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Abstract: Concrete is widely used in construction for various reasons, including its durability, but remains
vulnerable to many deterioration mechanisms that impact its durability. The porous nature of concrete can
be one of the primary sources of its proneness to degradation. Leaving concrete exposed to deterioration
mechanisms negatively affects the structure's durability; therefore, having suitable protection is vital.
Concrete protection is classified into surface applied and integral systems; here, we thoroughly cover the
effects of novel integral admixtures on concrete durability. The first part of this paper presents various
studies on the impact of Krystol Waterproofing Admixtures (WA). The test results indicate WA enhances
concrete resistance to water penetration, reduces cracking, improves self-sealing, and overall protects
concrete against various deterioration mechanisms. Compared with the reference mix, WA treated
concrete had a lower corrosion potential using Linear Polarization Resistance (LPR) method. In addition to
laboratory testing, a long-term field study proves the positive effects of WA on corrosion control. Adding
WA improved the concrete Durability Factor from 60% to more than 80% after 300 freeze-thaw cycles with
no evidence of failure. Besides, adding WA to concrete prevented ASR development, delayed the
development of interior damage, and significantly reduced compressive strength loss. The second part will
cover a less often considered deterioration mechanism, abrasion, and the effects of Integral Hardening
Admixtures (IHA). The results of the various test methods, including an innovative method, show that
adding IHA improves concrete abrasion and erosion resistance and, thus, structure service life.
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1. Introduction

The primary factors considered nowadays when choosing the ideal material for construction are
availability, formability, reasonable price, and, most importantly, durability. Compared to other construction
materials, concrete is one of the materials that can meet most or all of these criteria. However, while
concrete is indeed a highly durable building material, it is not invulnerable to deterioration. In fact, various
factors can lead to the premature deterioration of concrete structures. Concrete is a porous material and,
besides prone to cracking. This, in turn, can cause many types of deterioration, such as corrosion or
alkali-silica reaction (ASR) attack. Besides permeability and its impact on a structure's lifespan, wear
resistance is another crucial factor that can significantly affect the lifespan of concrete structures.
However, it is not given the attention it deserves. In order to prevent potential issues from arising over the
service life of a structure, several factors must be considered. This includes, but is not limited to, taking
the required precautions, including using waterproofing treatments, protective coatings, or using chemical
admixtures as needed. By addressing these matters proactively, we can ensure our concrete structures
remain safe and durable during their service life. Broadly speaking, two primary methods are used for
protecting concrete: externally applied products applied to the surface of hardened concrete and integral
admixtures added to the concrete mix to enhance its properties. This document summarizes the impact of
two distinct concrete admixtures on concrete properties in two sections. The first section discusses the
effects of Krystol Waterproofing Admixtures (WA) on major deterioration mechanisms such as corrosion,
Freeze-Thaw (FT), and Alkaline Silicate Reaction (ASR), based on comprehensive short- and long-term
studies. The second section covers the impact of Integral Hardening Admixtures (IHA) on protecting
concrete structures against abrasion and erosion based on laboratory and field results.

2. Krystol Waterproofing Admixture (WA)

Due to the porous nature of concrete, its durability is mostly determined by the ease or difficulty with which
gases or fluids can migrate through the hardened concrete mass. As the permeation of concrete
decreases, its durability performance, in terms of physicochemical degradation, increases. (1) While a
properly mixed and treated concrete with a low water-to-cement ratio can ideally yield a durable product, it
is commonly accepted that concrete is a porous material and prone to cracking, meaning that without
taking additional protective measures, no concrete material or structure can be made waterproof or “bottle
tight” (2). Without adequate protection, water can cause concrete to deteriorate over time, compromising



