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ABSTRACT 

Moisture migration into concrete is the leading cause of concrete degradation worldwide. There are two primary water transport 

mechanisms in concrete. Considering water’s powerful forces and then designing concrete structures to adequately resist the known 

effects of these two common water transport mechanisms is paramount to achieving durable structures. Designers, contractors, and 

owners need to thoroughly understand the differences in the mechanisms to ensure the structures they are building provide 

adequate problem-free service life. The exposure of concrete infrastructures to chloride ions is the primary cause of premature 

corrosion of steel reinforcement. The intrusion of chloride ions, present in de-icing salts into reinforced concrete can cause steel 

corrosion if oxygen and moisture are also available to sustain the reaction. In fact that, the chlorides dissolved in water can also 
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permeate through sound, concrete/reach the steel reinforcement through cracks. The present research work was made an attempt 

to interpret the concrete chloride absorption in ordered to characterize the different concrete mixtures design for in case of pre-

conditioned concrete cubes such as partially saturated condition which is salt ponded with chloride solution for about 160 days at 

10% Nacl solution. Thus, the objectives of this present research are such as; first, this research will examine the influence of 

conditioning such as partially saturated condition on the results of chloride absorption performed on concrete cubes with different 

mixtures proportion. In which slump, and w/c ratio value was vary with constant compressive strength as in the first case and 

compressive strength, and w/c ratio value varied with constant slump as in the second case. Twenty four concrete cubes (100 mm3) 

with grades of concrete ranges from 25-40 N/mm2 were prepared and evaluate the chloride absorption under specified exposure 

condition. It has concluded from the results that, in partially saturated conditioned concrete cubes, the chloride absorption value 

was increase in all designed mixtures type at longer time duration. Similarly, the average chloride absorption was decrease in 

solvent/water based impregnation PSC cubes as when compared to control PSC cubes for constant higher compressive strength and 

varied slump value as well as varied compressive strength and constant slump value. Whereas the average chloride absorption was 

increase in solvent/water based impregnation PSC cubes for lesser compressive strength and constant slump value as when 

compare to constant higher compressive strength and varied slump value and the chloride absorption was goes on decreases with 

increased compressive strength and constant slump value. It’s possible to correlate chloride absorption with time for in case of 

control/impregnation PSC cubes at different time intervals (31, 61, 91, 121, and 160) days. 

 

Keywords: Concrete, mixture proportion, grade of concrete, water-cement ratio, slump, chloride absorption, impregnation, 

solvent/water based impregnate, moisture content, partially saturated condition 

 

 

1. INTRODUCTION  

The concrete bridge decks are prone to ice accumulation. The use of road salts and chemicals for de-icing is cost effective but 

causes damage to concrete and corrosion of reinforcing steel in concrete bridge decks. This problem is a major concern to 

transportation officials and public works due to rapid degradation of existing concrete pavements and bridge decks. The use of 

insulation materials for ice control and electric or thermal heating for de-icing have been attempted and met limited success. 

Traditionally, removing ice from pavement can be accomplished by a combination of several methods, such as plowing, natural 

melting, traffic movement, and chemical treatment. Most highway winter maintenance depends on using chemicals and fine 

aggregates as a primary means for de-icing and anti-icing [Kuemmel, 1994]. Various de-icing chemicals are available commercially. 

The most cost-effective product is sodium chloride. However, using chloride has caused damage to concrete and corrosion of 

reinforcing bars in concrete bridge decks. The search for improved de-icing methods has been a research focus for quite some time. 

