E3S Web of Conferences 431, 06009 (2023) https://doi.org/10.1051/e3sconf/202343106009
ITSE-2023

Ice reinforcement

Dmitry Sharapov!” and Sofia Andreeva?

IPeter the Great St.Petersburg Polytechnic University, St.Petersburg, Russia
2Admiral Makarov State University of Maritime and Inland Shipping, St.Petersburg, Russia

Abstract. Ice reinforcement plays a vital role in enhancing the strength,
stability, and load-bearing capacity of ice surfaces in various
environments. This scientific exploration delves into different facets of ice
reinforcement, encompassing the main methodologies employed, the
consequential increase in strength, the drawbacks associated with
reinforced ice, the cost implications, and the process of removing
reinforcement when the ice melts. By analyzing these aspects, we aim to
develop a comprehensive understanding of ice reinforcement methods,
their efficacy, limitations, and the multifaceted considerations entailed.

1 Introduction

Ice reinforcement is a process that involves enhancing the strength, stability, and load-
bearing capacity of ice surfaces. In icy environments, where natural ice may not possess the
required strength to support certain activities or structures, reinforcing the ice becomes
necessary [1]. Through various techniques and methods, ice reinforcement aims to improve
the structural integrity of the ice, reduce the risk of failure under applied forces, and ensure
the safety of individuals and structures.

This work explores different aspects of ice reinforcement, including the main ways to
reinforce ice, what can be placed on top of reinforced ice, the increase in strength achieved
through reinforcement, the disadvantages of reinforced ice, the cost implications, and the
process of removing ice reinforcement when the ice melts. By examining these topics, we
gain a comprehensive understanding of the methods, considerations, and challenges
associated with reinforcing ice.

Whether it is for recreational activities, transportation purposes, or the construction of
temporary structures on frozen bodies of water, ice reinforcement provides valuable
solutions. Understanding the techniques, limitations, and potential drawbacks of ice
reinforcement is crucial for informed decision-making, ensuring the effective and safe
utilization of ice surfaces.

2 Analysis

Reinforcing ice, also known as ice strengthening, is a process of enhancing the structural
integrity and stability of ice formations. While ice is naturally occurring and can be found
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in various forms, such as frozen lakes, rivers, and polar ice caps, it is not always strong
enough to support certain activities or structures. Therefore, reinforcing ice becomes
necessary in specific scenarios to ensure safety and enable various human endeavors. One
of the primary reasons for reinforcing ice is to support transportation (fig.1). In colder
regions, frozen water bodies can serve as vital pathways for vehicles and people. However,
the thickness and stability of natural ice can vary greatly, posing risks of cracking or
breaking under the weight of heavy vehicles or groups of people. By reinforcing the ice, it
becomes more robust and resistant to damage, allowing for safer travel across frozen
surfaces. Another important application of ice reinforcement is in the construction of
temporary structures and installations. In colder climates, it is common to erect ice hotels,
ice sculptures, or even ice rinks for recreational activities. Reinforcing the ice used for such
structures helps maintain their shape and integrity, preventing them from collapsing or
melting prematurely. Ice reinforcement is crucial for supporting scientific research and
exploration in polar regions. Researchers studying glaciers or conducting experiments on
frozen bodies of water often rely on reinforced ice platforms to establish research stations
or conduct drilling operations. These reinforced platforms provide stability and support for
the equipment and personnel involved in the scientific endeavors.

There are several main methods used to reinforce ice, each aiming to enhance its
structural integrity and load-bearing capacity. These techniques are employed in different
scenarios depending on the specific needs and conditions. Here are some of the primary
ways to reinforce ice:

Artificial Thickening: One common method of reinforcing ice is by artificially
thickening it. This involves adding layers of water onto the existing ice surface or spraying
water onto the ice. As the water freezes, it forms additional layers of ice, gradually
increasing the thickness and strength of the ice sheet. This technique is often employed to
create stronger ice surfaces for activities such as ice skating rinks or temporary roads.

Ice Bonding Agents: Ice bonding agents or additives can be applied to the ice to
enhance its strength. These agents, such as specific chemical solutions or bonding
materials, are spread over the ice surface and penetrate into the existing ice layers. Once
applied, they bond with the ice, creating a stronger and more resilient structure. This
method is commonly used in ice construction projects or when reinforcing ice for
temporary structures like ice hotels.

Reinforcing Materials: In some cases, additional materials are embedded within the ice
to reinforce it. This technique involves placing reinforcement elements, such as steel bars or
fibers, within the ice structure during the freezing process. These materials provide
structural support and increase the load-bearing capacity of the ice. Reinforcing materials
are commonly used when constructing ice bridges, platforms for scientific research, or
other installations requiring higher strength.

