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ABSTRACT

This study investigates the enhancement of fly ash-cement mortar performance through tetracthyl orthosilicate
(TEOS) modification, focusing on both strength development and durability parameters. A comprehensive ex-
perimental program, including compressive strength tests, water absorption measurements, sorptivity assessments,
and ultrasonic pulse velocity (UPV) evaluations, was conducted. The results demonstrated that partial replacement
of cement with 30% fly ash not only improved 28-day compressive strength to 46.81 MPa, but also significantly
refined the microstructure, as evidenced by reduced water absorption and higher UPV values. The incorporation of
TEOS at 0.5%, 1%, and 1.5% further enhanced permeability without compromising strength, with the 1% TEOS
mixture (S10) achieving optimal performance. This mixture exhibited the lowest water absorption (2.77%) and
reduced sorptivity, attributed to the sol-gel formation of silica networks that densify the pore structure and impede
water ingress. UPV results confirmed the structural integrity of TEOS-modified mortars, with velocities compa-
rable to the highest-performing fly ash blend. FESEM analysis shows that incorporating fly ash and TEOS refines
the cement mortar microstructure. This results in enhanced matrix densification and improved morphology. These
findings underscore the efficacy of TEOS as a chemical modifier for producing durable, high-performance fly ash-
cement composites, suitable for sustainable construction applications.

Keywords: fly ash, cement mortar, tetraethyl orthosilicate, sorptivity, ultrasonic pulse velocity, rate of absorption.

INTRODUCTION

Concrete remains the most widely used con-
struction material due to its versatility, durabil-
ity, and cost-effectiveness. However, concrete
often faces durability challenges from water and
aggressive agents, leading to significant global
maintenance costs [1]. While numerous strate-
gies have been explored to enhance concrete
performance, there remains a critical knowledge
gap in the internal modification of high-volume
supplementary cementitious material (SCM)-
based systems using sol-gel precursors such as
tetraecthyl orthosilicate (TEOS). Most studies
to date have focused on surface applications
of TEOS for heritage conservation, leaving the
potential of in-mixture TEOS incorporation in
modern, sustainable cementitious systems large-
ly unexplored. This study directly bridges this

gap by investigating the synergistic effects of
internal TEOS addition in high-fly-ash cement
mortars — a novel approach that combines sus-
tainability with nano-scale matrix densification,
offering a new pathway for durable, low-carbon
construction materials.

To address the durability issues, research-
ers are exploring advanced solutions, includ-
ing tetracthyl orthosilicate, a silicon alkoxide
(Si(OC:2Hs)4), which has drawn attention for its
ability to form silica networks via hydrolysis
and condensation, thereby densifying cementi-
tious microstructures [2]. Meanwhile, the use of
supplementary cementitious materials (SCMs),
such as fly ash has become common to reduce
cement usage and carbon emissions. Fly ash, a
coal combustion by-product, enhances concrete
properties but its high-volume use often delays
early strength development [3, 4]. Although both
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TEOS and fly ash have been individually studied,
their combined internal use in mortar systems has
not been systematically evaluated, particularly
in terms of microstructural refinement and trans-
port property enhancement. This study uniquely
bridges this divide by exploring the synergy be-
tween TEOS and high-volume fly ash in ordinary
Portland cement (OPC) based mortars, aiming
to overcome the limitations of delayed strength
while significantly improving durability.

