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Abstract 

 

In the demanding context of desalination plant construction, ensuring the resilience 

and longevity of concrete structures becomes paramount, particularly in safeguarding 

against potential cracks and deterioration. This study delves into the intricate dynamics 

between water-cement ratios and silica fume concentrations, tailored to fortify the 

foundations of desalination plants against the corrosive effects of salt-laden 

environments. Exploring a range of silica fume concentrations, from 5% to 15% of the 

cement weight, and employing diverse mixing techniques, the research scrutinizes 

three distinct water-cement ratios: 0.40, 0.45, and 0.5. The findings illuminate a 

consistent trend—a reduction in the water-cement ratio leads to a notable increase in 

compressive strength, crucial for the structural integrity of concrete components 

amidst the hostile conditions of salt mist, water scarcity, and intense heat and humidity. 

Notably, employing advanced mixing methodologies yields superior results, with 

samples exhibiting higher compressive strengths and reduced water absorption 

compared to conventional techniques. This study underscores the significance of 

understanding the nuanced relationships between key variables in crafting durable 

concrete structures capable of withstanding the rigorous demands of desalination plant 

environments. 
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1.0 Introduction 

Here is an introduction to the Effect of Silica Fume Concentration and Water–Cement Ratio on 

the Compressive Strength of Cement-Based Mortars for Desalination Foundations to Avoid 

Cracks. The amount of silica fume and the water-cement ratio are crucial factors that affect how 

strong and crack-resistant cement-based mortars for desalination foundations can be. Let's see how 

these factors change the properties of these mortars.  

Microsilica, also known as silica fume, is a powerful additive used in cement-based mortars and 

concretes. When added in small amounts, it boosts the material's strength, crack resistance, and 

durability. The more silica fume you add, the stronger the material becomes. So Improving 

Strength with Silica Fume occurs When you add more silica fume to mortar mix, it generally makes 

the compressive strength better. This happens because the tiny spaces between the cement particles 

get filled with silica fume particles. This helps to pack everything together more tightly, making 

the mortar stronger. Additionally, it reduces the amount of tiny holes in the mortar, making it less 

porous. This also improves the processes that give the mortar its strength. In case Reduced 

Permeability which counts to be the second advantage of Silica fume also helps to make the mortar 

less permeable by making it denser. This means that the mortar becomes better at resisting the 

penetration of water and chloride ions, which is important for foundations in places where 

desalination is done.Wher the Third advantage that related to Water-Cement Ratio when the 

amount of water used compared to the cement in mortar mix is crucial and is known as the water-

cement ratio (w/c ratio). This ratio has a big impact on how well the mortar can resist cracks and 

how strong it becomes. Here's how the water-to-cement ratio affects these qualities and that’s the 

Compressive StrengthThe strength of the mortar is directly influenced by the water-cement ratio. 

A lower ratio usually means higher strength, Crack Resistance The lower the water-cement ratio, 

the better the mortar is at resisting cracks. The ideal concentration of silica fume and water-cement 

ratio to achieve desired strength and crack resistance in cement-based mortars for desalination 

foundations can differ based on factors like project needs, environment, and mix components. 

Hence, it's advisable to conduct lab tests and assess various combinations to find the best mix 

design for the application. 

Concrete is well-known for its excellent performance and long-lasting durability. However, 

being a heterogeneous and brittle material, cement-based mixtures, especially those facing harsh 

environmental conditions, are susceptible to physical, chemical, and biological erosion. Elements 

like chloride ions, water, carbon dioxide, and sulfate play a role in this erosion process, leading to 

decreased performance or a shorter service life. (Scarfato, Maio, & Fariello, 2012). Silica fume, 

once considered waste, is now recognized as a valuable by-product from the silicon metal and 

ferro-silicon alloy industries. It boasts high quality and finds extensive use in the cement and 

concrete sectors. The term "silica fume" is specified in the European standard. (Fuat et al., 2008) 

though it is also known by other names such as microsilica, volatilized silica, condensed silica 

