.48

Mix Designations | CR60G0.25 |CR60G0.5| CR60G0.75 CR60G1.0
Sample 1 21.11 30.77 22.07 20.04
Sample 2 21.58 31.36 20.22 22.46
Sample 3 22.80 32.57 21.98 19.24
Average 21.83 31.57 21.42 20.58

Mix Designations | CR70G0.25 |CR70G0.5| CR70G0.75 CR70G1.0
Sample 1 27.87 21.88 21.07 21.33
Sample 2 27.93 19.30 19.47 20.31
Sample 3 25.47 19.24 19.64 23.29
Average 27.09 20.14 20.06 21.64

Mix Designations | CR80G0.25 |CR80G0.5| CR80G0.75 CR80G1.0
Sample 1 29.94 25.20 32.98 24.09
Sample 2 31.97 23.64 34.80 21.91
Sample 3 30.04 25.56 32.53 22.86
Average 30.65 24.80 33.44 22.95

Mix Designations | CR100G0.25 [CR100G0.5 CR100G0.75 | CR100G1.0
Sample 1 22.53 26.31 27.56 25.51
Sample 2 22.67 25.51 25.51 27.24
Sample 3 25.60 23.11 26.40 26.76
Average 23.60 24.98 26.49 26.50
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Graph 3.1: Variation of compressive strength of different mix designations with age
of 7and 28 days
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COMPRESSION TESTING MACHINE
CAPACITY - 1000 KN

Figure 3.10 : Compressive testing machine 1000 KN capacity

The Compressive strength results interpret the behaviour of concrete matrix under
compressive load and an optimum value had been obtained on partial replacement of
coarse aggregates with 80% of recycled aggregates with adding 0.75% of glass fibers.
This optimum mix could be used for construction practice for casting compression

members of structures.

3.7 Workability of Concrete

The workability was tested using slump cone method and the results have been listed
in TABLE 3.14 which shows that on increasing quantity of recycled aggregates there
is a decrease in workability and so a Super Plasticizer Master Glenium B233 was used
to improve workability. The results of workability have been plotted in Graph 3.2.
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TABLE 3.14 : Workability by Slump cone test (mm)

Mix Designations

Specimen Slump Specimen Slump
CROGO 70 CR70G0.75 55
CR40G0.25 50 CR70G1.0 50
CR40G0.5 45 CR80G0.25 65
CR40G0.75 45 CR80G0.5 62
CR40G1.0 44 CR80G0.75 70
CR60G0.25 55 CR80G1.0 62
CR60G0.5 52 CR100G0.25 60
CR60G0.75 48 CR100G0.5 58
CR60G1.0 40 CR100G0.75 54
CR70G0.25 60 CR100G1.0 50
CR70G0.5 58
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Graph 3.2 : Workability by Slump Cone Test in millimeters
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3.8 Flexural Strength Test

The beam samples of size 100x100x500 mm were casted three in numbers of each
designation. The beams had been tested under four point flexural strength test on
compression testing machine Make HEICO, Capacity 1000 kN with flexural Strength
test setup as shown in Figure 3.11, tested according to Indian standards 1S:516-1959
[81]. The average values of the flexural strength were considered for analysis shown
in TABLE 3.15 and plotted on the bar chart given below in Graph 3.3.

Figure 3.11 : Testing of flexural strength sample using flexural strength setup on

compressive strength testing machine
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TABLE 3.15 : Flexural Strength of various Mix Designations

Specimen | Flexural strength (N/mm?) | Specimen Flexural strength (N/mm?)
CROGO 4.06 CR70G0.75 4.03
CR40G0.25 3.82 CR70G1.0 3.23
CR40G0.5 3.89 CR80G0.25 3.76
CR40G0.75 3.95 CR80G0.5 3.82
CR40G1.0 341 CR80G0.75 3.89
CR60G0.25 3.85 CR80G1.0 3.12
CR60G0.5 3.87 CR100G0.25 3.19
CR60GO0.75 3.97 CR100G0.5 3.08
CR60G1.0 3.32 CR100G0.75 3.25
CR70G0.25 3.94 CR100G1.0 2.85
CR70G0.5 3.99
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Graph 3.3 : Flexural Strength of various mix designations
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The flexural strength of specimens showed that the mix which contains 70% of
recycled aggregates and 0.75% of S2 Glass Fibers is taking the maximum flexural
load and so it could be used for flexural purposes like beams and slabs but fracture
study also exhibit an important role in selecting the optimum mix proportion.

3.9 Split Tensile Strength Test

The cylindrical specimens of sizes 150 mm dia. and 300 mm long were casted three in
numbers of each designation and tested for Split Tensile strength test on compressive
strength testing machine of Make HEICO of capacity 1000 KN as shown in Figure
3.12, tested according to 1S:5816-1999 [82]. The average values of the obtained
strength were considered for analysis as shown in TABLE 3.16. and plotted on the bar

chart given below in Graph 3.4.

Figure 3.12 : Testing of Split Tensile Strength sample using compressive strength
testing machine
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TABLE 3.16 : Split Tensile Strength of various Mix Designations

Split Tensile strength

Split Tensile strength

Specimen Specimen
P (N/mm?) P (N/mm?)
CROGO 3.98 CR70G0.75 3.96
CR40G0.25 3.77 CR70G1.0 3.35
CR40G0.5 3.85 CR80G0.25 3.68
CR40G0.75 3.89 CR80G0.5 3.75
CR40G1.0 3.51 CR80G0.75 3.78
CR60G0.25 3.80 CR80G1.0 2.98
CR60G0.5 3.83 CR100G0.25 3.05
CR60G0.75 3.92 CR100G0.5 2.95
CR60G1.0 3.45 CR100G0.75 3.15
CR70G0.25 3.91 CR100G1.0 2.79
CR70G0.5 3.93
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Graph 3.4 : Split Tensile Strength of various mix designations
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The behaviour of split tensile strength for CR70G0.75 showed maximum results, near
to normal concrete and therefore, mix of concrete having 70% of recycled aggregates
and 0.75% glass fibers could be proposed for applications in concrete structures
having flexural behaviour like beams and slabs.

3.10 Fracture behaviour using Three-Point Bend Test

To perform fracture analysis beam specimens of size 500x100x100 mm were casted
of each designation. The experimental system for fracture behaviour consists of a
three-point bending test on notched beam samples with an initial 30 mm notch depth
and 3 mm width was performed as per guidelines of RILEM 50-FMC [83]. The
fracture test was performed in Akara Material Testing Laboratory Pvt. Ltd., Tinkunne,
Subhidhanagar, Kathmandu Nepal. The test reports obtained from testing laboratory is
attached in APPENDIX 5: Test Report obtained from Testing Laboratory. The details
of the specimen for the fracture test have been shown in Figure 3.13. The crack length
was measured by using Vernier Caliper and the CMOD was measured using

Displacement Transducer. The casted beam sample have been shown in Figure 3.14.

F/2 ‘<— Span=4  ———|f/2

«B

Figure 3.13 : Details of Fracture Test Specimens

According to the RILEM 50-FMC [83], the fracture toughness is determined using

equation (1) as the critical stress intensity Kic.

ic 3FS\/_

Where, Kic =critical stress intensity (MPaVm), F — max. load (N), S, B and W are the
span, depth, and width in mm respectively of the testing beam.
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f(a) 1s geometry factor, which depends on the ratio of the notch depth/crack length (a)
to the depth (W) of the beam. In case S = 4W as applied in the current study, f(a) can
be as shown in equation (2).

_ [199—a(1-a)(2.15-3.93a+2.7a?)]
fla) = Vr(1+2a)(1-a)15 (@)

The materials utilized for the investigation were Ordinary Portland Cement of Grade
43, locally presented river sand utilized as fine aggregates, reused aggregates of
demolished structures, coarse aggregates of 20.0 mm and S2 glass fiber of 15 mm
length and 0.1 mm width, Master Glenium B233 as super plasticizer and water of
drinking quality. The crack length, peak load (Pmax) and CMOD was determined in
experimental setup which was used to calculate Kic & CTOD through RILEM-50
FMC. The peak load observed from each specimen have been averaged and tabulated
in TABLE 3.18. The number of specimen for beam casting for optimum value of
fracture toughness was 42 where test is done after 28 days of curing. The test were
performed on Universal Testing Machine of Make DM Instruments of Capacity 1000
KN as shown in Figure 3.16 with three point test as shown in Figure 3.15. To measure
Crack Mouth Opening Displacement, Displacement Transducer is used of Make
SREEKA and to measure crack length Digital Vernier Caliper has been used of Make

Generic. The cracked samples have been shown in Figure 3.17.
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Figure 3.15 : Three- point test of beam for P max
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Figure 3.16 : Universal testing machine of Make DM Instruments of capacity 1000

KN for Fracture toughness test

Figure 3.17 : Crack length of beam after P max
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3.10.1 Intrepretation of Experimental value of CTOD & Kic

For length parameter (Q) by Jenq & Shah to assure brittleness number formula of Q

as given below in equation (3),

E*CTOD]

Q [ Kic @)

This length parameter has been checked for concrete with optimum RA as 60% and
0.75% addition of S2 glass fibre.

Below listed TABLE 3.17 shows the experimental value to calculate brittleness
number as given by Jenq & Shah, here the modulus of elasticity has been calculated

through formula mentioned in Appendix (1) as per IS 456-2000 [87].

TABLE 3.17 : Brittleness Number Calculation

Name Modulus of elasticity | CTOD (mm) | Kic (MpaVmm) | Length parameter (
(E) N/mm~2 Q) (mm)
CR60G0.75 | 28653.09 0.038 2.09 * 31.62 271.45

As per research the brittleness number of standard concrete should lie between 150-
300 mm so above length parameter (Q) 271.45 mm which lies in the range and

experimental value satisfies the brittleness number of concrete.

3.10.2 Stress Intensity Factor (Kic)

Fracture study was performed by using two parameters, Stress Intensity Factor (Kic)
and Crack Tip Opening Displacement (CTOD). To perform fracture study notched
beam specimens were subjected to 3-point bending in simply supported end condition.
In order to determine the fracture strength, the 3-point bending tests were performed
on beams with 100x100 mm cross section and an effective length of 400 mm. The
results of peak load, Crack Length and critical stress intensity have been shown in
TABLE 3.18. To represent the behaviour of concrete beams due to central load the

acquired data is plotted in charts Graph 3.5, Graph 3.6 and Graph 3.7.
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TABLE 3.18 : Results of Stress intensity (Kic) with Different S2 Glass Fiber and

Recycle Aggregate on Concrete Beams

SN Name Peak | Crack Length Kic
Load “a” (mm) (MPaVm)
(N)
1 CROGO 4550 53.03 1.59
2 CR40G0.25 4370 94.41 1.53
3 CR40G0.5 4895 51.45 1.71
4 CR40G0.75 5715 50.85 1.99
5 CR40G1.0 4200 55.4 1.47
6 CR60G0.25 4450 53.42 1.56
7 CR60G0.5 9575 51.97 1.94
8 CR60GO0.75 6015 50.01 2.09
9 CR60G1.0 4425 53.78 1.55
10 CR70G0.25 4150 55.73 1.45
11 CR70G0.5 4360 54.41 1.53
12 CR70G0.75 4505 53.05 1.57
13 CR70G1.0 4100 55.39 144
14 CR80G0.25 4205 54.9 1.47
15 CR80GO0.5 4325 54.24 151
16 CR80GO0.75 4350 54.08 1.52
17 CR80G1.0 4165 55.06 1.46
18 CR100G0.25 3575 64.35 1.26
19 CR100G0.5 3600 62.28 1.27
20 CR100G0.75 3750 60.36 1.32
21 CR100G1.0 3700 60.96 1.30
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Graph 3.5 : Stress Intensity (Kic) of all test specimens
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Graph 3.6 : Kic vs crack width regression equation of all test specimens
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Graph 3.7 : Crack length (mm) of all test specimens
Fracture toughness increased with S2 glass fiber content with 60% recycled aggregate
replacement and attained a maximum value for 0.75% fiber content and then
decreased. With the introduction of S2 glass fibers, ductility was found to be
improved and CR60GO0.75 was found to be more ductile. The improvement in
ductility was due to the active particle binding and containment. Flexural failure was
the pattern of failure observed. Plain concrete beams failed by dividing into 2 halves,
whereas GFRC beams only showed narrow cracks and no splitting. The results
showed that the overall load and fracture capacity of GFRC beams were significantly

increased relative to plain concrete beams.

3.10.3 Crack Tip Opening Displacement (CTOD)

From RILEM-50 [83] after calculation of Kic and crack length experimentally,
numerical value of CTOD were calculated from the formula as given in Appendix 1.
Crack Mouth Opening Displacement (CMOD) was measured by Digital Vernier
Calliper in mm at laboratory which is the initial opening and from the help of CMOD
as given in Appendix 1 CTOD have been calculated. The results of CTOD and
CMOD are listed in TABLE 3.19 and plotted in Graph 3.8 and Graph 3.9.
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TABLE 3.19: Results of CTOD with Different S2 Glass Fiber and Recycle Aggregate

on Concrete Beams

SN Name CMOD (mm) | CTOD (mm) | Kic (MPavm)
1 CROGO 0.047 0.028 1.59
2 CR40G0.25 0.042 0.019 1.53
3 CR40G0.5 0.051 0.027 1.71
4 CR40G0.75 0.056 0.034 1.99
5 CR40G1.0 0.039 0.021 1.47
6 CR60G0.25 0.045 0.023 1.56
7 CR60G0.5 0.052 0.031 1.94
8 CR60G0.75 0.061 0.038 2.09
9 CR60G1.0 0.041 0.023 1.55
10 CR70G0.25 0.032 0.021 1.45
11 CR70G0.5 0.044 0.026 1.53
12 CR70G0.75 0.042 0.023 1.57
13 CR70G1.0 0.036 0.021 1.44
14 CR80G0.25 0.038 0.022 1.47
15 CR80G0.5 0.041 0.023 1.51
16 CR80G0.75 0.042 0.025 1.52
17 CR80G1.0 0.031 0.019 1.46
18 CR100G0.25 0.024 0.014 1.26
19 CR100G0.5 0.026 0.015 1.27
20 CR100G0.75 0.028 0.0175 1.32
21 CR100G1.0 0.027 0.016 1.30
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Graph 3.8 : CTOD of all test specimens
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3.11 Correlation between CTOD and Kic

The correlation is the statistical method to find degree of relationship between two
variables. This method was been used for finding correlation between “Crack Tip
Opening Displacement (CTOD) and Stress Intensity (Kic) for the two mix designation
sets one having 60% of “recycled aggregates” and another having 80% of “recycled
aggregates”. The two well known methods used for finding correlation between the
two variables are:

1. Karl Pearson’s Coefficient of correlation

2. Spearman’s Rank Method.
The correlation coefficient was calculated by both the methods and average value of
correlation was considered for final analysis. The values obtained were compared
with the Correlation Coefficient scale as shown in TABLE 3.20. The calculations of
correlation coefficient as per the two methods have been given below.