TEOS, a silicon alkoxide, is used in sol-gel
processes to form silica-based materials. When
applied to cementitious systems, it hydrolyzes into
silanol groups that condense into a silica network
[5]. TEOS has been shown to improve the me-
chanical strength and water resistance in histori-
cal mortars [6] and natural stones [7]. In cement
pastes, TEOS densifies the matrix by forming
in-situ nano-silica, boosting strength and lower-
ing permeability [8]. Additionally, TEOS-treated
composites have shown better sulfate resistance
due to pore refinement and extra C-S-H forma-
tion [9]. Fernandez et al. [5] found that tetraethyl
orthosilicate TEOS is effective in strengthening
and protecting cement mortars, making it suit-
able for conserving cultural heritage structures.
TEOS enhances durability by reducing porosity
and permeability, while maintaining the original
appearance. Its chemical interaction with cement
components forms additional binding gels that
improve the overall performance of the material.
Fernandez et al. [10] demonstrated that tetraethyl
orthosilicate TEOS, especially when combined
with nanolime, is effective in strengthening and
protecting cement-based materials without alter-
ing their appearance. The treatment enhances du-
rability by increasing strength, reducing porosity,
and improving water resistance. These findings
suggest TEOS-nanolime blends are promising for
preserving historic cement structures.

Fly ash is widely used to replace OPC, con-
tributing to workability and long-term strength
via pozzolanic reactions [11]. However, high fly
ash content slows early strength development due
to its slower reactivity [12]. To counter this issue,
methods such as chemical activation and mechan-
ical processing have been explored [13]. The role
of the physical and chemical properties of fly ash
in improving its reactivity for better performance
in high-volume applications [14].

Yerramala et al. [15] investigated the effect of
replacing OPC with Class F fly ash (5-25%) on
the strength of cement mortars. Results showed
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that while early-age strength decreased for all fly
ash replacements, the mortars with up to 15% fly
ash developed higher compressive and split ten-
sile strength than the control after 28 days. The
optimal replacement level was found to be 10%
for maximum strength. Additionally, fly ash mor-
tars exhibited a higher efficiency factor and bet-
ter tensile strength-to-compressive strength ratio
compared to conventional concrete, although ex-
isting empirical relationships did not accurately
predict their behavior.

Bendapudi et al. [16] highlighted the growing
importance of using fly ash as a supplementary ce-
menting material in mortar and concrete, due to its
environmental benefits and performance enhance-
ments. Fly ash, a by-product of coal combustion,
improves workability, reduces water demand,
enhances durability, and increases long-term
strength. The study confirmed that fly ash is a re-
active pozzolan that improves sulfate resistance as
well as contributes positively to setting time and
strength development. Overall, replacing a por-
tion of portland cement with fly ash enhances the
physical and mechanical properties of concrete,
making it a sustainable choice for modern con-
struction. While TEOS and other ethyl-silicates
have been widely studied as surface consolidants/
protective treatments for historic mortars and
hardened concrete, the internal (in-mixture) use of
TEOS to modify fresh fly-ash—cement mortars has
received far less attention. Therefore, this study
makes three distinct and original contributions to
the field: (1) it is among the first to evaluate the
internal incorporation of low TEOS dosages (0.5—
1.5% w/w of binder) in a high-fly-ash (30% FA)
mortar system, targeting both performance and
sustainability; (2) it integrates comprehensive me-
chanical, durability, and microstructural analyses
— including compressive strength, water absorp-
tion, sorptivity, ultrasonic pulse velocity (UPV),
and field emission scanning electron microscopy
(FESEM) — to establish a direct link between sol-
gel-derived silica formation and bulk transport
properties; and (3) it identifies an optimal internal
TEOS dosage (1% w/w) that significantly reduces
water uptake and sorptivity without compromis-
ing the 28-day compressive strength.

Collectively, these findings represent a signifi-
cant scientific advance by extending the applica-
tion of TEOS from surface conservation to internal
modification of sustainable, SCM-rich cementi-
tious systems — a shift that opens new possibilities
for durable, low-carbon concrete design.
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MATERIAL AND METHODS

The materials used in this investigation com-
prise several key components, as illustrated in
Figure 1. Ordinary Portland cement conforming
to ASTM C150 specifications was used as the
primary binding agent, as depicted in Figure la.
Class F fly ash sourced from Eurobuild Flyash
and conforming to ASTM C618 requirements
was incorporated as presented in Figure 1b. Tet-
raethyl orthosilicate obtained from Sigma-Al-
drich, with properties detailed in Table 3, served
as an additional silicate source and is shown in
Figure 1d. The fine aggregate consisted of Ot-
tawa sand with a fineness modulus of 2.775, as
demonstrated in Figure lc, which complies with
the ASTM C778 standards as illustrated in Ta-
ble 1. Potable water with a neutral pH of 7 was
utilized for all mixing procedures. To optimize
workability characteristics, Sika ViscoCrete-180