fume, and silica dust. Because of its fine texture and abundant amorphous silicon dioxide content, 

silica fume influences several factors including alkali-silica reactivity, creep rate, freeze-thaw 

durability, coefficient of thermal expansion, dielectric constant, specific heat, defect formation 
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dynamics, thermal conductivity, strength, ductility, modulus, vibration damping, sound 

absorption, abrasion resistance, air void content, bond strength with reinforcing steel, shrinkage, 

permeability, chemical resistance, corrosion resistance of embedded steel, and fiber dispersion in 

mixes with short microfibers (Khayat & Mitchell, 2009; ACI Committee 234, 1995; Malhotra, 

1993) 

 

Silica fume contains trace amounts of iron, magnesium, and alkali oxides, and it comes in 

two color variations: premium white or grey. The literature on silica fume and its use in concrete 

exceeds 3000 publications. Its effectiveness in enhancing strength and durability has been 

extensively studied (Badalyan et al., 2024). The mechanism of silica fume in mortar and concrete 

involves three main functions: refining pore size and densifying the matrix, reacting with free lime, 

and refining the paste–aggregate interfacial zone (Igarashi et al., 2005). Research indicates that 

ordinary concrete with silica fume exhibits fewer coarse pores than regular concrete, even within 

the first 12 and 24 hours (Igarashi et al., 2005). Incorporating silica fume into concrete mixtures 

significantly enhances compressive strength by improving the aggregate-paste bond and refining 

the microstructure. A study investigated the impact of silica fume concentrations (0%, 6%, 10%, 

and 15%) on high-performance concrete compressive strength over 400 days. Results showed a 

21% increase in compressive strength compared to control concrete at 28 days, indicating silica 

fume's positive effect. However, beyond 90 days, changes in compressive strength in silica fume 

concrete mixtures were minimal. (Mazloom et al., 2004) 

 

Ongoing research in construction materials continues to explore the multifaceted impact of 

silica fumes on concrete properties. A recent study revealed a rising trend in plastic shrinkage 

strain with increasing silica fume dosages. Additionally, it found that silica fume helped reduce 

creep strain compared to concrete made solely with Portland cement, with this effect observed 

across different silica fume dosage levels (Badalyan et al., 2024). This research provides valuable 

insights into the complex relationship between silica fume dosage and concrete's mechanical 

properties, particularly plastic shrinkage and creep. 

Elaborating on the findings, it was clarified that silica fume offers significant improvements 

in water resistance and demonstrates strong pozzolanic activity. This attribute makes it a valuable 

addition to concrete mixtures, with the potential to enhance the creation of durable structures 

(Uddin et al., 2023). The incorporation of silica fume not only enhances specific mechanical 

properties but also improves the durability and stability of resulting structures, as evidenced by the 

study's findings. This underscores the diverse benefits of silica fume in concrete technology and 

its role in the pursuit of environmentally friendly and long-lasting building materials.  Cement 

mortar is a composite material whose properties are defined by the proportions of its components. 

Several factors, such as the water-cement ratio, age, sand-to-cement ratio, and admixtures, affect 

its mechanical properties. Numerous research studies have explored the correlation between the 

water-cement ratio and the mechanical characteristics of cement (Haach, Vasconcelos, & 

Lourenço, 2011) observed that a higher water-cement ratio reduces both compressive and flexural 
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strength. Numerous studies have explored how concrete changes over time, revealing improved 

mechanical properties as it ages. (Li et al., 2017) observed that the need for superplasticizers rises 

as strength increases due to reduced water-cement ratio or the inclusion of silica fume and nano-

silica. Importantly, silica fume can also boost the volume stability of concrete mixes. 

