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Executive Summary 

The effects of several de-icing agents are assessed in order to determine their impact on the 

compressive strength and lifespan of various grades of concrete and mortar. 

This report is divided into five chapters detailing the effects of using de-icing agents on concrete and 

mortar. The introduction is presented in Chapter 1, where a description of the theoretical effects of de-

icing agents on concrete and mortar are presented as well as an overview of the report. The 

methodology follows the introduction in Chapter 2, which describes the processes behind casting, curing 

and exposing the testing specimens to simulated winter conditions. It also provides a description of how 

the strength testing was conducted after exposure. Chapter 3 provides an analysis of the test results. 

Afterwards, the conclusions are presented in Chapter 4 followed by the recommendations in Chapter 5.  

 

Through the testing that has been completed, it is concluded that the mortars and concrete specimens 

have been greatly affected by the presence of the de-icing agents when compared to the baseline 

specimens that were not subjected to de-icing agents. For mortars, it was concluded that de-icing agents 

containing potassium chloride and calcium chloride have the least impact on compressive strength. For 

concrete, no definite conclusions can be drawn from the testing, due to varied compression test results 

and close margins between the resulting strength of the de-icing exposed specimens. Recommendations 

are made in the areas of domestic applications and study refinement.  
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Glossary 

Admixtures An additive in the mix design of concrete and mortar materials used to 

control various properties such as: workability of the material during 

pouring, water content, durability of hardened cement, rate of curing, and 

heat production while hardening. 

 

Exothermic reaction A chemical reaction that results in the production of heat. 

 

Subflorescence The recrystallization of salt particles after the evaporation of moisture. 

 

Brine A mixture of de-icing agent and water. 

 

Force A push or pull represented by a value and a direction. 

 

Stress The force applied on a material divided by the perpendicular surface area 

upon which the force is acting. 

 

Ultimate Stress The maximum tensile, compressive or shearing stress a material can 

withstand before failure. 

 

Curing The process of continuous hydration of concrete and mortar cement after it 

has been mixed in order to gain its design strength, increase its resistance to 

freeze/thaw cycles and improve its wear resistance. 
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A Comparative Analysis of the Effects of De-Icing Agents on Concrete and 

Mortar 
 

1.0 Introduction 

The effects of several de-icing agents are assessed in order to determine their impact on the 

compressive strength and lifespan of various grades of concrete and mortar. 

In areas exposed to cold winter climates, de-icing agents are used in order to improve traction for both 

vehicle and pedestrian travel. However, the use of such chemicals can cause structural issues in concrete 

and mortar materials, from which ongoing exposure can contribute to problems ranging from chipping 

concrete sidewalks to failed bridges. This introduction will provide a description of these construction 

materials, discuss the theoretical effects of de-icing chemicals, present a case study, describe the 

different chemicals used in de-icing agents followed by an overview of the report. 

1.1 Description of Concrete, Mortar and Cement 

This section describes the composition, use and other related information regarding concrete, mortar 

and cement. 

1.1.1 Concrete 

Concrete is a very common construction material that is typically used for bridges, roads, sidewalks, 

structures, dams, foundations and other civil structures. It is a composite material, usually containing a 

precise mixture of aggregates, cement and water. The ratio of the ingredients that compose the 

concrete is the ultimate factor governing its strength. Depending on the intended use of the concrete, 

various chemical admixtures (additives) can be included to control different properties of the material: 

rate of curing, workability during pouring, colour, corrosion resistance and air content.  

Because concrete is a very porous, absorbent material, moisture tends to penetrate its surface, causing 

potential problems if surrounding temperatures drop below the freezing point. In northern climates, 

concrete exposed to these types of weather conditions often contains “air entrainment”, an admixture 

that creates micro air pockets in the concrete designed to allow room for expanding moisture.  
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1.1.2 Mortar 

Mortar is similar to concrete, containing a mixture of fine aggregate (sand), cement, lime and water. It is 

used to fill the gaps between various stone, brick or block walls, binding these materials together to 

increase the rigidity and strength of the structure. Although many of the same admixtures are available 

for mortar as for concrete, it is less common to include admixtures in the mix design for mortars. The 

strength of the mortar ultimately depends on the type of cement included in the mixture, as well as the 

ratio of cement, lime, sand, and water. However, in the modern day construction industry, pre-mixed 

mortar bags are commonly used, allowing a worker to add a specific amount of water and sand to the 

mixture of lime and cement. These mortars are classified on the basis of strength, as wells as their 

intended use. They are designated by one of five letters: K, O, N, S, and M, where type K mortar is the 

weakest and type M is the strongest (See Table 1). 

Table 1: Types of Mortar [1] 

Mortar Type: Strength: Intended Purpose: 

K 0.5 MPa Used in historic preservation situations due to little movement resulting 

from fluctuating temperatures. Not intended for load-bearing scenarios. 

O 2.4 MPa Used in above grade, non-load bearing situations, both indoors and out. 

N 5.2 MPa General purpose mortar used in above grade, load-bearing work, both 

indoors and out. 

S 12.4 MPa Used in below grade work. For example: brick walkways, masonry 

foundation walls, retaining walls etc. 

M 17.2 MPa Used in below grade, load-bearing situations such as chimneys and brick 

manholes. 

 

1.1.3 Cement 

Cement is a common ingredient in both concrete and mortar, and can be understood as the binder, or 

glue that hardens and holds the mixture of aggregates, sand, and water together. There are many 

different kinds of cement, which are usually classified as either hydraulic or non-hydraulic. Non-

hydraulic cements are typically used for indoor applications such as gypsum plaster, due to the 

detrimental effects water has on its strength. Hydraulic cements are more common because they 
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harden due to hydration, a chemical reaction that occurs when mixed with water. Portland cement is an 

example of hydraulic cement, and it is mainly used for concrete and mortars. There are various grades of 

Portland cement, which are classified as types one through five. These different types produce various 

desired properties such as: low heat production during curing, high early strength and sulfate resistance 

(see Table 2).  

Table 2: Types and Applications of Portland Cement [2] 

 Classification Application 

Type 1 General purpose General construction (most buildings, bridges, 

pavements, precast units, etc) 

Type 2 Moderate sulfate resistance Structures exposed to soil or water containing sulfate 

ions 

Type 3 High early strength Rapid construction, cold weather concreting 

Type 4 Low heat hydration Massive structures such as dams. Now rare 

Type 5 High sulfate resistance Structures exposed to high levels of sulfate ions 

 

1.2 Theoretical Effects of De-Icing on Concrete and Mortar 

Salt and many other de-icing agents do not react chemically with concrete or mortar, but their presence 

can have a very detrimental effect on their strength. Brine is a mixture of de-icing salt and water, and 

works by lowering the water’s freezing point, which melts the snow and ice. The melted snow and ice 

saturates the brine, which continuously melts and mixes with the frozen water until it is too saturated to 

be effective. This mixture can seep into the pores of concrete and mortar, altering its freezing 

properties. More specifically, within the hard surface, different amounts of de-icing chemicals and water 

can infiltrate the different layers of the concrete and mortar, which affects the freezing point of each 

layer. Ultimately, this means that it becomes very sensitive to temperature change, which produces 

more freeze/thaw cycles: “Any change, no matter how small, between 0° and -15° will cause freezing or 

thawing of a thin layer in that critical top 5mm (of concrete and mortar).” [3]  

When water freezes, its volume expands roughly 10%, and when restrained in the pores of concrete or 

mortar, it creates stresses that cannot be withstood by any strength of cement. These stresses can 

cause: flaking, chipping, pitting and even cracking (see Figure 1). Even with an air entraining admixture, 

increased frequency and severity of freeze/thaw cycles as well as increased volumes of moisture can 
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compromise the permeability and structural integrity of the concrete and mortar, thus drastically 

shortening their lifespan. 

 

Figure 1: Freeze/Thaw Damage to a Concrete Sidewalk [4] 

Additionally, interior deterioration can result from the mixture of moisture and de-icer getting absorbed 

into the concrete and mortar. Once the moisture finally evaporates out of its pores, the salt in the de-

icer is left behind. This salt may go through sub florescence, a process that damages the concrete and 

mortar from the inside out. “This salt will recrystallize in the pores of stone and masonry, causing its 

surface to flake off, or spall. This process is known as ‘subflorescence’.” [5]  

 

Though concrete is very good at withstanding compression, it cannot withstand as much tensile loading, 

which explains the use of a reinforcing material (usually metal rebar) to help resist tensile forces. 

However, de-icers that seep into concrete can corrode metal rebar, weakening the structure drastically. 

The produced rust pushes outwards on the surrounding concrete, which can create internal pressures 

that result in cracking and flaking. Once this process begins, the concrete and rebar become more 

susceptible to de-icing, thus speeding up the rate of deterioration. 

 

1.3 Case Study 

An example illustrating the damages caused by de-icing is the erosion of a parking garage structure. An 

elevated parking garage located in Rochester Hills, USA has suffered the effects of concrete 
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deterioration, thus weakening vital structural components. A column is closely analysed to determine 

exactly what is responsible for the damage (see Figure 2). 