GS high-range water-reducing superplasticizer
was incorporated into the mixtures, as illustrated
in Figure 1d. This admixture meets the perfor-
mance requirements established by ASTM C494.
The detailed chemical compositions of both ordi-
nary Portland cement and fly ash are presented in
Table 2, while the superplasticizer specifications
are provided in Table 4.

TEST PROCEDURE

The experimental program involved prepar-
ing three mortar cubes (50 x 50 x 50 mm) for
each test: compressive strength, water absorp-
tion, sorptivity, and ultrasonic pulse velocity
(UPV). The dry materials were first weighed
and mixed thoroughly to achieve a uniform

Table 2. Chemical content of the OPC and the FA

Component OPC FA
Table 1. Sieving test results Silicon dioxide (SiO5) 19.7 48.2
Sieve size (mm) Percentage passing (%) Aluminum oxide (Al,0s) 6.3 254
4.75 100 Iron oxide (Fe,03) 4.3 10.7
2.36 95 Calcium oxide (CaO) 62.2 8.3
1.18 75 Magnesium oxide (MgO) 1.8 2
0.6 375 Sulfur trioxide (SO3) 2 1.9
0.3 12,5 Loss on ignition (LOI) 1.1 1.2
0.15 25 Alkalis (Na,0 + K,0) 2 1.6
0.075 0 Other oxides 0.6 0.7

Figure 1. (a) OPC; (b) FA; (c) Ottawa Sand; (d) TEOS; (e) viscocrete
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Table 3. Silane compound properties

Property Description
Appearance Colorless liquid
Density 0.933 g/mL at 20 °C (lit.)
Refractive Inde N20/D 1.382-1.384
Purity (GC AREA %) 299.0 %

consistency. Water was then gradually added,
while continuously mixing to form a homoge-
neous mortar. The fresh mortar was carefully
cast into molds, vibrated for one minute to re-
move air bubbles, and leveled. After one day, the
specimens were demolded and immersed in wa-
ter to cure. The average values of the three cubes
were reported for each measurement. The com-
pressive strength was determined in accordance
with ASTM C109/C109M [21]. Mortar cube
specimens (50 x 50 x 50 mm) were demolded
after 24 hours, cured in water at 23 = 2 °C, and
tested at specified ages. Compressive strength
was measured at 7 and 28 days, while all other
tests were conducted at 28 days. The test was
carried out using a compression testing machine
with a maximum loading capacity of 300 kN.
The load was applied continuously and with-
out shock at a controlled loading rate of 0.9 £
0.2 kN/s (equivalent to 0.25 = 0.05 MPa/s) until

specimen failure, as specified in ASTM C109/
C109M [21]. Water absorption was measured
following ASTM C642 [22], by first oven-dry-
ing the samples at 105 £ 5 °C to a constant mass,
then immersing them in water (as indicated in
Figure 2a) for 24 hours and weighing again.
Sorptivity was tested based on ASTM C1585
[23] using the same cube specimens, with only
one 50 x 50 mm face exposed to water while the
other faces were sealed, as illustrated in Figure
2b. Both water absorption and sorptivity tests
used 50 x 50 x 50 mm cube specimens. Water
absorption measures the total water uptake when
the specimen is fully immersed, while sorptivity
evaluates the rate of water ingress through capil-
lary suction when only one surface is exposed.
Finally, the UPV test was carried out according
to ASTM C597 [24] using the direct transmission
method, where the velocity was calculated by di-
viding the path length by the pulse transit time.
All specimens were prepared and cured under
the same conditions to ensure uniformity and re-
liable comparison across different mixtures. For
the FESEM test, mortar samples were dried and
then crushed into small fragments. The selected
fragments were mounted on aluminum stubs us-
ing carbon tape and coated with a thin layer of
gold using a sputter coater to ensure conductiv-
ity. Field FESEM analysis was performed under