TABLE 3.20 : Correlation Coefficient Scale

Perfectly Correlation (-1)

Negative
No
Moderate | Weak | cqprelation
0

S
©
!
o
~
!
o
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[EEN
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3.11.1 Karl Pearson’s Coefficient of Correlation

The Karl Pearson gave a method to find the coefficient correlation by equation (5)

. nEx)-EHEY)
J[anZ—(z 02| [nTy2-Cy)?

(®)

Where x is CTOD, y is Kic and n is number of samples
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The calculation of correlation coefficient of Mix designations with 60% recycled
aggregates have been given in TABLE 3.21 and for Mix designations with 80%
recycled aggregates has been shown in TABLE 3.22.

TABLE 3.21 : Karl Pearson’s calculation for Mix Designations with 60% Recycled

aggregates
CTOD Kic
SN Name (mm) | (MPavm) X2 Y Xy

(x) v)
1 CR60G0.25 0.023 1.56 0.000529 | 2.4336 | 0.03588
2 CR60G0.5 0.031 1.94 0.000961 | 3.7636 | 0.06014
3 CR60G0.75 0.038 2.09 0.001444 | 4.3681 | 0.07942
4 CR60G1.0 0.023 1.55 0.000529 | 2.4025 | 0.03565
Total 0.115 7.14 0.003463 | 12.9678 | 0.21109

The value of correlation coefficient was calculated as per equation (5)

4%(0.21109)—0.115%7.14

= 0.983764
JT4%0.003463 —(0.115)72][4+12.9678 —(7.14)"2]

Correlation Coefficient=r =

TABLE 3.22 : Karl Pearson’s calculation for Mix Designations with 80% Recycled

aggregates
CTOD Kic
SN Name (mm) | (MPavm) X2 v Xy

(x) (v)
1 CR80G0.25 0.022 1.47 0.000484 | 2.1609 | 0.03234
2 CR80G0.5 0.023 151 0.000529 | 2.2801 | 0.03473

3 CR80G0.75 0.025 1.52 0.000625 | 2.3104 0.038

4 CR80G1.0 0.019 1.46 0.000361 | 2.1316 | 0.02774
Total 0.089 5.96 0.001999 | 8.883 | 0.13281
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The value of correlation coefficient was calculated as per equation (5)

4%(0.13281)—0.089%5.96

= 0.905822
JT4%0.001999 —(0.089)"2][4+8.883—(5.96)"2]

Correlation Coefficient=r =

3.11.2 Spearman’s Rank Coefficient of Correlation

The Spearman’s gave a method to find the coefficient correlation by using rank

method and used equation (6)

6 d>

r=1- n(n?-1)

(6)

Where d is difference between ranks of CTOD and Kic and n is number of samples
The calculation of correlation coefficient of Mix designations with 60% recycled
aggregates have been given in TABLE 3.23 and for Mix designations with 80%
recycled aggregates have been shown in TABLE 3.24.

TABLE 3.23 : Spearman’s Rank Correlation Coefficient calculation for Mix
Designations with 60% Recycled aggregates

Differenc
SN Name CTOD Kic Rank of | Rank ein g2
(mm) | (MPaVvm) | CTOD | ofKic | Ranks

‘d’
1 CR60G0.25 0.023 1.56 3 3 0 0
2 CR60G0.5 0.031 1.94 2 2 0 0
3 CR60G0.75 0.038 2.09 1 1 0 0
4 CR60G1.0 0.023 1.55 3 4 -1 1

Total | 1

The value of correlation coefficient was calculated as per equation (6)

6x%1

prrvmeTe 0.9

Correlation Coefficient=r = 1 —
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TABLE 3.24 : Spearman’s Rank Correlation Coefficient calculation for Mix
Designations with 80% Recycled aggregates

Difference
CTOD Kic Rank of | Rank ) )
SN Name ) in Ranks | “d”
(mm) | (MPavm) | CTOD | of Kic o

1 CR80G0.25 0.022 1.47 3 3 0 0
2 CR80G0.5 0.023 151 2 2 0 0
3 CR80G0.75 0.025 1.52 1 1 0 0
4 CR80G1.0 0.019 1.46 4 4 0 0
Total | O

The value of correlation coefficient was calculated as per equation (6)

0 _1.0

Correlation Coefficient=r = 1 — prevRED

The average values of Correlation Coefficients obtained by two methods for Mixes

having 60% and 80% recycled aggregates have been given in TABLE 3.25.

TABLE 3.25 : Average Correlation Coefficient for Mix Designations with 60% and
80% Recycled aggregates

Recycled aggregate | Karl Pearson’s Spearman’s Rank Average
percentages Correlation Correlation Coefficient Correlation
Coefficient Coefficient

60% 0.983764 0.9 0.941882

80% 0.905822 1.0 0.952911

The results obtained showed that there is a strong positive correlation between CTOD
and Kic as per TABLE 3.20.

3.12 Cost Analysis
The design mix proportion of M25 is 1:1.688:2.38. The dry weight of material has
been calculated as per the bulkage of dry weight to wet weight and as per the

experimental investigation it had been found that 152% of dry weight will count to
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100% of compacted weight of concrete. The cost of the materials like cement, coarse
aggregates, fine aggregates, recycled aggregates and S2 glass fiber have been taken as
per the cost from local market that is Jalandhar, Phagwara and Ludhiana from where
the materials were purchased. The labour cost have been taken as per the current rate
of labour and mason. The cost of concrete have been calculated for 10 cubic meter for
concrete and the reference have been taken from book "Estimating and costing in
Civil Engineering" by author B.N. Dutta [96]. The cost of cement was Rs 400 per
Bag, the cost of sand was Rs 40/ cubic feet, the cost of coarse aggregate was Rs 25/
cubic feet, the cost of recycle aggregate was Rs 12/ Cubic feet, the cost of admixture
was Rs 278 / Kg and the cost of S2 glass fibre was Rs 100/Kg. The cost required to
cast 10 cubic meter concrete of mix designations CR0OG0O, CR60G0.75, CR60G0.5
and CR80GO0.75 have been shown in TABLE 3.26, TABLE 3.27, TABLE 3.28 and

TABLE 3.29
TABLE 3.26 : Cost Analysis of control mix of M25 Grade for 10 cubic meter
o ) Rate per Total Amount | Total Amount
Description Quantity Market Rate )
cubic meter | Customer cost Product cost
Cement 2.999 cum Rs 400 / bag Rs 11520 34548.48/- 34548.48/-
Sand 5.062 cum | Rs 40/ cubic feet | Rs 1412.6 7150.58/- 7150.58/-
Coarse Aggregates | 7.138 cum | Rs 25/ cubic feet | Rs 882.9 6302.14/- 6302.14/-
Admixture 66.18 K¢ Rs5560/20 Kg | Rs1839.8 18398/- 18398/-
Mason 3 Nos. Rs 500 / person Rs 150 1500/- -
Labour 12 Nos. Rs. 400 / person Rs 480 4800/- -
Sundries Lump Sum - Rs 45 450/- 450/-
Total of Materials and Labour 73149.2/- 66849.20/-
Add 1.5% water charges 1097.24/- 1002.74/-
Total cost for 10 cubic meter concrete 74246.44/- 67851.94/-
Total cost for 1 cubic meter concrete Rs 7424.644/- Rs 6785.19/-

TABLE 3.27 : Cost Analysis of Mix Designation CR60G0.75 for 10 cubic meter
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Rate per

Total Amount

Total Amount

Description Quantity Market Rate )
cubic meter | Customer cost Product cost
Cement 2.999 cum Rs 400 / bag Rs 11520 34548.48/- 34548.48/-
Sand 5.062 cum | Rs 40/ cubic feet | Rs 1412.6 7150.58/- 7150.58/-
Coarse Aggregates | 2.855cum | Rs 25/ cubic feet | Rs882.9 2520.68/- 2520.68/-
Recycled _
4.283 cum | Rs 12/ cubic feet | Rs 423.77 1815/- 1815/-
Aggregates
Glass Fibers 165.6 Kg Rs 100/ Kg Rs 1656 16560/- 16560/-
Admixture 66.18 Kg Rs5560/20 Kg | Rs1839.8 18398/- 18398/-
Mason 3 Nos. Rs 500 / person Rs 150 1500/- -
Labour 12 Nos. Rs. 400 / person Rs 480 4800/- -
Sundries Lump Sum - Rs 45 450/- 450/-
Total of Materials and Labour 87742.74/- 81442.74/-
Add 1.5% water charges 1316.14/- 1221.64/-
Total cost for 10 cubic meter concrete 89058.88/- 82664.38/-
Total cost for 1 cubic meter concrete Rs 8905.9/- Rs 8266.44/-

TABLE 3.28 : Cost Analysis of Mix Designation CR60G0.5 for 10 cubic meter

o _ Rate per Total Amount | Total Amount
Description Quantity Market Rate ]
cubic meter | Customer cost Product cost
Cement 2.999 cum Rs 400 / bag Rs 11520 34548.48/- 34548.48/-
Sand 5.062 cum | Rs 40/ cubic feet | Rs1412.6 7150.58/- 7150.58/-
Coarse Aggregates | 2.855cum | Rs 25/ cubic feet Rs 882.9 2520.68/- 2520.68/-
Recycled _
4.283 cum | Rs 12/ cubic feet | Rs 423.77 1815/- 1815/-
Aggregates
Glass Fibers 110.4 Kg Rs 100/ Kg Rs 1104 11040/- 11040/-
Admixture 66.18 Kg Rs5560/20 Kg | Rs1839.8 18398/- 18398/-
Mason 3 Nos. Rs 500 / person Rs 150 1500/- -
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Labour 12 Nos. Rs. 400 / person Rs 480 4800/- -
Sundries Lump Sum - Rs 45 450/- 450/-
Total of Materials and Labour 82222.74/- 75922.74/-
Add 1.5% water charges 1233.34/- 1138.84/-
Total cost for 10 cubic meter concrete 83456.08/- 77061.58/-
Total cost for 1 cubic meter concrete Rs 8345.61/- Rs 7706.16/-

TABLE 3.29 : Cost Analysis of Mix Designation CR80G0.75 for 10 cubic meter

Description Ouantity Market Rate R:ilte per Total Amount | Total Amount
cubic meter | Customer cost Product cost
Cement 2.999 cum Rs 400 / bag Rs 11520 34548.48/- 34548.48/-
Sand 5.062 cum | Rs 40/ cubic feet | Rs 1412.6 7150.58/- 7150.58/-
Coarse Aggregates | 1.427 cum | Rs 25/ cubic feet | Rs882.9 1259.9/- 1259.9/-
Recycled _
Aggregates 5.711 cum | Rs 12/ cubic feet | Rs423.77 2420.15/- 2420.15/-
Glass Fibers 165.6 Kg Rs 100 / Kg Rs 1656 16560/- 16560/-
Admixture 66.18 Kg Rs 5560 / 20 Kg Rs 1839.8 18398/- 18398/-
Mason 3 Nos. Rs 500 / person Rs 150 1500/- -
Labour 12 Nos. Rs. 400 / person Rs 480 4800/- -
Sundries Lump Sum - Rs 45 450/- 450/-
Total of Materials and Labour 87087.11/- 80787.11/-
Add 1.5% water charges 1306.31/- 1211.81/-
Total cost for 10 cubic meter concrete 88393.42/- 81998.92/-
Total cost for 1 cubic meter concrete Rs 8839.34/- Rs 8199.9/-

Hence for CR60GO0.5 the rate of the concrete was calculated Rs 8345.61/- per m®

which is slightly higher than control mix but having more fracture toughness than

normal concrete so 60 % replacement of coarse aggregates by recycled aggregates,

the addition of 0.5 % S2 Glass fiber shows economical as well as optimum results.
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Mix designation CR80G0.75 is having cost of nearly Rs. 8839.34/- per cubic meter
which have cost slightly higher than cost of normal concrete that is Rs. 7424.644/- per
cubic meter but use of 80 percentage of recycled aggregates increases the use of waste
recycled aggregates to a very high content which is good for environment and natural

resource management. The test results have been shown in Graph 3.10.
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Graph 3.10 : Cost of Concrete mix designations in Indian Rupees

3.13 Rapid Chloride Penetration Test (RCPT)

Chloride Penetration of optimum mixes of concrete was checked using Rapid
Chloride Penetration Test which had been performed in accordance to standard
ASTM C1202 [88]. The specimens of CROG0O, CR60G0.5 and CR80G0.75 were
prepared as cylinders of 100 mm diameter and 200 mm depth which were further
spliced in samples of depth 50 mm. The obtained samples were then placed in
vacuum saturator and the air voids were replaced with water particles as shown in
Figure 3.18. The vacuum saturated samples were placed in mould of RCPT apparatus
and sealed with silicone sealant as shown in Figure 3.19. The moulds were filled with
NAOH solution of 0.3 molarity strength provided in positive diode, NACL solution
with 3% strength provided in negative diode and tested by passing a current of 60 V

DC. The current passed in sample was obtained in milli-amperes and the current
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passed had been noted after 30 minutes duration till 6 hours. The results have been
tabulated in TABLE 3.30 and average charge passed have been calculated in
Columbs. The results obtained have been compared with the standards of ASTM
C1202 [88] given in TABLE 3.31.