the structure's durability. This is why a reliable waterproofing system is critical to the durability and
longevity of a concrete structure. Waterproofing can be achieved through various methods, such as the
use of waterproofing membranes, coatings, and last but not least using waterproofing admixtures.
Waterproofing admixtures are chemical additives that are added to concrete during the mixing to improve
its resistance to water penetration. Typically, waterproofing admixtures reduce the porosity of the
concrete, which prevents water from seeping through and causing damage. There are several types of
waterproofing admixtures available with different chemistry and as results different performance such as
hydrophobic, pore-blocking, and crystalline admixtures. This paper will examine the efficacy of a particular
type of crystalline admixture that is hydrophilic in nature and contains exclusive active ingredients (Krystol)
within cement and sand carriers, referred to as "WA" in this document. The WA is available in powdered
form and should be included during the batching process of the concrete. Upon contact with moisture
within the concrete, the WA initiates a reaction that produces stable, needle-shaped crystals that fill in the
concrete's pores, cracks, and capillaries, making it impermeable to water (3). In addition to the primary
effects of WA on reducing concrete permeability (4), this additive can also reduce shrinkage (5) and
cracking tendency while enhancing the concrete's self-sealing properties (6). This paper will describe how
the primary and secondary effects of WA work together to restrict moisture movement, improve concrete
characteristics, and inhibit main degradation mechanisms such as corrosion, Freeze-thaw, and Alkaline
Silicate Reaction (ASR).

2.1 Corrosion

Lower permeability/diffusivity values will slow the ingress of water, oxygen, chloride ions, and other
chemicals that can affect the initiation and propagation of reinforcement corrosion. Part of the research
carried out between 2014-2017 at the University of Victoria is summarized in this section. This study
investigated the effects of WA on steel corrosion in concrete. Linear Polarization Resistance (LPR) and
Half-Cell Potential (HCP) techniques have been used to study and compare the corrosion potential, and
rate of steel reinforced concretes with and without WA. After forty-eight weeks of exposure to the 3.5% NaCl
solution, the control beams appeared to rust, as shown in Figure 1, whereas the WA-treated beams
exhibited no traces of rust until the end of the experiment (3).

Figure 1. Visual inspection of corrosion in control and WA-modified concrete beams.

The active status of corrosion using the macrocell corrosion technique recommended by ASTM G109 (7)
showed a delay in corrosion initiation for specimens treated with WA. After exposure to a severe corrosive
environment, control concrete had a high corrosion potential within the first 24 weeks. In contrast, WA
concrete reached that level at the end of the testing period (~48 weeks of monitoring). This implies that
WA effectively inhibits reinforcement corrosion by at least double as much as the control set, leading to
longer service life. Furthermore, LPR results also demonstrated a lower corrosion rate and a much better
performance for WA beams in chloride-induced corrosion because of the permeability reduction of the
concrete matrix. When all corrosion testing findings are considered, it is determined that WA controls
corrosion initiation and reduces the corrosion rate due to its lower porosity and pore interconnectivity,
which blocks ions and water pathways inside the concrete matrix. Full details of the project are published
by the Authors (3). The performance of concretes containing stated hydrophilic WA is also investigated by



other researchers in the field. According to the Robertson study, the concrete panels containing state WA
performed well, showing low half-cell values and no apparent evidence of corrosion after ten years of
exposure in a real-field corrosive environment (8).

2.2 Freeze-Thaw

In general, the main impact of employing waterproofing admixture is to decrease the quantity of water that
infiltrates or is absorbed by the concrete. Consequently, using waterproofing admixture is anticipated to
lower concrete's humidity levels, resulting in less ice formation during freeze-thaw cycles within the
concrete. This, in turn, lessens the risk of cracking and spalling caused by freeze-thaw cycles. To
investigate the potential effects of Krystol Waterproofing Admixture (WA) in freeze/thawing resistance of
concrete, a study has been performed at the University of Victoria. This study thoroughly investigated
concretes' freeze and thaw resistance with and without WA by measuring mass loss, relative dynamic
modulus of elasticity (RDME), and compressive strength for beams exposed to 300 cycles of
freezing/thawing.