Figure 2. (a) Water absorption; (b) sorptivity

Table 4. Super plasticizing admixture

Property Description
Composition Aqueous solution of modified polycarboxylates
Appearance Light brownish liquid
pH-Value 4-6
Specific gravity 1.070 * (0.005) g/cm?®
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high vacuum mode at an accelerating voltage of
5-15 kV to observe the surface morphology at
high resolution. Table 5 shows the mixture de-
sign which is done with a ratio of 1:2.75:0.3.

RESULTS AND DISCUSSION

The 7-day and 28-day compressive strength
(CS) tests evaluated early and long-term mechani-
cal performance, critical for assessing hydration
kinetics and pozzolanic activity. The reference
mixture (Ref) achieved 31.57 MPa (7-day) and
44.34 MPa (28-day), typical of ordinary portland

cement systems due to rapid early hydration [25].
Replacing 25% of cement with fly ash (F25) re-
duced 28-day strength to 42.78 MPa, reflecting de-
layed pozzolanic reactions, since fly ash requires
time to react with calcium hydroxide [26, 27, 28].
However, at 30% fly ash replacement (F30), 28-
day strength increased to 46.81 MPa, exceeding
the reference mixture, indicating Fly ash content
enhances densification via secondary hydration
[29]. TEOS-modified mixtures (S05-S15) main-
tained comparable 28-day strength (~46.6-46.75
MPa), indicating that TEOS does not hinder hy-
dration but refines pores, maintaining strength
[30]. Table 6 and Figure 3 show the test results.

Table S. Mixture design
Mixture Cement Sand Water FA TEOS HRWR
Ref 1000 2750 300 0 0 12
F25 750 2750 300 250 0 12
F30 700 2750 300 300 0 12
S05 700 2750 300 300 5 12
S10 700 2750 300 300 10 12
S15 700 2750 300 300 15 12
Table 6. Compressive strength and UPV test results
Mixtures 7-day CS(MPa) 28-day CS (MPa) UPV (m/s)
Ref 31.57 44.34 4380
F25 31.43 42.78 4192
F30 32.96 46.81 4583
S05 32.84 46.75 4564
S10 32.81 46.63 4570
S15 32.76 46.61 4549

m 7-day Compressive Strength (MPa)

50
48
46
44
42

44,34
42,78

40
38
36
34
32
30

32,96

Compressive Strength MPa

31,57

31,43

F25

Ref

m 28-day Compressive Strength (MPa)

46,81

F30 S05 S1

46,75

46,63 46,61

I N I
0 S$15

32,84 32,81

Figure 3. Compressive strength results
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Water absorption (in Figure 4) reflects poros-
ity and durability, with 4.56% absorption of the
reference mixture indicating a coarser pore struc-
ture. Fly ash incorporation reduced absorption
(F25: 4.02%; F30: 3.83%) due to the micro-filler
effect of fly ash, narrowing capillary pores [26,
31]. TEOS further decreased absorption, with
S10 achieving the lowest (2.77%), as hydrolyzed
TEOS forms silica gel, sealing surface pores [32].
However, a slight absorption rebound (3.1%) of
S15 suggests excessive TEOS may agglomerate,
creating localized weak zones (Table 7) [30].

The partial substitution of ordinary portland
cement with fly ash at 25% and 30% proportions
(designated as mixtures F25 and F30) resulted in
a notable reduction in sorptivity values relative to
the control mixture. This phenomenon can be at-
tributed to the pozzolanic reaction of fly ash with
calcium hydroxide [26], producing additional
calcium silicate hydrate (C-S-H) gel that densi-
fies the microstructure [33, 34]. Furthermore, the
fine spherical particles of fly ash enhance particle
packing density within the cementitious matrix,

Table 7. Water absorption results

effectively restricting the interconnectivity of
capillary networks [1, 35].