 

Figure 2: Deteriorated Parking Garage Column [6] 

Regular rock salt has been periodically applied to the structure to prevent potential slipping hazards, but 

in turn, has drastically weakened the structure. A closer look at the structural member shows that the 

outer layer of concrete has almost completely deteriorated down to the reinforcing steel. This damage 

has been caused by freezing and thawing, sub florescence and corrosion, due to de-icers applied to the 

structure as well as de-icers carried into the garage by vehicles. Salt and snow residues fall off of cars 

entering the parking garage, sometimes leaving sizeable amounts of de-icers in the structure. The snow 

is melted by the salt, leaving puddles of salty water to seep into the porous concrete. This mixture of salt 

and water effectively changes the freezing properties of the concrete, making it more sensitive to 

freezing and thawing. Fluctuating temperatures then cause drastic stresses within the concrete’s 

surface.  

Also, as the water evaporates, the remaining salt is left to corrode the reinforcing steel and to 

recrystallize within the pores of the concrete. The resulting corrosion compromises the bond between 

the concrete and reinforcing steel, and the expanding rust as well as the salt recrystallization produces 

compressive stresses within its surface. These stresses cause cracking and pitting, which has reduced the 

structural integrity of the concrete, also exposing itself to more salt water penetration.  

After years of cracking and exposure to salt water, the concrete becomes so weak that any minor 

contact with a vehicle or equipment can cause large pieces of concrete to break off, eventually 

deteriorating the outer layer of the column. Figure 3 illustrates a cross section of the column showing 

placement of the rebar, original shape of the concrete and current shape of the concrete. 
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Figure 3: Cross Section of a Salt-Damaged Column [6] 

1.4 Ideal Solution for De-Icing 

The ideal solution to winter de-icing would be to have a product that could melt snow and ice, quickly 

and safely, at a low cost. This material would have no environmental impact, would have no impact on 

structures and buildings, and would be easily obtained by manufacturers around the world. Application 

of this product would be very simple, and the product would literally disappear with the snow and ice. 

However, there are currently no products that are capable of providing such results without causing any 

detrimental effects to concrete and mortar structures, as well as to the environment. 

1.5 Chemicals Found in De-Icing Agents 

De-icing agents can be composed of various chemicals such as sodium chloride, magnesium chloride, 

calcium chloride, potassium chloride, urea, calcium magnesium acetate, sodium acetate and liquid 

glycol. However, the most common de-icing agents generally utilize the melting properties of sodium 

chloride (NaCl), urea (CO(NH2)2 ), potassium chloride (KCI) and calcium chloride (CaCl).  

1.5.1 Sodium Chloride 

Sodium chloride (NaCl) is the most commonly used de-icing chemical in the world, mainly because of its 

availability, in expense and effectiveness. It is capable of melting ice in temperatures ranging from -5oC 

to -10oC. NaCl has been used as a de-icing agent since the 1930s, but it was not mass produced for de-

icing purposes until the 1960s. It is usually spread in pellet or rock form, but in recent years, other 

techniques have been developed to increase the efficiency of this de-icer. Pre-wetting is a process that 

allows salt spreading trucks to spray the salt with a liquid form of NaCl. The liquid NaCl allows the salt to 

adhere to the road surface, drastically increasing its effectiveness. Another application technique is anti-
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icing. This is primarily used when temperatures fluctuate around 0°C, where freezing rain and 

freeze/thaw cycles are more common. Anti-icing is essentially a mixture of rock salt and liquid solution 

designed to prevent ice from bonding to the pavement.  

However, excessive use of NaCl as a de-icer leads to accumulation in ditches and drains around urban 

and rural areas, potentially infiltrating nearby water supplies. Once mixed into aquifers and other bodies 

of water, the salt poses threats to aquatic ecosystems and water quality, and there is no natural process 

capable of removing this mineral from the water. “Approximately 55% of road-salt chlorides are 

transported to drains and ditches in surface runoff while the remaining 45% infiltrating through soils and 

into groundwater aquifers” [7].  

1.5.2 Urea 

Urea is an organic compound used in some de-icing agents, often accompanied by another ice-melting 

chemical. It is not the most effective de-icing chemical, only capable of melting ice in temperatures as 

low as -7oC. Equally, urea is also used as a fertilizing agent, which means that it can boost plant growth 

by providing nitrogen to their roots. Therefore, runoff from de-icing chemicals containing urea will not 

endanger surrounding vegetation. In fact, it could even help nourish it. However, the majority of runoff 

which infiltrates into storm drainage and eventually into waterways “can endanger ecosystems by 

producing a chemical imbalance” [8]. Urea is a safer chemical to be used as a de-icer in terms of 

exposure to humans and pets, but can cost up to five times more than rock salt. It is usually spread in 

pellet form. 

1.5.3 Potassium Chloride 

Potassium chloride (KCI) is a naturally occurring chloride, like many of the other de-icing agents. Due to 

its higher cost and lower efficiency, it is not used as much in commercial applications like roads and 

large areas. Instead, it is more commonly applied in residential areas, mainly on pathways and 

entrances. KCI can only melt ice in temperatures as low as -4oC, limiting its use in colder winter climates. 

However, this de-icer proves to cause little to no harm to the environment, making it a popular choice 

for consumers considering their environmental impact. Effects of acute exposure to potassium chloride 

are minor irritations to skin, eyes, and respiratory tract. Residential products are usually applied in pellet 

form, and melt ice by lowering the water’s freezing point, much like sodium chloride. 
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1.5.4 Calcium Chloride 

Calcium chloride (CaCl) is used as a de-icing ingredient in various types of de-icing agents, and can 

continue to work in much lower temperatures than most other chemicals. It usually tends to be more 

expensive than other types of de-icers, but has certain properties that make it more useful and efficient. 

It is most effective in temperatures ranging from -5oC to -23oC, and works by producing heat to melt ice 

and snow, which is the result from an exothermic reaction caused by an interaction with water [9]. CaCl 

attracts moisture, allowing it to initiate the exothermic reaction more quickly and efficiently as well as 

keeping the ground surface dry, preventing more accumulation of ice and snow. It has been used for de-

icing for over 100 years, and is available in pellets, flakes and liquid form. Calcium chloride has proven to 

cause very little damage to soils and vegetation, but it can be quite destructive to construction materials 

such as concrete and mortar.  

1.6 Report Overview 

This report deals with the testing of two strengths of concrete and two strengths of mortar, after being 

periodically exposed to four different de-icing agents. In order to test the various ice melting ingredients 

mentioned above, four de-icing brands that each contain one or more of these chemicals have been 

selected. These brands are: Sifto Xtreme (contains: KCI and CaCl), Xynyth Natural (contains: KCI), Alaskan 

(contains: CaCl, NaCl and CO(NH2)2) and regular rock salt (contains: NaCl). The concrete used for 

residential home foundations (20 MPa) and for concrete sidewalks (32 MPa) are tested due to their high 

probability of de-icing exposure. Equally, mortar type-N and mortar type-S are tested due to their high 

popularity in residential masonry, an area often subject to de-icing chemicals.  

The testing consists of casting testing specimens for both strengths of concrete and both strengths of 

mortar, which are then left to cure for over 28 days followed by exposure to simulated winter conditions 

in Ottawa, Ontario. After exposure to de-icing and freeze/thaw cycles, the specimens are tested in a 

compression machine and visually analyzed to determine if any destructive effects have taken place. The 

casting, curing, exposure and testing procedures are further discussed in Chapter 2 of this document. 

The results from our testing are evaluated on the basis of: 

 The compressive strength of the concrete/mortar specimens  

 Qualitative visual analysis of the failed specimens 
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This report is composed of six chapters. Following the introduction, the methodology of casting, curing, 

de-icing exposure and testing is presented in Chapter 2. Chapter 3 presents an analysis of the results of 

the testing. The conclusions are discussed in Chapter 4 followed by recommendations in Chapter 5. 

 

The information provided in this report will allow the reader to understand the effects of de-icing agents 

and freeze/thaw cycles on structures composed of concrete and mortar, as wells as gaining a brief 

understanding of the processes related to testing the compressive strength of these materials.  
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2.0 Methodology 

When conducting any type of testing on construction materials in North America, the procedures used 

to conduct the tests must conform to a specific standard that has been developed in order to keep these 

tests as consistent as possible. These standards are written and updated by the American Society for 

Testing and Materials (ASTM). This organization provides a detailed outline describing the specific 

procedures to follow when testing any construction material, including testing on concrete and mortar. 

These standards apply to casting, curing, exposure conditions, and testing procedures. 

2.1 Casting 

The processes involved in the compression testing of both strengths of concrete and both strengths of 

mortar are outlined by the ASTM standard, and most of the procedures have been followed to ensure 

the tests meet the international benchmark. The standards describe the processes to be followed 

relating to the various stages of the testing procedures such as: size and shape of the testing specimens, 

casting and curing procedures as well as compression testing procedures. The main standards followed 

for the testing of our materials are: 

 ASTM C39 / C39M - 12a Standard Test Method for Compressive Strength of Cylindrical Concrete 

Specimens [10]. 

