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This study investigates the long-term corrosion resistance and mechanical strength of high-performance concrete (HPC) using
micro silica and chemical admixtures, including Rheobuild 1100, Glenium Ace 30, Sika Viscocrete 20 HEC, Ecmas HP-901
and Varaplast PC 100. The grade of the concrete adopted was M60 which comprises OPC 53 grade, fly ash, micro silica
and fine aggregate and coarse aggregates were used. This study seeks to enhance the workability, strength in mechanics, and
longevity of mixtures of concrete characterized by a low water-cement ratio. The results revealed significant improvements in
compressive, tensile, flexural and bond strengths compared to control mixes. Durability tests revealed superior resistance to
chloride ion penetration, salt ponding, sorptivity, water permeability, and accelerated corrosion for HPC mixes with micro-
silica and chemical admixtures. Microstructural inspection using SEM and EDX revealed the densified matrix and increased
C-S-H gel formation, which contributed to enhanced durability. Among all the admixtures, Glenium Ace 30 demonstrated
superior performance, rendering it an exemplary selection for durable infrastructure.
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Introduction prolonged durations. As demonstrated by several facts

and practices in engineering, the structure of concrete

In tropical regions such as India, characterized by an deteriorates significantly even before its life span, mainly
extensive coastline exceeding 5,000 km and receiving in the construction engineering of the ocean [4]. With
approximately 80% of its annual precipitation within a mineral admixtures, high-performance concrete (HPC)
just two months, the corrosion of reinforced concrete has a higher cementitious content than water content
structures presents a significant issue. The dilemma [5]. As it is more resistant than regular concrete to all
is exacerbated in urban regions, where emissions of types of harmful ions, it is frequently employed in ocean
carbon and nitrogen oxides hasten the degradation construction engineering [6,7]. To improve and refine
of concrete by diminishing the efficacy of the cover. the distribution of the pore size of concrete, a calculated
Consequently, reinforced concrete structures frequently amount of admixtures can be added to the cement paste
require substantial repair and rehabilitation approximately [8], thereby reducing the large number of pores, which
15 years post-construction [1]. Much of the nation's eventually increases the number of connected small pores
infrastructure is now antiquated, with numerous concrete that fill in the cement and aggregate pores in different
structures surpassing their designed service life, rendering amounts. These required actions help to improve the
their ongoing utilization hazardous unless appropriate performance of concrete by increasing its density [9].
reinforcement measures are implemented to satisfy Numerous studies have demonstrated that the addition of
contemporary requirements [2]. After analyzing all the mineral admixtures to concrete increases its durability.
data, we still need to protect RCC from Corrosion. The Chalee demonstrated that replacing more micro silica
following methodology for my research will provide a and fine aggregates in concrete significantly reduces steel
better solution for long-term aspects [3]. corrosion and chloride penetration [10, 11]. In this study,
Concrete structures employed in marine building the long-term corrosion resistance of high-performance
must endure exceptionally adverse circumstances for concrete (HPC) was investigated using various mineral

and chemical admixtures, including Rheobuild 1100,

Glenium ACE 30, Sika Viscocrete 20 HEC, Ecmas HP-

*Corresponding author: 901 (p), and Varaplast PC 100 [12,13]. The objective
Tel : +91 8903486090 was to develop concrete mixes capable of resisting long-
E-mail: sivadevi6224@gmail.com term corrosion under extreme environmental conditions,
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as typically encountered in ocean construction. The mix
design aims to achieve a water-cement ratio lesser for
M60 grade concrete to enhance workability, mechanical
strength, and durability [14-16].

To assess the mechanical properties of the concrete,
split tensile strength, compressive strength, flexibility, and
pull-out tests were conducted in line with IS requirements.
Additional assessments, including the Rapid Chloride
Penetration test, Salt Ponding, Sorptivity, permeation of
water evaluations, and Accelerated Chloride Migration
tests, have been performed to ascertain the durability of
concrete and its resilience against hostile situations [17].
Additionally, SEM and EDX analyses were performed
to analyze the microstructure of the concrete [18].
Furthermore, to evaluate the uniformity and integrity
of the concrete, the Ultrasonic Pulse Velocity (UPV)
was assessed. This study seeks to illustrate the capacity
of micro silica and additives to improve the corrosion
resistance and durability of high-performance concrete
in marine environments.