The incorporation of tetraethyl orthosilicate
(TEOS) at concentrations of 0.5%, 1%, and 1.5%
(denoted as S05, S10, and S15) demonstrates a
significant capacity to mitigate water absorption
[36, 37]. Most notably, the S10 formulation ex-
hibits substantially reduced sorptivity compared
to the F30 mixture. This enhanced performance
can be primarily attributed to the sol-gel reac-
tion mechanism of TEOS, wherein hydrolysis
and subsequent condensation reactions gener-
ate amorphous silica networks within the pore
structure [5, 38]. These siloxane bonds (Si-O-Si)
not only physically obstruct capillary pathways,
but also impart hydrophobic properties to the
concrete surface through the formation of alkyl-
substituted silica compounds [39, 40]. The result-
ing modification of surface energy characteristics
significantly impedes the capillary suction forces
that typically facilitate water ingress into the ce-
mentitious matrix [41, 42]. Figure 5 shows the
sorptivity test.
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Figure 4. Water absorption test results

Mixtures Dry mass (g) Saturated mass (g) Water absorbed (g) Water absorption (%)
Ref 285 298 13 4.56
F25 286 297.5 11.5 4.02
F30 287 298 1 3.83
S05 288 297.5 9.5 3.3
S10 289 297 2.77
S15 290 299 3.1

5,4
4,9
4,56
X
T 4,4
2
é 4,02
% 3,9 3,3
o
<
S
2 3|3
8 3,4
s
2,9 2,I7
2,4
Ref F25 F30 S05 S10 S15




Advances in Science and Technology Research Journal 2025, 19(12) 273-282

Absorption Per Area mm

—<O— Ref
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—%—S10
—0—S15

Time (min~0.5)

Figure 5. Sorptivity test results

UPV measurement assesses concrete ho-
mogeneity and internal flaws, correlating with
density and elastic modulus. The reference mix
exhibited 4380 m/s, indicative of a dense micro-
structure with minimal additives. The lower UPV
(4192 m/s) of F25 aligned with its reduced 28-day
strength, likely due to incomplete Fly ash reaction
creating subtle voids [1]. The higher UPV (4583
m/s) of F30 confirms enhanced matrix integrity
from the pozzolanic refinement of FA. TEOS
blends (S05-S15) showed stable UPV (~4549—
4570 m/s), suggesting colloidal silica from TEOS
hydrolysis-maintained density without disrupting

4700

Ultrasonic Pulse Velocity (m/s)
D
»
o
S}

N
N
o
o

4583
4564
4500
4400 4380
4300
4192
4100
Ref F25 F30 S05

the FA-cement matrix [5]. Table 6 and Figure 6
show the test results.

The FESEM results (shown in Figure 7) il-
lustrated the microstructural evolution of cement
mortar due to fly ash and TEOS incorporation.
The reference sample (Ref) reveals a typical hy-
drated cement matrix with needle-like ettringite,
fibrous calcium silicate hydrate (C—S—H), and
visible portlandite crystals. Upon replacing 30%
of cement with fly ash (F30), the microstructure
became denser and more compact, with fewer
crystalline features, indicating that the pozzolanic
reaction and filler effect of fly ash, which refines

4570

S10 S$15

Figure 6. UPV test results
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Needle Like Ettringite %

Figure 7. The FESEM test results

the pore structure [43, 44]. The addition of 1%
tetracthyl orthosilicate (S10) further enhances the
matrix densification, showing fewer voids and
a more homogeneous microstructure, suggest-
ing that TEOS may promote additional silica gel
formation and improve the packing of hydration
products [45, 46].