 ASTM C109 / C109M - 12 Standard Test Method for Compressive Strength of Hydraulic Cement 

Mortars (Using 2-in. or [50-mm] Cube Specimens) [10]. 

This section describes the required formwork, mix designs and mixing and casting procedures to 

successfully cast the mortar and concrete test specimens. 

2.1.1 Formwork 

The quantity, shape and size of the test specimens are vital components to the successful completion of 

the testing process. Compression testing of any material requires a set of three samples for every time 

interval, or in this case, for every condition being tested (including the baseline samples). The average 

compressive strength of the three specimens is taken in order to obtain more accurate results. 

For testing concrete, ASTM standard C470 describes the specifications for the Molds for Forming 

Concrete Test Specimens Vertically. This document indicates that the cylindrical mold used to cast the 

specimens measures 152.4 mm (6″) in diameter by 304.8 mm (12″) in height and must be composed of 
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plastic, cast iron or steel. However, depending on the equipment available for the compression testing, 

smaller specimens may also be used. The main requirement is that the length of the specimen is equal 

to twice its diameter. The cylindrical mold used for our specimens was a plastic mold measuring 101.6 

mm (4″) in diameter by 203.2 mm (8″) in height. A total of 30 cylinder molds were needed to cast the 

fifteen, 20-MPa specimens and the fifteen, 32-MPa specimens (4 de-icers + 1 baseline x 3 per condition 

= 15).  

For the mortar test specimens, ASTM standard C109 describes the Standard Test Method for 

Compressive Strength of Hydraulic Cement Mortars (Using 2″ or 50-mm Cube Specimens). This 

document indicates that the mortar shall be cast in cubes measuring 50 mm (2″) by 50 mm by 50 mm. 

Usually, these cube molds are composed of brass, but due to restricted supplies, custom formwork was 

built (see Figure 4). 

 

Figure 4: Custom Mortar Cube Formwork 

Figure 4 illustrates the mortar cube formwork during construction. A plywood base was cut to the 

proper dimensions, and outer walls composed of 2 x 4 were screwed into the base from underneath. 

Afterwards, strips of plywood measuring 21/16″ in height were cut to make up the walls for the individual 

cube molds. Notches were cut at the intersections of lengthwise and widthwise dividers to allow the 

strips to interlock together. Before installing the dividers, silicon was applied to all seams in the 

formwork creating a watertight seal around each individual cube mold. This prevents any contamination 

or infiltration of the various ingredients of the two different strengths of mortar into surrounding cube 

molds. After sealing the dividers, an air nailer was used to tack them in place, keeping in mind that 
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disassembly of the formwork must be done delicately. The custom formwork consists of 30 cube molds, 

15 for the type-S mortar and 15 for the type-N mortar (4 de-icer + 1 baseline x 3 per condition = 15). 

2.1.2 Mix Designs 

A mix design is essentially a recipe used to outline the quantity of ingredients needed to produce a 

certain grade of material. The mix designs used for the mortar cubes and for the concrete cylinders are 

presented below. 

 

Mortar Cubes: 

The mix designs for the mortar cubes are indicated on the manufacturer’s package, and are quantified 

by “parts” (volume). The concrete cylinder mold was used as a measuring apparatus. The volume 

required of mortar is determined by calculating the volume of each mortar cube, multiplying it by fifteen 

cubes followed by a multiplication of 1.10 to account for 10% waste. The answer is converted from mm2 

to m2. 

 

Volume Required: 

Vmortar= 15 cubes * 50mm * 50mm * 50mm 

Vneeded= 15 cubes * 125,000mm3 * 1.10  

Vneeded= 0.0206m3 for each type of mortar (N-type & S-type) 

 

The volume of one cylinder measuring apparatus is calculated using the formula for the volume of a 

cylinder. 

V of 1 part= (*(diameter)2/4) * height 

V of 1 part= (*(101.6mm)2/4) * 203.2 mm 

V of 1 part= 0.0165m3 

 

For each type of mortar, the mix used was one part mortar mix with three parts mortar sand. 

Therefore, 0.0165m3 * 4 parts = 0.0660m3 of each type of mortar. 

 

The quantity of water to be used is not specified on the manufacturer’s mix design due to the fact that 

the consistency of the mortar is based on the conditions of its intended use and on the preference of 
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the mason. For the purposes of our testing, we targeted an average consistency mortar in order to best 

simulate the real-life conditions of mason work in construction. The amounts of water added to the 

mortars in this test are: 1260 ml in the type-N mortar and 1160 ml in the type-S mortar. 

 

Concrete Cylinders: 

The mix designs for the concrete cylinders are quantified by weight, and have been manipulated to 

achieve the desired amount (volume) of concrete to fill the 15 cylinders required. The mix designs were 

provided by a local cement supplier, and are commonly used recipes for concrete in the Ottawa area. 

 

4” * 8” cylinders  

101.6 mm x 203.2 mm 

 

Volume Required: 

In order to calculate the volume of concrete required, the volume formula for a cylinder is used to 

determine the volume of concrete in each cylinder, then it is multiplied by 15 cylinders followed by a 

multiplication of 1.10 to account for 10% waste. The answer is converted from mm2 to m2. 

Vcylinder= (*(diameter)2/4) * height 

Vcylinder= (*(101.6mm)2/4) * 203.2 mm 

Vneeded= 0.0165 m3 * 15 cylinders * 1.10  

Vneeded= 0.27 m3 for each type of concrete (20 MPa and 32 MPa) 

See Table 3 for breakdown of concrete mix designs. 

 

Table 3: Quantity of Ingredients in Concrete Mix Designs (by weight) 

Material 20 MPa Concrete 32 MPa Concrete 

Cement 8.75 Kg 10.2 Kg 

Stone 34.77 Kg 31.95 Kg 

Sand 25.47 Kg 24.30 Kg 

H20 6400 ml 6000 ml 

Air Entrainment 4.38 ml 5.1 ml 

 



14 
 

 

2.1.3 Mixing and Casting Procedures 

This section presents the mixing and casting procedure for the mortar cubes followed by the mixing and 

casting procedures for the concrete cylinders. 

Mortar Cubes: 

The tools needed to mix and cast the mortar cubes are: metal mixing tray, small and large trowel, 

formwork, hammer, plastic cylinder mold and a graduated cylinder. The procedure for this portion of 

the project consists of the following steps. The dry ingredients in the mix design were quantified using 

the plastic concrete cylinder mold, and were placed in a metal mixing tray. They were then mixed using 

a mason’s trowel, ensuring uniform dispersion of the mortar cement throughout the sand. Water was 

gradually added to the mortar cement and sand while the ingredients were continuously mixed until the 

desired consistency was achieved. The ingredients were well mixed for approximately two minutes to 

ensure that the mortar was uniformly consistent. The amount of water added to the mixture was 

recorded for informational purposes.  

Before casting, the formwork was fully wetted to prevent the wood from absorbing moisture from the 

mortar cubes during curing. A small trowel was used to fill the individual cubes in the formwork, insuring 

not to over-fill the molds. Once all the cubes were filled with mortar, the formwork was tapped 

repeatedly with a hammer to create vibrations which loosen and discards air pockets created during 

pouring. After tapping, the formwork was stored on a level surface away from disturbances to allow the 

mix to harden.  

Concrete Cylinders: 

The tools needed to mix and cast the concrete cylinders are: electric drum mixer, graduated cylinder, 

scale, tamping rod, plastic cylinder molds, metal scoop and a trowel. The procedures for this portion of 

the project consists of the following steps. The dry ingredients were quantified by weight, precisely 

following the mix design. They were inserted into the electric mixer drum, and mixed for approximately 

two minutes to thoroughly disperse the cement throughout the sand and gravel. Then, water was slowly 

added to the drum while continuously mixing, using a graduated cylinder to record the amounts added. 

The air-entraining agent was added to the water prior to pouring into the mixing drum, allowing the 

admixture to more efficiently mix into the concrete. After reaching the desired consistency (slump), the 
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mixer was run for five minutes to allow the admixture to be distributed throughout the entire batch of 

concrete. 

Once the mixing phase was complete, the tools were prepared for casting. The concrete was poured 

into the molds in three equal lifts using a metal scoop. After each lift, the tamping rod was used to 

repeatedly penetrate the fresh concrete 25 times, forcing the concrete to fill the entire volume of the 

mold (see Figure 5). 

 

Figure 5: Rodding Concrete in Cylinder Mold 

On the third lift of each cylinder, the mold was over-filled, and the excess concrete was scraped off with 

the rod to ensure the concrete was flush with the top of the mold. The side of the mold was then gently 

tapped with a trowel to vibrate out air pockets, and afterwards the top was finished with the trowel to 

create a smooth surface. The lid was put on the mold and the specimens were stored to cure. A marker 

was used to differentiate the two different strengths of concrete.  