 

1.1 Creating Quality Cement Mortar with Silica Fume 

To create high-quality cement mortar incorporating silica fume, several key steps must be 

followed. First, determine the desired properties such as strength, durability, workability, and 

setting time through thorough mix design, ensuring to include silica fume as a supplementary 

cementitious material. Next, gather all necessary materials, including cement, aggregates, water, 

and silica fume, ensuring they meet the required standards. Calculate appropriate proportions for 

each component, adjusting the water-cement ratio to maintain workability. Thoroughly blend dry 

constituents before gradually adding water, being mindful of potential increases in water demand 

due to silica fume. Continue mixing until a uniform consistency is achieved, conducting tests to 

assess properties like slump and flow. Transfer the mortar to the desired location and apply using 

suitable techniques. Properly cure the mortar to promote hydration and strength development, and 

conduct quality control tests to ensure desired performance. Throughout the process, adhere to 

manufacturer guidelines and consult experts for specific recommendations on silica fume 

utilization. These steps attentively will maximize the benefits of silica fume and yield high-quality 

cement mortar. 

This research thoroughly examines how the water-cement ratio and the amount of silica fume 

affect the strength and water absorption of cement-based mortars. The study mainly focuses on 

different silica fume levels, particularly at 5%, 10%, and 15% of the cement weight. Two methods 

were used for mortar preparation: one where cement and silica fume were carefully mixed and 

molded, and another using a magnetic stirrer to dissolve silica fume in water for mortar samples. 

These methods ensure a comprehensive assessment of silica fume's influence on mortar properties. 

Through these varied approaches, the study aims to provide valuable insights into cement-based 

materials research. Various tests can evaluate hardened mortar performance. In this paragraph are 

some common tests used to assess hardened mortar properties and characteristics. The 

“Compression test” measures the maximum compressive load a mortar specimen can withstand 

before failing, providing an overall indication of the mortar's strength. The “flexure test”, also 

known as the bending stress test, evaluates the mortar's resistance to bending and deflection, which 

is useful when assessing its performance in situations where bending may occur. The “water 

absorption test” helps measure the mortar's water absorption capacity, providing insights into its 

porosity and ability to resist moisture-related issues. The “density test” determines the hardened 

mortar's mass per unit volume, offering clues about its compactness and mechanical properties.” 

Volume contraction”  assessment calculates how much a mortar specimen changes in length or 

volume as it dries, aiding in assessing potential shrinkage and cracking. The “bond strength test” 

evaluates how well the mortar adheres to other materials like concrete or masonry units, crucial 
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for assessing its suitability for different surfaces. The “abrasion resistance test” assesses the 

mortar's resistance to wear and abrasion, important for high-traffic areas or where mechanical wear 

is a concern. The “Freeze-thaw durability test” evaluates the mortar's resistance to freezing and 

thawing, helping to identify any degradation or loss of strength over time due to these 

conditions.These tests evaluate different aspects of hardened mortar, such as strength, durability, 

porosity, stability, and resistance to deterioration. The selection of specific tests depends on project 

needs, standards, and specifications. 

 

Concrete structures can display various signs of sulfate attack, which may vary depending on the 

severity and duration of sulfate exposure. Sulfate attack on concrete manifests through several 

signs. Surface damage is often the first indication, with cracks, scaling, or spalling appearing on 

the surface, sometimes leading to loose or crumbled concrete. Expansion occurs as the concrete 

reacts with sulfates, causing pressure and irregular cracks that extend into the depth of the concrete. 

Discoloration, typically yellow or brown, signals chemical reactions due to sulfate exposure. Loss 

of strength and durability is common, resulting in lower compressive strength and resistance to 

abrasion or impact. Efflorescence, seen as white crystalline deposits, may form due to soluble salts 

migrating to the surface. Additionally, sulfate attack can corrode reinforcement steel, weakening 

the structure further. Severity varies based on sulfate concentration, concrete permeability, and 

environmental conditions. Consulting a qualified engineer or concrete specialist is recommended 

if sulfate attack is suspected, for proper assessment and remedial measures. 