Investigation of the Experiment

Materials Used

Materials such as Ordinary Portland Cement of grade
53, micro silica, and fly ash along with M sand were
used as fine aggregates with a specific gravity of 2.76, a
fine modulus of 2.85, and coarse aggregates of size 12.5
mm and 20 mm in a ratio of 60:40 were utilized for the
production of concrete. Fe500 grade reinforcing steel was
utilized in high-performance concrete. Rheobuild 1100,
Glenium Ace 30, Sika Viscocrete 20 HEC, Varaplast
PC 100, and Ecmas HP-901 (P) are chemical admixtures
used in the preparation of HPC. Following the process
outlined in IS 10262, M60 grade concrete was used [19,
20]. The water-cement ratio was consistently maintained
at 0.32 throughout all samples. The mix design utilized
for the M60 mix graded concrete is 1:1.07:1.85.

Steps involved in concrete preparation

Concrete samples for the five different admixtures and
a control sample were prepared. These samples were
labeled as CS (Control Specimen), HPC 1 (Rheobuild
1100), HPC 2 (Glenium Ace 30), HPC 3 (Sika Viscocrete
20 HEC), HPC 4 (Varaplast PC 100), and HPC 5
(Ecmas HP-901). All components, including cement,
fly ash, micro silica, M-sand, and coarse aggregates (20
mm and 12.5 mm), were weighed separately and then
combined in a mixer in the laboratory to prevent the loss
of water and aggregate. A slump cone test was performed
to determine the workability of the concrete [21]. To
measure the mechanical properties of the concrete, cubes
measuring 150 mm on each side, cylindrical specimens,
and beams were cast at standard sizes. In this process, a
steel rod that was rounded at one end and had a diameter
of 16 mm was used as the reinforcement [22]. Concrete
was poured into cube samples in three layers, and the
layers of concrete were properly compacted using a table
vibrator. The prepared samples were left undisturbed for
24 h after casting and maintained at room temperature
[23]. They were then removed from the mold and cured
by immersion in water for 28 days at a temperature of
23+2 °C.

Testing Methodology

This study entailed performing a series of evaluations
on the mechanical properties and durability of High-
Performance Concrete specimens including various
mineral and chemical admixtures. Concrete cubes were
evaluated for compressive strength at 7 and 28 days in
accordance with IS 516:1959 utilizing a compression
testing machine [24]. The split tensile strength was
determined using IS 5816:1999, and cylindrical
specimens were used for tensile testing. The pull-out
test was performed according to the ASTM (C234-91
guidelines, as shown in Fig. 1. The flexural strength was
determined by testing the beam specimens under a three-

Table 1. Mix Design for M 60 Grade Concrete as per (IS 10262 : 2009).

Micro Total

Fine Coarse

. Cement Fly Ash o . Water Admixture w/c
W gy ey s R et feER Gom)  Gwm)  (OPO)
CS 450.0 128.6 64.3 642.9 689.8 1194.8 204.0 - 0.32
HPC 1 450.0 128.6 64.3 642.9 689.8 1194.8 144.0 Rheobuild 0.32
1100
HPC 2 450.0 128.6 64.3 642.9 689.8 1194.8 144.0 Glenium Ace 0.32
30
HPC 3 450.0 128.6 64.3 642.9 689.8 1194.8 144.0 Sika 0.32
Viscocrete 20
HEC
HPC 4 450.0 128.6 64.3 642.9 689.8 1194.8 144.0 Varaplast PC 0.32
100
HPC 5 450.0 128.6 64.3 642.9 689.8 1194.8 144.0  Ecmas HP-901 0.32
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Fig. 2. Flexural strength test.

point loading system with respect to IS 516:1959, as
shown in Fig. 2. The durability properties were assessed
through various tests: in order to measure the chloride
ion permeability, Rapid Chloride Penetration test was
carried out in accordance with ASTM C1202-97 is
showed in Fig. 3, the salt ponding test was carried out
as per ASTM C 1543-02, sorptivity test was carried out
following ASTM C1585 so as to assess the capillary
suction and water permeability test was carried out
using DIN 1048-5 respectively is showed in Fig. 4.

Fig. 3. Rapid Chloride Penetration test.

Fig. 4. Water Permeability test.

NT BUILD 492 was used to carry out the Accelerated
Chloride Migration Test (ACTM), and ASTM G109 was
used for conducting the accelerated corrosion tests on
concrete [25, 26]. To examine the elemental composition
and morphological structure of the concrete matrix,
Scanning Electron Microscopy and Energy Dispersive
X-ray Analysis (EDX) were carried out according to
ASTM EI1508. The Ultrasonic Pulse Velocity (UPV)
test was conducted according to IS 13311 (Part 1):1992
to assess the integrity and homogeneity of the concrete
sample. All tests were carried out with strict adherence
to the aforementioned standards to ensure accurate and
reliable results, contributing to a comprehensive analysis
of the performance of concrete.

