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There has been a growing interest in the use of fly ash as a partial replacement material to
Portland cement in concrete because of its environmental advantages and positive effects it has
on the properties of the concrete. This research paper aims at determining the strengths of HSC
mixtures where high volume of fly ash (HVFA) has been used. This work used the laboratory
experimental method to assess the mechanical characteristics of concrete combinations
comprising of 50% and 70% fly ash replacement of cement. The findings reveal the potential
of high-volume fly ash concrete to offer strength properties which are not only comparable or
even superior to conventional concrete, but require a correct proportioning of concrete mixture
and appropriate curing regime.
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1. Introduction

The rising usage of high strength concrete is more probably due to the enhanced height,
strength, and stability that is required from buildings in the contemporary world. High-strength
concrete conveys high compressive strength, which lets the designer produce relatively thin-
cross-section members, enhancing space efficiency and nominal quantity of the materials
required [1]. Moreover, due to the initiation of high volumes of fly ash which is a by-product
of coal-fired electricity generation facilities, sustainability advantages are gained. Fly ash is a
pozzolanic material which can be used as a cementitious material and thus; there is a reduction
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in the quantities of cement needed leading to decrease in green house emissions from cement
production. Use of high-volume fly ash in high-strength concrete also minimize the dump of
industrial waste in landfills and improve circular economy hence reducing the environmental
impacts on construction [2]. In the context of the present review, high strength concrete means
the concrete with a compressive strength normally ranging between 50 and 80 MPa, normally
produced with specific admixtures, high quality aggregates and other materials, special
concrete designs and production technologies. On the other hand, high-volume fly ash points
to concrete mixes in which fly ash derived from coal-fired power plants eliminates at least 30
% cementitious material [3]. The use of high fly ash content in the high strength concrete
improves the sustainability of the material portion employed and also has a profound effect on
the mechanical characteristics namely tensile and flexural strengths which are essential for
structures.

Tensile strength and flexural strength particularly have a great impact in the application of
concrete for structures. Tensile strength, which is the capacity of a material to withstand
pulling forces in order not to rupture, is crucial for items like beams, slabs, and columns in
that they bend as well as resist tension. Conversely, flexural strength depicts the capability of
the concrete in resisting bending forces and it is very essential in determination of some of the
components of structures that bear loads [4,5]. They affect the load bearing, serviceability and
safety of a structure or any part of it. Several literatures concluded that one has to ensure tensile
and flexural strengths by proper selection of kernel width and other parameters for more
extents of reinforcement in concrete structures due to the physical requirement of the strength
for more appropriate structural applications including tall buildings, long span bridges and
other infrastructural structures. Due to the significance of mechanical properties on structure
performance, durability, and economy of concrete structures, it is important to select the right
type of concrete that will perform equally well in all these aspects [6].

Thus, this review intends to provide an exhaustive evaluation of the behaviour of high-strength
concrete with a high percentage of fly ash addition. It focuses on several key objectives: first,
determining the influence of differences in fly ash replacement ratio on the development of
tensile and flexural strengths, in terms of: fly ash type, w/b ratio, curing conditions. Second,
on the understanding of the microstructural characteristics due to the incorporation of high-
volume fly ash and their relationship with the mechanical performance parameters. Third,
based on meaningful discussions to engineer practicum, the issues of the mix design of HSC
and difficulties of applying high-volume fly ash will be considered. Last but not least,
recognizing areas of knowledge shortage and the future research roadmap for the improved
usage of large volumes of fly ash in this context.

2. Influence of Fly Ash on Concrete Properties

It is deemed necessary to first give an overview of fly ash in concrete before elaborating on
each of the strengths. Fly ash is a fine-particle, fluffy, powdery substance collected from the
combustion of coal in thermal power plants. They have chemical and physical beneficial
characteristics that can affect the concrete’s performance in one way or the other. Fly ash is
chemically a pozzolanic material: it reacts with calcium hydroxide (a byproduct of of cement
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hydration) to form more C-S-H gel, the main glue of concrete [7]. This pozzolanic activity can
improve the later age strength and durability of the concrete though it could also result to a
lesser rate of strength development in the initial stages [8,9].

Great importance of fly ash is mainly from physical characteristic such as fine particle
sizes and spherical shape, small particle size, close particle packing and low porosity that can
enter the concrete mix hence enhance its work ability, packing density, reduced porosity and
mechanical properties [10]. From the chemical point of view fly ash is a pozzolanic material
in which silica and alumina are the elements that are capable to react with CH the calcium
hydroxide formed in the cement hydration stage. This pozzolanic reaction leads to the creation
of more C-S-H gel that is accountable for the strength and durability of concrete. Therefore,
fly ash composition depending on the kind of coal burnt and the proportion of SiO2 to CaO
can differ, thus the reactivity of fly ash in concrete may also differ [11].

