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Abstract 

Concrete is a composite building material which long term function can be modified for example by 

changing the water to cement ratio (w/c) or by adding in other chemical admixtures to change the fresh 

and hardened properties of the concrete. The overall goal of this study is to reduce the water absorption 

capacity of the cement paste/microstructure by at least 85 %. This is achieved by using bulk hydrophobic 

agents in the mixing phase rather than post hardened surface application. Numerous commercial agents 

and vegetable oils were tested and showed promising results at a dosage equal to 3% of cement weight. 

This though affected compressive strengths negatively. As these concretes will be exposed to Nordic 

winter conditions, the concrete should perform well under repeated salt water freezing and thawing. This 

continued study will show how a selection of these bulk hydrophobic concretes performed during this 

part of the study. The concrete has a w/c = 0.4 with a cement content (CEM I) of 430 kg/m3. 

Keywords: Bulk hydrophobic concrete, siloxanes, vegetable oils, freeze thaw action, thin section 

analysis  
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Introduction 

This work into bulk hydrophobic concrete for Nordic conditions should include freeze thaw (F-T) 

testing. The Nordic countries are prone to numerous cold cyclical temperatures on an annual basis, 

especially in the Stockholm region, with an average winter temperature close to 0°C. (SMHI, 2018). 

De-icing salts are used extensively in Sweden to maintain safer conditions for the vehicular 

infrastructure. This combination of cyclical temperature changes and salt have a profound effect on 

concrete (Fridh, 2005).  

A previous study (Rogers, et al., 2017) showed that a 3% addition of bulk hydrophobic agents (based 

on cement weight) in a mortar recipe was effective in reducing the water absorption capacity by at least 

90%. The understanding behind these experiments is to show that the reduction in water absorption 

should reduce the effect of cyclical exposure to freeze-thaw action as less water (containing salts) is 

transported into the cementitious matrix of the concrete.  

Experimental 

A typical Swedish bridge concrete see Table 1 below, with water to cement ratio = 0.4, was mixed with 

four of the most promising hydrophobic agents, see Table 2, from the previous study (Rogers, et al., 

2017).  

All components except the water and the hydrophobic agent were mixed dry in a UEZ 50 forced mixer 

for one minute followed by the addition of water, a portion of which was retained. The hydrophobic 

agent was mixed in a blender with 0.5 kg of water for approx. 3 minutes and poured directly into the 

concrete. The concrete was then mixed for an additional 3 minutes. The concrete was poured into 

cylinder and cube shaped moulds. The concretes were cured for more than six months in a climate room 

20°C & 98% ± 2% RH. 

 Seven mixes were produced, five were without air entrainer (AE). The lack of air entrainer was to 

amplify any effect that might occur during the experiments.  

One 150 mm cube from each recipe was sawn into halves. Both sides were placed in a climate room 

20°C & 65% ± 2% RH for one week after which all sides were covered with a 3 mm thick self-adhesive 

neoprene tape except the sawn surface. The surfaces were then exposed to deionised water for three days 

before being placed in the testing camber with a 24-hr temperature cycle (-20°C to +16°C). 

Table 1. Bridge Concrete Recipe 

Component [kg/m3] 

CEM I 42.5 N (LA/SR3/MH)  430 

Water 172 

Aggregates 0/8 mm 865 

Aggregates 8/16 mm 828*/865 

Superplasticizer 2.0 

Air Entrainer 0.17 

Hydrophobic Agent 3% cement 

*The amount of 8/16 mm was adjusted to accommodate the 

different densities if the hydrophobic agents 
 

  

  

Thin sections of these seven types of concrete (from concrete that had not been exposed to F-T action) 

where then produced and used in explaining the results. 

 



 Table 2. Explanation of hydrophobic components.  

Component Abbreviation 

Extra Virgin Olive Oil  O.O. 

Rapeseed Oil (RBD) R.S.O. 

Commercial Hydrophobic Agent 1 

(Organofunctional silane based) 
C.H.A. 1 

Commercial Hydrophobic Agent 2 

(Octyltriethoxysilane based) 

C.H.A. 2 

Method 

The method is based on Swedish standard SS 13 72 44 (SIS AB, 2005) procedure I A (salt solution) and 

I B (deionised water), with an exception of the age of the concrete at testing. The testing was carried out 

over 112 freeze-thaw cycles. Not all intervals were measured. The procedure for this method is based 

on the collection of the concrete that has been expelled from the bulk concrete specimen (Scaling) due 

to the freezing and thawing action on the concrete. These are collected at defined time intervals. The 

cumulative collected weight of the scaled material is then divided by the surface area of the concrete 

specimen to obtain the scaling in kg/m2.  