Results and Discussion

Mechanical Properties

Test for Compressive Strength

Figure 5 illustrates the compressive strength of both
the control mix and the concrete with admixtures after 7
and 28 days of curing. It is evident from the chart that
at 7 days, all samples of HPC along with micro silica
exhibited higher strength in comparison to conventional
concrete. The technique for compressive strength,
including specimen size, curing, and measurement

Compressive Strength of HPCM
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Fig. 5. Compressive Strength of conventional and High
Performance Concrete Mix.
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data, is referenced according to IS Standards. From
the results, it was found that the mix containing micro
silica and the Glenium Ace 30 admixture demonstrated
the highest compressive strength of 75.60 N/mm? [27].
Suggested that Glenium ACE 30 (HPC 1) significantly
increases the compressive strength of concrete, with a
28-day strength reaching 75.05 MPa, which is consistent
with our observation of 75 MPa. Additionally, it was
noted that the concrete containing the Rheobuild 1100
admixture (HPC 2) enhanced the compressive strength,
achieving values of approximately 70.02 MPa at 28
d, aligning with the observed 70.02 MPa [28]. Also
achieved a compressive strength of approximately 20.10
MPa after 28 d. The percentage increase in the strength
of the compressive test of HPC 2 and HPC 3 mixes
containing Varaplast PC 100 and Sika Viscocrete 20
HEC admixtures was 17.70% and 16.10%, respectively.
Glenium ACE 30 concrete (HPC 1) demonstrated the
highest improvement, followed by Varaplast PC 100
(HPC 4) and Sika Viscocrete 20 HEC (HPC 3), and
it was concluded that all HPC mixes exhibited greater
compressive strength than the Control Concrete.

Test for Split Tensile Strength

Figure 6 illustrates the split tensile strength of high-
performance concrete specimens following 7 and 28 days
of cure. The high-performance concrete samples exhibited
superior split tensile strength relative to ordinary concrete,
mostly attributable to the incorporation of water reducers
and superplasticizers, leading to enhanced concrete
strength [29,30]. The technique, specimen dimensions,
curing, and measurement specifications for Split Tensile
strength are in accordance with IS Standards. From the
Fig. 7, it is evident that HPC 2 exhibits the highest split
tensile strength among the samples. Specifically, the split
tensile strength for HPC 2 was 3.51 MPa and 5.40 MPa
at 7 days and 28 days of curing, while for conventional
concrete it was 2.925 MPa and 4.50 MPa, respectively.
A comparison with conventional concrete revealed an
18.18% and 20% increase in the split tensile strength
for HPC 2, respectively. The addition of admixtures
to concrete improves bonding and reduces porosity,

Split Tensile strength of HPCM

CC HPCM HPCM HPCM HPCM HPCM

1 2 3 4 o
Admixtures with Micro silica
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o B N W B O

Split Tensile Strength in MPa

Fig. 6. Split Tensile Strength of Conventional and High
Performance Concrete Mix.

resulting in increased strength compared to conventional
concrete that indicated high-performance concrete with
micro-silica and chemical admixtures can achieve a split
tensile strength of 5.00-5.40 MPa, supporting the values
observed for almost all high-performance concrete mixes.

Flexural Strength test

The technique for flexural strength, including specimen
size, curing, and measurement data, is referenced according
to IS Standards. In Fig. 7, the flexural strengths of various
HPC samples are illustrated after 7 and 28 d of curing.
Compared to CC, all HPC samples displayed superior
flexural strength. At 7 days and 28 days, HPC 2 along
with micro silica exhibited the highest flexural strength,
measuring 4.94 MPa and 7.60 MPa, demonstrating
exceptional tensile strength and crack resistance. HPC 3
and HPC 4 also displayed notable enhancements over the
control mix, indicating that these admixtures effectively
improved the flexural strength of the concrete. [32]
Conducted research to prove that incorporating micro
silica and chemical admixtures can significantly boost
the flexural strength of concrete by improving particle
packing and hydration products.

Pull Out Test

The process, specimen size, curing, and measurement

Flexural Strength of HPCM
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Fig. 7. Flexural Strength of Conventional and High Performance
Concrete Mix.

