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Abstract: Concrete is an integral portion of global infrastructure, and of course is coming under
increasing scrutiny for the carbon impact of its manufacturing process. Concrete replacement due to
deterioration is therefore undesirable; besides unplanned cost impacts involved. Reducing the need to
replace concrete structures has obvious benefits in reducing the need for new concrete. Further, early
action can reduce the ongoing costs of infrastructure maintenance, even if the structure is not to be
replaced. For these reasons, making concrete more resilient is a clear means of improving infrastructure
sustainability. Deterioration of concrete is a result of an aggressive environment including permeability,
carbonation, chloride, and sulphate attack; ultimately resulting in cracked concrete and corrosion in the
reinforcing steel. In a recent study, two methods were used to elucidate the impact of the hydrogel
technology on concrete: BS EN 12930-8, Depth of Penetration Under Water Pressure and AASHTO T
259, Test for resistance of concrete to chloride ion penetration. The values reported from both methods
confirmed that the hydrogel technology reduce water and chloride migration. The data introduced shows
how hydrogel treatments reduce concrete permeability, and are therefore directly beneficial, not only for
waterproofing, but for the durability of the concrete itself.
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Introduction

Concrete is an integral portion of global infrastructure, and of course is coming under increasing scrutiny
for the carbon impact of its manufacturing process. Concrete replacement due to deterioration is
therefore undesirable; besides unplanned cost impacts involved. Premature maintenance costs are
likewise a significant and undesirable factor in the management of infrastructure assets. Reducing the
need to replace concrete structures has obvious benefits in reducing the need for new concrete. Further,
early action can reduce the ongoing costs of infrastructure maintenance, even if the structure is not to
be replaced. For these reasons, making concrete more resilient is a clear means of improving
infrastructure sustainability.

Deterioration of concrete is a result of an aggressive environment including permeability, carbonation,
chloride, and sulphate attack; ultimately resulting in cracked concrete and corrosion in the reinforcing
steel. The long-term impact of this deterioration on Government and Private entities is ongoing strain
on asset maintenance and repair budgets.

Where the concrete is in use for basements or similar structural elements, factors such as waterproofing
become a major concern.

Background

The AASHTO T259 and B129303-8 test data used in this report was originally used as the basis for
“Increasing Coastal Concrete-Life with Hydrogel Technology” 2022 (D. Hamlin et al) (1). That paper
should be referred to for details of materials and methodology, including the design of the AASHTO
T259 and BS 12930-8 experiments. The current paper should be seen as a sequel to the above, and
uses the information there provided as the basis for what follows below.

The mechanism of concrete hydrogel treatments is not the focus of this paper. A detailed explanation
of this mechanism, refer to “Synthesis and Characterization of Polymer-Silica Composite Hydrogel
Particles and Influence of Hydrogel Composition on Cement Paste Microstructure” 2018 (M. Krafick et
al) (2), also referenced in the paper above.

The hydrogel technology (abbreviated in the Data segment of this paper as HYD) used in the research
is suited to both new and existing structures. A proprietary hydrogel technology was specifically selected
for its broad utility and range of relevant applications in the field. The treatment is spray-applied to
satisfy the absorbency of the concrete, typically at a coverage rate of 5.0 m2 per litre.
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Hydrogel treatments can be applied to new concrete at any point after the water has bled in curing.
Conversely, existing concrete can be treated to an advanced age, subject to remaining calcium content.
Existing concrete must be surface-prepared to ensure full access of the treatment to the bare surface.

The initial state of the treatment is as a water-borne silica colloid, with an appropriate proprietary catalyst
for spray-applied versions. A hydrogel within the porosity of the concrete is the result of the treatment,
not its initial state. This is an important distinction to understand.

This resultant hydrogel fills the concrete’s pore spaces in the available matrix. For spray applications,
the treatment penetrates to a typical depth of 150mm from the treated surface, as the reaction proceeds.
This decreases the permeability of the concrete, mitigating damage associated with the movement of
moisture through the concrete, and the reactive contaminants carried and fed by that moisture.

The research described examined the efficacy of the named hydrogel technology in increasing the
service life of concrete structures.

As a corollary example of this benefit, we have also introduced data from recent carbonation testing,
demonstrating the practical effect of the treatment, where the connection with impermeability may be
not immediately apparent.