The use of insulation materials and electric or thermal heating has been attempted; however, those techniques were either not cost-

effective or could not meet the bridge deck strength requirements. De-icing salts can ease traffic congestion but introduce problems 

that cannot be ignored, such as corrosion of roads and bridge concrete, impact on plant growth, and damage to groundwater and 

soil. Under the action of freezing and thawing, the damage of concrete and the severity of some salt corrosion are approximately ten 

times those of ordinary corrosion. The service life of roads affected by de-icing salt may be decreased by more than 50% [Litvan, 

1976]. Under the action of de-icing salt, the salt concentration of groundwater becomes high, which causes physiological drought of 

plants; sodium ions cause abnormal absorption of plant nutrient elements; the accumulation of toxins in plants destroys their normal 

metabolism, which harms the growth of street trees, isolation belts, and lawns; these phenomena make de-icing salts a “green killer” 

[Kayama et al. 2003]. In the spring of 2005, the use of de-icing salt in the urban area of Beijing resulted in the death of 11,000 

pavement trees, 1.5 million shrubs, 200,000 m2 of lawns, and economic losses of more than 30 million Yuan [Nie, 2010]. De-icing 

salts can also cause groundwater pollution [Godwin et al. 2003], thereby affecting the life of water and plants [Sanzo, and Hecnar, 

2006] and even harming human health. De-icing salts can greatly ease traffic congestion but introduce corrosion of concrete and 

damage to plant growth. The decision of which de-icing salt to use becomes a crucial issue. In this study, several representative de-

icing salts were investigated, and the effects of de-icing ability, salt freezing corrosion on concrete, and plant growth were 

comprehensively tested. Finally, the decision of de-icing salt was made based on analytic hierarchy process (AHP). Results show that 

de-icing salts achieving the best de-icing effect are not the same at different concentrations. De-icing salts of 3% concentration have 

the greatest corrosion to concrete. Notably, magnesium chloride and calcium magnesium acetate have the least impact on plants 

among all studied de-icing salts. Using AHP, ethylene glycol and calcium magnesium acetate are selected as optimal items under 

different priorities [GuojuKe et al., 2019]. The transport properties of cementitious materials are increasingly being used to predict 

the service life of infrastructure element [Papadakis, 2013]. The importance of transport properties has been discussed for over six 
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decades with pioneering work by [Powers et al. 1954]. Since that time, researchers have attempted to describe concrete durability 

[Hilsdorf and J. Kropp, 1995], concrete deterioration [Bamforth, 1987], initiation of steel corrosion in reinforced concrete elements 

[Papadakis, 2013], and concrete freeze-thaw resistance [Jones et al., 2013] using a variety of transport measurements. While we 

frequently assume that the fluid in the concrete pores is water, this may not always be true. Salts can alter the transport properties 

of cementitious materials in several different ways. First, salt can change the properties of a solution including the viscosity, surface 

tension, and density [Spragg et al., 2011]. These variations in viscosity, density, and surface tension can alter the rate of solution 

ingress into concrete [Hall et al. 1997]. Second, exposure to salt can increase the saturation state of concrete pores due to increasing 

the equilibrium relative humidity of the solution [Greenspan, 1997]. Third, salt can precipitate and crystallize inside concrete pores, 

thereby filling/blocking the pores [Scherer, 1999]. Finally, salt can react with the hydrated cementitious binder forming new chemical 

products which can reduce the porosity and further block the concrete pores. 

The durability of concrete is traditionally assessed based on the deterioration of a single mechanism. Yet in practice, as a result 

of varying environmental exposure, concrete is typically affected by several deterioration mechanisms, possibly with synergetic effect 

on the degradation rate of concrete. Concrete infrastructure located in cold climates has to perform in rather difficult conditions due 

to the extremely harsh winters. This results in unique combinations of degradation mechanisms. Commonly occurring deterioration 

mechanisms are freeze-thaw, carbonation and chloride induced corrosion. In light of recent research more attention is now being 

drawn to assessing coupled deterioration mechanisms. For instance, evaluating how cracks resulting from freeze-thaw influence 

chloride ingress, or how carbonation changes the surface properties and thereby influencing frost-salt scaling and chloride 

penetration. This research provides the background for development of service life prediction tools, and supports a holistic 

approach for deterioration assessment [Miguel Ferreira et al., 2015]. The pore structure of concrete is known to be of high 