Pile-wise, Fly ash is fine in particle size, highly spherical in shape, and is generally
low in specific gravity. Due to the fact that the particle size of fly ash is usually smaller than
that of cement, it is able to conform to the shape of the pores to be filled in the concrete matrix
and there by enhance the packing density and hence minimize on the porosity of the hardened
concrete. The rounded nature of fly ash particles can also improve the easy flowing and or the
flowability of the fresh concrete mixture. Further, the specific gravity of fly ash is lesser than
cement; therefore, this helps in achieving the decrease in the overall weight of concrete which
is advantageous in some cases [12]. Many investigators have researched on the use of high-
strength concrete containing fly ash and many have pointed out the benefits and concerns. The
main advantage of fly ash production is the possible decrease of the cement content, which
can result in both financial and environmental gains [13,14]. Since cement making industry is
an energy intensive and high carbon emission industry, using fly ash which is a waste product
as substitution for cement in concrete manufacturing is considered sustainable [15].

Table.1. Presents the literature Summary: Influence of Fly Ash on Concrete Properties.

Fly Ash Fly Ash Concrete o
Tvpe Replacement Property Findings
P (%) Studied
Compressive Increase in strength at early ages,
Class F 20 P slight decrease at later ages
Strength
compared to control.
.. Improved workability due to
Class € 30 Workability spherical particles filling voids.
Class F 40 Durability Reduc-ed permeablllty. and
chloride ion penetration.
Enhanced flexural strength,
Flexural . :
Class C 50 especially in long-term
Strength
performance.
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Fly Ash Fly Ash Concrete o
Type Replacement Property Findings
y (%) Studied
Blend of Heat of Lowe? heat of hydration,
25 . beneficial for mass concrete
F+C Hydration .
applications.

3. Tensile Strength of High-Strength Concrete with High-Volume Fly Ash

Tensile strength is one of the fundamental mechanical properties that determines the ability of
concrete to crack and fail under tensile stresses. Increased incorporation of fly ash affects
tensile strength in both the short as well as in the long run when high volumes of fly ash is
used. In the short term, the strength development caused by pozzolanic fly ash is relatively
slower and thus in comparison with the OPC concrete, the tensile strength at early ages will
be lower [9]. Cement hydration is the initial process that creates strength in concrete, but Ft
has proved to achieve high tensile strength compared to concrete with fly ash at the later age
depending on the formation of calcium silicate hydrate. Possibility to substitute up to 50% of
cement oversaturated by fly ash does not reduce the tensile strength and at the concentration
increment provokes further tension strength increase, depending on the fly ash and mixture
design [4,16].

It means that the use of large amounts of fly ash, characterized by the implementation of
deposits in excess of 30% of the cementing material, exerts considerable influence on the
characteristics of high-strength concrete. It is indicated that higher content of fly ash has the
potential reducing the required cement content in the concrete mixture hence making the
product cheaper and more sustainable [14]. Moreover, fly ash can improve the pore
characteristic of concreting and provide the improved durability of concrete in long-term
concrete structures through the pozzolanic activity like better resistance towards chloride ions
and lesser possibility of occurrence of alkali silica reactions. In addition to the impact on the
solutions’ strength enhancement, other important mechanical characteristics of concrete can
be affected by fly ash inclusion, such as the decrease in heat of hydration, increased resistance
to sulphate attack and ASR, and the promotion of long-term concrete durability. These extra
advantages make fly ash to be a good supplementary cementitious material in high-strength
concrete [17].
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Fig.1. Compressive strength test results for immersion curing.

Figure 1 represents the concrete samples Immersion curing and the compressive strengths of
the samples were measured at 7, 28, 56, 90, 180, 365, and 1095 days. It was identified that
there are four different samples namely PPFO, PPFO0. 6, PPFO. 8, and PPF1. In general, the
obtained values 0 correspond to various concrete mixture composition. It is clearly observed
that compressive strength is in direct proportion with the curing time and all samples exhibit
an improved compressive strength with time. These are the specific compressive strength
values which are indicated at the concerned time intervals with the help of marks for various
samples. For instance, as it can be viewed, in the case of PPFO the compressive strength
increases gradually from 31. As such the setting of the mortar was determined independently
of the compressive strength, ranging from about 23 MPa at 7 days to 107 MPa at 90 days. The
soil pressure was analysed at the fifteen months which is equivalent to 1095 days and is equal
to 15 MPa. PPFO. It illustrates that 31 is raised to 6. 83 MPa to 115. From 2007 to 2012, the
interest expenses has increase by 57 MPa. PPFO0. 8 starts at 36. 98 MPa and it goes up to 105.
97 MPa, while PPF1. Consequently, the value of 0 delivers the similar final strength that is
105. These results are 68.5 MPa at 298 days and 97 MPa at 1095 days.