After being subjected to 300 freeze-thaw cycles, the surface layer of control-NAEA beams was roughened
with signs of scaling during these cycles, but treated beams either with WA or Air Entraining Admixtures
(AEA) showed no significant signs of deterioration. The results of the concrete mass loss test support the
visual observation that the addition of AEA and WA reduces mass loss (Figure 2). It was also found that
the lowest mass loss occurs when both AEA and WA are used together in the mix.
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Figure 2. Average mass loss (%) (left) without AEA, and (right) with AEA

In addition, the compressive strength of the beams was evaluated using the Schmidt hammer test
method, and the results showed that the samples with greater mass loss had lower strength. The mix
containing WA-AEA with the least mass loss exhibited the highest strength. Moreover, the Durability
Factor (DF) of various mixes was determined based on 300 freezing/thawing cycles. The concrete mix
that did not include AEA and WA (Control-NAEA) had the lowest DF, 62.4%, while the mix containing both
AEA and WA achieved the highest DF, 93.5%, as anticipated. The DF value for WA-NAEA and Control-
AEA mixes attained 86.9% and 87.1%, respectively. Additional details about this research study, including
DF calculation, can be found in the author's prior publication (4).

2.3 Alkaline Silicate Reaction (ASR)

Alkali-Silica Reaction (ASR) is one of the most harmful distress mechanisms affecting the durability of
concrete infrastructure, and it is a consequence of chemical reactions between Na*, K*, and OH- ions
dissolved in the pore solution of the concrete and unstable silica minerals in aggregate particles (9). The
overall prevention against ASR lies in avoiding the implementation of reactive aggregates, high-alkali



binders and limiting moisture in the concrete. Although “simple,” these solutions are not always feasible.
Therefore, an increased number of researchers have been conducting and demonstrating the efficiency of
supplementary cementing materials (10-12) and alternative admixtures (13) to mitigate ASR damage
development in concrete. The waterproofing admixtures with self-healing properties (13) have caught the
attention of researchers as one of the most viable alternatives that exhibit potential in combating the
development of ASR. In the research developed by (13), the author combined different types of highly
reactive aggregates (i.e., Greywacke Coarse and Polymictic Fine aggregates), incorporating a wide range
of binder compositions and using commercially available Krystol Waterproofing Admixture (WA) and WA'’s
modified version to fabricate concrete specimens which where maintained in environmental conditions as
per ASTM C1293.

The study consists of two distinct phases. During the first phase, concrete cylinders were initially
constructed using non-reactive aggregates and a WA to evaluate the self-sealing properties of various
mixes. Following 28 days of curing at 20°C and 100% RH, these cylinders were preloaded up to 90% of
their compressive strength and subjected to microscopic analysis. Subsequently, the samples were
returned to the same curing conditions for 90 days and examined again microscopically. Figure 3 displays
a microscopic observation in which it is clear the self-healing evolution of a WA-made concrete sample.
On the left side, cracks are seen in the cement paste, as indicated by the red arrows, while the right figure
illustrates the same region of the concrete samples after the previous cracks had been completely self-
sealed.

Figure 3. Microscopic observation of the self-healing evolution of a WA-made concrete.
Left: Just after pre-loading, and Right: After 90 days curing.

During the second phase, concrete specimens containing two highly reactive aggregates (fine and
coarse), the commercially available and modified versions of the WA, were fabricated. The concrete
specimens were then exposed to ASR development and monitored over time. Microscopic assessments
such as Damage Rating Index and mechanical tests like Stiffness Damage Test, compressive strength,
and direct shear strength were conducted at specific intervals to evaluate the extent of ASR-induced
development. Error! Reference source not found. summarizes the results obtained (13), highlighting the
overall expansion kinetics and amplitudes of the Ref mixture (without mineral and chemical admixtures),
FA (containing 30% of Fly Ash in replacement of Portland cement), and mixtures containing commercially
available WA (i.e., WA and WA+FA) combined with highly reactive coarse and fine aggregates. The
findings reveal that, although not fully suppressing ASR development to “safe levels,” WA changed ASR
kinetics and distress for both reactive aggregates. Moreover, WA combination with supplementary
cementing materials could work as a backup in the case of long-term ASR development.
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Figure 4. Expansion of the ASR-affected concrete specimens.
Left: Incorporating SPH reactive coarse, and Right: TX reactive fine aggregates.