importance for the durability of the material. A characterisation of this pore structure by means of a simple test is often investigated, 

in order to find a very simple compliance criterion with respect to concrete durability. Within some daily-used Belgian technical 

guidelines, the water absorption by immersion is considered to be a relevant parameter in this respect. Based on an extended 

experimental research programme, with tests on 22 different concrete mixes (traditional concrete and self-compacting concrete), the 

relation between water absorption by immersion and some concrete durability issues is investigated. Within these tests, accelerated 

carbonation and chloride migration tests are realised. Furthermore, some technological parameters are investigated, related with the 

volume to surface ratio of the specimens used for the water absorption test. It is concluded that the influence of the volume-to-

surface ratio of the specimens is not significant when considering the natural scatter on the test results. Furthermore, the water 

absorption by immersion is not a reliable parameter for the estimation of the concrete durability. The water absorption by 

immersion gives an estimation of the total (reachable) pore volume of the concrete, but gives no indication on the concrete 

permeability, which is more important with regard to durability [Geert De Schutter, and Katrien Audenaert, 2004]. Parameters like the 

number, type, size and distribution of pores present in the cement paste, the composition of aggregate and the binder/filler 

interface are directly influencing the engineering properties of concrete (strength, durability, shrinkage and permeability). Strength 

and elasticity of the concrete may be mentioned here being affected by the total volume of pores whereas permeability is 

connected with the pore size distribution and continuity [Basheer et al., 2001]. It is understood that capillary voids larger than 50 nm, 

referred to as macro-pores, are adverse to strength and impermeability, whereas voids smaller than 50 nm referred to as micro-

pores are more connected with drying shrinkage and creep [Mehta, and Monteiro, 1993]. The water present in pores bigger than 50 

nm works as free water and plays significant role in durability of concrete. Sorptivity is an indicator of moisture transport into 

unsaturated specimens, and recently it has also been established as an important indicator of concrete durability [Dias, 2000]. 

During sorptivity process, the driving force for water ingress into concrete is capillary suction within the pore spaces of concrete 

[Hall, 1989]. [Martys and Ferraris, 1997] have shown that the sorptivity coefficient is fundamental to predict the service life of 

concrete as a structural material and to enhance its performance. Water absorption due to capillary action is a phenomenon that 

occurs through the difference between the fluid’s surface capillary pressure and its gravity pressure, which forces fluid movement 

until balance is established. Capillary pressure increases with decreasing capillary diameter and is most relevant at the boundaries of 

concrete elements. This phenomenon is particularly visible in dry–wet conditions and is mostly relevant near the element’s surface 

[Evangelista, and J. de Brito, 2010]. The movements of gases, liquids and ions through concrete are important due to their 

interactions with concrete components or the pore water, and thus they can alter the integrity of concrete leading to the 

deterioration of structures [Nilsson Lo et al., 1996]. Transport processes for deleterious substances through concrete are 

distinguished as following: diffusion, absorption and permeation. This is depending on the driving force of the process and the 

nature of the transported matter. The ingress of various aggressive ions, liquids and gases from the environment is responsible for 

the degradation of concrete. For example, the ingress of chlorides or carbon dioxide would de-passivate the steel reinforcement in 

concrete, and in presence of oxygen and water, the steel may start corroding. Similarly, the ingress of chemicals like acids, alkalies 

https://www.researchgate.net/profile/Geert_De_Schutter
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and sulfates are responsible for the chemical corrosion of concrete. Moisture movement during freezing and thawing action causes 

deterioration of concrete, too [Basheer et al., 2001]. Moisture transport plays a main role in predicting the durability and 

serviceability of cement-based materials. For instance, the high moisture content rapidly increases the freeze-thaw deterioration of 

concrete [Zuber and Marchand, 2004]. The moisture curing condition strongly affects the hydration degree and strength 

development for the cement-based materials, like ordinary Portland cement (OPC) concrete, and mortar with various cement-