However, the use of the figure helps in depicting the extent to which the strength of concrete
grows with time through the cure period to show that curing periods improve the strength of
concrete samples. Some works in the literature discourse on the tensile strength of high
strength concrete incorporating high volume fly ash are useful in this study. Literature surveys
have revealed that, generally, use of high volume of fly ash, generally referred as the
percentage of fly ash greater than 30 % of total cementitious material, affects the tensile
strength development of high strength concrete [18]. This is specifically brought by the type
of fly ash used and the components that makes up the entire compound used in the mixture. It
can be observed that fly ashes containing more silicon dioxide and lesser calcium oxide
demonstrate more pozzolanic activity that in term produced more C-S-H gel and improves the
tensile strength. Regarding the other factors that affects the properties of fly ash, the fineness
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of the fly ash and the increase in specific surface area is also important because fine fly ash
particles can pack closely together leading to a lower porosity of the concrete matrix, which
will enhance the tensile strength [19].
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Fig.2. Compressive strength test results for moist curing.

Figure 2 displays the compressive strength test on the samples of concrete for moist curing for
the time period of 7, 28, 56, 90, 180, 365, and 1095 days. On this graph, the y-axis denotes the
Compressive Strength in Mega Pascal (MPa) while the x-axis shows the Moist curing Time in
Days. As for the samples, the initial ones are labelled as PPFO0, the ones in between as PPFO0.
6, PPFO. 8, and PPF1. They both relate to different concrete mixture proportions, 0,
respectively. As illustrated in the Figure 2, the values of the compressive strength for all
samples rise with the increase of the curing time that proves the positive effect of moist curing.
For instance, in case of PPF0O the compressive strength increases from 36. The concrete
strength varied from 14 MPa at 7 days to 115. 35 MPa at 1095 days. Similarly, PPFO0. 6 has
risen from forty percent to a extent of One percent as indicated in figure 2 below. 44 MPa to
115. 57 MPa, PPFQ. 8 starts at 41. 9 It can reach up to 0.09 MPa and increases up to 1.08. 47
MPa, and PPF1. 0 begins at 40. The fracture strength of the STM LN 101 was reached 97
MPa, as well as 108. The CSM of reinforced concrete was found to be 16 MPa at 7 days and
47 MPa at 1095 days.
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Figure 2 indicates sample curing time and compressive strength and these are expressed as
trends, equations and R? values. These trend lines in fact give an insight to the ratio at which
strength enhanced over time, with the equations illustrating how much strength picked up in
that particular unit of time. Specifically, the equations for the samples are as follows: The
linear regression equation was established as follows: Y = 11. 696x + 32. 792, R? = 0. 9249;
PPFO0. Limited which the company has 6 (y = 9. 3229x + 39. 677, R = 0. 9149), PPF0. The
values of reached parameters are as follows: S: 8 (y =9. 7896x + 37. 061, R? = 0. 8989) and
PPF1. 0 (y =9. 3186x + 35. 949, R = 0. 8712). In turn, the figure is desirable to illustrate the
notable influence of moist curing on the increase of the compressive strength of concrete and
that long curing periods are beneficial for the further strength increase of concrete samples.

Another factor, which influences the tensile strength of high-strength concrete with high
volume fly ash inclusion is the water to binder ratio. Cautious decrease of the water-to-binder
ratio results in improved mechanical properties of concrete and denser microstructure, which
restricts micro-cracking. In the same way, the conditions of curing affect the strength gaining
rate and the ultimate tensile strength achieved[20]. Literature reviews have deemed that the
use of high-volume fly ash the concrete slow down the initial tensile strength gains relative to
normal fly ash concrete. However, inevitably the reaction of the pozzolanic active materials
will cause further formation of C-S-H gel, and consequently increase tensile strength gradually
and accordingly vie for conventional high strength concrete mixtures[21].

The split cylinder test is a technique that is employed to determine the tensile stress of the
concrete and hence estimate their Strength. Nevertheless, rates of increase in the proportion of
fly-ash beyond about 30 per cent of the total cementitious content are said to retard the initial
tensile strength development compared to that of ‘normal’ high-strength concrete. This is due
to the circumstance that fly ash is pozzolanic material which takes a finite period of time to
undergo additional secondary hydration reactions to form further C-S-H gel. Reactions such
as these may proceed over time and produce more C-S-H, which in turn increases the tensile
strength permanently. HPC using high volume fly ash could be similar or even superior to
normal HSC when the consequences such as type of fly ash, ratio of water/binder, and curing
system are considered[22,23] . The nature and content of fly ash that is used can appreciably
affect the tensile strength gain. Ash fly with high silicon dioxide and low calcium oxide is
likely to be highly pozzolanic and thus, be capable of producing higher amounts of C-S-H gel
and tensile strength. Moreover, the characteristic of fineness of the fly ash and the particle size
distribution also affects the packing density and porosity of the concrete matrix to any degree
contributing to the tensile capability [24]. High-strength concrete containing high volume of
fly ash: effect of water to binder ratio and curing conditions on tensile strength. Downward
changes in the ratio can help develop a closer packing at the micro level and an associated
decrease in the danger of micro-cracking The effects of favourable curing conditions which
include an improved and enhanced rate and a correspondingly higher maximum strength can
also be realized. Also, in high volume fly ash the rate may decrease at first and then gain
strength due to the reactions of POZZOLAN. Tensile strength is tested by direct tensile as well
as split-cylinder tests.