Figure 3.18 : Vacuum saturator for replacing air voids with water
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Figure 3.19 : Sealing of samples with Silicone Sealant

TABLE 3.30 : Rapid Chloride Penetration Test

Designation Time CROGO (mA) CR60G0.5 (mA) | CR80G0.75 (mA)
lo 09:53 AM 95 102 157
I30 10:23 AM 108 107 226
leo 10:53 AM 127 131 228
loo 11:23 AM 132 149 179

l120 11:53 AM 157 163 197
l150 12:23 PM 148 178 166
l1go 12:53 PM 152 187 117
I210 01:23 PM 155 192 69
l240 01:53 PM 132 178 124
I270 02:23 PM 123 168 179
I300 02:53 PM 118 162 236
I330 03:23 PM 107 158 247
I360 03:53 PM 107 147 245
Icumutative (MA) 3105 3795 4338

| Average (Coulombs) 2794.5 3415.5 3904.2
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lcumutative = lo+1360+(2X (l30 + lgo + loo + l120 + l150 + ligo + l210 + laao + l270 + 300 + 1330))

IAverage = lcumutative™ 900/1000
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Graph 3.11 : Average Charge passed in Coulombs (laverage)

TABLE 3.31 : Chloride Permeability based on charge passed

Charge Passed in Coulombs Chloride ION Penetrability
>4000 High

2000-4000 Moderate

1000-2000 Low

100-1000 Very Low

<100 Negligible

The results obtained for the samples plotted in Graph 3.11 represent that the chloride

penetration increases on increase of recycled aggregates but the results were coming

in the range shown in TABLE 3.31 of moderate chloride ION penetration which is

acceptable for practical applications.

3.14 X-Ray Diffraction Analysis (XRD)

X-Ray diffraction is a technique to determine the atomic and molecular structure of a

crystal. The powdered sample is placed in the center of instrument as shown in the

Figure 3.21 and illuminated with beam of X-Rays. The X-Ray tube and detector move

in synchronized motion to receive the signal coming and is recorded in the graph
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between intensity and angle 20. The peaks observed are related to atomic structure of

sample.

Electron

Nucleus

Atom

Diffracted X-Ray

90°

i

Figure 3.20 : Crystal structure with Atom arrangement showing X-Ray diffraction
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The crystal is a form of regular arrangement of atoms and each atom consists of a
nucleus surrounded by electrons. X-Rays are high energy light with repeated period
called wavelength. When the wavelength is same as distance between atoms in a

crystal the method is called diffraction as shown in Figure 3.20.

Figure 3.21 : The Bruker equipment for X-Ray Diffraction

When X-Ray impounds an atom its energy is absorbed by electrons and the electrons
emit the energy in the form of X-Ray with same energy as the origin and this process
is called elastic scattering. The angle between incident and scattered beam is called
26. The right angle triangle shown in Figure 3.20 is then used to find distance between

atoms given by Bragg’s Law as shown in equation (4)

2dsin@ = nk ()

The graph obtained are compared with International Center for Diffraction Data
(ICDD) and the mapped with already available X-Ray diffraction data. The material
peaks obtained have been shown in Graph 3.12, Graph 3.13 and Graph 3.14.
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X-Ray Diffraction analysis was performed on the samples giving optimum results
(CR60G0.5, CR80G0.75) and controlled sample (CROGO). In this technique X-rays
were passed through the powdered sample and graph was obtained between 20 (angle
between transmitted X-ray beam and reflected beam) and intensity counts which helps
to identify intensity and structure of crystalline material as shown in Graph 3.12,
Graph 3.13 and Graph 3.14. For normal concrete CROGO peak of SiO, was obtained
at 3600, in CR60GO0.5 the peak of SiO, was obtained at 450 and in CR80GO0.75 the
peak of SiO, was obtained at 580. The numbers of peak in CR60GO0.5 of SiO, were
found more. The specimens with recycled aggregates and glass fibers CR60G0.5 and
CR80GO0.75 were having less peaks of Ca(CO3) as compared to normal concrete.
Presence of zinc phosphates was found in specimen CR60GO0.5. In specimen

CR80G0.75 presence of Calcium Magnesium vanadates were found.

SiO, | PDF 01:070-7344 502 Quartz
| PDF 01-071-3699 Ca(CO3) Calcite, syn

3000~

Ca(CO3)

SiO,

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Graph 3.12: Intensity vs 26 graph of specimen CROGO
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Graph 3.13: Intensity vs 260 graph of specimen CR60G0.5
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CaMgV207
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Graph 3.14: Intensity vs 26 graph of specimen CR80GO0.75
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3.15 Scanned Electronic Microscopy Analysis (SEM) and Energy Dispersive
Spectroscopy Analysis (EDS)

The scanned electron microscope is an instrument used to check the microstructure of
the materials by taking zoomed images. The powdered samples of crushed mix
designations were coated with gold and scanned under electron microscope to a zoom
level of 15000 times. The instrument was of Make JEOL shown in Figure 3.22 which
consists of electron gun with anode and magnetic lenses in 2 numbers. The electrons
emitted by electron gun were focused on the specimen using magnetic lenses as
shown in Figure 3.23. The electrons bombarding on the specimen excite the electrons
of specimen and emit X-Rays which were detected by the detector gives EDS values
of material compositions and the scanned zoom image was analyzed for the material

crystalline behaviour.

Figure 3.22 : Scanned Electron Microscope by JEOL
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Figure 3.23 : Scanned Electron Microscope details

(Source: https://www.britannica.com/technology/scanning-electron-microscope)

The microstructure of the concrete specimens had been studied by using scanning
electron microscopy analysis (SEM). This analysis provides topographical as well as
compositional analysis of the material. The powdered samples had been tested for
15000 times zoom images shown in Figure 3.24, Figure 3.25 and Figure 3.26. The
images obtained were analyzed and found that pores in normal concrete CROGO were
more but less in CR60G0.5 and further less in CR80GO0.75. The structure of
CR80G0.75 was found to be more composite than CR0OG0 and CR60G0.5.

The energy dispersive spectroscopy analysis (EDS) was performed on specimens
CROGO0, CR60G0.5 and CR80G0.75 shown in Figure 3.27, Figure 3.28, Figure 3.29
and Graph 3.15, Graph 3.16, Graph 3.17. The atomic percentages of calcium silicates
and silicon dioxides have been tabulated in TABLE 3.32 and expressed in graphical
representation in Graph 3.18. The percentage of calcium silicates for specimen
CR60G0.5 were found less than specimens CROGO and CR80GO0.75. The percentage
of calcium silicates was found maximum in specimen CR80G0.75 which represents
the reason of more strength than CR60GO0.5. Presence of more Silicon dioxide in

CR60G0.5 represents more elastic behavior of mix and so verifies experimental
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behavior of specimen CR60G0.5 to have more fracture stress intensity and less crack
width.

lpm JEOL 2/16/2021
X 15,000 15.0kV SEI SEM WD 9.9mm 10:33:30

,;l'*’\““;‘

ipm  JEOL 2/16/2021
15.0kV SEI SEM WD 10.0mm 12:05:02

Figure 3.25: SEM image of CR60G0.5
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lpm JEOL 2/16/2021
X 15,000 15.0kV SEI SEM WD 10.0mm 12:51:17

Figure 3.26: SEM image of CR80G0.75
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Figure 3.27: Position of spectrum selected for EDS analysis in CROGO
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Graph 3.15: Graphical representation of percentages of calcium silicates and silicon
dioxide for specimen CROGO
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Figure 3.28: Position of spectrum selected for EDS analysis in CR60G0.5
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Graph 3.16: Graphical representation of percentages of calcium silicates and silicon
dioxide for specimen CR60G0.5

Electron Image 1

. |
2.5um

Figure 3.29: Position of spectrum selected for EDS analysis in CR80G0.75
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Graph 3.17: Graphical representation of percentages of calcium silicates and silicon
dioxide for specimen CR80G0.75

TABLE 3.32: Percentage of calcium silicates and silicon dioxide in different

specimens
Material CROGO CR60GO0.5 CR80G0.75
C-S-H 85.21 71.32 87.09
Si02 14.79 28.68 12.91
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Graph 3.18 : Percentage of calcium silicates and silicon dioxide in different

specimens

3.16 Software verification using ANSY'S workbench

The software verification was one of the objectives of research and was performed by
using software ANSYS workbench. To model the material in the software its young’s
Modulus and Poisson ratio had been experimentally calculated and verified by the
theoretical formulas given by various standards. Using the values of Young’s
Modulus and Poisson ratio obtained from experimental setup, modelling of beam had
been done in software ANSYS. The verification was done by applying four point
loads on beam of size 100x100x500 mm and was loaded by two loads of 100 Newton
each on two points as shown in Figure 3.31. The Maximum stress and maximum
deflection were the parameters used to perform software verification.

The software verification had been done using ANSYS-workbench [91] and the
stresses and deflection due to load were compared to verify the results obtained in
experimental investigations were correlating with the actual behavior of the material.
To perform software analysis Young’s Modulus of specimens and Poisson ratio were
required and were checked by applying compressive load on cylindrical specimens of
CROGO, CR60G0.5 and CR80G0.75 as shown in Figure 3.30. The data obtained had
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been analyzed and plotted in the Graph 3.19. The data was implemented in the
formula obtained from ASTM C469 [89] and Young’s Modulus was calculated. The
Young’s Modulus was also calculated on the basis of Indian Standards 1S:456-2000
[87] and American standard ACI 363 [90] for error analysis. The results were
tabulated in TABLE 3.33. The formula used for calculation of Young’s Modulus as
per ASTM C469 [89] is given in equation (7)

_ (52—51)
(£2—0.00005)

(7)

Where

Sy —* Stress corresponding to 40% of ultimate load”

S1 — “Stress corresponding to a longitudinal strain of 0.00005”

€2 — “Longitudinal strain produced by stress S,”

The formula used for calculation of Poisson ratio as per ASTM C469 [89] is given in
equation (8)

— _ (er2—&n1)
H = £,—0.00005)

(8)

Where
en = Transverse strain at mid height of the specimen produced by stress S;.
e = Transverse strain at mid height of the specimen produced by stress S..

The formula used to calculate Young’s Modulus as per Indian Standard code 1S:456-

2000 [87] is given in equation (9)

Ec =5000\fc 9

Where
fox is characteristic strength of concrete
The formula used to calculate Young’s Modulus as per American Standard code ACI

363 [90] is given in equation (10)

We

1.5
Ec=(5s)  (3320,/f. +6900) (o

Where
fe IS compressive strength of concrete
Wc  is unit weight of concrete in kg/m®
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Figure 3.30: Testing of cylindrical specimens for Young’s Modulus and Poisson ratio
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Graph 3.19: Stress strain graph obtained from testing cylindrical specimen under

compressive load
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TABLE 3.33: Value of Young’s Modulus and Poisson ratio

Specimen | Easper | Easper | Easper | Poisson | Percentage error | Percentage error
ASTM IS:456- | ACI 363 ratio with respect to with respect to
C469 2000 1S:456-2000 ACI 363
CROGO | 28734.56 | 28894.44 | 28678.96 0.17 -0.553 0.194
CR60G0.5 | 28512.38 | 28092.44 | 28524.59 | 0.164 1.495 -0.043
CR80G0.75 | 28917.32 | 28912.38 | 29788.04 0.16 0.017 -2.923

The percentage error was coming less than 5% which is acceptable.
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Mix Designations

=—FE as per ASTM C469
E as per 15:456-2000
E as per ACI 363

Graph 3.20 : Young’s Modulus of various mix designations of concrete with respect

to various Standards

3.16.1 Modelling and analysis of beam specimen on ANSYS workbench

The value of Young’s Modulus and Poisson ratio had been used to model and analyze

the beam model of size 500x100x100 mm under 4 point loading where loads of 100 N

each were applied at two points as shown in Figure 3.31 and the results of stresses and

deflections had been analyzed. The software ANSYS workbench pictures of analysis
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taking Maximum Stress as a parameter has been shown in Figure 3.32, Figure 3.34
and Figure 3.36 for mix designation CR0OG0O, CR60G0.5 and CR80G0.75 respectively
and pictures of analysis taking Maximum Deflection as a parameter has been shown
in Figure 3.33, Figure 3.35 and Figure 3.37 for mix designation CROGO, CR60G0.5
and CR80GO0.75 respectively. The analysis by software has been tabulated in TABLE
3.34. The results of young’s modulus were plotted in Graph 3.20 and the results of
analysis obtained from ANSY'S workbench has been plotted in Graph 3.21.