replacements [Geiseler et al., 1995]. In addition, the high level of internal moisture can help to accelerate the chloride penetration in 

concrete and trigger corrosion of embedded steel bars, especially in marine structures [Bertolini et al., 1982]. In order to improve the 

durability and serviceability of concrete structures, the mechanisms of moisture transfer must be understood well. Many researchers 

consider that the moisture transfer in concrete is driven by a moisture concentration gradient, and thus the moisture flux is 

considered as a function of a moisture concentration gradient, and the material parameter associated with the moisture 

concentration gradient is the coefficient of moisture diffusivity. For the temperature effect, the coefficient of moisture diffusivity was 

considered as a function of temperature [Bazant et al., 1982]. Under the service condition, however, temperature fluctuation and 

moisture changes in concrete structures occur simultaneously; both temperature and the temperature gradient must be considered 

in terms of moisture transfer. In the literature, the effect of the temperature gradient on moisture transfer was treated by using a 

separating term in the moisture flux equation, and this coupling effect was shown to be significant under non-isothermal conditions 

[Zhang et al., 2016]. The concrete infrastructures such as bridge decks, parking garages, pre-stressed concrete structures, steel 

structures, and marine structures may deteriorate when they are exposing to de-icing agents. The de-icing agents can be absorbed 

into the pores of concrete and can modify the cementitious matrix structure. The interaction between the de-icing agents and the 

cementitious matrix may result in the deterioration of concrete structures [Jones, 2013]. Physical damage can occur due to a number 

of processes such as exposure of concrete with a high degree of saturation to freeze-thaw cycles [Li et al., 2012], scaling of concrete 

surfaces [Jacobsen et al., 1997], crystallization of salt in concrete pores that results in production of an internal stress [Scherer, 1999], 

and expansive forces as a result of corrosion of reinforcement when a chloride-based de-icing salt is used [Wang et al., 2014]. While 

the physical attack of de-icing salts has been widely investigated, the chemical reaction between the matrix and the de-icing salts 

has been investigated often less frequently.  The use of de-icing salts can cause damage in cementitious materials even if a concrete 

does not experience freezing and melting [Marchand et al., 1994]. This may be cause by the formation of Friedel’s salt, Kuzel’s salts 

[Collepardi et al., 1994], and/or calcium oxychloride, changes in the pore solution properties [Farnam et al., 2014], or changes in the 

microstructure of hydration products [Pigeon and Regourd, 1986]. De-icing salt solution, like many external solutions, dissolve 

calcium hydroxide, causing leaching that leads to an increase in permeability and a reduction of concrete alkalinity [Muethel, 1997]. 

De-icing salts have different chemical and physical interactions with cementitious materials. The usage of NaCl de-icing salt 

increases freeze-thaw damage in concrete. This increase in freeze-thaw damage has been explained by the formation of an 

unexpected phases and the creation of osmotic pressures [Farnam et al., 2014]. Concrete exposed to CaCl2 and MgCl2 de-icing salts 

exhibited changes in the concrete microstructure. These changes have been accompanied by a severe cracking and deterioration, 

even if the concrete did not experience any freeze-thaw cycles [Collepardi et al., 1994]. The concrete infrastructures were 

deteriorating in different regions of the world without satisfying the stipulated service life. Therefore, there is a need to predict 

service life, which is a major task in the design of concrete infrastructures. In fact, the chloride concentration is a major cause of any 

early deterioration of reinforced concrete infrastructures. Because of this concrete deterioration, it may lead to cracking, spalling, 

and delamination of concrete cover, reduce load carrying capacity, and cross sectional area of reinforcement. Whereas, in the cold 

countries region it may lead to pre-mature deterioration of concrete infrastructures due to the application of de-icing salts on roads 

and concrete infrastructures. In fact, the bridge-decks were simultaneously expose to wetting-drying condition and, it has subjected 

to direct impact as well as repeated loading by continuous flow of traffic. Almost all the concrete structures were working under dry 