Flexural Strength
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Another aspect of research carried out on high strength concrete particularly containing high
volume fly ash is the flexural strength. Scientists have used different techniques including 4
point bending test and the third point bending test to determine the flexural strength of the
concrete mixtures in question. These test methods are informative of the behaviour of the
material under the structural loading as specified, since the flexural strength is one of the most
important parameters in the design of members that are prone to bending stress[25]. Literatures
review has revealed that several papers have analysed the impact of the degree of fly ash
replacement on the enhancement of flexural strength of high-strength concrete. In general, it
has been ascertained that high volumes of Integrated Fly Ash higher than 30% of the
Cementitious material will affect the development of the later age flexural strength. Just as
with the facts presented for the tensile strength behaviour, the early stage of the increase in
flexural strength may be less steep with high-volume fly ash concrete than with conventional
high-strength mixes. Thus, fly ash can cause a gradual increase in the flexural strength of the
material due to pozzolanic reactions, and the designed characteristics can correspond to or
exceed the characteristics of high-strength concrete[26].

Other parameters have also been studied in connection with high strength concrete with high
volume fly ash; the properties of the aggregates and the provision of fiber reinforcement.
Further, because the toughness of concrete after cracking, fibre reinforcement such as steel or
synthetic fibre will improve the flexural strength and energy dissipation of the material[27].

4. Microstructural Considerations

The microstructure of high strength concrete is altered by high volume fly ash, in terms of the
changes in pore structure, hydration products, and contact zone. It carries out additional
pozzolanic reactions that develop new C-S-H gel which is the major binder in green concrete.
This gel enhances the capacity of filling the pores, reduces the porosity of the microstructure,
and enhances the ITZ between aggregates and cementitious paste [9]. Pozzolanic responses of
fly ash allow more volume of calcium silicate hydrate (C-S-H) gel to be created and this gel
could further pack up the pores thereby increasing in microstructural density. This
enhancement of the pore network maybe helpful in attaining better tensile and flexural
strengths of high strength fly ash concrete due to the reduction of micro crack and improves
mechanical properties [28].
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Fig.3. XRD and SEM (a) CC (b) FACC on the First Day of Testing.

The microstructure is briefly described for concrete and with specific reference to the
Interfacial Transition Zone between the cement paste matrix and the aggregate. To assess the
performance of fly ash concrete (FAC), microstructure analysis required High-Resolution
Scanning Electron Microscopy (HRSEM) with a Thermo Scientific Apreo S model to examine
the core samples, or the tested specimens, needed to be impregnated with ethanol solution on
the specimen’s surfaces. Furthermore, it should be noted that some of the polished samples
were sputter coated with an electron beam for the purpose of desiccation, that is, to evacuate
the samples. Figure 3 is the photomicrography of CC and FACC at 1, 7, 14, and 28 day for
each group.

It is also noteworthy that the products formed by the hydration of fly ash in the material are
rather different from those in high-strength concrete. Stoichiometric reaction with CH that is
generated during the initial stage of cement hydration, fly ash particles contribute to the
creation of additional C-S-H gel. This secondary C-S-H gel is comparatively denser as well as
presents superior binding properties to the first C-S-H gel which is produced by cement’s
hydration only. They arise from improvements in the load-carrying capacity, and crack-
resisting capacity of the concrete resulting from increased C-S-H content and fine control of
its location within the concrete matrix [29,30 ]. A high-volume fly ash contributes to the
durability of high strength concrete; and the tensile as well as flexural strengths are also
augmented. In addition, its pozzolanic component decreases permeability and, therefore, its
resistance to sulphate attack, as well as deterioration by chlorides. This decrease in
permeability helps to enhance performance and service life of the structures in the long run.
Fly ash also reduces the possible presence of expansion due to alkali-silica reaction (ASR),
hence promotes sustainability and durability of structures[31].