Results 

Below are the results from the F-T testing starting with the concretes exposed to salt solution.  

 

Figure 1. Freeze-thaw of concrete in 3% salt solution. 



 

Figure 2. Freeze-thaw of concrete in deionised water. Note the scale change compared to Figure 1. 

 

Table 3. Scaling in salt solution after F-T cycles. 

Freeze Thaw Cycles 7 14 28 84 91 98 112 

Scaling [kg/m2] [kg/m2] [kg/m2] [kg/m2] [kg/m2] [kg/m2] [kg/m2] 

C.H.A 1 0.62 2.61 4.25* 4.25 4.25 4.25 4.25 

C.H.A 2 0.01 0.04 0.62 1.61* 1.61 1.61 1.61 

O.O. 3% no AE 0.01 0.05 0.25 0.46 0.53 0.62 0.70 

O.O. 3% (5.4% air) 0.01 0.04 0.62 1.08* 1.08 1.08 1.08 

R.S.O 3% no AE 0.01 0.04 0.18 0.21 0.21 0.22 0.26 

R.S.O. 3% (6.2% air) 0.00 0.00 0.01 0.15 0.17 0.17 0.18 

REF no AE 0.02 0.12 0.13 0.13 0.13 0.14 0.17 

*Discontinued due to high scaling 

Table 4. Scaling in deionised water after F-T cycles. 

Freeze Thaw Cycles 7 14 28 84 91 98 112 

Scaling [kg/m2] [kg/m2] [kg/m2] [kg/m2] [kg/m2] [kg/m2] [kg/m2] 

C.H.A 1 0.00 0.00 0.01 0.15 0.23 0.26 0.28 

C.H.A 2 0.01 0.02 0.07 0.43 0.47 0.47 0.47 

O.O. 3% no AE 0.00 0.01 0.04 0.06 0.07 0.08 0.08 

R.S.O. 3% (6.2% air) 0.01 0.02 0.05 0.09 0.09 0.09 0.09 

R.S.O 3% no AE 0.00 0.00 0.01 0.02 0.02 0.02 0.02 

O.O. 3% (5.4% air) 0.01 0.02 0.04 0.20 0.22 0.24 0.30 

REF no AE 0.00 0.00 0.01 0.05 0.06 0.06 0.06 

 



Two specimens after F-T action are shown below in Figure 3. 

 

Figure 3. C.H.A 1 after 28 freeze-thaw cycles in salt solution (left). Tested specimen 

area of reference concrete (REF) after 112 freeze thaw cycles in salt solution (right). 

Side dimensions = 150 mm. 

 

Thin sections 

Thin sections from each recipe were produced to further understand the differences between the 

concretes. A 100 mm sided cube was prepared from the surface and down 50 mm.  

 

Figure 4 (left). Thin Section under UV light of concrete with C.H.A 1 

Figure 5 (right). Thin section under UV light. Concrete with C.H.A 2. 



 

Figure 6 (left). Thin Section under UV light. Concrete with O.O. 3% no AE. 

Figure 7 (right). Thin Section under UV light. Concrete with O.O. 3% with AE (5.4%). 

 

Figure 8. Thin section under UV light. Concrete with R.S.O. 3% no AE. 

Figure 9. Thin section under UV light. Concrete with R.S.O. 3% with AE (6.2%). 

 

Figure 10. Thin Section under UV light. Reference concrete (REF) without AE. 

 

 

 

 



Table 5. Subjective analysis of thin sections. 

Concrete Recipe Observations 

C.H.A 1 Few air pores in the matrix. Largest size ca 0.5 mm.  

C.H.A. 2 Few air pores in the matrix. Largest size ca 1.0 mm. 

O.O. 3% no AE Few air pores in the matrix. Largest size 0.4 mm. 

O.O 3% AE More observable air pores than in O.O. 3% no AE. Largest size 1.0 mm. 

R.S.O 3% no AE Numerous air pores. Largest size ca 0.2 mm. 