CONCLUSIONS

This study investigated the effects of incor-
porating tetraethyl orthosilicate (TEOS) into fly
ash—cement mortar to enhance mechanical per-
formance and durability. Results showed that
adding 1% TEOS by weight of binder to a mor-
tar mixture containing 30% Class F fly ash led
to a slight increase in compressive strength (from
44 MPa to 46 MPa), but a notable reduction in
water absorption and lower sorptivity compared
to the control mixture without TEOS. FESEM
micrographs confirmed a denser microstructure
with fewer interconnected pores, indicating that
in situ sol—gel silica formation effectively refined
the pore network. Unlike most previous research,
which has focused on TEOS as a topical surface
treatment, this work demonstrated the effective-
ness of internal (in-mixture) TEOS addition in
fly ash—cement mortar. The combination of me-
chanical, transport, and microstructural analyses
revealed that TEOS at an optimal dosage of 1%
reduces capillary connectivity and enhances du-
rability, even though strength gains are limited.
This finding provides a practical and scalable ap-
proach to improving the performance of sustain-
able, SCM-rich mortars, expanding the potential
applications of TEOS beyond conventional sur-
face treatments. Overall, the synergistic effect of
fly ash and TEOS presents a practical pathway for
developing advanced cementitious materials with
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improved strength and durability, aligning with
the goals of sustainable construction and infra-
structure resilience.

Acknowledgments

The authors sincerely acknowledge the Ma-
terials Construction Laboratory, Mustansiriyah
University.

REFERENCES

1. Metha, P. K., and Monteiro, P. J. M. Concrete: Micro-
structure, properties, and materials. McGraw-Hill,
2006. https://doi.org/10.1108/09504120610647483

2. Kapridaki, C., et al. Conservation of monuments
by a three-layered compatible treatment of TEOS-
nano-calcium oxalate consolidant and TEOS-PD-
MS-TiO, hydrophobic/photoactive hybrid nano-
materials. Materials, 2018; 11(5): 684. https://doi.
org/10.3390/mal1050684

3. Siddique,R.,andKhan,M.I. Supplementary Cement-
ing Materials. Springer Science & Business Media,
2011. https://doi.org/10.1007/978-3-642-17866-5

4. Hemalatha, T., and A. Ramaswamy. A review on
fly ash characteristics—towards promoting high vol-
ume utilization in developing sustainable concrete.
Journal of Cleaner Production, 2017; 147: 546-59.
https://doi.org/10.1016/j.jclepro.2017.01.114

5. Barberena-Fernandez, A. M., et al. Interaction of
TEOS with cementitious materials: Chemical and
physical effects. Cement and Concrete Compos-
ites, 2015; 55: 145-52. https://doi.org/10.1016/j.
cemconcomp.2014.09.010

6. Franzoni, E., et al. Use of TEOS for fired-clay
bricks consolidation. Materials and Structures,
2014; 47: 1175-184. https://doi.org/10.1617/
s11527-013-0120-7

7. Zendri, E., et al. Characterization and reactivity of
silicatic consolidants. Construction and Building



Advances in Science and Technology Research Journal 2025, 19(12) 273-282

Materials, 2007; 21(5): 1098-106. https://doi.
org/10.1016/j.conbuildmat.2006.01.006

8. Hou, P, etal. Modification effects of colloidal Nano-
SiO, on cement hydration and its gel property. Com-
posites Part B: Engineering, 2013; 45(1): 440-48.
https://doi.org/10.1016/j.compositesb.2012.05.056

9. Jeong, G. Y., and Park, M. J. Evaluate ortho-
tropic properties of wood using digital image
correlation. Construction and Building Materi-
als, 2016; 113: 864—69. https://doi.org/10.1016/j.
conbuildmat.2016.03.129

10. Barberena-Fernandez, A. M., Blanco-Varela, M. T.
and Carmona-Quiroga, P. M. Use of nanosilica-or
nanolime-additioned TEOS to consolidate cementi-
tious materials in heritage structures: Physical and
mechanical properties of mortars. Cement and Con-
crete Composites 2019; 95: 271-276. https://doi.
org/10.1016/j.cemconcomp.2018.09.011

11. Malhotra, V. M., and Mehta, P. K. High-Perfor-
mance, High-Volume Fly Ash Concrete: Materials,
Mixture Proportioning, Properties, Construction
Practice, and Case Histories. 2002.