5. Durability Aspects

It is important to note that the incorporation of high-volume fly ash in high-strength concrete
can also provide improved property of durability apart from the increase in tensile and flexural
strengths [32]. Fly ash as a pozzolanic material enhances the stand of the concrete when it
come to the issues of durability as it fixes some issues like sulphate attack and chloride
infiltration. The increase in the density of the microstructure and the improvement of the pore
structure due to pozzolanic reactions of fly ash has influence on the reduction in permeability
of the concrete and thus the resistance against the penetration out aggressive substances. This,
thus, enhances durability and serviceability of structures constructed from high strength fly
ash concrete since they are protected from the deterioration mechanisms [33, 34]. In addition,
it equally reduces the threat of Alkali Silica Reaction which is another durability factor that
affects concrete. Since fly ash can also get engaged in the pozzolanic reactions, the alkalis may
get used up and cannot trigger more of the undesirable ASR expansion and cracking. All in all
it can be said that high volume fly ash serves as an improvement in durability in high strength
concrete if incorporated then the structures become more sustainable and resistant to
environmental factors and hence it increases their service life [35]. This can go a long way in
ensuring that structures would have more durability and can withstand adverse environmental
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conditions hence increasing its service life. Moreover, with the addition of fly ash, it is also
possible to reduce the probability of occurrence of alkali silica reaction another issue that
affects the durability of concrete. From the pozzolanic reactions which may occur with the fly
ash, the available alkalis can be consumed hence decreasing the possibility of expansive ASR
reactions leading to cracking [36].

Table 1. Durability Aspects of Performance of High Strength Concrete with High-Volume Fly

Ash.
Fly Ash -
Fly Ash Replacement Durability Aspect

Type (%) Studied

Findings

. Significant reduction in chloride
Chloride lon . .
Class F 50 . ion penetration compared to
Penetration
control concrete.
Enhanced sulphate resistance,

Class C 40 Sulphate lower expansion, and better
Resistance o1
durability performance.
Class F 60 Alkali-Silica gf;aralfs(iicfgdiljlit?:vli?l Al?r? -term
Reaction (ASR) pansion, imp glong
stability.
Freeze-Thaw Improved freeze-thaw resistance
Class C 45 . due to reduced permeability and
Resistance .
denser microstructure.
. Similar carbonation depth
Carbonation

Class F 50 ) compared to control, indicating
Resistance S
maintained performance.
Lower water absorption rates,
Class F 55 Water Absorption | indicating reduced porosity and
enhanced durability.

Table 2 summarizes the entire literature related to the service-life characteristics of high-
strength concrete containing high volumes of fly ash. There are other significant durability
parameters such as, the permeability of chloride ions, resistance to sulphate or sulphate, alkyl
silicate or ASR, freeze thaw cycles, carbonation, and water absorption. According to the
research carried out, high fly ash had a great effect in enhancing the durability of high strength
concrete, with regard to its resistance to aggressive environment, sulphate resistance and freeze
thaw resistance.

6. Practical Implications and Recommendations

The reviewed findings suggest several practical implications for engineers and practitioners
when incorporating high-volume fly ash in high-strength concrete: The reviewed findings
suggest several practical implications for engineers and practitioners when incorporating high-
volume fly ash in high-strength concrete:
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6.1. Mix Design Considerations:

* The content of replacing fly ash with cement should be adjusted in accordance with the
requirements of specific performance properties, considering the enhancement of tensile and
flexural strengths, as well as the problems such as the retardation of setting time and the
lower values of early age strength.

* Modify the binder composition and incorporate fly ash in the proportions of 30-50% of
cement’s mass to get the pozzolanic effects necessary but retain adequate strength and
workability.

* One has to also take into account the application of certain chemical admixtures, including
superplasticizers, in order to retain the concrete workability as well as its flowability,
regarding the presence of high fly ash content.

* Modify the total gradation and ratios according to the requirement of finer particle size
distribution of fly ash and its effect on the packing factor of the concrete mix.

6.2. Potential Challenges and Limitations:

» Itisadvisable to track the curing regime and to provide sufficient moisture and temperature
conditions for the development of fly ash’s pozzolanic activity, which might be slower as
compared to cement’s hydration.

* Comment on the tendencies to higher or the drying shrinkage and the creep in the high-
volume fly ash concrete because of the refined pore structure and the higher volume of
hydration products.

* Focus on the effects that fly ash has on concrete’s characteristics and performance if its
supply is inconsistent and adapt its composition to be constant.

* The long-term durability performance should also be assessed, primarily in relation to
various hostile external effects in order to anticipate and monitor the concrete’s permanence
against deterioration factors for the predicted service life of the structure.

Future Research Directions

» Itis also important to detect several blanks and discrepancies concerning the performance
of high strength concrete incorporating high volume fly ash. The review should also
comparatively analyse the state of knowledge where discrepancies in the findings are
discernible.

* Mention concrete areas of requiring further study in order to improve the knowledge of the
underlying processes as well as improve the usage of high-volume fly ash in high strength
concrete. Some of the research areas may comprise durable concrete structures aspects, fly
ash effect on concrete characteristics, effect on concrete strength at early age of concrete
structure, and establishing trade-off between strength, workability and sustainability.

* Suggest concrete research questions and suitable research methods which might help in
filling the conceptual gaps. These may include cad works, numerical modelling, and
analyses in order to enhance the knowledge that one can obtain on the behaviour of high
strength fly ash concrete under various environmental and loading stresses.