R.S.O 3% AE Smaller air pore size than R.S.O. 3% no AE, largest size ca 0.2 mm.  

REF Few air pores in the matrix. Largest size ca 0.1 mm. 

Discussion 

The results are very contrasting, the expectation was that a lower water absorption capacity would lead 

to a higher resistance to F-T action. Less ion containing water diffusing into the cement matrix should 

prevent exposure to excessive tensile strengths during crystallisation. This was not the case in the 

majority of the tested bulk hydrophobic agents. The silane based hydrophobic agents did not perform 

well during the freeze-thaw (F-T) testing using a salt solution, see Figures 1 & 3. These were 

discontinued after 28 days (C.H.A. 1) and 84 days (C.H.A 2 2). This lower performance was also seen 

in the mix with olive oil with or without air entrainer, O.O. 3%. The entrained air measured in the fresh 

state, 5.4%, was not present in the thin sections, see Figure 6 & 7 and Table 5. The stability of the 

entrained air using olive oil needs to be questioned in the hardened state and how it reacts with the air 

entrainer.  

This though does not explain why the reference mix (REF), with few air pores, see Figure 10, still 

obtained low scaling results during the F-T testing (SIS AB, 2005) even in a salt solution. The 

compressive strength (REF) was at least 50% higher though than the concretes with bulk hydrophobic 

agents (not reported in this paper) and would indicate a more developed microstructure. The freeze and 

thawing action did not have any substantial effect on the surface of the reference concrete, REF no AE, 

see Figure 3. This concrete still absorbed water which in the long term may lead to other moisture related 

damage.  

Rapeseed oil used at 3% of cement weight as bulk hydrophobic agent did provide a higher resistance 

to scaling than olive oil at the same concentration. The entrained air interface must be more stable than 

that with olive oil as evidenced by the presence of air pores in the thin sections, see Figure 9. These air 

pores are sufficient to reduce scaling. 

 These oils undergo different processes until these are classified as products. This rapeseed oil was 

refined, bleached and deodorized whereas the olive oil used was cold pressed and unrefined. More 

insight into the organic chemistry is required to fully understand the differences.  

The Swedish Transport Administration (Trafikverket) states that no concrete for their infrastructure 

should surpass scaling 0.5 kg/m2 and preferably less than 0.1 kg/m2  (Trafikverket, 2012). After 7 and 

28 F-T cycles, concretes C:H:A 1 & 2 would have failed this condition respectively. The concretes with 

olive oil, O.O. 3%, with or without air entrainer would have failed the test after 91 and 28 days 

respectively.  

The mechanisms behind the higher F-T scaling with silane/siloxanes or olive oil cannot be explained 

completely at present. The different effect the vegetable oils have can be seen in the thin sections, see 

Figures 6 & 7 (olive oil) contrasted with Figures 8 & 9 (rapeseed oil).  The stability of the 

air/water/cement matrix must be more stable with rapeseed oil than with olive oil. The former being 

more physically and chemically processed amount of retained air in the hardened state was sufficient  

Other works have shown that when silanes were used as a surface treatment, the surface scaling is 

delayed until ca. 60 F-T cycles (Liu & Hansen, 2016). Addition of silanes into fresh concrete (Ma, et 

al., 2016) have also shown that these have a negative effect on mechanical properties post F-T testing. 



This was even noted in the sixties with the use of silicones both as surface and in bulk application 

(Klieger & Perencho, 1963) 

According to (SIS AB, 2005) the performance of R.S.O. 3% with or without air entrainer, had “very 

good” resistance to F-T action. The formation of numerous air pores can be seen, see Figures 8 & 9, and 

explains the reasoning behind the results, it also explains why the compressive strengths were lower 

when comparing olive oil and rapeseed oil mixes (Rogers, et al., 2017). The higher percentage of air 

reduces the structural integrity of the cement paste. 

Further Research 

The extent of the damage will be further investigated, especially the depth or the diffusion of chloride 

ions into the concrete. Compressive strengths of the concrete will also be compared (after F-T action). 

Further chemical explanations are required to determine the difference into the use of different 

vegetable oils and the absence of air pores when olive oil is used even with air entrainer. Additional F-

T testing is required to determine if the initial curing and length affects the outcome of silane based ‘ 
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