2.2 Curing 

The processes related to curing the test specimens are outlined in the ASTM documents mentioned 

above. However, due to the simulation of real-life curing conditions and to uncontrollable 

circumstances, various aspects of the curing conditions did not meet the standards set forth by the 
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ASTM organization. The ASTM standard curing conditions and actual curing conditions used are 

described in this section. 

2.2.1 ASTM Standards for Curing 

When curing concrete and mortar specimens in the laboratory, ASTM standards indicate that the 

specimens must be covered by an impervious material, preventing any losses of moisture. Wet burlap is 

often used to ensure the specimens stay in a humid environment while still in the molds. After spending 

16–30 hours curing in the molds, the specimens are to be removed and stored in a vibration-free 

environment with an ambient temperature of 21-25°C. The specimens are to be moist-cured for a 

period of 28 days before testing of any kind should be conducted. Moist-curing means that the test 

specimens shall have free water maintained on the entire surface area at all times. This is usually 

achieved by curing the specimens in a tub of water (i.e. 100% moisture). 

2.2.2 Actual Curing Conditions 

Following the casting of the specimens, they were left to cure in their molds for roughly 120 hours, in a 

vibration-free environment at 21°C. The concrete cylinders were covered with the cap which is part of 

the plastic mold, however the mortar cubes were exposed to the ambient air without a cover. The 

processes involving the removal and curing of the mortar and concrete specimens are further described 

in this section.  

Mortar Cubes: 

After the in-mold curing period, the molds for the mortar cubes were dissembled carefully to ensure 

minimal damage to the cubes during this process. Prior to removing the specimens from the formwork, 

a marker was used to clearly identify the S-Type cubes and the N-Type cubes. After marking the 

specimens, the formwork was dissembled by removing the screws holding the base together. 

Afterwards, the outer walls and the bottom sheet of plywood were removed, allowing the specimens to 

be pushed through the individual mold dividers (see Figure 6). 
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Figure 6: Removing Mortar Cubes from Formwork 

After removing all specimens from the molds, they were inserted into a tub of water for five minutes. 

Following the short soaking period, they were removed from the water and left to dry-cure in an 

undisturbed area for 37 days, at 21°C.  

Concrete Cylinders: 

Removal of the concrete cylinders from their plastic molds was completed shortly after the mortar 

cubes, and consisted of the following steps. The caps were removed from the specimens, and the 

specimens were flipped upside down on a table. A drill with a ¼” drill bit was used to drill a small hole in 

the bottom of each mold, making sure not to drill more than 2 mm into the specimen. Afterwards, an air 

compressor was used to push pressurized air into the hole, creating an upward force that pushed the 

mold off of the specimen (see Figure 7). 
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Figure 7: Removing Concrete Specimen from the Plastic Mold 

After removing the mold, a marker was used to clearly identify the two different strengths of concrete. 

Following the removal of the molds, the specimens were soaked in a tub of water for five minutes, but 

removed to dry-cure in an undisturbed area for 37 days, at 21°C.  

Dry-curing was chosen due to the fact that in the construction industry, it is rare for fresh concrete and 

mortar to be subjected to optimum curing conditions. We selected this method in order to best simulate 

the curing conditions to which the average concrete and mortar structures are exposed to. 

2.3 Exposure Conditions 

Following the curing period, the concrete and mortar specimens are subjected to various conditions in 

order to best simulate the detrimental effects of winter in Ottawa Ontario. The exposure conditions 

were more intense than real-life conditions, in order to simulate years of damage in a shorter time span.  

The exposure phase of the project was conducted during the coldest months of winter—January and 

February, where the average low temperature was -18oC and the average high temperature was -9oC. 

Although the specimens did spend the entire duration of the exposure phase outside, de-icer application 

and freeze/thaw cycle were simulated by alternating the specimens three times a week from a cycle 

spent soaking in a de-icing brine, (mix of de-icer and water) and a cycle spent freezing outside of the 

brine.  
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This process was executed by having four containers, each dedicated to one of the de-icing agents. The 

de-icer brine was produced in each container by mixing a quantified amount of de-icer with a quantified 

amount of water. The initial brine was composed of 1.5 quarts of de-icing agent and ten quarts of warm 

water. Adjustments to the ratio of de-icer and water in the containers were conducted based on the 

physical state of the brine and based on the volume of brine needed to fully cover all of the specimens. 

For each container, three specimens of each strength of concrete and mortar (total= six concrete 

cylinders and six mortar cubes) were constantly being submerged and removed from the brine, and data 

of the cycles was collected for informational purposes.  

Equally, three baseline cylinders and three baseline cubes were exposed to the same temperature 

conditions as all the other specimens and were fully wetted but never submerged during every cycle 

alteration. 

The ambient temperature surrounding the specimens was beyond our control, but the specimens were 

subjected to harsh conditions that induced some severe deterioration, noticeable after just two weeks 

of exposure. In fact, the conditions proved to be so drastic that the type-N mortar cubes did not 

withstand the entire length of exposure. Failure of the type-N mortar specimens occurred six cycles 

after the initial soaking. The table below illustrates in more detail the logistics of the exposure phase of 

the project (see Table 4). The summary reports for each session can be found in Appendix A. 

Table 4: Summary of Cycle Alterations 

Session Date Cycle De-icer 
Added 
(Quarts) 

Water 
Added 
(Quarts) 

Temperature 
(High/Low) 

Observations 

1 17-Jan-13 Initial 
Submersion 
into Brine 

1.5 10 -12°C / -22°C   

2 18-Jan-13 Samples 
Remain 
Submerged 

1 1 -8°C / -16°C Surface of Brine Slightly 
Frozen 

3 22-Jan-13 Removing 
Samples 
from Brine 

1 0 -16°C / -31°C Surface of Brine Slightly 
Frozen 

4 24-Jan-13 Re-
Submerging 
into Brine 

1 2 -19°C / -23°C Type-N Mortar cubes are 
showing signs of cracking 
and deterioration. 

5 25-Jan-13 Removing 
Samples 
from Brine 

0 0 -15°C / -20°C Type-N Mortar cubes are 
showing signs of severe 
cracking. The concrete 
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cylinders are beginning to 
show signs of 
deterioration. 

6 29-Jan-13 Re-
Submerging 
into Brine 

0 0 0°C / -9°C Type-N Mortar cubes have 
begun to fail. Concrete 
Cylinders are showing 
signs of deterioration. 

7 30-Jan-13 Removing 
Samples 
from Brine 

0 0 12°C / 0°C All type-N Mortar cubes 
have failed. Concrete 
Cylinders are developing 
cracks, edges are chipping 
away. Type-S Mortar cubes 
are showing signs of 
cracking and deterioration. 

8 01-Feb-13 Re-
Submerging 
into Brine 

1 0 -14°C / -17°C Type-S Mortar cubes are 
showing signs of severe 
cracking. Most of the 
Concrete Cylinders are 
showing signs of significant 
damage.  

9 05-Feb-13 Ending 
Exposure 

0 0 -10°C / -23°C Samples are brought 
indoors to thaw at room 
temperature. 

 

2.4 Testing Procedures 

This section describes the testing procedures used for the mortar cubes and for the concrete cylinders. 

2.4.1 Mortar Cubes 

The procedure for testing the compressive strength of mortars specimens consisted of the following 

steps. The appropriate amount of spacers were placed on the testing machine to have the cubes at the 

correct height. Metal spacers were used because the hydraulic testing machine has a limited range of 

movement. Two rubber bumpers were placed above and below the mortar cube in order to distribute 

the loading evenly over the surface area (see Figure 8). This method is useful if the mortar cube is not 

perfectly square when the loading is being applied because the rubber spacers will take the shape of the 

cube.  
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Figure 8: Compression Testing Mortar Cubes with Rubber Bumpers 

Once the materials were prepared for testing, one person was assigned to operate the testing machine, 

which is controlled by a computer. This person should know how to use the computer software in order 

to operate the hydraulic testing machine safely and efficiently. Another person was needed to place 

each mortar cube in between the two rubber bumpers and remove the failed specimen after every test. 

The graphs produced by the computer program of every mortar cube tested were printed to obtain a 

hardcopy of the results. 

2.4.2 Concrete Cylinders 

To test the compressive strength of the concrete specimens, a different type of bumper was used. 

Instead of placing a rubber bumper above and below the specimen in the compression machine, a sulfur 

cap was cast on top and below of each specimen allowing the load applied on the cylinder to be 

distributed evenly across the whole cross-sectional area of the concrete cylinder. 

The procedure for capping the concrete specimens consisted of the following steps. The melting pot was 

placed under a hood to exhaust the fumes outdoors. Sulfur was inserted into the melting pot and the 

heat was turned to 250oC. The hardened sulfur took an hour to liquefy, therefore in the meantime, the 

rest of the equipment needed for capping was prepared. The following equipment was needed for 
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capping: a metal scoop, oil container, steel rod, facemask, gloves and capping plate(s). The concrete 

cylinders were also prepared to begin capping once the sulfur turns to liquid form. The capping plate 

was placed near the melting pot to ensure there was sufficient time to place the cylinder inside before 

the sulfur hardens. The capping plate was lubricated with oil using a paper towel to spread it over the 

entire surface in order to prevent the sulfur from sticking to the plate when it hardens. The sulfur was 

then scooped out using a metal scoop from the melting pot and put in the bottom of the capping plate. 