Conclusion
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* The weakness of the paper under review is that it focuses on the enhanced properties of
high-strength concrete containing high volume fly ash for tensile and flexural strengths
only. Fly ash modification helps to fix the pozzolanic reactions that improve the
densification of the microstructure and a related refinement of the pore structure that aids
in compensating for such factors that influence the concrete durability, including sulphate
attack and chloride penetration. This in turn can enhance the durability of structures that
are built with fly ash concretes of high strength which results to increased service life on
structures that are subjected to environmental loads.

» It should also be noted that many of the conclusions of the present review have a certain
relevance to the modern discourse regarding sustainable construction practices. The
sustainability aspect of fly ash application in high strength concrete lies not only in
increasing the material strength, mechanical and durability, but also through the reduction
of cement content consequently the environmental problem of CO2 emission. This
corresponds to the trends of the construction industry to look for environmentally friendly
and climate change resilient construction materials.

» This comprehensively presents the significance of improved studies that shall help refine
the utilisation of high-volume fly ash in high strength concrete. Areas for further research
entailing durability performance of fly ash concrete, the effect of variation in fly ash on the
properties of concrete, effect of fly ash usage on early age strength of concrete and strength,
workability and sustainability relationship. Filling all of these knowledge gaps will help to
create a basis for further popularization and efficient consumption of high-volume fly ash
in high-strength concrete, thus advancing toward the creation of efficient and
environmentally friendly construction.

References

1. Afrin, H., Huda, N., & Abbasi, R. (2021, November 1). An Overview of Eco-Friendly
Alternatives as the Replacement of Cement in Concrete. IOP Publishing, 1200(1),
012003-012003. https://doi.org/10.1088/1757-899x/1200/1/012003

2. Aitcin, P. (2003, May 1). The durability characteristics of high performance concrete: a
review. Elsevier BV, 25(4-5), 409-420. https://doi.org/10.1016/s0958-9465(02)00081-1

3. Arezoumandi, M., Volz, ] S., Ortega, C A., & Myers, J J. (2015, March 1). Shear
Behaviour of High-Volume Fly Ash Concrete versus Conventional Concrete:
Experimental Study. American Society of Civil Engineers, 141(3).
https://doi.org/10.1061/(asce)st.1943-541x.0001003

4. Astm, . (2007, January 1). Standard Test Methods for Flexural Properties of
Unreinforced and Reinforced Plastics and Electrical Insulating Materials.
https://ci.nii.ac.jp/naid/10030128663

5. Atis, CD. (2003, April 1). High-Volume Fly Ash Concrete with High Strength and Low
Drying Shrinkage. American Society of Civil Engineers, 15(2), 153-156.
https://doi.org/10.1061/(asce)0899-1561(2003)15:2(153)

6. Aziz, | H., Abdullah, M M A B., Razak, R A., Yahya, Z., Salleh, M A A M., Chaiprapa,
J., Rojviriya, C., Vizureanu, P., Sandu, A V., Tahir, M F., Abdullah, A., & Jamaludin, S
B. (2023, January 27). Mechanical Performance, Microstructure, and Porosity Evolution

Nanotechnology Perceptions 20 No. S14 (2024) 5109-5123


https://doi.org/10.1088/1757-899x/1200/1/012003
https://doi.org/10.1016/s0958-9465(02)00081-1
https://doi.org/10.1061/(asce)st.1943-541x.0001003
https://ci.nii.ac.jp/naid/10030128663
https://doi.org/10.1061/(asce)0899-1561(2003)15:2(153)

Performance Of High Strength Concrete ... Theerthananda M.P, et al. 5121

10.

11.

12.

13.

14.

15.

16.

17.

18.

of Fly Ash Geopolymer after Ten Years of Curing Age. Multidisciplinary Digital
Publishing Institute, 16(3), 1096-1096. https://doi.org/10.3390/ma16031096
Bencardino, F., Rizzuti, L., Spadea, G., & Swamy, R. (2010, January 1). Experimental
evaluation of fiber reinforced concrete fracture properties. Elsevier BV, 41(1), 17-24.
https://doi.org/10.1016/j.compositesb.2009.09.002

Bentz, D P., Jones, S Z., & Snyder, K A. (2015, June 1). Design and performance of
ternary blend high-volume fly ash concretes of moderate slump. Elsevier BV, 84, 409-
415. https://doi.org/10.1016/j.conbuildmat.2015.03.082

Celik, K., Meral, C., Gursel, A P., Mehta, P., Horvath, A., & Monteiro, P J M. (2015,
February 1). Mechanical properties, durability, and life-cycle assessment of self-
consolidating concrete mixtures made with blended portland cements containing fly ash
and limestone powder. Elsevier BV, 56, 59-72.
https://doi.org/10.1016/j.cemconcomp.2014.11.003