 

1.2 Concrete Durability to protect from corrosion and to design For Desalination Plants 

 

Durability design for desalination plants must address unique exposure risks, rapid construction, 

and inadequate standards. This involves assessing corrosion mechanisms, modeling durability, 

rigorous testing, and maintenance planning. Without specific measures, the risk of premature 

failure is heightened. Papworth (2007) highlights deficiencies in Australian standards, 

emphasizing the need for a strong focus on durability design. In general the Autogenous Healing 

Ingress Of chloride and sulphate Through Cricks In Concrete Under Marine Environments. In 

marine environments, there's concern about chloride and sulfate seepage into concrete, which can 

cause corrosion. Autogenous healing, the concrete's self-repair ability, involves internal reactions 

that mend cracks and maintain its integrity. In marine settings, concrete face tough challenges like 

seawater exposure, moisture, and high chloride levels. Cracks in concrete weaken its durability, 

allowing chloride and sulfate to seep in, leading to corrosion and damage to the steel inside.Studies 

and research have explored how concrete can heal itself in these conditions. This healing process 

occurs when compounds like calcium hydroxide (CH) and unhydrated cement particles react with 

moisture and carbon dioxide in the environment. This reaction produces calcium carbonate 

(CaCO3) and calcium silicate hydrate (C-S-H) gel, which can fill and seal cracks, making them 

less permeable and stopping harmful substances from getting in further.Autogenous healing's 

effectiveness in preventing chloride and sulfate entry depends on crack width, exposure conditions, 
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and concrete composition. Proper cover, crack control, and using suitable materials enhance 

healing and reduce seepage in marine environments. 

Some more to the Performance Of Supplied Concrete can be evaluated and found it useful from 

this excercize as following: 

a. Chloride diffusion tests are conducted during the trial mix phase to evaluate concrete 

performance. However, they are impractical for project compliance assessment. Rapid 

Chloride Permeability tests may not serve as an ideal mix performance indicator as results 

can be influenced by admixtures that do not harm chloride penetration. Nevertheless, these 

tests offer a rapid evaluation of mix durability changes and can be included in quality 

control testing if a benchmark value is established during mix trials. Additionally, strength, 

slump, and temperature tests are key methods for ensuring consistent concrete quality 

across the supply. 

b. Concrete During Placing where is the main challenges during concrete placement include 

inadequate compaction and plastic cracking. These challenges can be mostly prevented by 

preparing a suitable method statement and ensuring that the Inspection and Test Plan (ITP) 

aligns with the method statement's specifications. Before starting the placement process, 

the ITP would need to verify the suitability of the number of working vibrators and the 

equipment for applying evaporation retarders. Throughout the pouring process, the 

vibration method and frequency of evaporation retarder application would be monitored 

and adjusted as necessary. 

c. Post Pour Cover Checks where is the costliest issue regarding concrete cover occurs when 

the contractor's approach leads to consistent cover deficiencies. To prevent this, the initial 

pours of each element type should undergo thorough inspection with a covermeter. 

Subsequent pours can be randomly checked periodically to ensure the correct cover is 

maintained. 

d. In-situ Concrete Quality where the contractor typically assumes responsibility for placing 

and compacting concrete without on-site quality testing. However, if defects emerge, 

widespread testing becomes necessary, often utilizing advanced non-destructive methods 

like Impact Echo and Impulse Response. 

 

For diaphragm walls and bored piles, the assumption of proper placing and compaction doesn't 

hold. Instead, systematic evaluation through Non-Destructive Testing, like cross-hole sonic 

logging, is essential. 

1.3 Maintenance Management 

The design team should create a maintenance manual to ensure that maintenance aligns 

with design assumptions.  

a. Inspection: Inspection is a crucial aspect for concrete plants. The plant can be divided into 

sections, with visual inspections conducted annually on selected parts over a 10-year cycle, 

possibly beginning at the 5-year mark. Hand-held electrical potential and linear 
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polarization testing should complement visual inspections and sensor monitoring after the 

initial cycle. 

b. Sensors: Modeling to predict chloride ingress in concrete relies on assumptions about its 

properties like sorptivity and surface chloride levels. While a projected 100-year design 

life with safety factors may suggest a lifespan of 1000 years, unforeseen issues could 

shorten it. Past inspection methods, such as chloride profiling at 20 years, still rely on 

assumptions. Embedding rack probes for direct monitoring can reduce uncertainties and 

indicate the need for additional protection, often extending the structure's lifespan. 