Moreover, the author suggests that besides delaying ASR initiation by limiting moisture diffusion, the
enhanced self-healing properties of the concrete further decrease the number of visible cracks in the

concrete specimens. However, this is limited to cracks in the concrete’s cement paste. Yet, such behavior
can create a physical barrier delaying the continuous cracking development through the cement paste and
additional ASR-gel deposition. Nevertheless, it is worth highlighting that this admixture can enhance

concrete’s microstructure and delay the diffusion of external moisture, thus changing ASR kinetics at the
beginning of the physicochemical reaction. Through the damage rating index technique, De Souza (13)
quantified the microscopic features of the ASR damage in the distinct concrete mixture with or without
WA. The results suggest that up to 48% of the cracks in the cement paste were reduced, while 6.1%
within the aggregate particles by using WA. Besides, the mechanical properties loss of the concrete was
affected differently with the progress of ASR damage development. For instance, the compressive
strength of conventional concrete is a mechanical property known to be governed by cement paste
properties. Thus, any concrete mixture able to delay the damage development in the cement paste can
also modify the rate of compressive strength loss. Incorporating the WA in the concrete could reduce the
losses by an impressive 32.6% over the evaluation period (Figure 5).
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Figure5: Compressive strength reductions in function of the expansion development
Left) Incorporating SPH reactive coarse, and Right) TX reactive fine aggregates.
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Overall, the use of Krystol Waterproofing Admixture (WA) was able to change the kinetics and distress
caused by ASR. It is believed that the WA delay ASR initiation by limiting moisture diffusion. Moreover,
such admixtures enhanced the self-healing ability of the concrete. Yet, WA-made concrete mainly start
healing ASR deterioration when the cracks reach the cement paste. Although the WA were not able to
mitigate down ASR development to "safe" levels as recommended in different standards (i.e., 0.04% of



expansion after 1 year of ASR-induced development), this material can be an important tool to modify
ASR-kinetics once the reaction starts to damage the paste matrix, delaying the deterioration and giving
extra time to intervene and reinforce affected structures.

3. Integral Hardening Admixture (IHA)

Concrete resistance to physical abrasion and surface wear is an important indicator of a structure's
durability; however, it is less often considered during the design stage. Damage and material loss can
occur due to friction, rubbing, grinding, or impact of hard particles along an interface (17). Concrete can be
entirely worn away in severe circumstances, but for some applications, such as flooring, even minor
surface wear can diminish the serviceability of the concrete. Overall, concrete abrasion can result in
uneven surfaces, reducing serviceability, and causing safety concerns. Furthermore, the lower thickness
of the concrete surface zone makes the concrete more prone to chemical penetration and can exacerbate
damage from other degradation mechanisms such as corrosion (17). Hence, improving abrasion
resistance is essential for extending the life of concrete structures and their durability.

The ability of concrete to resist wear from abrasion depends on several factors, most notably the hardness
of the aggregates and the cement paste and the bond strength between them (18). Having robust
protection against abrasion and erosion is essential to extending the service life and reducing
maintenance costs, environmental impacts, and safety problems. Several industry-accepted products and
procedures are being promoted to improve abrasion resistance. Given the apparent correlation between
strength and abrasion resistance, increasing compressive strength is one of the most straightforward
measures to consider when designing a structure subjected to physical load. In general, increasing
strength and utilizing high-strength mixes can enhance abrasion and erosion resistance to a certain
degree. However, this approach has limitations and must often be combined with other techniques (17).
Other common methods for minimizing abrasion and erosion include dry-shake hardeners and liquid
densifiers. Discussion of conventional approaches like high-strength concrete, dry-shake, and liquid
densifiers and their pros and cons are beyond the scope of this section and has already been extensively
covered in the author's earlier publication. This document focuses primarily on the effects of the innovative
IHA on the abrasion and erosion of concrete.