P (N) P (N)
- 160 - 200 |

v v

150

- 50 ., 400 - 50

Figure 3.31: Loading pattern on beam model for analysis on ANSYS workbench
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Figure 3.32: Maximum equivalent stress (Von Misses Stress) on beam of specimen
CROGO
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Figure 3.33: Maximum deformation on beam of specimen CR0OGO
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Figure 3.34: Maximum equivalent stress (Von Misses Stress) on beam of specimen
CR60G0.5
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Figure 3.35: Maximum deformation on beam of specimen CR60G0.5

102



ANSYS

2020 R2

ACADEMIC

201.85 Min

0.000

¥,
- L
0.050 0150

0,200 (m)
Figure 3.36: Maximum equivalent stress (Von Misses Stress) on beam of specimen
CR80G0.75

ANSYS

2020 R2
ACADEMIC

4.3833e-7
. 3.8354e-7

5.4791e-8
0 Min

.
0.000 o 0.200 () &
1
0.050 0.150

Figure 3.37: Maximum deformation on beam of specimen CR80G0.75

TABLE 3.34: Maximum stress, Minimum stress and Maximum deflection of beam
specimen analyzed on ANSYS workbench

Specimen | Maximum Stress | Minimum Stress | Maximum Deflection
(Pa) (Pa) (mm)
CROGO 93597 195.84 4.9621x10™
CR60G0.5 93583 199.27 5.0011x10™
CR80G0.75 93576 201.85 4.9312x10™
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Graph 3.21 : Maximum stress, Minimum stress and Maximum deflection of beam

specimen of different mix designations

3.17 Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy is a technique of finding material composites
by using infrared radiation and mathematical conversion. In this mathematical
conversion time domain is converted to frequency domain. The basic principle of
FTIR is that each molecular bond vibrates on a specific frequency depending on the
type of element and type of bond. The instrument used to perform the analysis is of
make PERKIN ELMER shown in Figure 3.38 consists of Infrared Source,
Interferometer, beam splitter, stationary mirror, moving mirror and detector. In the
process of analysis the infrared source emits infrared radiations which reaches the
beam splitter and got splitter splits the beam into two equal intensity beams. Out of
which one beam reaches stationary mirror and another reaches moving mirror. These
mirrors reflects back the infrared beam to beam splitter again where both the beams
combine together and create constructive interference as shown in Figure 3.39. The
light transmits in form of wave and these waves coming from stationary mirror and
moving mirror adds together to create a wave of high amplitude as shown in Figure
3.40. The combined light falls on sample and the frequency of wave when matches

the frequency of composites then the energy is absorbed by the composite and less %
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transmittance is obtained. Each component vibrates at a particular wave number. The
vibration is in two forms which are stretching or bending where in stretching the bond
between atoms of the component stretch and in bending the angle of the bonds
between atoms changes. For example composite SiO; vibrates between 960 to 1000
cm™ wave number and therefore in this range the peaks are developed showing less %
Transmittance which means that the energy is absorbed at this particular wave
number. The light which is not absorbed by sample is transmitted to the detector
which then plot a graph between energy verses time called Interferogram. A
mathematical formula is then applied to the interferogram called Fourier
Transformation equations (12) and (13). These equations finally gives relationship

between wave number and % Transmittance.
I(x) = fooo S(v) cos 2mvx dv (12)
S(w) = fooo 1(x) cos 2mvx dx (13)
where [(x) represents intensity of infrared lights

S(v) represents infrared light intensity at wave number v

x represents the optical path difference (Refer APPENDIX 1)

Figure 3.38: Fourier transform infrared spectroscopy instrument

(Source: https://www.lpu.in/cif/ftir.php)
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Figure 3.39: Components of Fourier transform infrared spectroscopy
The optimum samples CR60G0.5 and CR80GO0.75 obtained in the study of

mechanical strength, fracture, cost analysis, XRD, SEM, EDS and software analysis

have been analyzed and compared with normal concrete CROGO under Fourier

Transform Infrared Spectroscopy by taking samples of 1 cm size and the %

transmittance is plotted against various wave numbers cm™. The results obtained have

been shown in Graph 3.22 where the samples have been tested under wave numbers

of 400 to 4000 cm™ and the components and wave numbers which have been
considered [98] for analysis have been tabulated in TABLE 3.35.

TABLE 3.35: Compounds/ Bonds and wave numbers range

S. No. Components / Bonds Wave number Range
1. Ca(CO3) / CO; 820-880 cm™
2 C-S-H/Si-0 960-1000 cm™
3. Monosulphates / SO, 1100 cm™
4, Ca(CO;) / CO5 1200-1400 cm’?
5 Ca(OH), / O-H 3500-3700 cm™
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Figure 3.40: Wave Propagation from beam splitter to mirrors

The samples of age 310 days have been tested for Fourier transform infrared
spectroscopy and it has been observed that CO3 content was found more in CR60G0.5
and CR80G0.75 having wave number of 872 cm™

concrete CROGO. The peaks observed in wave number ranging from 960-1000 cm™
represents the stretching of Si-O bond in C-S-H which is found more in CR60G0.5
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and CR80G0.75 with wave number of 1000 cm™ in comparison to CROGO. The peak
of Si-O for % transmittance has been observed lesser than as compared to peaks of
COs. The wave number 1100 cm™ represents SO4 bond stretching which gives low %
transmittance in CR60G0.5 and CR80GO0.75 as compared to normal concrete CROGO.
The peaks in wave number range 3500-3700 cm™ have been observed to represent
vibration in bond O-H which relates with compound Ca(OH), and have been found
that at wave number 3679 cm™ CR60G0.5 and CR80G0.75 gives lower %
transmittance as compared to normal concrete CROGO shows presence of higher
amount of Ca(OH), in CR60G0.5 and CR80G0.75.
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Graph 3.22 : Fourier transform Infrared Spectroscopy for optimum mixes CR60G0.5
and CR80G0.75 compared with natural concrete CROGO
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CHAPTER 4 : DISCUSSION ON FINDINGS

4.1 General

A detailed experimental program setup for testing various attributes of
concrete brought a large data of results and in depth analysis was performed
to signify the behaviour shown by various mixes in various tests performed.
The Major tests performed were compressive strength on concrete cubes,
Flexural strength on beams, Split tensile strength on cylinders, Fractural
study on notched beams, Rapid Chloride Penetration test on cylindrical
samples and XRD, SEM, EDS on powdered samples were analyzed with cost
optimization and to verify the results FTIR is performed on samples of size
1 cm. The cylindrical samples were tested to find Young’s Modulus and
Poisson Ratio of the optimum mixes which were used to analyze beam
model on software for verification of results. The results obtained have been

discussed in clauses given below.

4.2 Compressive Strength Test of cubes

The compressive strength results after 28 days of curing of concrete cubes depicted a
decrease in strength of concrete on addition of higher percentage of recycled
aggregates but the mixes CR60G0.5 and CR80GO0.75 showed better results as
compared to results obtained of other mixes. The compressive strength of 33.39,
31.57 and 33.44 N/mm? had been obtained for normal concrete (CROGO), mix
CR60G0.5 and mix CR80GO.75 respectively. This shows an increase of 0.15% in
compressive strength of mix CR80GO0.75 with respect to normal concrete (CROGO).
The mix CR60GO0.5 also gives strength nearly equal to the target strength of concrete

which was 31.6 N/mmZ.

4.3 Flexural Strength of various Mix Designations

The flexural strength of concrete beams after 28 days of curing was tested under four

point bend test and the results obtained depicted a decrease in flexural strength on
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increase of recycled aggregates but due to use of glass fiber the percentage reduction
was not very much higher. The mix CR70G0.75 beams tested under flexural load
gave flexural strength of 4.03 N/mm? which is only 0.74% less than flexural strength

of normal concrete which was 4.06 N/mm?.

4.4 Split Tensile Strength of various Mix Designations

The Split tensile strength of concrete cylinders after 28 days of curing were tested and
the results obtained depicted a decrease in split tensile strength on increase of
recycled aggregates but due to use of glass fiber the percentage reduction was not
very much higher. The mix CR70G0.75 cylinders tested under split tensile load gave
split tensile strength of 3.96 N/mm? which was only 0.5% less than split tensile

strength of normal concrete which was 3.98 N/mm?.

4.5 Fracture Toughness Behaviour Study

The fracture study is most important parameter to check the behaviour of concrete
under flexural load and so to study the behaviour of fracture two parameters critical
stress intensity (Kic) and Crack tip opening displacement (CTOD) were evaluated on
the values obtained experimentally. It had been found that fracture toughness of mix
CR60G0.75 was obtained highest than all other mixes having 31.44% and 31.03%
increment in critical stress intensity and crack tip opening displacement respectively

as compared to normal concrete.

4.6 Cost Analysis

The results obtained were analyzed in depth and cost optimization had been carried
out by finding the cost required in materials, labour and contingencies used for
preparing 1 cubic meter of concrete of mixes CROG0, CR60G0.75 and CR80G0.75. It
had been found that the cost required in casting 1 cubic meter of concrete of mixes
CROGO, CR60G0.75 and CR80GO0.75 were in Indian Rupees 7424.644, 8905.9 and
8839.34 respectively. The cost required for mix CR60G0.75 was found to be 19.95%
higher than normal concrete (CROGO). Therefore instead of using CR60GO0.75 it has
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been observed that mix CR60G0.5 can be more better and economical as the cost
required for casting mix CR60G0.5 was found to be 8345.61 Indian Rupees which
was only 12.04% higher than cost required for casting of normal concrete (CR0GO).
The fracture study results for mix CR60GO0.5 had also been compared and found that
for mix CR60G0.5 there was an increment of 22.01% and 10.74% in critical stress
intensity and crack tip opening displacement respectively than normal concrete
(CR0OGO).

4.7 Rapid Chloride Penetration Test

The chloride penetration was tested on mixes CR0OG0, CR60G0.5 and CR80GO0.75 by
using Rapid Chloride Penetration Test and found charge passed in coulombs to be
2794.5, 34155 and 3904.2 respectively. This shows an increment in chloride
penetration on increment of recycled aggregates and glass fibers but the results are

below 4000 Coulombs charge pass and which is in moderate limit.

4.8 X-Ray Diffraction analysis (XRD analysis)

To check the material composition of the crystalline structure of concrete mixes
CROGO, CR60G0.5 and CR80GO0.75, XRD analysis was performed and results
obtained revealed more number of peaks in CR60GO0.5 of SiO, which represents the
behaviour of mix to be more elastic. Further there was a reduction found in peaks of
CaCOg3 for mixes CR60G0.5 and CR80GO0.75 which shows that the workability
reduces but the brittleness of concrete also reduces. There was a presence of Zinc
Phosphates found in CR60G0.5 specimen represents the property of specimen to resist
corrosion. Further in specimen CR80GO0.75 there was a presence of Calcium
Magnesium vanadates which shows improved binding strength and so this verifies the

reason of higher strength in concrete specimen CR80G0.75.

4.9 SEM and EDS

The SEM and EDS analysis were performed on mixes CR0GO, CR60GO0.5 and
CR80G0.75 and in SEM analysis more pores were found in normal concrete CROGO
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but less in CR60GO0.5 and further less in CR80G0.75. The structure of CR80G0.75
was found to be more composite than CROGO0 and CR60G0.5.

In EDS analysis the percentage of calcium silicates for specimen CR60G0.5 was
found to be 71.32% which was less than specimens CROGO, CR80GO0.75 that was
85.21% and 87.09% respectively. The percentage of calcium silicates was found
maximum in specimen CR80GO0.75 which contributes to more strength than
CR60GO0.5. It had been found that presence of more Silicon dioxide that was 28.68%
in mix CR60GO0.5 as compared to that of 14.79% and 12.91% of silicon dioxide in
mixes CROGO and CR80GO0.75 respectively which represents more elastic behavior of
mix CR60G0.5 and so verifies experimental behavior of specimen CR60G0.5 to have

more fracture stress intensity and less crack width.

4.10 Software Verification using ANSYS Workbench

The software verification was performed on ANSYS Workbench and for which
purpose Young’s Modulus and Poisson Ratio of mixes CR0GO0, CR60G0.5 and
CR80GO0.75 were evaluated and compared with other standards and error analysis
showed the percentage of error to be less than 5% which is acceptable. The beam
model had been analyzed for same loads but different mixes and the result of
maximum deflection obtained for mix CR60G0.5 was found to be 500.11 Nanometer
which was 0.79% higher than maximum deflection obtained when using normal
concrete (CROGO) and 1.42% higher than maximum deflection obtained when using
mix CR80GO0.75. This represents mix CR60G0.5 is having better elasticity as
compared to normal concrete (CROGO0) and mix CR80GO0.75. The minimum stress
developed in mix CR80GO0.75 was 3.07% and 1.29% higher than minimum stress
developed on using normal concrete (CROGO) and mix CR60G0.5 respectively. This
represents the capability of mix CR80GO0.75 to take more stress and so mix
CR80GO0.75 is having better strength than normal concrete (CROGO) and mix
CR60GO0.5.
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4.11 Fourier transform infrared spectroscopy (FTIR)

The Fourier transform infrared spectroscopy (FTIR) indicates that higher amount of
carbonates were present in mix designations CR60G0.5 and CR80G0.75 as compared
to normal concrete mix designation CROGO which exhibits higher strength to
optimum mixes but increases the brittleness. The brittleness in contradictory had been
overcome by the presence of more C-S-H obtained in optimum mixes CR60G0.5 and
CR80GO0.75. The presence of more amount of sulphates in CR60G0.5 and
CR80GO0.75 in comparison to normal concrete CROGO shows low resistivity towards
sulphate attack which verifies the results obtained during RCPT. The higher amount
of Ca(OH), in CR60G0.5 and CR80GO0.75 shows better strength of optimum mixes as
compared to normal concrete CROGO.
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CHAPTER 5 : CONCLUSION

5.1 General
After performing experimental analysis following conclusions can be extracted as

5.1.1 The behaviour of fracture and cracks in beams under flexure on application of
two point load using critical stress intensity factor (Kjc) and critical crack tip opening
displacement (CTOD)

With 60% recycled aggregates and 0.75% fiber material, the ultimate load was
improved by 32.2 percent and fracture strength by 31.45 percent relative to normal
concrete beams.

With 60% RA and 0.5 % fiber material ,the ultimate load in bending and shear was
improved as well fracture strength relative to normal concrete also the cost compared
was nearer to normal concrete and hence the final result interpretation that CR60G0.5
can be used for concrete structural members under flexure like beams and slabs.

By including S2 glass fibers, the mode of failure was changed from brittle to ductile
flexural process.

The CTOD of concrete was found to be improved with addition of S2 glass fiber in
replacement of 60% RA.

The fracture brittleness number of CR60G0.75 from experimental result was found to
be 271 mm which is in range of 150-300 mm.

Correlation coefficient between CTOD and Kic for mixes having 60% and 80%
recycled aggregates had been analyzed by using Karl Pearson’s Correlation
coefficient method and Spearman’s Rank Correlation coefficient method and it was
found that there is a strong positive correlation between CTOD and Kic which
represents that an increase in Crack tip opening displacement (CTOD) will results in

increase in stress intensity (Kic).
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5.1.2 Verification the experimental results by modeling and analyzing using FEM

simulations in ANSYS.

In software analysis using ANSYS workbench the maximum stress in beam
specimens is obtained higher for normal concrete CROGO but less for specimens
CR60G0.5 and CR80GO0.75 and hence verifies the experimental behavior.

The specimen CR60G0.5 shows maximum deflection more than other two specimen
CROGO and CR80GO0.75 which shows the better elastic behavior of specimen
CR60G0.5 and this verifies the fracture study.

5.1.3 Analysis and designing optimum mix based on results for different structural

applications.

With 80% of recycled aggregates and 0.75% of glass fiber the compressive strength
shows an increase of 0.15 percent which is very near to normal concrete and hence
80% of natural coarse aggregates can be replaced by recycled aggregates by using
0.75% of glass fibers in compression members like columns and struts.