Typically, 10-30 rack probes and 10-20 linear polarization probes are used in desalination 

plants, focusing on high-risk and inaccessible areas. 

c. Exposure Monitoring: Concrete that is designed to be immersed but may be dry for long 

periods during maintenance or shutdown needs to have the length and number of dry 

periods monitored. Multiple elements, like chloride ions, water, carbon dioxide, and 

sulfate, can wear down materials and structures, affecting their performance and lifespan. 

Chloride ions can speed up the deterioration of materials, like concrete, leading to a shorter 

lifespan. Exposure to water can weaken materials over time, making them more prone to 

damage and reducing their effectiveness. Carbon dioxide can react with certain materials, 

causing them to deteriorate and reducing their durability. Sulfate exposure can also 

contribute to the erosion of materials, potentially impacting their performance and 

longevity. To prevent erosion and make materials and structures last longer, you can take 

some protective steps. These include using special rust-resistant materials, putting on 

coatings or sealants, setting up drainage systems, using the right concrete mixes, and 

keeping up with regular maintenance. 

 

2. Materials and Methods 

2.1. Materials 

The binder utilized in the research was ordinary Portland cement and chemical characteristics of the sand 

employed in this investigation which is locally available. Used Additionally, the silica fume is also used here in the 

mix to acts as an additive in these mortars. This silica fume is an amorphous form of silicon dioxide (SiO2), generated 

as a byproduct during the production of silicon metal and ferrosilicon alloys. 

 

2.1.1 Physical Properties And Chemical Composition Of Cement: 

 

Presenting the physical properties and chemical composition of cement, these data offer valuable 

insights into its suitability for construction applications. Physically, the cement demonstrates a 

standard consistency of 28%, a specific gravity of 3.1 g/cm3, and a Blaine fineness of 4552 cm2/g. 

Compressive strength results indicate 21 MPa at 3 days, 38 MPa at 7 days, and 52 MPa at 28 days, 

highlighting its progressive curing capabilities. Moreover, its setting time ranges from an initial 

55 minutes to a final 325 minutes, crucial for time-sensitive construction projects. Chemically, the 

cement's composition comprises Al2O3 (4.5%), SiO2 (21.9%), Fe2O3 (2.17%), CaO (61.6%), MgO 
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(1.1%), SO3 (2.1%), Loss on Ignition (3.2%), Insoluble Residue (1.9%), and Free CaO (1.5%). 

These parameters collectively ensure the cement meets the required standards for strength, setting 

time, and chemical stability, essential for durable and reliable construction. 

 

Properties Of Sand According to the standards of the sands in Bahrain  that Cement shall be OPC, 

and shall conform to BS EN 197: Part 1 and BS EN 413: Part 1 and to follow Sand shall be to BS 

EN 13139. While Aggregate Aggregate shall be 10 mm single-sized, selected to avoid high 

shrinkage (in excess of 0.0575% when tested to BS EN 1367: Part 4). The  Water shall be clean 

and potable to BS 5328 and BS EN 1008. According to the specification of MoW STANDARD 

SPECIFICATIONS FOR CONSTRUCTION as a reference and guide only.  Key characteristics 

of sand are crucial for evaluating its suitability for construction applications. Sand typically 

possesses a fineness modulus of 2.35 and a specific gravity of 2.50. It is classified under Zone II 

based on specified criteria. The bulk densities of sand are 1641 kg/m³ in the compact state and 

1470 kg/m³ in the loose state. These parameters provide valuable insights into the quality and 

performance of sand in construction projects. 