12. Thomas, M. Supplementary Cementing Materials in
Concrete. CRC Press, 2013. https://doi.org/10.1201/
b14493

13. Davidovits, J. Geopolymer Chemistry and Applica-
tions. Geopolymer Institute, 2008.

14. Juenger, M. C., and Siddique, R. Recent advanc-
es in understanding the role of supplementary
cementitious materials in concrete. Cement and
Concrete Research, 2015; 78: 71-80. https://doi.
org/10.1016/j.cemconres.2015.03.018

15. Yerramala, A., Desai, B. H. Influence of fly ash re-
placement on strength properties of cement mortar.
International Journal of Engineering Science and
Technology. 2012 Aug; 4(8): 3657—65. Accessed at
https://www.idc-online.com/technical references/
pdfs/civil_engineering/INFLUENCE%200F%20
FLY%20ASH.pdf

16. Bendapudi, S. C., Saha, P. Contribution of fly ash to
the properties of mortar and concrete. International
Journal of Earth Sciences and Engineering. 2011
Oct; 4(6): 1017-23. Accessed at https://www.aca-
demia.edu/26328355/Contribution_of Fly ash to
the properties_of Mortar and Concrete

17. ASTM C150. Standard Specification for Portland

Cement. American Society for Testing and Materi-
als, 2001.

18. ASTM C618-22. Standard Specification for Coal
Fly Ash and Raw or Calcined Natural Pozzolan for
Use in Concrete. ASTM International, 2022.

19. ASTM C778-13. Standard Specification for Stan-
dard Sand. ASTM International, 2013.

20. ASTM C494. Standard Specification for Chemi-
cal Admixtures for Concrete. American Society for

Testing and Materials, 1999.

21. ASTM C109/C109M. Standard Test Method for
Compressive Strength of Hydraulic Cement Mortars
(Using 2-in. or [50-mm] Cube Specimens). ASTM
International, 2013.

22. ASTM C642. Standard Test Method for Density,
Absorption, and Voids in Hardened Concrete.
ASTM International, 2006.

23. ASTM C1585-20. Standard Test Method for Mea-
surement of Rate of Absorption of Water by Hydrau-
lic-Cement Concretes. ASTM International, 2020.

24. ASTM C597-22. Standard Test Method for Ultra-
sonic Pulse Velocity Through Concrete. ASTM In-
ternational, 2022.

25.Mindess, S., editor. Developments in the Formu-
lation and Reinforcement of Concrete. Wood-
head Publishing, 2019. https://doi.org/10.1016/
b978-0-08-102616-8.00001-0

26. Cheruvu, R., Kameswara Rao, B. Enhanced con-
crete performance and sustainability with fly ash and
ground granulated blast furnace slag —a comprehen-
sive experimental study. Advances in Science and
Technology Research Journal. 2024; 18(3): 161—
174. https://doi.org/10.12913/22998624/186192

27. Mehta, P. K., and Monteiro, P. Concrete: Microstruc-
ture, Properties, and Materials. McGraw-Hill, 2006.

28. Ramachandran, V. S. Concrete Admixtures Hand-
book: Properties, Science and Technology. Wil-
liam Andrew, 1996. https://doi.org/10.1016/
b978-081551373-5.50008-8

29. Hou, P., et al. Effects of colloidal NanoSiO, on fly
ash hydration. Cement and Concrete Composites,
2012; 34(10): 1095-103. https://doi.org/10.1016/j.
cemconcomp.2012.06.013

30. Yang, J., et al. Towards a deeper understanding of
the impact of tetraethoxysilane (TEOS) on early-age
cement hydration. Construction and Building Mate-
rials, 2024; 450: 138624. https://doi.org/10.1016/].
conbuildmat.2024.138624

31.Tajwar, M. T., et al. Enhancing self-healing and
plastic shrinkage reduction in superabsorbent poly-
mer (SAP) concrete: Synergistic effects of micro-
silica and fly ash. Arabian Journal for Science and
Engineering, 2025; 1-16. https://doi.org/10.1007/
s13369-025-10108-x