The cylinder was then placed against the side of the capping plate, which ensured that it was 

perpendicular to the base of the capping plate. Then, the cylinder was slowly lowered into the liquid 

sulfur, until it rested on the bottom of the plate (see Figure 9). It was held in that position for 

approximately 20 seconds, until the sulfur hardened. A tamping rod was then used to pry the specimen 

out of the capping plate. Excess sulfur was broken off from around the sulfur cap using the tamping rod. 

This process was used to cap the extremities of each concrete cylinder. The cylinders were then carefully 

stored in a safe location to avoid damage to the sulfur caps. 

 

Figure 9: Capping Concrete Test Specimen 

The procedure for testing the compressive strength of the cylindrical concrete specimens was similar to 

the one used to test the mortar cubes, and consists of the following steps. The appropriate amount of 

spacers were placed on the testing machine to have the concrete cylinders at the correct height. One 

person was used to operate the testing machine while another was responsible for loading and 
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unloading the specimens into the machine. The compression tests were conducted on each specimen 

followed by an inspection of the failed specimens. The graphs of each concrete cylinder tested were 

printed off to obtain a hardcopy of the results. 
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3.0 Analysis of Results 

The results from the tests conducted on the mortar and concrete specimens are analyzed on the basis of 

ultimate compressive strength and qualitative visual analysis after failure.  

3.1 Ultimate Compressive Strength 

The ultimate strength in the specimen is equal to its ultimate stress at failure during the compression 

test. It is calculated by taking the force applied divided by the perpendicular surface area of the 

specimen, and usually uses either PSI (pounds per square-inch) units for imperial or MPa (Mega Pascals) 

units for metric. 

When reviewing the results from the compression tests, two methods were used to classify the 

performance of the test specimens in each condition. The first method takes the average ultimate stress 

of the three specimens in every condition, and ranks them from one to five, illustrating the strongest to 

the weakest (4 de-icers + 1 baseline = 5). The second method disregards the best and worst result from 

the three specimens in all five conditions, leaving one measure of ultimate stress per condition. The 

remaining results are ranked from one to five, illustrating the strongest to the weakest. 

3.1.1 Mortar Cubes 

The Type-N mortar specimens failed prior to testing, therefore no data was generating for those 

specimens. A table containing the raw data from the compression tests as well as the failure graphs of 

each Type-S mortar specimen tested can be found in Appendix B. The following table illustrates the 

ultimate stress of each Type-S mortar specimen as well as the rankings of performance of each 

specimen. 
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Table 5: Analysis of the Type-S Mortar Specimen Compression Test Results 

 

Note: The average ultimate stress for the baseline samples does not consider the data from the “Baseline 

1” sample (9.39 MPa) due to the fact that it nearly doubled the strength of the other two samples, which 

can be the result of an equipment error. 

The first observation to be made is that the average compressive strength of the baseline samples is 

4.58 MPa. This is only a third of the design strength of Type-S mortar (12.4 MPa), which can be indicative 

of how the exposure to winter conditions has posed great damage on the structural integrity of the 

testing specimens. Two other factors that could have a negative impact on the compressive strength of 

the baseline specimens are: 

 dry curing of the specimens drastically reduces their ability to gain strength while hardening 

 the amount of water added in the batch of mortar cement could have varied from its optimal 

water content 

Analysis: Method 1 Analysis: Method 2

Sample

Ultimate 

Stress 

(MPa)

Average 

Ultimate 

Stress 

(Mpa)

Rank of 

Performance 

(best to 

worst)

Ultimate 

Stress   

(MPa)

Rank of 

Performance 

(best to 

worst)

Baseline 1 9.39 9.39

Baseline 2 4.46 4.58 1 4.46 1

Baseline 3 4.7 4.7

Rock Salt 1 2.34 2.34

Rock Salt 2 2.83 2.50 3 2.83 3

Rock Salt 3 2.34 2.34

Sifto Xtreme 1 4.8 4.8

Sifto Xtreme 2 4.34 4.16 2 4.34 2

Sifto Xtreme 3 3.34 3.34

Xynyth Natural 1 2.07 2.07

Xynyth Natural 2 2.08 2.47 4 2.08 5

Xynyth Natural 3 3.26 3.26

Alaskan 1 2.17 2.17

Alaskan 2 2.15 1.86 5 2.15 4

Alaskan 3 1.26 1.26
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When analyzing the de-icing exposed specimens, it is observed that the compressive strength of the 

specimens in three of the four de-icing conditions were left within a narrow range. The other de-icer has 

caused very little damage to the mortar specimens. Those exposed to Rock Salt, Xynyth Natural and 

Alaskan de-icers all experienced a decrease of roughly one half (50%) of the strength of the baseline 

specimens. However, the Sifto Xtreme specimens have only decreased in strength by an average of 0.42 

MPa. In other words, the Sifto Xtreme specimens have conserved roughly 91% of the compressive 

strength of the baseline specimens, making this de-icing agent the least destructive of the four tested. 

The most destructive de-icing agent is more difficult to determine. The results from the compression 

test on the specimens exposed to the three other de-icing agents all fall into a narrow range. Also, the 

two methods used to classify the performance of each specimen suggest a different, worst-ranked 

specimen. Method 1 ranked the Alaskan de-icer to be the worst. However, the average ultimate 

strength of the specimens can be greatly affected by a single specimen that was much higher or lower 

than the other specimens of that condition. This seems to be the case for both the Alaskan and Xynyth 

de-icers, the test results of which have a specimen that is 1 MPa off from the other two in that 

condition. Method 2 suggests that the Xynyth Natural caused the most damage to the structural 

integrity of the specimens, and looking at the two consistent results in each of those two conditions 

(samples 1 and 2 for both conditions), it is determined that the Xynyth Natural de-icer did in fact 

produce the specimens with the weakest compressive strength. The value of 2.08 MPa used in the 

method 2 analysis for the Xynyth de-icer illustrates a drop of 2.62 MPa from the baseline strength of 4.7 

MPa, which means that the specimens exposed to the Xynyth Natural de-icer could only retain 44% of 

the compressive strength of the baseline specimens. 

3.1.2 Concrete Cylinders 

The results of the compression tests conducted on the concrete cylinders are analyzed separately for the 

20 MPa concrete as well as the 32 MPa concrete. 

20 MPa Concrete Specimens: 

A table containing the raw data from the compression tests as well as the failure graphs of each 20 MPa 

specimen tested can be found in Appendix C. The following table illustrates the ultimate stress of each 

20 MPa concrete specimen and the rankings of performance of each specimen, presented using the 

same format as the previous table. 
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Table 6: Analysis of the 20 MPa Concrete Specimen Compression Test Results 

 

Looking at the results, it is observed that the average compressive strength of the baseline specimens is 

28.5 MPa. This is 8.5 MPa stronger than the design strength of this concrete. Considering the fact that 

the specimens were not cured in optimal curing conditions, it is unusual for these specimens to achieve 

143% of their design strength. The factors that could be responsible for the high performance of this 

batch of concrete are: low water content and inaccurate procedures or equipment used to quantify the 

amount of cement and aggregate mixed into the concrete. 

As expected, the baseline specimens did outperform the specimens exposed to de-icing agents. The 

exposure to water and freeze/thaw cycles was different, and possibly less intensive than the de-icing 

exposed specimens, however there is clear evidence that the de-icing agents did significantly reduce the 

strength of the specimens.  

Looking at all the de-icing exposed specimens, it is observed that the compressive strength of all these 

specimens did reduce within a comparable range. Both methods of analysis suggest that the specimens 

Analysis: Method 1 Analysis: Method 2

Sample

Ultimate 

Stress 

(MPa)

Average 

Ultimate 

Stress 

(Mpa)

Rank of 

Performance 

(best to 

worst)

Ultimate 

Stress   

(MPa)

Rank of 

Performance 

(best to 

worst)

Baseline 1 28.74 28.74

Baseline 2 31.15 28.50 1 31.15 1

Baseline 3 25.6 25.6

Rock Salt 1 12.43 12.43

Rock Salt 2 15.95 15.37 4 15.95 3

Rock Salt 3 17.74 17.74

Sifto Xtreme 1 23.08 23.08

Sifto Xtreme 2 17.09 19.44 2 17.09 2

Sifto Xtreme 3 18.14 18.14

Xynyth Natural 1 10.9 10.9

Xynyth Natural 2 13.18 15.24 5 13.18 5

Xynyth Natural 3 21.63 21.63

Alaskan 1 14.26 14.26

Alaskan 2 20.41 16.40 3 20.41 4

Alaskan 3 14.54 14.54
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exposed to the Sifto Xtreme de-icing agent did experience the least reduction of strength. While the 

specimens exposed to the other three brands of de-icers seemed to have only retained just over half of 

the compressive strength of the baseline specimens, the Sifto Xtreme specimens were able to retain on 

average 68% of baseline strength. 