The experimental Behaviour of mix compositions under flexure and shear tested for
flexural and shear strength shows a variation of just 0.74 percent and 0.5 percent
respectively which is very near to normal concrete.

The cost analysis of mixes exhibiting better strength and fracture are being analyzed
for cost optimization and so mix designations CR0OGO, CR60G0.75 and CR80G0.75
are been taken for cost analysis but it has been found that mix designation
CR60G0.75 is having higher cost than CR60G0.5 but is having very less difference in
flexural strength, split tensile strength and fracture toughness than mix designation
CR60GO0.75 and hence it is beneficial to use mix designation CR60GO0.5 instead of
CR60GO0.75.

The RCPT conducted on specimens CR0G0, CR60G0.5 and CR80G0.75 shows an
increase in chloride lon penetration on increase of recycled aggregates but the value
of charge comes in moderate range which is acceptable for practical applications but
not to be used as exposed concrete.

The XRD analysis performed on specimens CR0GO, CR60G0.5 and CR80G0.75

shows higher peaks of SiO, for normal concrete and lower in CR60G0.5 but number
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of peaks are more for SiO, in CR60GO0.5 and so this represents more elastic behaviour
in CR60GO0.5.

In XRD analysis the specimens with recycled aggregates and glass fibers CR60G0.5
and CR80GO0.75 were having less peaks of Ca(CO3) which represents reduction in
workability but increase in elastic behavior. This depicts the requirement of usage of
admixtures to maintain workability and the concrete specimen is better for practical
applications.

During XRD analysis Zinc Phosphates were found in CR60G0.5 specimens represents
the property of specimen to resist corrosion. In specimen CR80GO0.75 presence of
Calcium Magnesium vanadates shows improved binding strength and so this verifies
the reason of higher strength in concrete specimen CR80GO0.75.

In SEM analysis it was found that pores in normal concrete CROGO are more but less
in CR60GO0.5 and further less in CR80G0.75. The structure of CR80G0.75 was found
to be more composite than CR0OG0 and CR60G0.5.

In EDS analysis the percentage of calcium silicates for specimen CR60G0.5 was
found less than specimens CROGO, CR80G0.75 and found maximum in specimen
CR80G0.75 which represents the reason of more strength than CR60GO0.5. Presence
of more Silicon dioxide in CR60G0.5 represents more elastic behavior of mix and so
verifies experimental behavior of specimen CR60G0.5 to have more fracture stress
intensity and less crack width.

This research study if further prominent in future may prove to be an important
milestone in the field of construction. Many researchers will find this study helpful in
understanding the effects and Behaviour of fracture toughness of concrete at wider
scope of environment.

The FTIR verifies the research findings.
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CHAPTER 6 : FUTURE SCOPE

6.1 General

The detailed research work is been carried out under a said scope and objectives with
certain hypothesis. During the research and after concluding it had been found that
there are still certain grey areas which can be explored and future researchers can

work on to find more detailed study on certain findings.

6.2 Future scope of research

The future scope that can be researched on is listed in the following points

1. The mix methods are to be analyzed which can be used at site to mix the glass
fibers to concrete.

2. The various water cement ratios can be checked on optimum mixes to have
compatible mix with good strength and workability.

3. The mixes can be checked on building models of prototype or software
simulation and can be analyzed under various loading combinations. This will
give the behaviour of a building on using optimum mixes under structural
loads and can be compared with building with normal concrete.

4. Fracture Mechanics investigations can be checked for similar type of research.

5. Response of recycled concrete mix with admixtures under dynamic loading

can be checked.
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APPENDIX 1

1) According to the RILEM-50 [83], the fracture toughness is determined using
equation (1) as the critical stress intensity Kic.

__ 3FSyma

Kic = —— > f(a) (1)

Where, Kic =critical stress intensity (MPaVm), F — max. Load (N), S, W and B
are the span, depth, and width in mm respectively of the testing beam.

f(a) is geometry factor, which depends on the ratio of the notch depth (W)
[crack length (a) of the beam. In case S = 4W as applied in the current study,
f(o) can be as shown in equation (2).

_ [1.99-a(1-a)(2.15-3.93a+2.7a?)]
fla) = Vr(1+2a)(1-a)15 @

2) Crack opening displacement (COD) (curve fitting of numerical results ) can be
given by following equation (11)

COD(X):CMOD[(l - E)Z +(~1.149a + 1.081) {g - (5)2}]% (11)

a

where a=a/W and for CTOD , the value of x= initial crack length ( ao )

1(x)= j(: K (v)cos 2zvxdy

sv)= _/; T (x)cos2zvxdx

(Source: https://www.shimadzu.com/an/service-support/technical-

support/analysis-basics/tips-ftir/apodization.html)
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Fracture Toughness of Concrete by using
Recycle Aggregates in Addition with S; Glass
Fiber

Amsbul Garg, Nitizh Knmar Jha, Pasbpeadra Kmmar Sharma

scerviry i comvensonal maienal i

to e commamication of the meverial condect previows
spiits and geoootry of dw stucmme 3. The solid factore
Fropsrtias can ghe mome pontmyel of the potential bmden
comreying linsit of the material in 2 gven basic syskm 4.

Since comcrete i @ e moverial the nearmews of
breain aned poros fsida: comere cam't e controlled. So it pets
iroparoant to ressarch wheother Shess splis amw sxeady or not

B vimed Marmscripd Recnived on April 15, 320

"L oressrring Asher
Amshel Garg School of Gl | Lawely |
L , Iretn. Frraut e oo
Prish Kowmer Jhs, Schocd of il Loty |

Unrrermey, Itugaen, Indi Brat ja stsh@rockormad com

Or. Fehpandrs kamar Sharms®, School of Ol bagreoning,
Lavely r 1 i 'n Iadin bzl
b e DOl o

Ferinal Mosber- S EIE AR N NHSRIC IR
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& Frachme meckomics i a signiSicas technique for
axecuiion of reused total cement with sapamsion of 52 glass
fbar has not bean amssed to datn i e wxiting and could
e firther mndenitamding to the manerial sxeortion whon
wiilived for conmem 7. Rewarch oo Smachme of
Effgrore solid blends has dhcovered a  motewordny
ahamage with sapamsion of fiber frtification oo plain
comaute. Most of weitng recormmend: the quality of cament
comaining mused wolid total (RCA) & not oty coarss
hﬂmnmmtbwmbmﬂ.wqmm A fow
mtiom: hae wekn the of and
dosvmuction sqmmdar 2 another srachio enerial as one of
Sa primary chjecthes ciwr teoms of measomable strachme
comdnet B, Mimemous amabyst ke submitted theer weck o
dopict tho propartiss of mased total, the bass mecessites for
i efilimytion I comcie and So proparties of remed totl
cemwnt Past axaminations lkewise showr that glass semds
are sobid constinants and the wilradon of ghis Slaents
O an expansion i comcrete foomal quality 9. Ameng
o accendble gass Ghar, 52 ghs fbar has sxpanded wolid
quality. The wilimtion of vmmsthened ceameat with reused
ot 52 glaw Shar will comemqmantty bne mest axmes
quality and effectimness 10, The goal of this sxploraton
wm o imtially decide the fracteme poopartiss of a mgslar
comoete as confrasid and remsa totl cement what's mom
derma.

IO METEOIMLOCYE

The: experingenl soady comsiats of evaluting mofrials
and preparing 2 mguler M25 gade smngth conoete with 2
totl aggregae s of 20 mm 52 glass Shan howing am
aspect ratio of 1 50-200 i wohmme: factons of 0255, 0. %
0.75% and 1% and recycle with fn diffecunt
oo & 4, 80, ":I.B:lkl[lifnmpl.ammimquﬁn
e smdy. The xperimenta] syt comsists of a thmee-pod

teat on wohmme S00x] {100 mor= notched beam
amples. with am initial 30 men neach depth amd 3 men widd
for all 40 o= pamicd poixes and 21l the: test are done 3 par
suidelimos of FILFM 5. The detadh of the spocimson for the
farmm test ae shown in Fig | The dedlection was

distimgrished nsing &l pmps throwgh feeting.
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o Schonar Pablcasion

139



Fracrore Tenghmess of Concrete by mninpg Eecycle Appregate: in Addition with 5; Glazs Fiber

Fa o SpaW -
—
g T.EB

Fig. 1. Deetmils of Fracture Test Specimens
According to the RILEM 5, to focoe toughnes ©
determimed using equaton (1) a5 the oitical ses m:n
Edir.

" AR
Ric= FT™] Flz) |:1..:

Whare, Fic =zitical stess imensity (MPavm), F — max
load (N1 &, W and B are So span, dopth, and widsh in pope
reapectively of tho wstng beam.

f{a) is geometry factor, which dopends on the mibo of the
notch depthiorack kngth (a) to the depth (W) of the: beam
In case 5 =9 & applied In e anmat staty, fiz) canbe
shown in equation 2.

| PR P E T l'lll'ﬂJ

flz) = o e T

The cverils utlied for the imestigaton am Oodizary
Portimd Comant of Gade 43, locally wdlakle e sand
ulized a5 Sne apgregenes, mused agmregates of damclizhed
sirncthmes, coarss agEesates of 20 mm and 52 glass Gbar of
15 o= langth amd 0.1 mm width, Mastor (lenterm B233 2
supar phsticizer and warter of drinking quality.

Table- I: Pmpurhﬁ aof Cemest
Propartics. l ined Sandard Dat
Mommal comsistancy | 33.5% b i |
Initial weiting tire 4% mim 30 ez
Fnal wetfing time | 242 mim 500 peairEIE
Fmemass 465% <1
SpeciSc grnaty 31z 315
Table- I: Plryzical ies af 2
L T T i
Abbug._m' Grity
oeme AnTuamne T 280
Fine 0.5% 159
HAggmpte THI 135

deipn of BLL) prade cODCTeia Was Camed oF & par Ix
10262-2019 11. Seaighe type 52 glass Sher with an aspect
ratio of 150 was nsed in S sxperimental stady which has
Mameatem alummo dhicas ghss withow Call The mx
was confirmed hased an 3 shep of 75 mm and 28 day cube
compmsste sengh of 3337 MPa The fimol mix
proportions and mix deigations are shown o Tablo I and
IV respectivety.

Farinal Numsbar- SHEOS8 N0 RIS
FIC 0T P i SRS D

Table- ITT- A Proportion as per IS5 10262 :200% 11
Mowegal | Commm i Coamse Water
Waight | 43541 a2 10353 1918

| kgm)

Ratio 1 &% 2377 0.4
Table IV Al oz and Dercentages af
Mwierials Added or Beplaced im Concrede im Eozimd
EO T e TeplacamEnt 0f | e VORDE

Coamsae with of 52 ghss

mm:bd;@m ftear
1 (a0 ] [
P CRAN2S 40 0.25
3 [T ] 4 [
4 CRAND TS 40 0.73
5] CRAMEL0 40 1.0
[] [ e [ [k
T CRAMH. 5 50 0.5
-] LR 1 ] [k
g CRAME]L0 50 1.0
10 CRMG2S i) 0.25
11 TR ALY ] 5]
1 CRMGD TS i) 0.73
13 LR AL A ] 1.G
14 CRENGD2S ) 0.25
1% CRBOG.5 o) 0.3
15 [o3:] T A 1] [N
17 CEEXE]LQ ) 1.0
5| CRIAs T [Je]
15 [ e ] [
x CRI0MA. TS 190 0.73
] | R ] 1.G

ToR Bt foan s aginnoing

A Cosiizg of Specimen:

The moulds kong boen fited for the beam wst For
withon recyrled aggremies & 52 gla fher am casted. Far
wach pombination, twn wmples ware cast 5. 2 ol of 42
spacimers of beams wam cast The samples of conoete
twars weme L wideunt il 2 bemdened
comdition W reached Afer 1 bours, the: notch ekm ws
ronoved amd after 24 b, the samples wens: rmbmarged @
i for 26 drys

P Hor

A Schons ar Mabdicasise
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Fiz. 3. Motched Beam Specimes for Fracmre Test

IOL EESULTS & DISCUSSI0NS

The: specimen was subjected to 3-podnt banding i wmply
supporied i condifion. In onder o determine the facos
sirength, the F-point bendmyg s wers parformed on beams
with 100x100 e oo secticn and am wifecthve lezgth of
400 mm. The revels of peal Joad, Crack Langth and oritical
siress immmedty am shown m Table V. To represant the
bakendor of concrets: beams dns io caniral 1oad the acqmmed
dam is plotted mFrg 4. 5, &
Tahle- %: Eesolis of Fraciure Tonghmes: with Different

52 (Aasz Fiber and Becypde Azsregate on Concreie

Beams
N Piama Poak Crack Wi
Lowd (%) | Lemgih=e" | (SEPaim)
i}
1 T T OTT FED]
] TR T DrET] 153
] Cham s e i i
] TEAET ST ey T
: Chanc o o ETF a7
B THAaIT e Az s
ChEaxm S e O T
] FE TR BInE ] ETe
CRE HE Ok 1
W THAHE T TR [T
] T R Ty 153
7] TR e e 15
] e m TR T
H THREAEIT = £ a7
] ChERRS o= DrE T
) TR =0 rE 12
5] CHER s T T4
] &) EoE) TRy 5]
= RIS i 5 (53]
= & Fren e [E]
7] TR TR T EE
Frachm robsizos: Mouased wih =) ghss Dhar Comear
with 60fe mcycled and attyingd »

ATEEDRE
i ke for 1.75% Sher content and then decreased.
With the ixfrodaction of 52 glass Shars, dnctlity was foexd
to bo impreed and CRSIGOTS was foond oo be more

P Numshir- & ETOARA 3000 RS ICRH
- 10 A e SIE TR R0
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durtile. The poprowemas i dectility was doe to the active
pattem of frilme chesmved Plain conowie beams failed Ty
dnading imo I b, whersas GFRC beams cxly showed
zeerow Jacks and oo splitting. The mevelt showed that the
oxnll kad and factie capacity of GERC beams ware
upnifirawty mrmeased mixme to plan concreie hears.