conditions. Even though most of the researchers have dedicated their efforts to study transport of chloride in concrete under wet 

conditions with limited publication data on dry concrete. In fact major diffusion models are applicable to the concrete structures that 

remains fully wet condition at all the times. They underestimate the amount of chloride penetrating a concrete structure, which is 

subject to wetting/drying for in case of splash/tidal zones of structures exposed to marine environment/highway structures exposed 

to de-icing salts. An experimental study is performing on the influence of water absorption in ordered to evaluate the effectiveness 

of durability of concrete by researchers [Zhang and Zong, 2014]. It is confirm from results that the most significant effect of 

sorptivity on long-term chloride ingress to concrete is its effect on surface chloride content. It has decided to consider an effective 

amount of absorption when modelling chloride ingress under cyclic wetting and drying conditions. It is also possible from research 

work to produce higher surface chloride contents (0·29–0·62%) that would lower the time to corrosion using the cover depths 

recommended in the code. Its confirmed long time ago that [Zhao et al., 2008], young and uncontaminated concrete can be surface 

impregnated by liquid silanes in order to provide a protective barrier against ingress of chloride ions and moderate chloride content 
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allows to apply surface impregnation of silanes successfully as a protective measure as well as to avoid further chloride ingress. It is 

also confirm that, higher chloride concentration and low water-cement ratio make surface impregnation more difficult. It has 

confirmed that deep impregnation of the concrete surfaces with water repellent agent’s forms an efficient and long lasting barrier 

with respect to chloride ingress [Wittmann et al., 2006]. In this way, service life of reinforced concrete structures erected in an 

aggressive environment such as marine climate can be significantly extend for long time duration. It is cite by investigators [Brandt, 

2009] that, the corrosion of steel reinforcement induces expansion in volume due to corrosion products, cracking, and spalling of 

concrete from the reinforcement. Furthermore, chloride concentration together with frost attack can cause another form of concrete 

deterioration such as concrete scaling. As confirmed that [Hall, 1994], the pore space of concrete is not fully saturated. If the 

moisture content inside concrete is less than the saturation moisture content, it may be absorb by the concrete through large 

capillary forces arising from the contact of the very small pores of the concrete with the liquid phase. Therefore, determination of 

the moisture retention function is necessary for the modelling of moisture flow and transport of chlorides in concrete. In fact, there 

has been very little effort to establish relationships for the capillary pressure as a function of degree of saturation for concrete. The 

chloride diffusion can only occur for a continuous water phase is present in the capillary pores of concrete in order to provide a path 

for diffusion. Therefore, in the case of dry concrete, the diffusion process is lessen since the number of water filled pores decreases 

and that decreases the continuity of pore solution [Saetta et al., 1993]. Under dry conditions, the effective diffusion coefficient is no 

longer a constant but a function of saturation [Garboczi, 1990] and therefore cannot be describe by simple diffusion theory. This is 

noted by researchers that [Vriesl et al., 1998], hydrophobic treatment makes a concrete surface absorb lesser water and chloride. It is 

confirm that, the corrosion, which had already started before application of the hydrophobic agent was not influence by 

hydrophobic treatment. No effect of hydrophobic treatment is measure on carbonation. It has also shown that, long term absorption 

tests with drinking and salt water showed significantly less absorption by hydrophobic concrete. Furthermore, its highlighted by 

researchers [Jacob et al., 1998] that, hydrophobic agents could be effective for at least 10 years when applied to a 6-month-old 

concrete façade provide that, the concrete of the substrate needs to have a minimum age of 28 days or more. In addition to that, 

some conditions must be avoid when applying hydrophobic agents such as high or low temperatures, high air humidity and high 

construction element humidity. Therefore there is a need to investigate about the rapid deterioration of concrete structures due to 

reinforcement corrosion has now become a day-day growing problem in recent years at all over the world in so many cold countries 

region. Considerable resources were used to repair and rehabilitate deteriorated structures around the world. In addition to that, 

consequently, an extensive research [McCarter, 1996] has been conduct to evaluate the effectiveness of sealers and other concrete 

surface treatment materials. Among the various procedures used to protect concrete surfaces, hydrophobic impregnations are the 

least harmful to essential concrete appearance, mainly inhibiting capillary water absorption of the concrete. 