32. Franzoni, E., etal. TEOS-based treatments for stone
consolidation: acceleration of hydrolysis—conden-
sation reactions by poulticing. Journal of Sol-Gel
Science and Technology, 2015; 74: 398—405. https://
doi.org/10.1007/s10971-014-3610-3

33. Siddique, R. Properties of self-compacting concrete
containing class F fly ash. Materials & Design,
2011; 32(3): 1501-507. https://doi.org/10.1016/j.
matdes.2010.08.043

34. Wang, D., et al. Durability of concrete containing

281



Advances in Science and Technology Research Journal 2025, 19(12), 273-282

fly ash and silica fume against combined freezing-
thawing and sulfate attack. Construction and Build-
ing Materials, 2017; 147: 398-406. https://doi.
org/10.1016/j.conbuildmat.2017.04.172

35.Bentz, D. P. Cement Hydration: Building Bridges
and Dams at the Microstructure Level. Materials
and Structures, 2007; 40: 397-404. https://doi.
org/10.1617/s11527-006-9147-3

36.Zhang, Z., et al. Potential application of geopoly-
mers as protection coatings for marine Concrete: I1.
Microstructure and anticorrosion mechanism. Ap-
plied Clay Science, 2010; 49(1-2): 7—-12. https://doi.
org/10.1016/j.clay.2010.04.024

37.Hou, P, et al. Effects and mechanisms of surface
treatment of hardened cement-based materials with
colloidal NanoSiO, and Its Precursor. Construction
and Building Materials, 2014; 53: 66—73. https://
doi.org/10.1016/j.conbuildmat.2013.11.062

38. Franzoni, E., et al. Ethyl silicate for surface protec-
tion of concrete: Performance in comparison with
other inorganic surface treatments. Cement and
Concrete Composites, 2013; 44: 69—76. https://doi.
org/10.1016/j.cemconcomp.2013.05.008

39. De Ferri, L., etal. Study of silica nanoparticles—poly-
siloxane hydrophobic treatments for stone-based
monument protection. Journal of Cultural Heri-
tage,2011; 12(4): 356—63. https://doi.org/10.1016/j.
culher.2011.02.006

40.Zhu, Y. G., et al. Influence of silane-based water
repellent on the durability properties of recycled

282

aggregate concrete. Cement and Concrete Compos-
ites, 2013; 35(1): 32-38. https://doi.org/10.1016/j.
cemconcomp.2012.08.008

41.Pan, X., et al. A review on concrete surface treat-
ment Part I: Types and mechanisms. Construction
and Building Materials, 2017; 132: 578-90. https://
doi.org/10.1016/j.conbuildmat.2016.12.025

42.Pigino, B., et al. Ethyl silicate for surface treat-
ment of concrete—Part II: Characteristics and
performance. Cement and Concrete Composites,
2012; 34(3): 313-21. https://doi.org/10.1016/].
cemconcomp.2011.11.021

43. Uzbas, B., Aydin, A. C. Analysis of fly ash concrete
with scanning electron microscopy and X-Ray dif-
fraction. Advances in Science and Technology Re-
search Journal. 2019; 13(4): 100-110. https://doi.
org/10.12913/22998624/114178

44.Siddique, R. Performance characteristics of high-
volume Class F fly ash concrete. Cement and con-
crete research 2004; 34(3): 487—493. https://doi.
org/10.1016/j.cemconres.2003.09.002

45.Li, G. Properties of high-volume fly ash concrete
incorporating nano-SiO,. Cement and Concrete
research 2004; 34(6): 1043—-1049. https://doi.
org/10.1016/j.cemconres.2003.11.013

46. Okoye, F. N., Durgaprasad, J. and Singh, N. B. Ef-
fect of silica fume on the mechanical properties
of fly ash based-geopolymer concrete. Ceramics
International 2016; 42(2): 3000-3006. https://doi.
org/10.1016/j.ceramint.2015.10.084