IV, CONCLUSION

The MIt% grade concrets oix has beom built with 2 fotal
) e xggremin volme. The effoct of fbor conteat om
comowte's fresh propertios kos been stodied The stedy's
zoyin poal wes to imestips te efect of 52 glym Btenm
with recytied azmemtes on the babevior of comemis beam
fracimss.

1. The application of 52 ghss fibar ina conowie mix
aifects tho Eeah properties of concrete and requimes
Iﬂ:-'an-:d'l}"?r{lq-ﬁhmplmmhq:
‘the Sruch properties within wookablo host

P U.'dilﬂlpwmtmﬂndi@mmﬂ.[l"i'
Sar monenizal, the witmat kad was impeoved Ty
321 pamcant and fractere stumgth by 31.45 parcent
ralatfio o nomml concweie heams.

3 Theare was a rgmficent rmase i the ootical boad

monmen i idenficel mnder the mpe degres of
concret grade. I dw RCAs moplaceesne matio i
mory than §0%, the soungth of the fachre will be
decreased try a totad of 2%

3. By inclading 52 gims fhem, the mode of filtew
v chomged Gom it o doctle feraal
PICCESE.
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REVIEW ON FLEXTRAL STRENGTH OF CONCRETE BY USING

BECYCLED AGGREGATE AND GLASS FIBRE

Navin Acharvs', Dr. Pushpendra Kumar Sharma’ and Anzhul Garg®

! Reseaeck Sohodar, Lovely Professioma Ushaersiny, Phopwara, Puriad T840, Inda
savinachara 7 ilpmall com
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Absrract

Concreis is the matoria] catemsrraly msed 3 comstuction maserial becmss of vazions adhvantges Hig low price, sasy
preduction, high compressiou stremgth and good dmability, ne it is weak in Sl becamo of low mnsile sxngth.
Affor sradying varions ressanch papars ool soungth of conorets is foond to be mowased by nsing gl Bhar dll
1% by wwighe. Bry e addition of glass Shers i concrete results i inqroving varios other conmets proparties mch
s split senuile smength, fowgimess and resistnce to frigee. On the oder band me of recycled agmegetes co
replacing natered apgregates in o conoete reduce the cost of consmiction and give the sirslar remlt as nohmal
armegios ll an exent The mesarches bean done varios ressarchors previcushy shows replacsnent of recycled
apmegzins dll 3% only. For mome wsam of moycled apmremites if b necessary to add symthetic Shars ke glas
fibars This will sohw the dispoml problem wing recyrled agemzaies a a constraction material This revies papars
shows that the nsing the gaw Sbar axd moytled agmegets at cariain percentage Impres: the femeral smngth of
concre and making Jowr cost conorein.

Keywords: Comoes, Fleomml strengd Glass Star, Rocycled agmmegates.

1. Intreduction

Conoeie is 2 versatiles neieril with mmenus applicitions, bt s low Sensle steagth and briftls behaviow am the
pexim drambacis. Todey comcorete is the maoet brgely meed constraction psaterial In comventional concrete, we Tzed
ooby cament Fine agERERs, oM agEmE and wasar]l 2] But nowadeys we am addng exm oevenial in the
ConcTw DEX wihich increases woms properties of e conoeie then comentional conorein such 2 ghiss Sl (s
o is e waste moeerial of the glas ndnstry whick is used 2 additiom] moterial in the concress mix(3-6]. We
know that fhm is flemml o neim fat a2y when the Ghre is mix with concreie they inoeaw the Senmal
properiies of the comomeds. hiamy cotmines ame msing glas fhe b the comstroction of stractmes becrss they mshin
o load tham comeuntional concrete In fleraal. At the point whan the: total pogulace developomet:, the wilization
of nommal assets and vitelfy inoements. One of the mejor scological concarns todany is identified with the ouer the
top utilization of characteristic assets. The quost for an ansovar for s jevae is 25 of nowr undor rowe in a foar areas.
CUme of the part with a sigmificomt chligation harg i % deslopment brsingss, becams of ity wlimton of
chamacirisic st and the mxases of vasis that is made, iderdified with solid we 7). In the event of fihme o
provide ecological materisl fow, natuml reeources Doy be dopleted 2a they are not limities:. The
sustamable devwlopment damands the use of ware oerenaly Hio . Fly Ash, Ground Gramiaed Famaca
Shg (FEE), sbc. The wae of mom moycled agmeaies will balp m soiving problem of disposal winch will dases

Fagpe |27 Copmright 151 20 T0Aulrs
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deplstiom of environment, apant rnhn:ghmﬂdmmﬂ. The recycled azmmgem of BOW is
a]mmndm'ﬂumdm.gnfmhm.n o wasie of old comonsie] B—10]

1. Lideramre Feview

Amon Katz et al[] |jmustimnd Saf conoste of Z8MPa aombed at of 1, 3, 28 Dy io ke as mecycled

azmens diSamnt et oo the new concrets for precast comcrete plams The recycled agmeams replaced with S
new conoeis I abot P vere et amd tesied we dons by Effamet wzes of aggreges. The remlh whowsd the

comoeR rhed af age of 3 dzys e good mewelt thes concrein cnushed oo othar days. m-:mmmﬂl
patoal agpegale was shomger fom conoel mede with 1007 of recycled a The flemmal =

comcres W Teduced by 304 by mimg of 100% of mecycled agzregets. et al [l"]m'.'n:hp'hd.
Mmmnﬂmﬂﬂ@mdﬁqﬂ?imﬂ]ﬁ?ﬂmmﬂi e good resulin. The Seomal

sirength of comcrwie mproved abonat 17 H“-mﬂn'ﬂﬂmﬂdwmm.ﬁ?hmﬂumﬁmﬁd
3&5‘?‘- of poncrets: OO and M4 and seeni-61l anti crack glass fber. The
W% ﬁﬁmhhlhﬁﬂ[ﬂ]rﬁﬂhmdmﬂwﬂ _m
wasts and phiss Bhar momd fee foxaral strength of comemete. The mix desion gade of conowtes wes M med in the
study and recycled azgmmi percontapes wars of (P and 50% with gl Shar of (Pe to 0.03% The femml
sirength of concrein with partial repbceament RICA incoreazed 2z Shar coofnr lified, The mem vahue of drezgth
mcbmdﬂﬁﬂj“nnfﬂ:cmﬁrhu&m&hmiﬁ[;?ﬂi Mloborn et sl [14] teams
recomnoitered the fwrmal srength of mcycied aggregeie with gl Ghar pix concrete. The paantege use of the
recycled was e 50% 100% with glaw fibarof 5% & 1% The xperiment was doms I beam dm of 1001005
pe The vahe of flemmal sheagth of coniro] speciman was obtxmed 3.05 MPa which reached wpbo 342 and 3 51
Bfpa by replacimg 3074 amd 1007 Hasam et sl [17) sroes bas ke 2 whot ot improving the mecharmical proparties
of mensed wolid toted wiiliing hocked hasl soands md coroaos et They meearched e sparadmg of the
machanical choractoristic sergths of @haged wobid ol (B C. A) delivered by incising clened basalt i
(B. F.) with substancg of 0.1 %e o 1.5 % by complete volnme: of #o blend to dry amd wereated recycled agaregates.
Increasing the conieat of chopped BF mproved the floraal power sigmitcanty. A Shar of basalt content rofarial of
lﬁ“-'l:rl.mdc@]mmﬁn@.ﬂmhﬂdhhmﬂmmﬁ:i{hmibﬂmiém
'a-'?'-:d' T 5, BLE & 61.4%h m:l.]:lmh'l.'d::." 5T. Tozvew o al [16] kos worked on mwchamical
Ean Hher vmunsthered concrets. The exparima—n was dong with glass minfored oo T
hﬁndgiu&fhrm:]phnq:lh‘hrh.ﬂdtﬂrﬂ:t T wohens of Shars nsed up o 2% by wohme. The toting of glass
fhars o comcres bad shoun icprovessat & fexmal streng®. The Sexmmal strength of gass Fhros coacwe
mﬂﬁnﬂb}ﬁmmﬂmﬂm.mm; of gl fiber renforced cemamc
ConTwe Were Inceased 13 et ol [17] toams has w m mechanical sirength of coniebe
contxining feated coars recyclkd coned anmreetes thair imestigation wid that modifymg o s of mcycle
azgm@in by soaking in FICT. and mets silicain irgproced #o Semral smength of comawie. The fexml strength of
of RICA with oximeated mecyrled wmma&m decases In forma| doemgth of MRS
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Abstract

Fracture study 15 a study of material used m the structure about the behavior of structure on mfluence of loads. Much work on fracture
study 1n concrete 15 gomg on now-a-days. The previous researches showed the study of Cntical stress mtensity (Kic) and CTOD on
concrete i equally linear elastic and elastic plastic crack propagation. It had been found that care is required while measuring the fracture
toughness value at critical point. The review paper gives idea about fracture mechanics which 1s study of crack propagation in matenials.
The review paper consist the past investigation and current advances in fracture parameters test methodology as per ASTM. Here 1t grves
description on the most useful fracture parameters 1.e. stress mntensity factor (Kic) and CTOD wath its definition and basic concept as well
as ASTM test method. The fracture toughness test on metal as well as concrete 1s studied. The ASTM code E399 and E1290 are used for
testing the critical stress mntensity (Kic) and CTOD respectively.

Keyword—Fracture Mechanics, CTOD, Critical Stress Intensity. ASTM. Crack propagation

Introduction

The field of fracture mechanics evolved in the nineteenth century with Griffith’s work on erack of brittle material [1]. Fracture
study of conerete is the area of technicalities that addresses the need for material propagation of cracks [2]. A erack might be
nucleated and the machine components or structure may begin to grow during service [3]. For big, complicated structures such
as bridges. boats, aireraft. the chance of cracking /flawing is greater [4]. When a current erack is present, fracture study are used
to determine the permissible pressure amount that the material can resist in order to shun fracture on it [5. 6]. The need of
fracture mechanics 1s very essential in construction sector as it deals with design of elements. The hypothesis on fracture
mechanics is that here exists a crack in design elements [7]. The crack like hole, notch. a slot. a corner can be manmade.”The
conventions on the Linear Elastic Fracture Mechanics (LEFM) remain considered as the material to be isotropic plus linear
elastic™[8].If mnelastic deformation occurs near the tip of the crack and the amount of the plastic region is very short compared to
the amount of the erack (which we call tiny resilient), LEFM can also be implemented efficiently [9]. The stress turf nearby the
crack tip is calculated by means of the theory elasticity. If the stresses nearby the crack tip surpass the toughness of the material
fracture, the erack will inerease [10]. The strength of fracture in LEFM is defined by factor of stress intensity (K) [11]. The
material was regarded by elastic plastic fracture mechanics (EPFM) as an isotropic which

1s elastic-plastic deformation occurred during fatigue loading”. EPFM relates when big areas of the fabric are subject to
plastic deformation almost the crack tip[12.13].The stress energy turfs or the notch displacement nearby the erack tip are
caleulated in EPFM and the shell will develop when the opening energy exceeds the critical value [14]."The fracture strength
in EPFM is characterized by J-integral (recommended by Rice) or CTOD (suggested by Well)”.As one of the best important
fields of science. fracture mechanics 1s used to evaluate material conduct in construction[15.16].The tension-softening
curvature can be regarded as a basic conerete constraint. The curve reflects the material's post ultimate load ability [17]. The
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most important characteristics of conerete for evaluating fracture conduet is the tension-softening diagram [18]. Fracture
energy is the factor of cohesive plant designs: it represents the cracking strength and the toughness of quasi-brittle plasties
such as concrete. [19]. The models can capture the vital characteristics of a gradually fracturing apparent and its development
up to the failure. The cohesive stress- separation connection can fully characterize the energy dissipation for crack
propagation [20]. The selection of softening feature (or cohesive law) affects the structural reaction forecast and the behavior
of the local fracture [21]. In the mathematical representations of multiple

finite-element programs for non-linear modeling. fracture energy was also implemented [22, 23].
Literature Review

As per ASTM E 399. to compute the stress intensity factor, John E.Srawley suggested polynomial expression, K. from the
applied force, P. and sample size.

For the three-point bend specimen, the suggested expression is:

KBW"1/2  3(S/W) (a"1/2 (199 — a(l - @)(2.15 — 393 a+ 2.7 a’2))
P - 2(1+2a)(1-a)"1.5

For: 0 <g=aW<=1:

Wherever: B = breadth, W = width (depth), a = average length of crack, and S =support span = 4W +0. 01 W [24]. Newman
evaluated the alternatives suggested for a surface fracture in a finite plate subject to standardized strain for the stress-intensity
factor. Over the previous sixteen years, these alternatives have been created using rough analytical methods. experimental
techniques, and estimates of engineering. Comparison of the different alternatives at the peak depth level showed excellent
agreement for crack, depth-to-specimen thickness ratios below about 0.3 (+ 5 percent). For bigger crack, depth-to- specimen
thickness ratios (0.3 to 1), however. the alternatives were in significant disagreement (20 to 80 percent). particularly for rocks
with tiny crack-depth-to- crack-length ratios (0.2 to 0.6) [25]. Tanaka et al. researched the Kic identified at the critical efficient
crack tip as the stress intensity factor caleulated using the peak load measured. The critical CTOD is defined as the opening of
crack tip which is calculated at the original notch tip of the specimen utilizing the deliberate most extreme load and the eritical,
effective cracking length [26]. Based on the load-CMOD curve, the eritical stress intensity factor Kic, the Young's modulus E
and the eritical CTOD, Eanique et al. researched fracture parameters. For each specimen, complete load- CMOD curve, peak
load P max, original Ci compliance and Cu unload compliance [27]. Tracey researched the finite element operation of
separating the cracked setup into triangular shaped singularity components around the crack tip with adjacent isoperimetric
trapezoidal shaped components. Here the rigidity of the tip component is caleulated by an accurate integration of the anticipated
singular field, resulting in  incompatibility on the boundary of the circular element by joining straight-edged triangular elements
[28]. Jun researched concrete that is comparatively brittle material on Portland cement. As a consequence, crack propagation
critically influences the mechanical conduct of conerete and fiber strengthened concrete. There have been many attempts to
apply

fracture mechanics ideas to composites based on cement, such as mortar and conerete[29]. Zhu et al. joumnal deseribed the
foremost vital fracture constraints of the potential energy unharness rate G. the strain intensity factor K, the J-integral. the
crack-tip displacement d and the crack-tip angle (CTOA) and conferred, primarily within the written account request, the
important and progressive developments of those fracture parameter take a look at and analysis methods. It is likely that this
journal will function a brief technical manuseript for tracing the significant improvement of fracture robustness testing and
investigation, for higher considerate and victimization correct fracture constramts and fracture strenghth take a look at ways.
For additional up ASTM fracture take a look at standards within the future [30]. The case of high- strength concrete was
studied by Pal et al. the cracking performance may equal the minimum value of the tensile strength of the mixture and the
power of the matrix / aggregate bond. The distinction between cracking force and tensile strength becomes tiny because the
cracking force is controlled by the original size of the defect in the matrix or the interfacial matrix / aggregate area. A high-
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strength matrix will enhance the matrix-aggregate bond and result in increased cracking strength [31]. Ince only researched
the two-parameter model fracture parameters that were evaluated using regression analysis. However, the findings of this
assessment can readily be tailored to other concrete fracture models like as the size mmpact model and the efficient erack
model, which also suggests two parameters for conerete fracture modeling [32]. Tagawa et al. explored silicone rubber
reproduction of charged crack tips by opening shapes and crack tip displacement (CTOD) m single edge notch bend (SENB)
samples. Their dimensions showed that CTOD in BS7448 overestimated the genuine CTOD for low yield-to-tensile steel and
encouraged the investigation of a new method of CTOD calculation, consideration of variability in the reducing conduct of
the crack tip owing to strain hardening. The silicone rubber repetition of charged crack tips in SENB samples for various YR
steels was experimentally explored with crack opening profiles and CTOD. In BS 7448, CTOD settled with the real CTOD in
YR=0.9 material. In YR=0.6 material. still an overestimation was obviously noted. These ways led from the location of the
plastic strain influenced by the various hardening characteristics of the strain. An innovative CTOD calculation has been
proposed, CTODnyes. In that CTOD calculation, CTODnwes could offer a precise assessment regardless of the material yield-
to-tensile ratio besides the sample thickness [33]. Shinde et al. addressed the impacts of precisely small weld beam and high
resistance overmatching on the fracture strength of laser beam repaired parts with focus on the plastie restraint variance in
fracture toughness specimens and structural elements with pop in repair metal. The equivalent CTOD ratio. . was evaluated
numerically to correct CTOD toughness for restrictive failure in structural elements [34]. Patil et al. noted that Al-alloy A384
acquired the mild fracture toughness value around 22.91 MPa. For Al- alloy A384 material, the fatigue pre cracking load 1s
1.97 KN which is required to produce sharp crack close to the erack tip. The peak load (Pmax) achieved prior to
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complete sample fracture is approximately 2.67 KN. The fracture load (PQ) acquired for Al-alloy A384 is approximately 2.068
KN. Al-alloy A384's temporary fracture toughness was noted around 18.53 MPa. Analytical calculation such as temporary
fracture toughness and Al-alloy A384 fracture toughness was calculated to be 18.44 MPa and 23.78 MPa respectively.
Comparative research is produced between the test and the analytical value of the toughness of the fracture and it is found that
there is only 3% mistake between them [35]. Brandao et al. suggested a method for estimating CTOD as a driving foree for
elastic-plastic fracture and is used for assessing faults in welded constructions. A semi- empirical CTOD design curvature has
been created by the Japan Welding Engineering Society (JWES) to calculate CTOD. Moreover, with a crack, there is individual
sort of welded joint. namely a semi-welded corner boxing fillet. Additional investigations should be carried out for other welded
joints and crack dimensions [36]. Khor calculated crack tip opening by means of the equations BS 7448-1/ISO 12135, ASTM
E1820 and JWES were

contrasted with the outcomes acquired by SRC and FE modeling experiments. The ASTM approach provides a technique for
determining CTOD from T without necessarily measuring the displacement of the crack mouth, while confirming practical
precision through a spectrum of strain-hardening materials [37]. Yasuhito et al. addressed the impacts of little weld bar and
high opposition overmatching on the crack durability of laser bar fixed parts with an attention on the distinction i plastic
requirement of break strength examples and auxiliary components with fix metal disfigurement. Then comparing CTOD
proportion equivalent to P. for the rectification of CTOD strength in basic robustness [38]. Abdel et al. demonstrate the reliance
on the sample density and ligament length of the fracture toughness. For all samplings with different ligament lengths. a critical
foundation radius was originated in which the fracture's strength is entirely independent of the core radius of the notch. The
expected fracture toughness 1s in excellent agreement with the measured information using the established models [39].

Conclusion

This gives a deliberate specialized review of fracture strength testing, test assessment. test strategies and institutionalization for
materials in reference to both the straight flexible fracture mechanies and the versatile plastic fracture mechanies. This analysis
outlined the best significant fracture parameters 1.e. the stress intensity factor Kie, the CTOD, the T integral and the opening
mouth of the crack-tip (CTOM). The fundamental idea, meaning, experimental assessment. early fracture testing practice, latest
growth, decisive point value assessment of stiffness and resistance curve testing are explained in detail. The ASTM
standardization exertion of fracture test on Kic, J, CTOD. and CTOM fracture parameters wereoutlined in detail. The impacts
of load rate, crack-tip restraint. temperatures and fracture unsteadiness on fracture strength measurements were also explained.
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Abstract: Glass fiber reinforced polymer has become an alternative reinforcement in concrete structures due to
its excellent corrosion resistance, making it possible to combine with concrete composed of seawater and sea
sand. It has been observed that usage of glass fiber increases strength of concrete and repletion of concrete
towards acid and alkali. Many researchers have reported that there exists a clear difference between properties
such as porosity, water absorption, surface density, crushing value ete. of recycled coarse aggregates (RCA)
and natural coarse aggregates (NCA). It has also been established that on replacing normal aggregates with
recycled aggregates there is a slow depletion in strength properties where flexural properties depict a clear
reduction in strength. It has been further detected that maximum limit of using recycled aggregates is not more
than 50 percent. Therefore according to the specific performance requirements of concrete, choosing
appropriate raw materials and then designing the most economic, high-quality concrete, based on the proper
mix proportion methods, is the best way to overcome the shortcomings of the traditional design materials and
this puts forward new thoughts and finding an appropriate mix that can be used for incorporating more
percentage of recycled aggregates. It developed a backbone for the study of glass fibers addition in concrete
with partial replacement of normal aggregates with recveled aggregates considering the strength parameters
and workability. This paper veviews on previous findings on use of RCA and glass fibers.

Keywords: Glass fibers, RCA, NCA, workability, repletion, recycled.

I. Introduction

In recent years, certain countries have considered the reutilisation of construction and demolition waste
as a new construction material as being one of the main objectives with respect to sustainable construction
activities. The recent study on partial replacement of normal aggregates with Recyeled aggregates using 0%.
20%. 30% and 40% of recycled aggregates with 5%, 10% and 15% recycled hydrated cement(RHC) have
reported better performance of concrete with 20% RCA and 5% RHC[1]. Similarly many researchers have
dedicated their work to describe the properties of recycled aggregate. the minimum requirements for their
utilisation in conerete and the properties of coneretes made with recycle aggregates. Past studies also depicted
that glass fibers are good constituents of conerete and usage of glass fibers ranging 0% to 2% results in increase

in flexural strength of conerete[2].
Therefore, usage of glass fiber reinforced concrete with recycled aggregate will give optimum strength and
economy. In this study. fracture behaviour of glass reinforced concrete with recycled aggregates will be tested.

II.  Literature Review

A detailed study on the researches done is carried out and founded out that using recyeled aggregates
results in decreasing the strength attributes and increasing water absorption and carbonation whereas addition of
glass fiber in concrete give better strength and credibility. Usage of recycled aggregates in conerete in higher
percentages will only be fruitful when glass fibers are added with concrete. The research works done by various
researchers on glass fiber reinforced concrete are been described in chronological order like in 1974 Junji
Takagi et al., investigated the effect of randomly oriented glass fibres on the flexural strength, compressive
strength, splitting tensile strength, and Young’s modulus of conerete. and concluded that there was an increase
in strength with an increase in fibre content[3]. Further in 1996 C. Vipulanandan et al.. studied flexural
behaviour of a polyester polymer concrete by varying the polymer up to 18% by weight and fiber contents to 6%
by weight of PC. In general. addition of fibers increased the flexural strength. failure strain (strain at peak
stress). and fracture properties, but the flexural modulus of PC remained almost unchanged. Addition of six
percent fiber content and silane treatment of aggregates and fibers increased the flexural strength of 18% PC to
41.6 MPa (6.040 psi). almost doubling the strength of unreinforced 18% PC system[4]. In continuation to this
research S. H. Alsayed. et al.. in 2001, studied the performance of glass fiber reinforced plastic bars as
reinforeing material for concrete structures and revealed that as GFRP bars have low modulus of elasticity.
deflection criteria may control the design of intermediate and long beams reinforced with FDRP bars[5]. Then
after K. Ramesh. et al., in 2003, studied experimentally the stress—strain behaviour of confined fiber reinforced
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concrete (CFRC) and tested nine prisms of size 150x150x300 mm under strain control rate of loading and
resulted increase in strength and strain of CFRC[5]. In 2004 JM.L. Reis et al., observed in their study that the
fracture toughness of carbon fiber reinforced polymer conerete can increase up to 29% while glass fiber polymer
concrete can inerease up to 13% when comparing with epoxy non reinforced polymer conerete[6]. Yeol Choi. et
al., in 2005, have conducted an experimental study on the relationship between the splitting tensile strength and
compressive strength of glass fiber reinforced conerete (GFRC) and polypropylene fiber reinforced concrete
(PFRC) and founded that the addition of glass and polypropylene fibers to conerete increased the splitting
tensile strength of conerete by approximately 20-50%. and the splitting tensile strength of GFRC and PFRC
ranged from 9% to 13% of its compressive strength[7]. Further in 2007 G. Barluenga. et al.. evaluated the
cracking control ability of Alkali Resistant (AR) glass fibers in standard conerete and SCC and founded that
amounts of glass fiber around 600 g m’ shown the maximum cracking control ability. but larger amounts did not
increase the fiber efficiency[9]. Then P. Srinivasa Rao. et al.. also conducted durability studies on alkali resistant
glass fiber reinforced conerete in 2012 and find out workability. resistance of concrete due to acids, sulphate and
rapid chloride permeability test of M30, M40 and M50 grade of glass fiber reinforced conerete and ordinary
concrete resulted inerease in durability of concrete, reduction in bleeding and increase in acid resistance[10]. In
year 2012 may researches were been done like Avinash Gornale, et al., reported that there is an increase in
compressive strength, flexural strength, split tensile strength of glass fiber reinforced concrete for M20, M30
and M40 grade of concrete at 3. 7 and 28 days by 20% to 30%. 25% to 30% and 25% to 30% respectively[11]
and Kavita Kene. et al.. conducted studies using steel and glass Fiber Reinforced Concrete Composites with
steel fibers of 0% and 0.5% volume fraction and alkali resistant glass fibers containing 0% and 0.25% by weight
of cement of 12 mm cut length and founded that addition of glass fibers results in increase of compressive
strength, flexural strength and split tensile strength[12]. Further in 2012 itself Muna M .Abdullah et al.
investigated to find out the effect of glass fiber content (0. 600, 1000, and 1400) gm m® on the mechanical
properties of glass fiber reinforced conerete at 28 days. resulted increase in the splitting tensile strength by
approximately (1, 4.3, 12.5)% and and compressive strength of concrete inereased by ratios (3.6, 7.1, 9.3)%.
Based on this study the young modulus of GFRC increased by (9.7, 56.6. 84) % due to glass fibers content in
concrete[13]. Then Yogesh Murthy. et al.. studied the performance of Glass Fiber Reinforced Concrete revealed
that the flexural strength of the beam with 1.5% glass fiber shows almost 30% increase in the strength but
reduction in slump observed with the increase in glass fiber content[14]. In 2013. G. Jyothi Kumari. et al..
studied the behaviour of conerete beams reinforced with glass fiber reinforced polymer flats and observed that
beams with silica coated glass fiber reinforced polymer (GFRP) flats showed shear reinforcement failure at
higher loads and exhibit fairly good duetility[15]. Further Tassew et al.. in 2014, conducted experimental studies
using glass fiber volume fractions between 0% and 2% founded that addition of glass fibers into ceramic
concrete had little influence on the compressive strength and modulus of elasticity but resulted in significant
increases in flexural strength and direct shear strength, regardless of the matrix type or fiber length. while the
workability decreased with an increase in fiber content[16]. Then in 2015, Ahmet B. Kizilkanat et al.. studied
the mechanical properties and fracture behaviour of basalt and glass reinforced concrete for different
combinations of 0.25, 0.5, 0.75 and 1.0 percentage of basalt and glass fiber and observed that Fracture energy
increased significantly after 0.25% dosage for both basalt and glass reinforced conerete[17].

The studies done on glass fiber reinforced concrete summarizes that use of glass fiber in concrete
results in increase in flexural and split tensile strength and there is very less variation in compressive strength of
concrete and so glass fiber reinforced concrete can be well applied in flexural members. This review is focused
on the possibility of use of glass fibers to increase the use or percentage of recycled aggregates in concrete and
so further research works reported by researchers on recycled aggregate concerete is too reviewed for getting an
overview of the further scope of research that can be suggested to obtain positive research outcomes.