 

Research Objectives  

The importance of chloride absorption as a durability-based material property has received greater attention only after the 

revelation that chloride-induced corrosion is the major problem for concrete durability. The present research work is made an 

attempt to interpret the concrete chloride absorption in ordered to characterize the different concrete mixtures design for in case of 

pre-conditioned partially saturated conditioned concrete cubes which is salt ponded with chloride solution for about 160 days. Thus 

the objectives of this present research is to examine the influence of conditioning such as partially saturated condition on the results 

of chloride absorption performed on concrete cubes with different mixtures proportion. In which slump, and w/c ratio value varied 

with constant compressive strength as in the first case and compressive strength, and w/c ratio value varied with constant slump as 

in the second case. Twenty four concrete cubes (100 mm3) with grades of concrete ranges from 25-40 N/mm2 were prepared and 

evaluate the chloride absorption under specified exposure condition.   

 

2. EXPERIMENTAL PROGRAM  

In the present research work, six different mixtures type were prepared in total as per [BRE, 1988] code standards with concrete 

cubes of size (100 mm3). Three of the mixtures type were concrete cubes (100 mm3) with a compressive strength 40 N/mm2, slump 

(0-10, 10-30, and 60-180 mm), and different w/c (0.45, 0.44, and 0.43). These mixtures were designate as M1, M2, and M3. Another 

Three of the mixtures type were concrete cubes with a compressive strength (25 N/mm2, 30 N/mm2, and 40 N/mm2), slump (10-30 

mm), and different w/c (0.5 0.45, and 0.44). These mixtures were designate as M4, M5, and M6. The overall details of the mixture 

proportions were represent in Table 1-2. The concrete cubes of size (100 mm3) overall twenty four specimens were casted for six 

types of concrete mixture. The coarse aggregate used was crush stone with maximum nominal size of 10 mm with grade of cement 

42.5 N/mm2 and fine aggregate used was 4.75 mm sieve size down 600 microns for this research work. As concern to impregnation 

materials, Water based (WB) and Solvent based (SB) impregnate materials were used in this present research work. To avoid 
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criticizing or promoting one particular brand of impregnation materials and for confidentiality reasons, the names of the products 

used could not be disclose and they could be refer to as WB and SB respectively. WB is water borne acrylic co-polymer based 

impregnation material, which is less hazardous and environmental friendly. It is silicone and solvent free and achieves a penetration 

of less than 10mm. SB consists of a colourless silane with an active content greater than 80% and can achieve penetration greater 

than 10mm. 

 

Table 1 (Variable: Slump & W/C value; Constant: Compressive strength) 

Mix 

ID 

Comp/mean      

target 

stg,N/mm2 

Slump 

(mm) 
w/c 

C 

(Kg) 

W 

(Kg) 

FA 

(Kg) 

CA 

(Kg)  10 mm 

Mix             

proportions 

M1 40/47.84 0-10 0.45 3.60 1.62 5.86 18.60 1:1.63:5.16 

M2 40/47.84 10-30 0.44 4.35 1.92 5.62 16.88 1:1.29:3.87 

M3 40/47.84 60-180 0.43 5.43 2.34 6.42 14.30 1:1.18:2.63 

 

Table 2 (Variable: Compressive strength & W/C value; Constant: Slump) 

Mix 

 ID 

Comp/mean   

target stg, 

N/mm2 

 Slump 

  (mm)  
      w/c 

       C 

    (Kg) 

      W 

    (Kg) 

     FA 

    (Kg) 

    CA 

    (Kg) 

  10mm 

Mix             

proportions 

M4 25/32.84 10-30 0.50 3.84 1.92 5.98 17.04 1:1.55:4.44 

M5 30/37.84 10-30 0.45 4.27 1.92 6.09 16.50 1:1.42:3.86 

M6 40/47.84  10-30 0.44 4.35 1.92 5.62 16.88 1:1.29:3.87 

 

Salt ponding test 

The chloride absorption tests were conduct out on concrete cubes of size (100 mm3), and tested in accordance to [BS: 1881-122]. 