Bond Strength of HPCM
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Fig. 8. Bond Strength of Conventional and High Performance
Concrete Mix.
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specifications of the Pull Out test are referenced according
to IS Standards. The bond strengths of various HPC
samples at 7 d and 28 d of curing are shown in Fig. 8.
The concrete containing micro silica and Glenium ACE
30 admixture demonstrated the highest bond strength
with a value of 18.85 MPa for 7 days and 29.20 MPa
for 28 days, indicating superior adhesion and durability.
The presence of Rheobuild 1100 and Varaplast PC 100
admixtures in the concrete also exhibited significant
enhancements, implying that these admixtures improved
the bond strength and contributed to the overall structural
performance. By improving the wetting and dispersion
of cement particles, the inclusion of micro silica,
super plasticizers, and other chemical admixtures can
boost the bond strength of concrete, resulting in better
hydration and improved bonding with reinforcing steel
[33]. Demonstrated that the incorporation of micro silica
and specific chemical admixtures in high performance
concrete led to improved bond strength owing to the
creation of a denser matrix and enhanced adhesion.

Durability Properties

Properties related to durability, such as Rapid Chloride
Penetration Test (RCPT), salt ponding, sorptivity,
water permeability, accelerated chloride migration test
(ACMT), and accelerated corrosion tests, were carried
out. The Rapid Chloride Penetration (RCPT) test results
for the control concrete were 2500 Coulombs, 1800
Coulombs for HPC 1, 1400 Coulombs for HPC 2,
1500 Coulombs for HPC 3, 1600 Coulombs for HPC
4, and 1700 Coulombs for HPC 5. From the results
obtained from the test, it is clear that there is a significant
reduction in the charge passed with the use of micro
silica and chemical admixtures, indicating lower chloride
ion permeability. HPC 2 was effective in enhancing the
chloride resistance [34, 35]. The inclusion of micro silica
significantly reduces the permeability of chloride ions in
concrete, which aligns with the reduced RCPT values for
mixes with admixture as shown in Fig. 9.

The salt-ponding values for CC were 15, 10, 6, 4, &,
and 9 mm for HPC 1, HPC 2, 4 mm for HPC 3, 8 m for
HPC 4, and 9 mm for HPC 5, respectively. The depth
of chloride ion penetration was considerably lower for

Salt Ponding of HPCM
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% 10 W HPC2
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Concrete with Micro silica and Admixtures

Fig. 9. Rapid Chloride Penetration Test of High Performance
Concrete Mix.
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Fig. 10. Salt Ponding of High Performance Concrete Mix.

the concrete mixes with admixtures. Glenium Ace 30
(HPC 2) and Sika Viscocrete 20 HEC (HPC 3) exhibited
the lowest penetration depths, highlighting their superior
performance in preventing chloride ingress, as shown in
Fig. 10.

The sorptivity test results for CC was 0.15 mm/
min®’, 0.10 mm/min®® for HPC 1, 0.08 mm/min®® for
HPC 2, 0.09 mm/min®® for HPC 3, 0.15 mm/min”*for
HPC 4 and 0.12 mm/min”*for HPC 5 which indicated
that the water absorption’s rate was reduced with the
inclusion of admixtures. The concrete with micro-silica
and Glenium Ace 30 admixture (HPC 2) showed the
lowest sorptivity, which is beneficial for reducing water
uptake and subsequent deterioration [36,37]. Showed
that the incorporation of cementitious materials, such
as fly ash and micro silica, reduces the sorptivity of
concrete, which is consistent with the values provided
for admixture-enhanced mixes, as shown in Fig. 11.

From the water permeability test, the co-efficient
of water permeability for CC was 1.5 x 10" my/s,
HPC 1 was 1.0 x 10" m/s, HPC 2 was 0.8 x 10"
m/s, HPC 3 was 0.9 x 10" m/s, HPC 4 was 1.1 x
10" my/s, and HPC 5 was 1.2 x 10" m/s. From the
test results, it was observed that the coefficient of
permeability was significantly decreased for concrete
mixes with micro-silica and chemical admixtures. The
coefficient of permeability diminished as a result of pore
refinement and the denser microstructure attained by the
incorporation of micro silica and the dispersive effects of
admixtures. These admixtures enhance packing density,
diminish linked capillary holes, and promote secondary
C-S-H gel formation, thus limiting water transport [38].

Sorptivity of HPCM
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Concrete with Micro silica and Admixtures

Fig. 11. Sorptivity of High Performance Concrete Mix.
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Water Permeability Test of HPCM
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Fig. 12. Sorptivity of High Performance Concrete Mix.