Ding, Y., Yu, J., Yu, K., & Xu, S. (2018, February 1). Basic mechanical properties of
ultra-high ductility cementitious composites: From 40 MPa to 120 MPa. Elsevier BV,
185, 634-645. https://doi.org/10.1016/j.compstruct.2017.11.034

Esquinas, A R., Alvarez, J., Jiménez, J R., & Fernandez, ] A F. (2018, November 1).
Durability of self-compacting concrete made from non-conforming fly ash from coal-
fired power plants. Elsevier BV, 189, 993-1006.
https://doi.org/10.1016/j.conbuildmat.2018.09.056

Heede, P V D., Keersmaecker, M D., Elia, A., Adriaens, A., & Belie, N D. (2017, July
1). Service life and global warming potential of chloride exposed concrete with high
volumes of fly ash. Elsevier BV, 80, 210-223.
https://doi.org/10.1016/j.cemconcomp.2017.03.020

Issa, M A. (2011, March 11). Efficient and Beneficial Use of Industrial By-Products in
Concrete Technology. https://doi.org/10.1061/41165(397)121

Kate, G K., & Thakare, S B. (2017, August 1). An Experimental Study of High
Strength-High Volume Fly Ash Concrete for Sustainable Construction Industry. IOP
Publishing, 225, 012247-012247. https://doi.org/10.1088/1757-899x/225/1/012247
Kytinou, V K., Chalioris, C E., & Karayannis, C G. (2020, June 13). Analysis of
Residual Flexural Stiffness of Steel Fiber-Reinforced Concrete Beams with Steel
Reinforcement. Multidisciplinary Digital Publishing Institute, 13(12), 2698-2698.
https://doi.org/10.3390/mal13122698

Lopes, A V., Lopes, S M., & Pinto, M I M. (2020, June 25). Experimental Study on the
Flexural Behavior of Alkali Activated Fly Ash Mortar Beams. Multidisciplinary Digital
Publishing Institute, 10(12), 4379-4379. https://doi.org/10.3390/app10124379

Lv, Y., Wang, C., Han, W., Li, X., & Peng, H. (2023, April 15). Study of the
Mechanical Properties and Microstructure of Alkali-Activated Fly Ash—Slag Composite
Cementitious Materials. Multidisciplinary Digital Publishing Institute, 15(8), 1903-
1903. https://doi.org/10.3390/polym15081903

McCarthy, M J., & Dhir, R K. (1999, January 1). Towards maximising the use of fly ash
as a binder. Elsevier BV, 78(2), 121-132. https://doi.org/10.1016/s0016-2361(98)00151-
3

Nanotechnology Perceptions 20 No. S14 (2024) 5109-5123


https://doi.org/10.3390/ma16031096
https://doi.org/10.1016/j.compositesb.2009.09.002
https://doi.org/10.1016/j.conbuildmat.2015.03.082
https://doi.org/10.1016/j.cemconcomp.2014.11.003
https://doi.org/10.1016/j.compstruct.2017.11.034
https://doi.org/10.1016/j.conbuildmat.2018.09.056
https://doi.org/10.1016/j.cemconcomp.2017.03.020
https://doi.org/10.1061/41165(397)121
https://doi.org/10.1088/1757-899x/225/1/012247
https://doi.org/10.3390/ma13122698
https://doi.org/10.3390/app10124379
https://doi.org/10.3390/polym15081903
https://doi.org/10.1016/s0016-2361(98)00151-3
https://doi.org/10.1016/s0016-2361(98)00151-3

5122 Performance Of High Strength Concrete ... Theerthananda M.P et. al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

McCarthy, M., & Dhir, R K. (2005, August 1). Development of high volume fly ash
cements for use in concrete construction. Elsevier BV, 84(11), 1423-1432.
https://doi.org/10.1016/j.fuel.2004.08.029

Meyer, C. (2009, September 1). The greening of the concrete industry. Elsevier BV,
31(8), 601-605. https://doi.org/10.1016/j.cemconcomp.2008.12.010

Myers, J J., & Yang, Y. (2001, December 1). Practical Issues for the Application of
High-Performance Concrete to Highway Structures. American Society of Civil
Engineers, 6(6), 613-627. https://doi.org/10.1061/(asce)1084-0702(2001)6:6(613)
Ong, F S., Myers, M N., Vickers, T., Atienza, J., Ko, L., & Seiler, P. (2020, January 1).
A New Alkali-Silica Reaction (ASR) Mitigation Technology - Part I: Comparing with
Li, Ca, Al Salts, and Densified Silica Fume. https://doi.org/10.23967/dbmc.2020.002
Papadakis, V G., & Tsimas, S. (n.d). Supplementary cementing materials in concrete:
Part I: efficiency and design.
https://www.sciencedirect.com/science/article/pii/S000888460200827X

Phan, V T., & Nguyen, T. (2021, June 10). The Influence of Fly Ash on the
Compressive Strength of Recycled Concrete Utilizing Coarse Aggregates from
Demolition Works. Engineering, Technology & Applied Science Research, 11(3), 7107-
7110. https://doi.org/10.48084/etasr.4145