The specimens exposed to Rock Salt, Xynyth Natural and Alaskan de-icing agents all generated 

compressive strength results that fell into close margins. It is important to note that the Xynyth and 

Alaskan conditions both had one specimen that outperformed the other two by a considerable amount 

whereas the Rock Salt’s specimens all generated fairly consistent results. Taking that into consideration, 

it appears that both analysis methods still ranked the strength of the specimens in each condition 

correctly based on their performance. The results illustrate that the specimens exposed to the Xynyth 

Natural de-icing agent did in fact lose the most compressive strength between the four de-icers tested. 

On average, the Xynyth specimens could only retain 53% of the baseline specimen’s compressive 

strength, while the Rock Salt specimens retained 54% and the Alaskan retained 58%. 

32 MPa Concrete Specimens: 

A table containing the raw data from the compression tests as well as the failure graphs of each 32 MPa 

specimen tested can be found in Appendix D. The following table illustrates the ultimate stress of each 

32 MPa concrete specimen and the rankings of performance of each specimen, presented using the 

same format as the previous table. 
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Table 7: Analysis of the 32 MPa Concrete Specimen Compression Test Results 

 

The 32 MPa concrete baseline specimens proved to remain more consistent with their design strength 

compared to the 20 MPa specimens. It was expected that some of the strength of the concrete would be 

lost due to exposure to freeze/thaw cycles and dry—curing, which justifies that the overall strength of 

the batch of concrete used to make these specimens was very close to the design strength of 32 MPa. 

Looking at the specimens that were exposed to de-icing agents, much like the 20 MPa specimens, their 

compressive strength has dropped a fair amount from the baseline specimens while remaining within a 

narrow margin. Method 1 of analysis illustrates that the specimens exposed to the Sifto Xtreme, Xynyth 

Natural and Alaskan de-icers all produced results to which the averages fell within 0.26 MPa from each 

other. This also means that these samples were able to retain on average 66% of the compressive 

strength of the baseline specimens. However, method 2 helps further differentiate the individual 

32 MPa Concrete: Analysis of Compression Test Results

Analysis: Method 1 Analysis: Method 2

Sample

Ultimate 

Stress 

(MPa)

Average 

Ultimate 

Stress 

(Mpa)

Rank of 

Performance 

(best to 

worst)

Ultimate 

Stress   

(MPa)

Rank of 

Performance 

(best to 

worst)

Baseline 1 27.63 27.63

Baseline 2 29.05 29.06 1 29.05 1

Baseline 3 30.51 30.51

Rock Salt 1 14.83 14.83

Rock Salt 2 21.1 17.37 5 21.1 5

Rock Salt 3 16.17 16.17

Sifto Xtreme 1 22.95 22.95

Sifto Xtreme 2 16.68 19.24 3 16.68 3

Sifto Xtreme 3 18.08 18.08

Xynyth Natural 1 14.96 14.96

Xynyth Natural 2 20.23 19.28 2 20.23 2

Xynyth Natural 3 22.65 22.65

Alaskan 1 16.36 16.36

Alaskan 2 23.35 19.02 4 23.35 4

Alaskan 3 17.36 17.36
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performance of these specimens by eliminating the best and worst result from each condition. It is only 

after looking at the remaining data in the method 2 analysis that it can be justified to deem the Xynyth 

Natural de-icing agent to be the least destructive on compressive strength of the four tested in the 32 

MPa concrete specimens. 

When analyzing the results to find the most destructive de-icing agent, both method 1 and 2 of analysis 

suggest that the specimens exposed to Rock Salt did in in fact lose the most compressive strength of the 

four de-icers tested. Although method 2 indicates that there is not a large difference between the Rock 

Salt and Alaskan results, method 1 shows that the Rock Salt exposed specimens were on average 1.8 

MPa weaker in compression than the specimens exposed to the other three de-icers. This also means 

that the Rock Salt specimens could only retain 60% of the compressive strength of the baseline samples 

for the 32 MPa concrete batch. 

3.2 Qualitative Visual Analysis 

After crushing the specimens in the hydraulic compression machine, numerical data was collected 

followed by a visual analysis of the failed specimens to determine if there was any sign of de-icer 

penetration, and if so, how far beneath the surface of the specimen.  

Unfortunately, after inspection of the failed mortar cubes, no evidence of de-icer penetration was found 

and the colour on the inside of the failed specimens was consistent throughout. 

After inspection of the failed concrete cylinders, there was equally no evidence of de-icing agent 

penetrating the surface of the specimens. Small pockets of de-icer residues that had deposited into the 

larger voids on the exterior surface of some of the specimens were found, but this does not prove any 

re-crystallisation occurred. Slight discolorations were noticeable on the exterior of the Alaskan 

specimens; however, the colour remained consistent throughout the inside of all the concrete 

specimens. 
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4.0 Conclusion 

The conclusions resulting from the analysis of the results are described separately for the mortar test 

specimens and for the concrete test specimens.  

4.1 Mortar Specimens 

The results generated by the testing of four de-icing agents in combination with freeze/thaw cycles on 

Type-S and Type-N mortar specimens has demonstrated that the Sifto Xtreme de-icing agent was the 

least detrimental on compressive strength of the test specimens. This de-icing agent contains potassium 

chloride and calcium chloride as active ice melting ingredients, and has proven to be the least 

destructive allowing its test specimens to retain 91% of the strength of the baseline specimens. The 

most destructive de-icing agent in this test was the Xynyth Natural de-icer. It contains potassium 

chloride as an ice melting ingredient and only allowed its specimens to retain 44% of the baseline’s 

strength. This was marginally worse than the other two de-icers which retained 55% and 57% of the 

strength of the baseline specimens. 

4.2 Concrete Specimens 

The results generated by the testing of four de-icing agents in combination with freeze/thaw cycles on 

the concrete test cylinders has demonstrated that all de-icing agents have proven to cause significant 

decreases in compressive strength of the specimens. It was determined that for the 20 MPa concrete, 

the Sifto Xtreme de-icing agent was the least destructive and the Xynyth Natural was the most 

destructive. Also, for the 32 MPa concrete, the Xynyth Natural de-icing agent was least destructive and 

Rock Salt was the most destructive. However, due to the narrow range the results fell into and because 

the results were not consistent between the two strengths of concrete, no conclusion can be drawn as 

to the least and most destructive ice melting chemicals. 
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5.0 Recommendations 

The recommendations resulting from this project are made in the areas of domestic applications and 

study refinement. 

5.1 Domestic Applications 

After completing testing of various de-icing chemicals on mortar and concrete specimens, the main 

recommendation that can be made is that the use of de-icing chemicals on structures composed on 

concrete and mortar should be avoided as much as possible. However, if the use of de-icing agents is 

necessary, after they have served their purpose and have melted the ice and snow, the resulting brine 

solution should be cleaned from the structure in order to prevent excessive contact and penetration 

into the concrete and mortar materials.  

A second recommendation is that proper curing conditions for concrete and mortar should be used if 

the owner is aware that de-icing agents will eventually come into contact with the structure.  

5.2 Study Refinement 

In order to expand on this topic or to conduct further research, the following recommendations can be 

made in order to obtain more accurate results. 

Firstly, in order to produce results that reflect with more accuracy the effects of the ice melting 

chemicals used in the most popular de-icing agents, brands containing only one ice melting chemical 

should be used. Brands with more than one chemical can produce varied results and don’t necessarily 

prove how destructive or not the individual chemicals can be.  

Secondly, instead of casting three samples per condition, five samples should be casted to provide more 

accurate results. Therefore, a combination of both methods of analysis utilized in the Analysis Chapter 

of this document can be used by disregarding the best and worst specimens of the five, and taking the 

average of the three remaining specimens.  

Thirdly, the baseline specimens should be exposed to more comparable conditions as the de-icing 

exposed specimens. In other words, the de-icing exposed specimens alternated between being 

completely submerged in a brine solution, followed by a cycle being dried and frozen outside of the 

solution. In our test, the baseline specimens were only wetted but never submerged, therefore never 



33 
 

 

subjected to the forces of freezing water surrounding the specimen. This could be one of the reasons 

why the baseline strength of the concrete cylinders is significantly greater than the strength of the de-

icing exposed cylinders. Also, if the ASTM curing standards are not followed for the baseline and de-icing 

exposed samples, another set of baseline samples that are cured in optimal curing conditions should be 

casted in order to obtain data for the optimal strength of the concrete and mortar as well as the 

strength of the dry-cured baseline and de-icing exposed specimens. 

In addition to testing the compressive strength of the concrete specimens, other specimens could be 

casted in order to test the flexural strength of the concrete with and without exposure to de-icing 

chemicals, which would generate more data making it easier to draw conclusions from the testing. 