From the study conducted by [39,40] it was found that
the use of high-performance chemical admixtures and
micro silicaled to reduced water permeability, as shown
in Fig. 11.

An Accelerated Chloride Migration Test (ACMT)
revealed that the admixtures improved the resistance
to chloride migration. HPC 2, along with micro silica,
showed the lowest chloride migration depth of 12 mm,
reinforcing its effectiveness in enhancing durability.
The time to corrosion initiation was calculated from the
accelerated corrosion test and was found to be extended
with the use of admixtures [41]. In this study, micro
silica, Glenium Ace 30, and Sika Viscocrete 20 HEC
provided the largest protection period, as shown in
Fig. 12.

SEM and EDX Analysis

The SEM images provide visual evidence of the
microstructure of HPC, showing the structure of the
products of hydration, the distribution of different
phases, and the quality of the Interfacial Transition Zone
(ITZ). The SEM control mix image in Fig. 13 shows a
relatively porous microstructure with larger and more
interconnected pores. The hydration products were less
dense and there were noticeable micro cracks. The micro-
silica and HPC 1 mix with Rheobuild 1100, as shown
in Fig. 14, has a denser microstructure with fewer and
smaller pores. The hydration products are more uniform
and compact, indicating better hydration and reduced

Fig. 14. SEM micrograph of HPC 1.

Fig. 15. SEM micrograph of HPC 2.

porosity. The micro silica and Glenium Ace 30 mix
HPC 2 in Fig. 15 exhibits a highly dense microstructure
with minimal pores and a very compact matrix. The ITZ
appears to be well-bonded, and the hydration products are
highly crystalline. The mix of micro-silica and HPC 3in
Fig. 16 shows a dense microstructure with well-formed
and closely packed hydration products. The I1TZ was
improved, indicating better bonding between the cement
paste and the concrete aggregate. The SEM images of
micro-silica and Varaplast PC 100 in Fig. 17 concrete
typically show a dense microstructure with fewer pores
and micro cracks in comparison to the Conventional
Concrete. The microstructure was compact because of
the efficient packing of the particles facilitated by the
admixture [42]. At higher magnification, calcium silicate
hydrate (C-S-H) gel was well distributed, filling the
voids and reducing porosity. The presence of uniformly

Fig. 13. SEM micrograph of control concrete.

Fig. 16. SEM micrograph of HPC 3.
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Fig. 18. SEM micrograph of HPC 5.

dispersed fine particles contributed to the enhanced
strength and durability. The SEM images of micro-
silica and ECMAS HP-901 in Fig. 18 concrete exhibit
a dense and well-hydrated microstructure [43]. The
admixture promoted—the H gel formation and reduced the
presence of capillary pores. Higher magnification reveals
a continuous network of C-S-H gel formation with
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minimal micro cracks. Fine particles of the admixture
fill the gaps, enhancing the overall microstructure.

Energy Dispersive X-ray Spectroscopy (EDX) was
conducted on hardened conventional concrete to evaluate
its elemental composition and confirm the existence
of cement hydration products. Fig. 19 illustrates the
EDX spectrum of the Conventional Concrete sample,
highlighting predominant peaks for O, Si, and Ca,
which signify C—S—H gel and hydrated cement phases
characteristic of standard concrete.

The EDX spectrum displays significant peaks for
oxygen (O), silicon (Si), and calcium (Ca), validating
the production of calcium silicate hydrate (C-S-H)
gel as the primary hydration product. An unequivocal
aluminum (Al) peak signifies the existence of calcium
aluminate hydrates, whereas iron (Fe) and magnesium
(Mg) peaks relate to minor clinker phases (CsAF and
MgO). Trace elements include potassium (K), chlorine
(Cl), strontium (Sr), titanium (Ti), and barium (Ba)
derive from cement raw materials and aggregates.
The Ca/Si ratio, derived from the quantitative weight
percentages, was determined to be roughly 1.9-2.0,
which is characteristic of standard concrete and signifies
a balanced production of C—S—H gel. This composition
indicates that the matrix is adequately hydrated
although comparatively less dense than HPC mixtures.
The overall elemental profile reflects the normal
composition of OPCbased concrete. Compared to M60
concrete with other admixtures, this spectrum exhibits
a comparatively lower Ca concentration and less
apparent densification, indicating a higher proportion of
capillary holes and a less polished microstructure [44].
Microstructural development and hydration behavior of
M60-grade concrete adding Rheobuild 1100 (HPC 1),
EDXwas conducted on the hardened paste. The EDX
spectrum (Fig. 20) exhibits strong peaks for oxygen
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Fig. 19. EDX image of Control Concrete.
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Fig. 20. EDX image of HPC 1.