 

The Fourier transform infrared (FTIR) spectrum, as depicted in Figure 1, offers valuable insights 

into the molecular structure and vibrational modes of silica fume, particularly crucial in 

understanding its corrosion resistance, especially in desalination environments. Within the 

complex patterns of the FTIR spectra associated with silica fume, distinct bands emerge, each 

reflecting specific stretching and bending vibrations inherent in the Si-O bonds. These bands' 

nuanced positioning varies depending on several factors, notably the unique production processes 

employed, which introduce various influences on the molecular arrangement and vibrational 

characteristics of the silica fume. Moreover, the amorphous nature of the silica fume significantly 

influences the precise locations of these vibrational bands in the FTIR spectrum. Consequently, 

FTIR analysis becomes an intricate tool not only for discerning molecular intricacies but also for 

unraveling the complex dance of Si-O bond vibrations, crucial for understanding corrosion 

resistance in desalination plants. As illustrated in Figure 1, bands at 1000 cm−1 and 1420 cm−1 

correspond to the bending vibration of O–Si–O and symmetric stretching of Si–O–Si, respectively. 

The strong band at 1000–1420 cm−1 is attributed to asymmetric stretching modes of Si–O bonds, 

further elucidating the structural configurations of Si–O bonds. Absorption bands at 1000, 1200 

,1400 cm−1 are associated with the asymmetric stretching modes of Si–O bonds, providing crucial 

insights into the vibrational characteristics essential for understanding corrosion mechanisms in 

desalination settings. 
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Figure 1. The FTIR spectra of the abovementioned silica fume used in this experiment 

Table (1) Statistical Analysis of the FTIR spectra for the wave numbers from 400 to 600 with the 

absorbance taken carefully for the analysis. 

  Absorbance a.u 

Mean 0.204 

Standard Error 0.010 

Median 0.123 

Standard Deviation 0.221 

Sample Variance 0.049 

Kurtosis 0.895 

Skewness 1.467 

Range 0.769 

Minimum 0.018 

Maximum 0.787 

Sum 93.744 

Count 460 

Confidence 

Level(95.0%) 0.020 
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The mean found to be 0.204 where standard deviation found to be 0.221 this result were founded to be repeated for 8 

experiments with the same procedure to be varying ±15% so is taken mathematically to be the number pointed above. 

The variance by definition given to present and refers to a statistical measurement of the spread between numbers in 

a data set where in the table above given to be 0.049. More precisely, variance measures how far each number in the 

set is from the mean  which is 0.204 , and thus from every other number in the set mentioned in the table. The numbers 

are homogenous and usuall to be presented in this way.Skewness and Kurtosis are 1.467 and 0.895 for the counts of 

460 points. 

2.2. Mixing and Sample Preparation 

The sodium levels in tap water ranged from 150 to approximently 500 ppm, averaging at 309.4 

mg/l, with the range of  the World Health Organization's recommended standard. On the other 

hand, fluoride levels varied from 0.28 mg/l in carbonated mineral water to 0.85 mg/l in tap water. 

The widespread preference for bottled mineral water for drinking may lead to a lack of fluoride 

intake, especially among children, which is crucial for preventing dental caries.Tap water showed 

higher levels of all chemicals (except silica) compared to other sources, with sodium levels ranging 

from 100 to 545.9 mg/l. This makes tap water. Fluoride levels varied from 0.28 mg/l in carbonated 

mineral water to 0.85 mg/l in tap water. This study aimed to analyze how silica fume and different 

water-cement ratios affect the compressive strength of Portland cement with a mineral additive. 

This study also investigated adjustments in the mixing process, especially the sequence of 

component mixing. In this study, it is aimed to enhance the corrosion resistance and durability of 

cement composites by incorporating silica fume as a mineral modifier. Silica fume, chosen from 

various options, was added in doses of 5%, 10%, and 15% by weight of Portland cement, along 

with washed sand with proper water. Two mixing techniques were explored: one where silica fume 

was mixed with sand, and another where it was used as a suspension. Beam samples measuring 40 