Also, the exposure to simulated de-icing and freeze/thaw cycles could be achieved through less 

intensive conditions but over a longer period of time. Reducing the intensity of the exposure conditions 

could help prevent the failure of specimens prior to testing, much like the Type-N mortar cubes in the 

case of this report. 

Finally, in addition to testing the effects of de-icing and freeze/thaw cycles on various grades of concrete 

and mortar, future testing could be expanded by testing how effective concrete sealers are at reducing 

the rate at which de-icing chemicals can penetrate and cause deterioration to the structural integrity of 

concrete specimens.   
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Appendices 

Appendix A: Cycle Alteration Summary Reports 

Session 1: Initial Submersion into Brine 

                          
Thursday 17 January 
11:15 - 11:45 am 
Temp: -16 c. Windchill: -24 
Daytime high - low: -12. To. -22 
 
De-icer test progress report 
 
Present: Eric, Thomas, Phillip, John Ernst 
 
Preparation: 
A lidded plastic container for each de-icer had been loaded a day earlier with three samples of each of the four 
cements (12 samples in each container) and left dry to cool together for a day inside a locked metal dumpster 
outside, after the cement cured for more than a month in the Masonry lab. 
 
There was a plastic container for each de-icer brand, chosen for having a different active ingredient: Alaskan, Sifto, 
Xynyth, and rock salt. 
 
Action: 
On this day to each container we added 10 quarts of very warm water and 1.5 quarts of the appropriate de-icer 
sprinkled around the cements. We did not agitate the solutions.  
 
We placed the lids back on the containers. 
 
Another set of cements (also a set of 3 N and 3 S type cubes, and 3 20 MPA and 3 32 MPA concrete cylinders) were 
wetted as a control batch which not be de-iced. 
 
A 1 quart measuring cup was used.  
The water was brought outside in a 5 gallon pail, requiring three fills. 
The dumpster was locked before leaving. 
Photographs were taken by Eric. 
This report is to be verified by email for accuracy by at least one other member of the team.  
Signed 
 
John Ernst  
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Session 2: Specimens Remain Submerged 

                 

Friday 18 January 
10:15 - 10:30 am 
Temp: -16 c. Windchill: -25 
Daytime high - low: -8. To. -16 (the weather network) 
 
De-icer test progress report 
 
Present: Eric, Thomas, Phillip, John Ernst 
 
Discussion: 
After checking-up on the containers today, the water/de-icer solution (brine) was found to have slightly frozen on 
the water level surface, however beneath that frozen crust we found that the water was quite slushy and liquidy. 
We decided that adding more de-icer to the containers would enable the water to better resist freezing 
temperatures. 
 
Action: 
We sprinkled 1 quart of de-icer in each container and then poured 1 quart of warm water into each container 
allowing the added de-icer to dilute and mix into the containers. We also poured warm water over the baseline 
samples ensuring to fully wet the entire surface area of all 6 cylinders and 6 cubes.  
We placed the lids back on the containers. 
 
The water was brought outside in a 5 gallon pail, requiring one fill. 
The dumpster was locked before leaving. 
 
Photographs were taken by Eric and John Ernst. 
 
This report is to be verified by email for accuracy by at least one other member of the team.  
 
Signed 
 
Eric Cyr 
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Session 3: Removing Specimens from Brine 

                                                                          

Tuesday 22 January 
11:00 - 11:30 am 
Temp: -16 c. Windchill: -25 
Daytime high - low: -16. To. -31(the weather network) 
 
De-icer test progress report 
 
Present: David, Eric, Phillip, John Ernst 
 
Discussion: 
After opening the containers, there was a crust of ice on the top of de-icing/water solution. The layer of ice was 
roughly an inch thick and broke apart with ease. The de-icing solution was visually slushy. Continuing with our 
methods we added more de-icer agents to their respective containers. 
Action: 
 
First we broke up the ice gain access to the mortar and concrete blocks. 
 
Then we placed the test blocks onto the lids of their containers. 
 
1 quart of de-icer was added into the containers. 
 
The lids were placed on top of the de-icing solutions with the conrete and mortar still on the the lid of said 
containers. 
 
They were each rinsed off with 2 quarts of warm water. 
 
The water was brought outside in a 5 gallon pail, requiring one fill. 
The dumpster was locked before leaving. 
Photographs were taken by Eric and John Ernst. 
This report is to be verified by email for accuracy by at least one other member of the team. 
 
Signed 
 
David  
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Session 4: Re-Submerging into Brine 

                                                            

Thursday January 24 
11:00 - 11:35 am 
Temp: -23 c. Windchill: -34 
Daytime high - low: -19. To. -23 (the weather network) 
 
De-icer test progress report 
 
Present: Eric, Thomas, Phillip, John Ernst, David 
 
Discussion: 
Today we arrived at the storage bin to find that our samples which we had left on top of the bins have frozen 
together. Also, the mortar cubes appear to be cracking severely, particularly the type N samples. Some of the type 
N samples are beginning to deteriorate. 
Action: 
We used hot water to help separate the samples. Before re-inserting all the samples into their respective 
containers, we added 1 quart of de-icer and 2 quarts of warm water in each bin, and thoroughly stirred the brine. 
Note: 
Some of the ice that was frozen to the samples (mostly the concrete cylinders) was not removed before inserting 
into the containers.  
Total ingredients included in each container thus far: 
- 4.5 quarts of de-icer 
- 13 quarts of warm water 
 
The water was brought outside in a 5 gallon pail, requiring 3 fills. 
The dumpster was locked before leaving. 
 
Photographs were taken by John Ernst. 
 
This report is to be verified by email for accuracy by at least one other member of the team.  
 
Signed 
 
Eric Cyr  
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Session 5: Removing Specimens from Brine 

                         

Friday 25 January 
10:00 - 10:30 am 
Temp: -16 c. Windchill: -28 
Daytime high - low: -15. To. -20 (the weather network) 
 
De-icer test progress report 
 
Present: Eric, Phillip, John Ernst and Thomas 
Discussion: 
After opening the containers, we found that 3 of the 4 de-icing products were able to keep the brine relatively 
liquidy, however the rock salt brine was quite slushy. 
Action:  
After stirring up the brine in the containers to determine if they were frozen, we proceeded in removing the 
samples from the containers and placing them on their respective lids. We then poured 2 quarts of warm water 
over each set of samples to remove any ice or slush residues. We inspected the samples to assess the damages 
created thus far. We also poured warm water on the control samples, ensuring to wet the entire surface area of all 
6 concrete cylinders and 6 mortar cubes. 
Note: 
The "Alaskan" de-icer seems to be causing the most damage to the samples (particularly the type N mortar cubes). 
Also, while removing the samples exposed to the Alaskan de-icer, we noticed that there was still ice frozen to the 
cylinders, despite being soaked in the brine for 23 hours. Equally, the cylinders exposed to the "Sifto Extreme" de-
icer were also frozen together upon removal. We are beginning to see signs of deterioration on some of the 
cylinders and the N-Type Mortar cubes are developing some large cracks. The S-Type Mortar cubes seem to be 
resisting the testing quite well.  
The water was brought outside in a 5 gallon pail, requiring one fill. 
 
The dumpster was locked before leaving. 
 
Photographs were taken by Eric and John Ernst. 
 
This report is to be verified by email for accuracy by at least one other member of the team. 
 
Signed 
 
Eric Cyr  
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Session 6: Re-Submerging into Brine 

               

Tuesday January 29 
10:45 - 11:15 am 
Temp: -5 c. Windchill: -11 
Daytime high - low: 0 To. -9 (the weather network) 
 
De-icer test progress report 
 
Present: Eric, Phillip, David 
 
Discussion: 
Upon inspection of the samples that have been drying/freezing on top of the containers over the weekend, it is 
quite evident that the type-N mortar cubes will not survive until the end of testing. A couple of those samples 
broke into pieces while completing today's activities. Also, we are beginning to see signs of deterioration on some 
of the concrete cylinders, particularly the 20 MPa samples. Otherwise, the water/de-icer solutions were quite 
liquidy, due to the warmer weather we have been experiencing over the past few days.  
Action: 
Hot water was only used to help separate the partly frozen samples that are being exposed to the "Alaskan" de-
icer. We were able to free the other samples without the use of hot water. Following our usual methods, we began 
by moving the samples aside from their container, removed the lid, stirred the brine solution (again the brine in 
each container was very liquidy) and re-inserted the samples into the brine. This process was repeated for all 4 set 
of samples. No water or de-icer was added to the containers. We also poured 1 quart of warm water over the 
baseline samples. 
Note: 
We already have a couple failed N-type mortar cubes. Concrete cylinders are showing signs of deterioration. 
The water was brought outside in a 5 gallon pail, requiring 1 fills. 
The dumpster was locked before leaving. 
 
Photographs were taken by Eric. 
 
This report is to be verified by email for accuracy by at least one other member of the team.  
 