(O), calcium (Ca), and silicon (Si)—confirming the
development of calcium silicate hydrate (C—S—H) gel,
the major hydration product responsible for mechanical
strength in Portland cement systems.

A significant aluminum (Al) peak indicates the
production of calcium aluminate hydrates, possibly AFt
(ettringite) and/or AFm phases, which enhance early
strength and volume stability. Iron (Fe) and magnesium
(Mg) are associated with minor components of cement
clinker, specifically C.AF (tetracalciumaluminoferrite)
and MgO. Trace elements such as potassium (K) and
cobalt (Co) are associated with raw cement components
and admixture additives. The Ca/Si weight ratio is
around 2.07, marginally exceeding the average range of
1.5-2.0 for well-structured C—S—H gel. This increased
ratio signifies a calcium-rich hydration product, either
resulting from the incomplete reactivity of silicate
phases or the existence of free calcium hydroxide
(portlandite). A high Ca/Si ratio correlates with increased
early strength but may also indicate a less refined
microstructure with elevated capillary porosity relative
to highly densified high-performance concrete systems.
The overall elemental profile corresponds with that
of OPC-based systems; however, the lower calcium
concentration seen in comparison to other admixed
concrete may indicate diminished densification. HPC
1, a superplasticizer based on polycarboxylate ether
(PCE), is recognized for improving workability; yet, its
influence on microstructural compaction is diminished
in this instance—possibly attributable to dosage, curing
conditions, or interactions with cement mineralogy [45].

Figure 20, EDX spectrum of M60 grade concrete using
HPC 1. The spectrum displays significant peaks for Ca,
Si, and O, signifying the presence of calcium silicate
hydrate (C—S—H) gel, as well as peaks for Al, Fe, Mg,
and trace elements, indicative of cementitious phases
and admixture components [46]. EDX was conducted

on hardened M60 grade concrete containing Glenium
ACE 30 (HPC 2) to assess the elemental composition
and verify the development of hydration products. Fig.
21 presents the EDX spectrum of the sample, whereas
Table X encapsulates the quantitative elemental analysis.
The EDX spectrum displays prominent peaks of
oxygen (O), calcium (Ca), and silicon (Si), confirming
the presence of calcium silicate hydrate (C—S-H) gel
and portlandite [Ca(OH):] as the principal hydration
products. The presence of aluminum (Al) signifies the
production of ettringite and calcium aluminate hydrates
(AFt/AFm phases), which enhance dimensional stability.
Trace elements including magnesium (Mg), iron (Fe),
sodium (Na), and potassium (K) are associated with
clinker components and aggregate contaminants. The
Ca/Si ratio of 2.36, derived from weight percentages,
is marginally elevated compared to the commonly
reported range for well-formed C—S—H gel, which is
1.7-2.3. This signifies a calcium-rich hydration product,
aligned with a densely compacted microstructure and
enhanced strength development in M60 grade concrete.
The use of HPC superplasticizer markedly affected the
microstructure by enhancing the dispersion of cement
particles, resulting in more thorough hydration and
increased production of C—S—H. This is evidenced by
the elevated peaks of Ca and Si and the diminished
presence of unhydrated residues. The microstructural
data substantiates matrix densification, elucidating the
observed enhancements in mechanical strength and
durability performance, including increased compressive
strength, reduced permeability, and enhanced resilience
to harsh environments [47]. The EDX spectrum of
M60 grade concrete with HPC 2 exhibits prominent
peaks of Ca, Si, and O, hence validating the existence
of C—S—-H gel and a compact microstructure.The EDX
results confirms that HPC2 enhances microstructural
densification by augmenting the relative amount of
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Fig. 21. EDX image of HPC 2.

Live Time : 20

calcium silicate hydrate and diminishing unhydrated
clinker phases. The microstructural enhancement
elucidates the observed increases in compressive
strength, diminished permeability, and enhanced long-
term durability, as illustrated in Fig. 21.