They were water cured before subjected to the salt ponding test for about160 days. Before testing, the concrete specimens were 

oven dried to constant mass at 105±50C for 72±2 hours and then stored in airtight containers before subjected to testing. The 

chloride absorption test with 10% Nacl solution is carried out on pre-conditioned dry concrete cubes of size (100 mm3) which is fully 

submerged and noted their weights at each time interval for about 160 days. For chloride absorption test, totally 24 concrete cubes 

were casted, out of which 12 control concrete cubes, and 6 solvent based concrete cubes as well as 6 water based concrete cubes. 

The chloride penetration and moisture diffusion are two important transport processes for studying the long-term durability of 

concrete. The chloride penetration and moisture transfer in concrete are consider as two coupled transport processes. The 

interaction between moisture diffusion and chloride penetration in concrete affects the durability of reinforced concrete structures. 

The corrosion of the reinforcement in concrete takes place when the chloride content of concrete near steel bar has reached a 

threshold value and the moisture content in concrete is sufficiently high. Therefore, moisture and chloride ions are two necessary 

conditions for the onset of corrosion of rebar in concrete. The diffusion of chloride and moisture in concrete were study for two 

different situations such as fully and partially saturated condition. In fist instance, the concrete is fully saturated and dominant 

mechanisms for both chloride diffusion and moisture diffusion is the concentration gradient of chloride. In turn, the chloride 

concentration gradient drives not only the chloride penetration but also the moisture movement in the concrete. In another 

instance, the concrete is partially saturated, and the moisture concentration gradient (in addition to the chloride concentration 

gradient) results in the moisture penetration as well as the chloride diffusion. In this case, both concentration gradients are driving 

forces. Thus in the present research work chloride absorption test was carried out on pre-conditioned concrete cubes (100 mm3) 

such as partially saturated condition concrete cubes in order to evaluate the effectiveness of two impregnation materials namely 

solvent/water based impregnation material respectively.  

 

3. DISCUSSION ABOUT RESULTS  

It is generally accepted that concrete durability is to a large extent governed by concrete’s resistance to the penetration of 

aggressive media, which may be present in a liquid or gaseous state [Hilsdorf, 1995]. The ingress and transport of aggressive species 

through concrete is governed by different physical-chemical mechanisms: diffusion, permeation, capillary suction and migration. 

Depending on the practical material and environmental conditions, the transport of media into concrete may be due to one or to 

several of the abovementioned mechanisms acting simultaneously. In the experimental investigation of the transport characteristics 

of concrete an attempt is normally made to limit the flow of media to one single transport mechanism in order to be able to derive 
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reliable values of the transport coefficient corresponding to the particular mechanism [Kropp et al., 1995]. One of the conditions 

most influential on the transport properties of concrete is its moisture content and distribution, especially at the exposed surfaces of 

the specimens or structures [Ollivier et al., 1995]. Gas permeability is significantly increased as moisture is removed from the capillary 

pores of concrete, due to the increase in the volume and connectivity of channels available for permeation [Romer, 2005]. Water 

absorption is also increased as the capillary pores of concrete are emptied of liquid [Nokken and Hooton, 2002]. Thus in the present 

research work chloride absorption test was carried out on pre-conditioned concrete cubes (100 mm3) such as partially saturated 

conditioned concrete cubes in order to evaluate the effectiveness of two impregnation materials namely solvent/water based 

impregnation material respectively. It’s observed from results that (PSC concrete cubes) for higher compressive strength and varied 