The development of the integral hardening admixture (IHA), also known as Hard-Cem, in 2003 aimed to
enhance abrasion resistance and provide an alternative to typical surface-applied hardeners. IHA is a
powder that can be easily added to concrete during batching, and its unique mineral-metal microstructure
significantly improves concrete's resistance to wear, erosion, surface chipping, and dusting. Compared to
conventional methods, IHA has several noteworthy features, such as its compatibility with all concrete
admixtures, including mineral and chemical admixtures. In addition, since integral hardeners are added to
the mix as an admixture during batching, it eliminates the need for manual installation of dry-shake
hardeners or liquid densifiers, resulting in reduced labor and a lower probability of application errors.
Despite improving abrasion and erosion of concrete, utilizing integral hardening admixture has little or no
side effects on concrete plastic properties, including workability or finishing (19). Boral Construction
Material in Australia recently conducted a test program (20) to evaluate the performance of IHA against
the Abrasion Classifications outlined in BS 8204. The test slab was tested according to BS EN 13892-4
using a Chaplin abrasion testing machine. Six test sites were selected, with eight abrasion readings taken
for each site, for a total of 48 measurements. The final average abrasion was determined to be 0.00915
mm, exceeding the highest AR0.5 abrasion class by more than 80%. This test program provides evidence
that IHA is a reliable method and can be used to meet and exceed the highest standards for abrasion
performance.

Not only have laboratory and short-term studies confirmed the exceptional performance of integral
hardening admixtures, but their effectiveness has also been demonstrated in the field over the long term.
For instance, in 2007, a new skate park was constructed in Burnaby City, BC, Canada, utilizing the
integrated hardening admixture, as documented in reference (21). The skate park concrete surface should
withstand immense friction and abrasion daily, so substantial abrasion resistance is vital for this project.
Besides, the city needed a solution to be as environmentally friendly as possible and deliver the complex
shapes, clean lines, and long-lasting quality surface a skate park requires. After over 15 years of use, the



concrete surface exhibited no gouge marks or indications of delamination from abrasion and displayed
exceptional wear and abrasion resistance (21).

4,

Figure 6. Metro Skate Park, Burnaby, BC, Canada

Conclusions

To conclude, the studies reviewed in this paper have provided evidence that using Krystol Waterproofing
Admixtures (WA) and Integral Hardening Admixtures (IHA) can improve the durability and performance of
concrete, making them a reliable choice for a wide range of construction projects. Based on the findings of
summarized studies, the following conclusions can be drawn:

Long-term monitoring corrosion of steel reinforcement using the Linear Polarization Resistance
(LPR) and Half-Cell Potential (HCP) techniques revealed that concrete mixes modified with Krystol
Waterproofing Admixtures (WA) had a lower corrosion potential and rate than control mixes. It is
mainly due to a limited available void space and an impermeable environment for ions' migration.

When exposed to severe freeze—thaw cycles, concrete mixes without Krystol Waterproofing
admixture (WA) and Air-Entraining Admixtures (AEA) had a higher mass loss and in addition lower
durability factors. Using resonance frequency testing to measure performance, WA was found to
have a higher dynamic modulus of elasticity and significant resistance to freeze—thaw cycles even
in non-air-entrained concrete.

By impeding the diffusion of moisture and enhancing the self-sealing ability of concrete, Krystol
waterproofing admixtures (WA) delayed Alkali Silicate Reaction (ASR) initiation. The concurrent
utilization of various SCM and WA was highly effective in mitigating ASR, either changing ASR
kinetics or developing damage.

Using integral hardening admixtures (IHA) is a practical solution when structures are susceptible to
abrasion and erosion. IHA's efficacy has been demonstrated not only through laboratory tests but
also through the real-world performance of IHA-treated concrete when subjected to significant
friction and abrasion for an extended period.
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