The chemical composition of the Sika Viscocrete 20
HEC (HPC 3) admixture was analyzed using Energy
Dispersive X-ray Spectroscopy (EDX). The acquired
spectrum, illustrated in Fig. 22, displays prominent
peaks for oxygen (O), calcium (Ca), and silicon (Si),
alongside minor contributions from magnesium (Mg),
aluminum (Al), potassium (K), titanium (Ti), iron
(Fe), and tellurium (Te). Quantitative research reveals
that oxygen (46.30 wt.%) and calcium (23.88 wt.%)
are the principal elements, with silicon contributing
9.46 wt.%. The determined Ca/Si weight ratio is 2.52,
which is nearer to the stoichiometric range generally
seen for calcium silicate hydrate (C—S—H) phases (1.2—

September 2025 | New Sample | Area 144 | Full Area 1
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0.96K;
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2.0), but marginally elevated. In contrast to the HPC
3 admixture (Ca/Si = 6.86), HPC 3 demonstrates a
more equilibrated Ca/Si ratio, indicating a composition
that may more effectively facilitate C-S-H gel
formation instead of excessive portlandite precipitation.
A Ca/Si ratio of 2.52 is advantageous for maintaining
long-term strength via stable C—S—H gel formation.HPC
3, possessing a more balanced silicate composition,
may improve microstructural refinement and reduce the
excessive leaching of Ca(OH).. This enhances chemical
resistance and dimensional stability in high-strength
concretes such as M60.The presence of Al (4.27 wt.%),
Fe (6.27 wt.%), and trace Te (4.28 wt.%) may affect
hydration kinetics and phase stability. Specifically, Al
can facilitate the development of calcium aluminate
hydrates, whereas Fe oxides can serve as nucleation
sites for hydration products. The composition of HPC 3
corresponds with its function as a superior water-reduction

Ti Fe o Co

.
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Fig. 22.EDX image of HPC 3.
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compound for concrete with a high strength. Its Ca/Si
ratio, which aligns closely with C—S—H stoichiometry,
renders it an advantageous additive for M60 concrete,
facilitating both rapid strength development and enduring
performance.

The chemical composition of the Ecmas HP-901
(HPC 4) admixture was analyzed using EDX. The
spectrum illustrated in Fig. 23 has distinct peaks mostly
associated with oxygen (O), calcium (Ca), and silicon
(Si). Secondary signals were detected for magnesium
(Mg), aluminum (Al), potassium (K), iron (Fe), and
mercury (Hg). Oxygen (49.91 wt.%) and calcium (28.61
wt.%) are the predominant elements, whereas silicon
constitutes 8.22 wt.%. The resultant Ca/Si weight ratio
is 3.48, significantly exceeding the conventional C—S—H
stoichiometric range (1.2-2.0) although remaining inferior
to that of HPC 4 (Ca/Si = 6.86). This intermediate
number indicates that HPC 4 offers a relatively higher
calcium environment, however not to the same degree
as HPC 3. The admixture, rich in calcium, can expedite
the hydration of silicate phases and enhance the early
availability of Ca* ions. This facilitates accelerated setting
and initial strength development in high-performance
concretes.M60 grade concrete is typically formulated
with micro silica, where the excess calcium from
HPC 4 can actively interact with these supplementary
cementitious materials to generate additional C—S-H.
This pozzolanic combination enhances microstructural
densification and long-term efficacy. The formulation of
HPC 4 reveals a calcium-rich blend that may facilitate
swift strength enhancement in M60 concretes, while
simultaneously utilizing supplementary cementitious
materials to improve durability by mitigating excess
portlandite.

The elemental composition of the Varaplast PC
100 (HPC 5) chemical admixture was examined by
EDX analysis. The spectrum depicted in Fig. 24

September 2025 | New Sample | Area 146 | Full Area 1

o]
1.08K

0.00 1.00 2,00 3.00 400

exhibits significant peaks attributed to oxygen (O),
calcium (Ca), and silicon (Si), with additional small
contributions from magnesium (Mg), aluminum (Al),
potassium (K), titanium (Ti), iron (Fe), and cobalt
(Co). EDX spectrum of the HPC 5 chemical admixture
displaying principal and secondary elemental ingredients.
The quantitative data reveal that oxygen and calcium
predominate in the composition, with weight percentages
of 48.51% and 34.86%, respectively. Silicon, despite
its lower concentration (5.08 wt.%), is noteworthy due
to its crucial involvement in silicate phases and Ca—
Si interactions within cementitious systems. The Ca/
Si weight ratio was determined to be approximately
6.86, significantly exceeding the stoichiometric Ca/Si
ratio of conventional calcium silicate hydrate (C—S—H)
phases (1.2-2.0). This indicates that the admixture
delivers a surplus of calcium, potentially affecting
hydration kinetics, improving setting properties, and
facilitating the production of portlandite (Ca(OH):)
during hydration. Minor constituents, including Fe, Ti,
and minor Co identified in the mixture, may function
as inert fillers or nucleation sites during hydration.
Although their concentrations are minimal, they may
affect microstructural stability and crack resistance. The
elevated oxygen concentration indicates the prevalence
of oxide phases, aligning with standard admixture
chemistry. The chemical profile of HPC 5 indicates its
potential to enhance the hydration processes in M60
grade concrete by supplying ample calcium for early
hydration, while also synergistically interacting with
SCMs to attain the necessary strength and durability
equilibrium of high-performance concretes [48].