The researches done with recycled aggregates in been arranged in chronological order starting from
2001 the Leite campaign, at the Federal University of Rio Grande do Sul. Brazil. where the RA used in the
production of RCA were coarse and fine ceramic and recycled concrete, several replacement PA/RA ratios were
selected within each family of RCA, defined by a predetermined w/c ratio (0.4, 0.45. 0.60. 0.75. and 0.80). and a
high percentage of fine RA was used. The hardened conerete was tested for compressive strength. splitting and
flexural tensile strength and modulus of elasticity[18]. Then in 2002, F. Buyle-Bodin et al.. studied water
absorption, air permeability and carbonation of recycled aggregate concrete by using both coarse and fine
recyeled aggregates and founded that water absorption is more while using recyeled aggregates. The carbonation
rate of recycled aggregate concrete is also higher which leads to a weaker resistance of recycled aggregate
concrete to environmental attacks[19]. In the study done by Said Kenai et al., compared mechanical properties
with a concrete to 100% of natural granulates and of a recycled conerete partially replacing 0. 25. 50, 75 and
100% of natural aggregates. Results showed that it is possible to manufacture a conerete to basis of ground of
physical feature concrete and acceptable and in the same way comparable mechanics to those of a conerete to
natural granulates basis so long as the percentage of granulates recyeled is limited to 75% for the thick and to
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50% for ends[20]. In the Katz campaign. (2003) at the Israel Institute of Technology. the RA were produced in
the laboratory by erushing concrete specimens 1. 3 and 28 days old. The PA were replaced with RA for the
following fractions: 2.36-9.5 mm (0.093- 0.374 in) and 9.5-25 mm (0.364-0.984 in) (both coarse). and 0-2.36
mm (0-0.093 in) (fines). Fine RCA was used in small amounts and only to improve workability. The traditional
cement class was lower than the white cement class. and that had some influence on the results. The hardened
conerete was tested for compressive strength. splitting and flexural tensile strength. modulus of elasticity, water
absorption, carbonation penetration and shrinkage. The properties of the RCA with nearly 100% of aggregate
replacement. were tested. Various particle size group showed significant differences between the properties of
the recyeled aggregates where as the crushing age had almost no effect. The properties of the conerete made
with RA were inferior to those of conerete made with virgin aggregates. Concerete made with aggregates crushed
at age 3 days exhibited better properties than those made with aggregates of the other crushing ages[21]. Steam
curing method was used for curing recycled aggregate conerete with fly ash using 0, 20%, 50% and 100% of
recycled aggregates with 0.45 water-cement ratio and fly ash of 0%. 25% and 35% by weight replacements of
cement and was tested for compressive strength, modulus of elasticity, chloride penetration and shrinkage in
Kou Shi C et al., research in 2004 and founded that there in decrease in strength of concrete on increase in
content of recyeled aggregate in concrete. It was founded that for incorporating higher percentages of recycled
aggregate in concrete. fly ash between 25-35% can be used with steam curing[22]. In the Cervantes et al.,
campaign, (2007) at the University of Illinois. USA, the RCA families were defined in terms of the addition of
synthetic fibers in the concrete production. Only the coarse fraction of PA was replaced with different ratios of
recycled conerete RA (0. 50, and 100%) and with 0.2% of synthetic fibers. The effective w/e ratio remained
constant at 0.51. The hardened concrete was tested for compressive strength. splitting tensile strength. modulus
of elasticity and shrinkage. The test results reported that use of 50% RCA with 0.2% synthetic fibers produced a
pavement quality concrete with similar fracture and shrinkage properties to that of the virgin coarse aggregate
conerete[23]. M. Etxeberria in 2007 experimentally tested shear behaviour and strength of beams considering
four conerete mixes with different percentages of recycled aggregates with partial replacement 0%. 25%, 50%
and 100% with different transverse reinforcement taking same compressive strength and founded a substitution
of less than 25% of coarse aggregate, scarcely affects the shear capacity of RC beams[24]. In year 2009 A,
Bordelon et al.. studied fracture behaviour of paving concrete made with recyeled concrete as a coarse
aggregate, virgin coarse aggregate. and a blend of recyeled conerete and virgin coarse aggregate with Diserete
structural fibres and observed that 50—50 blend of virgin and recycled conerete coarse aggregate produced
similar fracture properties to VAC and both were 53% higher than the total fracture energy of the 100% RCA
conerete. With the addition of synthetic macrofibres to RCA concrete, the total fracture energy was greater than
the plain VAC[25]. Experimental results were used to establish a relationship between some properties of
hardened concrete (compressive strength. splitting and flexural tensile strength. modulus of elasticity. abrasion
resistance, shrinkage. water absorption. carbonation penetration and chloride penetration) and the density and
water absorption of the aggregates by Jorge de Brito. et al., in 2010 and founded The use of conerete with
recycled aggregates should always take into consideration that in most cases they perform worse than
conventional conerete but that the variability of their properties are similar. Therefore. the decrease in the
conerete with recyveled aggregate performance in comparison to the conventional one can be anticipated with the
knowledge of the substitution rate and of the aggregates properties[26]. In year 2015 Kutalmis Recep Akea et
al., replaced normal aggregate with recycled aggregates and used polypropylene fiber 0%. 1% and 1.5% by
volume and Compressive strength. splitting tensile strength. flexural tensile strength. static and dynamic
modulus of elasticity experiments were conducted in order to determine mechanical performance of the conerete
series. It was founded that there is a remarkable increase in split tensile and flexural strength on inerement of
fibre content[27]. There after Faisal Sheikh Khalid. et al.. in 2017 studied on Mechanical Properties of Concrete
Containing Recyeled Conerete Aggregate (RCA) and Ceramic Waste as Coarse Aggregate Replacement and
used 25%. 35%. and 45% RCA and ceramic waste as coarse aggregate in producing concrete and reported that
35% RCA and 35% ceramic waste showed the best properties compared with the normal conerete[28]. Mohsen
Ahmadi. et al.. replaced natural coarse aggregates with recyveled aggregates in percentage by weigths of 0. 50
and 100%., with steel waste fiber obtained from waste tyres percentage being 0.5 and 1% of conerete volume.
Main results indicate that by adding recycled fibers into the conerete with recyeled aggregates lead to the
production of structural concrete by 50% replacement of aggregates. Moreover. adding recycled fibers by 0.5
and 1% of concrete volume reduces the thickness of concrete pavement for the amount of 8 and 16%.
respectively[29]. In year 2017 Ngoc Kien Bui researched on properties of recycled aggregate concrete (RAC) by
using sodium silicate and silica fume. The method proposed was applied to 100% coarse recycled concrete
aggregate compared to untreated RAC was able to improve compressive strength up to 33-50%. splitting tensile
strength 33—41%. and elastic modulus 15.5-42.5%. From the experimental data. the compressive strength of the
treated RAC can be estimated at any age[30]. The paper by Hasan Katkhuda in 2017 presents the results of a
study that investigated the improvement of the mechanical properties of recycled concrete aggregate (RCA)
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produced by adding chopped basalt fibers (BF) with contents of 0.1%. 0.3%. 0.5%. 1%. and 1.5% by total
volume of the mix to treated and untreated recycled aggregates.

The recycled aggregates were surface treated by pre-soaking them in a 0.1 M hydrochlorie acid (HCI)
solution for 24 h to remove the adhered mortars to improve the bond between the recycled aggregate and the
cement. In addition. chopped BF was added to normal conerete (NA) mixes as a control for comparison. The
results showed that using chopped BF minimally enhanced the compressive strength of the conerete mix but
significantly improved its flexural and splitting tensile strength. Furthermore. the optimum BF content that
produced the same splitting tensile and compressive strength as NA was 0.5% for untreated RCA and 0.3% for
treated RCA.  while the  flexural strength was 03%  for uatreated RCA  and
0.1% for treated RCA[31]. Then in year 2018, Christiana Alexandridou et al., have conducted experimental
study where conerete mixtures were prepared using partial replacement of natural aggregates with percentages
of recycled aggregates ranging from 0% to 73%. results indicate that the compressive strength of recycled
concrete ranges from significantly lower (37% reduction) to equal. compared to conventional concrete.
depending on the composition of recycled aggregate[32]. Then in 2018 again G. Wardeh et al.. studied
experimental behaviour of compressive strength and flexural strength on usage of recyeled aggregate in conerete
and founded that compressive strength on introduction of recycled aggregates results in a decrease in elastic
modulus and showed more cracks than conventional conerete members[33]. As per article published in IOP
conference series by Kaiyun Wu et al., stated the experimental study of fracture behaviour of recycled aggregate
concrete using 50%. 70% and 100% partially replacing normal aggregates and tested initial cracking load and
fracture energy. In the experimental procedure and result prediction it was found that initial cracking load was
high with normal aggregate concrete which is founded less in case of recycled aggregate concrete. Further the
same is depicted in fracture energy behaviour and was founded a remarkable decrease of fracture energy using
recycled aggregate concrete[34]. In year 2018 Jianzhuang Xiao, Studied behaviour of Recycled Aggregate
Conerete in comparison to partial replacement of Normal Aggregates. where 0, 30, 50. 70 and 100 percentage
replacement of normal aggregates were done and checked compressive strength and founded that compressive
strength of recycled aggregate conerete (RAC) 1s lower than that of natural aggregate conerete (NAC) under the
condition that water-cement ratios (w/'c) are same[35]. As per the review paper written by Ali Akhtar et al.,
collecting data from 40 countries it was founded that till 2012 the construction and demolition waste generated
per year is more than 3 billion and is increasing constantly. The various researches studied in his review paper
founded that the use of 30% to 50% recycled aggregate was suggested to achieve the strength requirements
which is not sufficient for developing countries India and China[36]. Yijie Huang et al.. compared mechanical
properties of conerete with natural coarse aggregate. recycled coarse aggregate and coral coarse aggregate
considering 50% and 100% recycled aggregate. Compressive strength of specimens were checked and it was
founded that on using more percentage of recycled aggregates there is remarkable decrease in compressive
strength where as coral recycled aggregates give more strength than 100% usage of recycled aggregates[37]. In
the research done by B. Cantero, assessed the performance of structural coneretes containing 20%., 25%, 50%.,
75% or 100% mixed recycled coarse aggregate, analysing fresh concrete workability, density and air content
and hardened concrete compressive, flexural and splitting tensile strength. The decline in strength relative to
conventional concrete was smaller at longer curing ages. Coneretes bearing up to 50% recycled aggregate
exhibited declines in performance of 10% or under in most of the properties studied, even at late ages. In light of
the present findings, the mixed recycled aggregates used in this research may be deemed apt for use in structural
concrete with a characteristic strength of up to 30 MPa[38]. In the study done by George Dimitriou in year 2018
founded a method to improve the behaviour of recycled aggregate and reported that 50% replacement is the
optimum value for usage in concrete[39]. F. Fiol in 2018 used Recycled Aggregates (RA) from structural
precast elements substituting 20%, 50% and 100% normal aggregates. Three Control Concretes (CC-30. CC-
37.5. CC-45) manufactured with Natural Aggregates (NA). and their corresponding Recycled Aggregate
Concretes (RAC-20. RAC-50, RAC-100) are evaluated in terms of physical and mechanical properties. The in-
fresh properties results (flowability, viscosity and passing ability) of the RAC were suitable for their use as SSC.
Furthermore, the tests of compressive, splitting tensile and flexural strength. as well as density. porosity. water
absorption, ultrasonic pulse velocity, stiffness, and both dynamic and static modulus provided results close to
those of the SCC with Normal Aggregates[40]. R.V. Silva et al., in 2018 reviewed 130 research papers where
the major focus was on fresh properties of conerete and reported that water absorption of recyeled aggregates is
much higher than normal aggregates and so use of admixtures can help to obtain workability[41].

III.  Results and Conclusions
After performing a detailed literature review it has been analyzed that using recycled aggregates is
limited to maximum 50% replacement of coarse aggregate as beyond this there 1s a remarkable decrease in
concrete properties like compressive strength, flexural strength and split tensile strength [42]-[50]. [55]-[56] and
so for using more replacement of normal coarse aggregate if is suggested to use some fibres and on studying
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previous researches on glass fibers it was founded that use of S2 glass fiber enhance the properties of concrete
[57] and therefore there is a possibility of attaining an optimum mix with more percentage of recycled aggregate
and adding a blend of glass fiber to it. Fracture study is being performed on glass fiber and recycled aggregate
conerete using ANSYS software [53] which can be used further to check effect of glass fiber on fracture of
recycled aggregate concrete.
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APPENDIX 3: Picture Gallery
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Picture 3: Mix with recycled aggregates and S2
Glass Fiber

Picture 2: Use of drum mixture for concrete

mixing

Picture 4: Compacting of concrete cubes over
vibrator table
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Picture 5: Denotation of specimen designation

on cube sample

Picture 6: Use of weighing Balance to measure
the amount of material mixed in preparing

samples
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Picture 7: Workability of concrete without

admixture

Picture 8: Standard Consistency test on Cement

using Vicat Apparatus
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Picture 9: Specific Gravity of Cement using
Le-Chatelier flask

Picture 11: Universal Testing Machine used
for fracture study

Picture 10: Cement OPC Grade 43 used in

research work
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Picture 12: Cracked beam specimen showing
initial notch
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Picture 13: Concrete mix with recycled Picture 14: Concrete mix prepared for casting

aggregates and glass fibers

Picture 15: Use of Drum mixer for casting

fracture behaviour beam specimens study of fracture behaviour
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Picture 18: RCPT test on Mix

designations CROGO, CR60G0.5 and
CR80G0.75

Picture 17: Curing of beam specimens

Picture 19: Vacuum Desiccator for Picture 20: Air voids replaced with water
removing air void and replacing with in RCPT samples
water
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Picture 21: Split tensile test on cylindrical | Picture 22: Flexural beam sample cracked
sample but still not breaked into two parts due to

presence of glass fibers
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COMPRESflON TESTING MACHINE
CAPACITY - 3000 kN
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Picture 23: Cylindrical specimen still Picture 24: Cylindrical specimens tested
compacted after cracking due to presence for Young’s Modulus

of glass fibers
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APPENDIX 4: Vendor Detail for Glass Fiber

CONCRETE FLOOR SYSTEMS STEEL & PP FIBRE

BUILD SYSTEMS

DEALS FLOOR SYSTEMS,
: CONCRETE POLISHING, STAMP CONCRETE, CONCRETE
s WATER PROOFING SV’STEMS, EXPANSION JOINT SYSTEMS

Picture 1: Vendor using glass fiber for various structural purposes

NS

BUILD SYSTEMS

#1484 Lane No. 4, lock-A, Guru Nanak Colony, Near Gil Cana Bridge,
wmuﬁmmm)mom: 91-98145-72443, 99999-85404
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Picture 2: Vendor Address and contact information
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APPENDIX 5: Test Report obtained from Testing Laboratory
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Picture 1: Testing report Covering Letter
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Picture 2: Testing Report
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