Pradhan, S., Kumar, S., & Barai, S V. (2020, February 1). Multi-scale characterisation
of recycled aggregate concrete and prediction of its performance. Elsevier BV, 106,
103480-103480. https://doi.org/10.1016/j.cemconcomp.2019.103480

Rivera, F., Martinez, P., Castro, J., & Lopez, M. (2015, October 1). “Massive volume
fly-ash concrete: A more sustainable material with fly ash replacing cement and
aggregates”. Elsevier BV, 63, 104-112.
https://doi.org/10.1016/j.cemconcomp.2015.08.001

Roeder, C W., Lehman, D E., & Bishop, E. (2010, December 1). Strength and Stiffness
of Circular Concrete-Filled Tubes. American Society of Civil Engineers, 136(12), 1545-
1553. https://doi.org/10.1061/(asce)st.1943-541x.0000263

Shanmugasundaram, S M., Jayanthi, S., Sundararajan, R., Umarani, C., & Jagadeesan,
K. (2010, April 17). Study on Utilization of Fly Ash Aggregates in Concrete. Canadian
Center of Science and Education, 4(5). https://doi.org/10.5539/mas.v4n5p44

Shi, C., & QIAN, J. (2003, June 1). Increasing Coal Fly Ash Use in Cement and
Concrete Through Chemical Activation of Reactivity of Fly Ash. Taylor & Francis,
25(6), 617-628. https://doi.org/10.1080/00908310390195688

Solikin, M., & Setiawan, B. (2017, January 1). The Effects of Design Strength, Fly Ash
Content and Curing Method on Compressive Strength of High Volume Fly Ash
Concrete: A Design of Experimental. EDP Sciences, 103, 01003-01003.
https://doi.org/10.1051/matecconf/201710301003

Thomas, M D. (2007, January 1). Optimizing the Use of Fly Ash in Concrete.
https://trid.trb.org/view/844621

Upadhyaya, S., Goulias, D., & Obla, K H. (2015, May 1). Maturity-Based Field
Strength Predictions of Sustainable Concrete Using High-Volume Fly Ash as

Nanotechnology Perceptions 20 No. S14 (2024) 5109-5123


https://doi.org/10.1016/j.fuel.2004.08.029
https://doi.org/10.1016/j.cemconcomp.2008.12.010
https://doi.org/10.1061/(asce)1084-0702(2001)6:6(613)
https://doi.org/10.23967/dbmc.2020.002
https://www.sciencedirect.com/science/article/pii/S000888460200827X
https://doi.org/10.48084/etasr.4145
https://doi.org/10.1016/j.cemconcomp.2019.103480
https://doi.org/10.1016/j.cemconcomp.2015.08.001
https://doi.org/10.1061/(asce)st.1943-541x.0000263
https://doi.org/10.5539/mas.v4n5p44
https://doi.org/10.1080/00908310390195688
https://doi.org/10.1051/matecconf/201710301003
https://trid.trb.org/view/844621

Performance Of High Strength Concrete ... Theerthananda M.P, et al. 5123

Supplementary Cementitious Material. American Society of Civil Engineers, 27(5).
https://doi.org/10.1061/(asce)mt.1943-5533.0001123

33. Yu, J., & Leung, C. (2017, September 1). Strength Improvement of Strain-Hardening
Cementitious Composites with Ultrahigh-Volume Fly Ash. American Society of Civil
Engineers, 29(9). https://doi.org/10.1061/(asce)mt.1943-5533.0001987

34. Zhang, S., Han, B., Xie, H., An, M., & Lyu, S. (2021, December 19). Brittleness of
Concrete under Different Curing Conditions. Multidisciplinary Digital Publishing
Institute, 14(24), 7865-7865. https://doi.org/10.3390/ma14247865

35. Zhou, S., Zhang, Y., Zhou, D., Wang, W., Li, D., & Ke, Z. (2020, September 2).
Experimental Study on Mechanical Properties of Fly Ash Stabilized with Cement.
Hindawi Publishing Corporation, 2020, 1-11. https://doi.org/10.1155/2020/6410246

36. Zobal, O., Padevét, P., Bittnar, Z., Kopecky, L., & Smilauer, V. (2016, September 30).
The Behavior of Fly Ash in Concrete Mixture. Trans Tech Publications, 714, 103-106.
https://doi.org/10.4028/www.scientific.net/kem.714.103

Nanotechnology Perceptions 20 No. S14 (2024) 5109-5123


https://doi.org/10.1061/(asce)mt.1943-5533.0001123
https://doi.org/10.1061/(asce)mt.1943-5533.0001987
https://doi.org/10.3390/ma14247865
https://doi.org/10.1155/2020/6410246
https://doi.org/10.4028/www.scientific.net/kem.714.103