The SEM images reveal that the inclusion of chemical
admixtures leads to a denser and more homogeneous
microstructure [49]. The reduction in pore size and
improved ITZ contributed to enhanced mechanical
and durability properties, and EDX analysis showed a

Fe Fe Hg
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Fig. 23.EDX image of HPC 4.
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Fig. 24. EDX image of HPC 5.

higher Si/Ca ratio in mixes with chemical admixtures,
indicating increased C-S-H formation, leading to an
increase in the strength and durability of concrete. The
reduced presence of CH suggests better utilization of
calcium in the formation of durable hydration products.

NON Destructive Testing for High Performance
Concrete

In the nondestructive testing, the ultrasonic sonic pulse
velocity was conducted, as shown in Fig. 25. This non-
destructive testing method indicates that the speed of an
ultrasonic pulse passing through control concrete was
found to be 3.9 km/s, HPC 1 and micro silica was found
to be 4.4 km/s, HPC 2 and micro silica was found to be
4.6 km/s, HPC 3 and micro silica was found to be 4.5
km/s, HPC 4 and micro silica was found to be 4.3 km/s,
and HPC 5 and micro silica was found to be 4.4 km/s.
The UPV values for the mixtures with admixtures were
higher than those of the control mix, indicating a dense
and homogenous microstructure. This supports the SEM
findings and enhances the durability. From the analysis it
was observed that the concrete with chemical admixtures
and micro silica has higher UPV values indicating better

Fig. 25. Ultrasonic Pulse Velocity Test.

Live Time - 30  Amp Time(us) - 0.96

5.00 6.00 7.00 8.00 9.00

Resolution:(eV) : 1303

density and homogeneity.
Conclusions

This study showed that the addition of micro silica
and specific chemical admixtures markedly enhanced the
mechanical and durability properties of M60 grade high-
performance concrete (HPC). The compressive strength
of the control mix was approximately 62 MPa at 28 days,
whereas the mix containing Glenium Ace 30 attained 75.6
MPa, indicating a 22% enhancement. The split tensile
strength increased from 4.5 MPa in conventional concrete
to 5.4 MPa in HPC mixes, demonstrating an approximate
20% improvement. The flexural strength of HPC with
Glenium Ace 30 attained 7.6 MPa, in contrast to 6.0 MPa
for the control, reflecting a 27% enhancement. Bond
strength values increased significantly, with the optimal
mixture attaining 29.2 MPa compared to 22.5 MPa for
ordinary concrete, demonstrating a 30% improvement
in reinforcement-concrete adhesion. Durability studies
further validated the exceptional performance of HPC
mixtures. The Rapid Chloride Penetration Test (RCPT)
values diminished from 2500 Coulombs for the control
to 1400 Coulombs for HPC 2, indicating a 44% decrease
in chloride permeability. Salt ponding depths diminished
from 15 mm in ordinary concrete to 4 mm in the
most effective high-performance concrete, indicating
substantial resistance to chloride penetration. Sorptivity
measurements decreased from 0.15 mm/min® to 0.08
mm/min”?, signifying a reduction of approximately 47%
in water absorption. Water permeability decreased from
1.5 x 10 m/s to 0.8 x 107 m/s, indicating a 46%
enhancement in pore refinement. Accelerated chloride
migration tests demonstrated minimum penetration
depths of 12 mm in high-performance concrete
(HPC), in contrast to 20 mm for the control specimen.
Microstructural investigations utilizing SEM and EDX
validated the presence of denser matrices, less porosity,
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and increased C-S-H gel formation in HPC mixtures.
The non-destructive ultrasonic pulse velocity (UPV)
measurements rose from 3.9 km/s for the control to 4.6
km/s for high-performance concrete (HPC), indicating a
uniform and dense structure.
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