Freeze-Thaw Cycles: Freeze-thaw cycles can contribute to reinforcing ice naturally.
When water repeatedly freezes and thaws, it creates interlocking ice crystals, which can
strengthen the overall structure. This process is commonly observed in nature, especially in
regions with fluctuating temperatures. However, it is worth noting that relying solely on
freeze-thaw cycles for ice reinforcement may not provide consistent and predictable results,
particularly when specific strength requirements need to be met.
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Fig. 1. Example of ice road reinforcement (https://miakom.ru/tekhpodderzhka/primenenie-
materialov/primenenie-steklosetki-geo-st/armirovanie-ledovykh-pereprav/)

The strength of reinforced ice can vary depending on the specific reinforcement
methods employed, the quality of the ice itself, and the environmental conditions [2, 3, 4,
5]. It is challenging to provide an exact measure of the increase in strength since it can vary
significantly in different scenarios. However, reinforcing ice generally results in a notable
improvement in its load-bearing capacity and structural integrity. Reinforced ice can be
several times stronger than natural ice of the same thickness. By incorporating reinforcing
materials, such as steel bars or fibers, within the ice structure, the ice gains additional
support, leading to increased strength [6, 7, 8]. These reinforcements help distribute loads
more effectively and reduce the risk of failure under applied forces.

The easiest and fastest way to reinforce ice is by using artificial thickening techniques.
This method involves adding layers of water onto the existing ice surface or spraying water
onto the ice. As the water freezes, it forms additional layers of ice, gradually increasing the
thickness and strength of the ice sheet. Artificial thickening is a relatively simple process
that can be easily implemented with basic equipment. Here's a step-by-step overview of the
easiest way to reinforce ice using this method:

1. Prepare the area: Clear the ice surface of any debris, snow, or loose ice that may affect
the bonding of the additional water layers.

2. Add water: Using a hose or sprinkler system, apply a thin layer of water evenly across
the ice surface. The water should be spread in a controlled manner to ensure even
distribution.

3. Allow freezing: Give the applied water sufficient time to freeze and bond with the
existing ice. The exact time required for freezing will depend on the prevailing
temperature conditions, but it usually takes several hours to overnight.

4. Repeat the process: Once the initial layer has frozen, apply subsequent layers of water
using the same technique. The number of layers needed will depend on the desired
thickness and strength required for the intended purpose.

5. Monitor and maintain: Regularly monitor the ice thickness and quality to ensure it
meets the necessary safety standards. Conduct inspections for any cracks or defects and
address them promptly.
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While artificial thickening is the easiest and fastest way to reinforce ice, it is important
to note that it may not provide the highest level of strength compared to other methods,
such as incorporating reinforcing materials or using ice bonding agents. The strength
achieved through artificial thickening will depend on factors such as the number of layers
applied, the quality of the ice, and environmental conditions [9, 10, 11].

While reinforced ice offers increased strength and stability compared to natural ice,
there are some potential disadvantages to consider. These disadvantages can vary
depending on the specific reinforcement methods used, environmental factors, and the
intended use of the ice. Here are a few common disadvantages associated with reinforced
ice:

1. Variable Strength: The strength of reinforced ice can vary depending on the quality of
the ice, the reinforcement materials or techniques used, and the environmental
conditions. Reinforced ice may not always provide a consistent level of strength
throughout the entire surface, which can pose challenges when it comes to predicting
its load-bearing capacity.

2. Limited Durability: Reinforced ice may have reduced durability compared to natural
ice. It can be more prone to cracking or damage under certain conditions, such as
temperature fluctuations, water currents, or impact from heavy loads. Regular
monitoring and maintenance are crucial to address any weaknesses or defects that may
compromise the integrity of the reinforced ice.

3. Environmental Impact: Some reinforcement methods, such as the use of ice bonding
agents or additives, may have potential environmental implications. The chemicals or
materials used in the reinforcement process can have adverse effects on the
surrounding ecosystem if not properly managed. It is important to consider the
environmental impact and ensure that any reinforcement techniques employed are
environmentally responsible.

4. Cost and Resources: Depending on the chosen reinforcement methods, the process of
reinforcing ice can require additional resources and incur costs. Materials such as
reinforcing fibers or bonding agents may need to be acquired, and equipment or
expertise for the reinforcement process may be necessary. These factors should be
considered when evaluating the feasibility and practicality of reinforcing ice in specific
situations.