Signed 
 
Eric Cyr 
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Session 7: Removing Specimens from Brine  

            

Wednesday January 30 
12:30 - 12:50 pm 
Temp: 2 c. Windchill: 0 
Daytime high - low: 12 To. 0 (the weather network) 
 
De-icer test progress report 
 
Present: Eric, Phillip, Thomas 
 
Discussion: 
After opening all containers, the water seemed very clear. It appears that much of the de-icer has settled to the 
bottom of the containers (particularly the Rock Salt). Even before moving any of the samples, it was clear that the 
type-N mortar cubes were in very bad condition. Also, the edges of many of the concrete cylinders are beginning 
to show signs of deterioration. 
Action: 
Using our rubber gloves, we removed the samples from their containers and placed them on their lids, on top of 
the containers. All of the type-N mortar cubes completely deteriorated as soon as we touched them. We were 
unable to retrieve any sizeable pieces so they remain in the bottom of all the containers. Otherwise, once we 
removed all the type-S cubes and all of the concrete cylinders, we proceeded in rinsing each set of samples with 2 
quarts of warm water (including the baseline samples). We then tipped the lids of the containers enough to try and 
drain most of the water that had collected in them. No water or de-icer was added into the containers. 
Note: 
*All type-N mortar cubes have failed*. Some of the type-S mortar cubes are showing signs of cracking and 
deterioration (mostly those exposed to Rock Salt). Also, many of the cylinders are developing cracks, and their 
edges are slowly chipping away. 
The water was brought outside in a 5 gallon pail, requiring 2 fills. 
The dumpster was locked before leaving. 
 
Photographs were taken by Eric. 
 
This report is to be verified by email for accuracy by at least one other member of the team.  
 
Signed 
 
Eric Cyr 
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Session 8: Re-Submerging into Brine 

                                    

Friday February 1 
9:45 - 10:15 am 
Temp: -16 c. Windchill: -23 
Daytime high - low: -14 To. -17 (the weather network) 
 
De-icer test progress report 
 
Present: Eric, David, Thomas 
 
Discussion: 
After inspecting the samples, it is clear that structural deterioration is occurring. It is evident that the samples will 
not endure much more exposure to de-icing and freeze/thaw cycles.  
Action: 
After the initial inspection, we proceeded by moving the samples aside from their container, removing the lid, 
adding 1 quart of de-icer, stirring the brine and re-submerging the samples, as per our usual methods. 2 Quarts of 
warm water was poured over the baseline samples only.  
Note: 
The type-S mortar cubes are showing signs of deterioration and cracking (mostly the Rock Salt samples). Also, most 
of the concrete cylinders are showing signs of significant damage and cracking. We believe that in order to obtain 
some results from our compression tests, we should think about crushing the samples within the next couple 
weeks.  
The water was brought outside in a 5 gallon pail, requiring 1 fill. 
The dumpster was locked before leaving. 
 
Photographs were taken by Eric. 
 
This report is to be verified by email for accuracy by at least one other member of the team.  
 
Signed 
 
Eric Cyr 
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Session 9: Ending Exposure 

                              

Tuesday February 5 
10:45 - 11:15 am 
Temp: -16 c. Windchill: -19 
Daytime high - low: -10 To. -23 (the weather network) 
 
De-icer test progress report 
 
Present: Eric, Phillip, Thomas, John Ernst 
 
Discussion: 
After opening all the containers, we quickly inspected the contents of each. The brine solution seemed very clear 
and visible throughout, allowing us to see the samples quite clearly. We decided that due to the severity of the 
damages on the samples, we would end the exposure phase today in order to preserve some of the structural 
integrity of the cubes and cylinders. 
Action: 
We removed the containers from the storage bin, and drained most of the water out. We also removed the 
baseline samples and placed them in a 5 gallon pail to help transport them. All the containers were transported in 
John Ernst's truck to the loading dock of the ACCE Building where we then unloaded them, and brought them to 
the Civil Lab to be stored until the compression test.  
Note: 
There is still some de-icer residues at the bottom of the containers which the samples are still in contact with. The 
samples are now thawing at room temperature. 
The dumpster was locked before leaving. 
Signed 
 
Eric Cyr 
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Appendix B: Raw Data and Stress vs Strain Graphs of Type-S Mortar Specimens 

Raw Data 

 

  

Mortar Type-S: Compression Test Results

Sample

Area 

(mm²)

Ultimate 

Force (N)

Break Force 

(N)

Break Distance 

(mm)

Ultimate Stress 

(MPa)

Average Ultimate 

Stress (Mpa)

Baseline 1 2580 24,239.41 24,200 12 9.39

Baseline 2 2580 11,519.66 11,500 7.94 4.46 6.183333333

Baseline 3 2580 12,125.55 12,100 7.48 4.7

Rock Salt 1 2580 6,026.49 6,030 6.85 2.34

Rock Salt 2 2580 7,316.07 7,310 9.83 2.83 2.503333333

Rock Salt 3 2580 6,028.58 5,870 6.25 2.34

Sifto Xtreme 1 2580 12,398.10 12,400 7.5 4.8

Sifto Xtreme 2 2580 11,210.52 11,200 7.59 4.34 4.16

Sifto Xtreme 3 2580 8,613.38 8,590 5.63 3.34

Xynyth Natural 1 2580 5,345.74 5,280 5.39 2.07

Xynyth Natural 2 2580 5,366.39 5,330 4.28 2.08 2.47

Xynyth Natural 3 2580 8,405.04 8,410 8.93 3.26

Alaskan 1 2580 5,590.83 5,500 4.46 2.17

Alaskan 2 2580 5,550.47 5,550 7.86 2.15 1.86

Alaskan 3 2580 3,255.53 2,940 3.57 1.26
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Stress vs Strain Graphs of Type-S Mortar Specimens 
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Appendix C: Raw Data and Stress vs Strain Graphs of 20 MPa Concrete Specimens 

Raw Data 

 

  

20 MPa Concrete: Compression Test Results

Sample

Area 

(mm²)

Ultimate 

Force (N)

Break Force 

(N)

Break Distance 

(mm)

Ultimate Stress 

(MPa)

Average Ultimate 

Stress (Mpa)

Baseline 1 8110 232,967.30 223,000 1.82 28.74

Baseline 2 8110 252,529.33 247,000 2.03 31.15 28.49666667

Baseline 3 8110 207,557.57 191,000 1.98 25.6

Rock Salt 1 8110 100,742.55 94,600 2.25 12.43

Rock Salt 2 8110 129,273.00 116,000 2.26 15.95 15.37333333

Rock Salt 3 8110 143,852.81 139,000 2.42 17.74

Sifto Xtreme 1 8110 187,133.90 179,000 1.88 23.08

Sifto Xtreme 2 8110 138,542.51 126,000 1.97 17.09 19.43666667

Sifto Xtreme 3 8110 147,049.00 134,000 2.47 18.14

Xynyth Natural 1 8110 88,365.68 79,400 2.98 10.9

Xynyth Natural 2 8110 106,856.22 98,100 4.29 13.18 15.23666667

Xynyth Natural 3 8110 175,355.68 171,000 2.41 21.63

Alaskan 1 8110 115,639.55 105,000 2.72 14.26

Alaskan 2 8110 165,441.15 150,000 2.23 20.41 16.40333333

Alaskan 3 8110 117,911.41 106,000 2.19 14.54
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Stress vs Strain Graphs of 20 MPa Concrete Specimens 
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Appendix D: Raw Data and Stress vs Strain Graphs of 32 MPa Concrete Specimens 

Raw Data 

 

  

32 MPa Concrete: Compression Test Results

Sample

Area 

(mm²)

Ultimate 

Force (N)

Break Force 

(N)

Break Distance 

(mm)

Ultimate Stress 

(MPa)

Average Ultimate 

Stress (Mpa)

Baseline 1 8110 224,037.22 203,000 2.23 27.63

Baseline 2 8110 235,556.69 214,000 1.93 29.05 29.06333333

Baseline 3 8110 247,332.18 242,000 1.94 30.51

Rock Salt 1 8110 120,254.42 109,000 2.48 14.83

Rock Salt 2 8110 171,091.18 156,000 1.86 21.1 17.36666667

Rock Salt 3 8110 131,107.39 119,000 2.02 16.17

Sifto Xtreme 1 8110 186,104.65 177,000 2.2 22.95

Sifto Xtreme 2 8110 135,194.16 121,000 1.81 16.68 19.23666667

Sifto Xtreme 3 8110 146,618.80 138,000 2.97 18.08

Xynyth Natural 1 8110 121,292.68 109,000 1.76 14.96

Xynyth Natural 2 8110 164,012.48 155,000 1.89 20.23 19.28

Xynyth Natural 3 8110 183,648.74 173,000 1.99 22.65

Alaskan 1 8110 132,661.83 125,000 2.51 16.36

Alaskan 2 8110 189,273.68 170,000 1.75 23.35 19.02333333

Alaskan 3 8110 140,756.17 127,000 2.04 17.36



64 
 

 

Stress vs Strain Graphs of 32 MPa Concrete Specimens 
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