Discussion

As noted in “Effects of different integral hydrophobic admixtures on the properties of concrete” (S.
Jahandari PhD et al) (3), ingress of aggressive substances is the main reason responsible for the
physical and chemical degradation of concrete structures and pavements, which in turn shortens their
life span.

It therefore follows that prevention of this ingress by closure of the concrete porosity will directly benefit
the life span of the concrete by physically limiting the factors driving this degradation. This in turn must
have a beneficial effect on the life span of the concrete, and the resulting service life of the structure.

This is to say, there is a clear link between the permeability of the concrete, and the preservation of its
service life. Again, this is demonstrated in a practical sense by the successful carbonation testing
referred to below.

The AASHTO T 259 and BS 12930-8 test data below demonstrate how the hydrogel treatment achieves
prevention of ingress of moisture. By logical extension, this includes the reactants carried by that
moisture.

The carbonation test data demonstrate an example of a clear result of these reactants being blocked.
That is, there is a direct link between the treatment, and the prevention of this particular reaction.

Although not the focus of this paper, the authors submit as a related comment, that early treatment is
more conducive to long-term benefit, rather than delaying until degradation has manifested itself more
severely.

Data

Full details of materials and methodology available in the associated paper referred to above.
AASHTO T 259 (4)

At both depths the HYD reduced the chloride concentration by more than 50% compared to the REF.
The chlorides measured at both-depths (12.5- and 25.0-mm) is illustrated in bar chart form in Figure 2
and shows the positive impact that the hydrogel technology has on reducing the amount of sodium
chloride concentration. The T 259 test is designed to identify the impact that a concrete admixture or
additive has on salt migration. Whether by mechanical or chemical action, the rate by which chlorides
enter concrete is faster with chloride-based solutions when compared to solutions without chlorides
(Honga, 2000) (5). This chloride migration is made possible through the concrete pore network
connectivity. (Winslow, 1994) (6). The hydrated cementitious matrix of the concrete composite and the
hydrogel caused a reduction in pores (and voids) and connection between pores in order to create the
environment for a reduction in the permeability and the depth of chloride penetration.



1: Averaged T 259 data set from REF and HYD Samples
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BS 12930-8 (7)

The depth of water penetration is illustrated in bar chart form in Figure 3 and like the chloride
penetration data, shows the positive influence that the hydrogel technology has on reducing water
penetration under pressure. The application of the hydrogel technology (HYD) resulted in an average
water depth reduction of over 50% when compared to the REF. Like the T 259, the water migration of
the 12930-8 is related to the pores and pore connectivity within the hydrated cementitious matrix of the
concrete composite. To reduce the depth of water penetration, the pathways or percolation must first
be reduced. Furthermore, the material within these pathways must be robust enough, to withstand the
pressured water penetration over time.

2: Averaged 12930-8 data set from REF and HYD Samples
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Carbonation Testing

Further to the above, Western Sydney University recently conducted tests (8),(9) for the
efficacy of hydrogel treatments in reducing carbonation in treated concrete. The test report
confirmed the high effectiveness of the selected hydrogel treatment. We introduce this as an
additional benefit for the durability of hydrogel-treated concrete structures. Refer to these
documents for details of the experiment.



3: Extract from Test Results - Carbonation Depths and Inverse Carbonation
Resistance (RACC,0 -1)

Carbonation depth (mm
Sample pth (mom) Ruacco ' [107!
- 2/ 3
From first slab From second slab Average (m/s)/(kg/m?)]
Control I (noaging, no | 5 ¢ 0.42 0.1
carbonation)
Control 2 (no aging,
only exposed to 8,10,11,8, 10,9 11,9, 10,8, 10,9 942 50.3
carbonation)
HYD (no aging,
only exposed to 3,3,3.3.,5,3 3.33 6.29
carbonation)
HYD
(Aging+ACC) 4.4,.4,4,5,4 4,4,.5,5,4,4 4.25 10.2
Conclusion

This paper explains the mechanisms for degradation of concrete, and the link between permeability of
concrete and ingress of reactants contributing to this degradation. It follows that reduction of
permeability will assist in the extension of the concrete’s durability and therefore its service life. The
data introduced shows how hydrogel treatments reduce concrete permeability, and are therefore
directly beneficial, not only for waterproofing, but for the durability of the concrete itself.
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