slump value, the chloride absorption was found to be slightly higher in magnitude as when compared to solvent based and water 

based impregnation concrete cubes for in case of mixtures type (M1-M3). In addition, it is observe from the results that, for lower 

compressive strength and constant slump value, the chloride absorption was found to be slightly more as when compared to higher 

compressive strength for in case of mixtures type (M5-M6). The average chloride absorption for in case of PSC concrete cubes is 

increased at 61th, 91th, 121th, and 160th days as when compared to 31th day in control concrete cubes, solvent based impregnation 

concrete cubes (SB), and water based impregnation concrete cubes (WB) in mixtures type (M1-M6) respectively. In the same way, the 

chloride absorption was decrease in solvent-based impregnation concrete cubes as when compared to water based impregnation 

concrete cubes. It’s possible to correlate mass gain (chloride absorption)-time relationship for in case of control/impregnation PSC 

cubes at different time intervals (31, 61, 91, 121, and 160) days respectively as representing in the (Figs.1 a-f, Figs.2 a-f, Figs.3 a-f). 

 

 

Figure 1    a) Mass gain-time in Mix type 1.     b) Mass gain-time in Mix type 2.        c) Mass gain-time in Mix type 3 

 

 

                  d) Mass gain-time in Mix type 4.  e) Mass gain-time in Mix type 5.          f) Mass gain-times in Mix type 6 

 

 

 

Figure 2           a) Mass gain-time in Mix type 1.       b) Mass gain-time in Mix type 2.     c) Mass gain-time in Mix type 3 
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                       d) Mass gain-time in Mix type 4.   e) Mass gain-time in Mix type 5.         f) Mass gain-times in Mix type 6 

 

 

 

Figure 3         a) Mass gain-time in Mix type 1.       b) Mass gain-time in Mix type 2.     c) Mass gain-time in Mix type 3 

 

 

 

                         d) Mass gain-time in Mix type 4.    e) Mass gain-time in Mix type 5.       f)  Mass gain-time in Mix type 6  

 

It’s possible to interpret chloride absorption-time for in case of control/impregnation PSC cubes at different time intervals (31, 

61, 91, 121, and 160) days respectively as representing in the (Figs. 4a-e). The chloride solution absorption was observed to lesser in 

magnitude at short time duration (31days) as when compared to longer time duration (160 days). It’s also confirmed from the results 

that, the chloride solution absorption was predominantly increased in control concrete cubes (M1-2%-M6-2%) as when compared to 

impregnation concrete cubes (M1SB-M6SB and M1WB-M6WB) respectively.    

 

 

Figure 4       a) Chloride absorption in control/IC cubes (WB).           b) Chloride absorption in control/ IC cubes (SB) 
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                      c) Chloride absorption in control/ IC cubes (WB).         d) Chloride absorption in control/ IC cubes (SB) 

 

 

                                                                   e) Chloride absorption in control/IC cubes (WB) 

 

4. CONCLUSION  

Thus in the present research work chloride absorption test was carried out on 24 pre-conditioned concrete cubes such as partially 

saturated conditioned concrete cubes in order to evaluate the effectiveness of two impregnation materials namely solvent based 

and water based impregnation material respectively. In turn to interpret the effectiveness of impregnation concrete cubes with 

control cubes for six mixtures type under pre-conditioned concrete cubes with constant compressive strength, and varied slump in 

one case as well as varied compressive strength  with constant slump in second case.  

 It’s possible to correlate chloride absorption with time for in case of control/impregnation PSC cubes at different time 

intervals (31, 61, 91, 121, and 160) days. 

 It is observed from results that, the chloride absorption in PSC control concrete cubes was increased as when compared to 

the chloride absorption in PSC (SB) and PSC (WB) impregnation concrete cubes.  

 From this chloride absorption-time relationship, it’s possible to interpret the chloride absorption at any specified time 

duration in order to characterize the designed concrete mixtures type.     
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