5. Safety Concerns: While reinforced ice can provide increased strength, it does not
eliminate all safety concerns associated with icy environments. Factors such as
temperature changes, water currents, hidden cracks, or thin spots can still pose risks to
individuals or structures relying on the reinforced ice. Proper safety measures, regular
monitoring, and adherence to guidelines are essential to ensure the safety of activities
conducted on reinforced ice.

The cost of ice reinforcement can vary depending on several factors, including the
chosen reinforcement method, the size of the area to be reinforced, the required strength,
and the specific conditions of the project. Here are some cost considerations associated with
ice reinforcement:

1. Reinforcement Materials: If reinforcement materials are required, such as steel bars,
fibers, or bonding agents, their cost will contribute to the overall expenses. The
quantity and quality of these materials, as well as any specialized requirements, will
impact the cost.

2. Equipment and Labor: The use of specialized equipment or machinery for ice
reinforcement may incur additional costs. This can include equipment for water
application, mixing and spraying devices, or tools for embedding reinforcement
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materials. The cost of labor associated with the installation, monitoring, and
maintenance of the reinforcement will also be a factor.

3. Project Size and Complexity: The size and complexity of the ice reinforcement project
will influence the overall cost. Larger areas or projects requiring extensive
reinforcement may require more materials, equipment, and labor, leading to higher
expenses.

4. Environmental Considerations: If environmental regulations or permits are required for
the ice reinforcement project, associated fees or assessments may be part of the overall
cost.

5. Monitoring and Maintenance: Regular monitoring and maintenance of the reinforced
ice will incur ongoing costs. This can include inspections, equipment for ice thickness
measurement, and any necessary repairs or adjustments to maintain the integrity of the
reinforcement.

Removing ice reinforcement when the ice melts typically involves allowing the natural
thawing process to occur. Since ice reinforcement methods aim to strengthen the ice, the
additional layers or materials used will eventually melt along with the natural ice as
temperatures rise. Here are the steps to remove ice reinforcement when the ice melts:

1. Monitor the Temperature: Keep track of the temperature to determine when the ice will
naturally begin to melt. Warmer weather or a change in seasons usually initiate the
melting process.

2. Allow Natural Thawing: As the temperature rises and the ice begins to melt, let the
natural thawing process take place. Avoid using any methods that could potentially
damage the ice or disrupt the melting process.

3. Observe Disintegration: As the ice melts, you will notice the layers of reinforced ice
disintegrating and blending with the melting water. This process can take time,
depending on the thickness of the ice and the environmental conditions.

4. Clean Up and Dispose of Reinforcement Materials: Once the ice has completely
melted, you can clean up any remnants of the reinforcement materials. This may
include picking up or disposing of steel bars, fibers, or other materials used in the
reinforcement process. Follow appropriate waste management practices for disposal if
required.

5. Assess the Surface: After removing the reinforcement materials, assess the surface to
ensure it is free of any debris or hazards. Remove any remaining traces of the
reinforcement to restore the area to its natural state.

It is important to note that the removal of ice reinforcement primarily involves the
natural melting process. Additional intervention or removal methods may be required
depending on the specific reinforcement techniques employed. If reinforcement materials
were embedded within the ice, additional steps may be necessary to extract or remove them
properly.

When working with ice reinforcement, it is crucial to consider any environmental or
regulatory requirements associated with the materials used. Follow proper disposal
guidelines and regulations to ensure the responsible handling of reinforcement materials.

3 Conclusion and discussion

Ice reinforcement offers a range of methods to enhance the strength and load-bearing
capacity of ice surfaces. Techniques such as artificial thickening, the use of ice bonding
agents, incorporating reinforcing materials, leveraging freeze-thaw cycles, and regular
monitoring and maintenance are employed to reinforce ice in different applications.
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Reinforced ice provides increased structural integrity and stability, allowing it to
support various activities, structures, and loads. However, there are considerations and
potential drawbacks to keep in mind. The strength of reinforced ice can vary, and its
durability may be lower compared to natural ice. Environmental impacts, associated costs,
and ongoing safety concerns should be carefully evaluated.

Determining the most suitable reinforcement method and assessing project-specific
requirements are essential for effective ice reinforcement.

When it comes to removing ice reinforcement, it generally involves allowing the ice to
naturally melt, leading to the disintegration of the reinforcement materials. Monitoring the
temperature, observing the melting process, cleaning up any remnants of reinforcement
materials, and assessing the surface for debris are typical steps in the removal process.

Overall, ice reinforcement can provide valuable solutions in icy environments, enabling
safe and reliable use of ice surfaces. Careful planning, proper implementation, and
adherence to safety guidelines are crucial for successful ice reinforcement projects, while
considering the specific requirements, limitations, and costs associated with each method.
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