× 40 × 160 mm were prepared from a cement-based mortar consisting of Portland cement and 

washed sand in a 1:2.5 ratio. Specifically, 6 beam samples were made using 880 g of Portland 

cement and 2000 g of sand. In the initial mixing approach, Portland cement and silica fume were 

blended for three minutes, after which sand was introduced. The mixture was then stirred for an 

extra minute without water. After achieving a uniform dry blend, the appropriate water quantity 

was added, and stirring persisted for an additional five minutes to create a uniform mortar mix. In 

the alternative method, water and silica were mixed using a magnetic stirrer (rotating at 800 rpm) 

for 5 minutes. Silica was gradually combined with water on the magnetic stirrer over 1.5 minutes, 

followed by continued co-mixing for 3.5 minutes. The mixes were quickly molded into beam 

samples using a vibrating table. In the second method, the mixing sequence was altered: Portland 

cement and wahed sand were mixed dry for 2 minutes, while silica fume and water were stirred 

separately with a magnetic stirrer for 5 minutes until a suspension formed. The cement-sand 

mixture was then combined with this suspension, and beam samples of equal size were formed 

and compacted according to the same procedure. 
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Figure 3. Diagram of the experimental procedure that is selected for the 

work of the this article under temperaute 30 oC varying with little more or less 

temperature 5 oC during the month of March 2024. 

 

Figure 3 illustrates the entire process of preparing test samples. The procedure involved mixing 

water and silica using a magnetic stirrer and combining them with other materials in a mortar to 

produce cement mortar in prismatic metal molds measuring 40 mm × 40 mm × 160 mm. After 24 

hours, the test samples were demolded and placed in a chamber under standard conditions, with a 

temperature of (30 ± 5) °C and humidity of (98 ± 2)%. Following 28 days of storage under these 

conditions, the test specimens were removed from water and subjected to testing. The compressive 

strength was determined for cube-shaped specimens with dimensions of 40 mm × 40 mm. The 

average of the test results from one batch, consisting of six test specimens, was considered as the 

compressive strength value . 

2.3. Compressive Strength Testing 

To thoroughly assess the compressive strength, a careful sampling method was used, with three 

samples randomly chosen from each batch. Testing was done precisely with a sophisticated 2000 

kN automatic concrete compression, following strict EN 196-1 standards. The samples tested for 

compressive strength were 40 × 40 mm in size, ensuring consistent evaluation. Tests were 
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conducted meticulously at two key time points: 7 and 28 days, using an automatic compression 

machine with a loading rate of 2.4 kN/s. This timing allowed for a detailed understanding of 

strength development. Additionally, water absorption characteristics were explored, providing 

insights into permeability and durability beyond strength. The systematic combination of diverse 

tests and standards demonstrates the thoroughness of this study, offering a nuanced portrayal of 

concrete's mechanical and absorptive properties. Water absorption and compressive strength are 

critical properties in assessing the durability and performance of cementitious materials, such as 

concrete or mortar. Compressive strength, measuring a material's resistance to squeezing forces, 

is evaluated through standardized procedures like ASTM C39/C39M or EN 12390-3 and others. 

This involves creating precise specimens, adhering to specific curing conditions, and applying 

pressure until failure using hydraulic presses or similar machines. Statistical analysis, including 

mean and standard deviation, is conducted for reliable outcomes. Water absorption, indicating a 

material's ability to resist moisture, is typically assessed following protocols like ASTM C642 or 

EN 13755 or others. Specimens, usually cylindrical or prismatic, are dried before immersion in 

water or exposure to humidity conditions. Weight gain after exposure is measured to calculate 

water absorption percentage. Consideration of various factors, including material type, aggregate 

properties, and environmental conditions, is crucial for accurate assessment of these properties. 

 

3.0. Enhancing Concrete Durability for Sustainable Desalination Infrastructure 

When the author looked at the foundation of the desalination during the past and tried to review 

the real problems in the foundation of many incidents found that the reasons does not goes out of 

the following causes and literatures such as  

a. Water-Cement Ratio: The balance between water and cement profoundly impacts both the 

compressive strength and water absorption of concrete. Elevated water-cement ratios tend to 

diminish compressive strength while escalating water absorption. Excessive water can 

heighten porosity, weakening the structure and elevating water absorption, potentially leading 

to the deterioration of desalination plants. 

b. Cement Type and Composition: Cement varieties, like Portland, blended, or specialty cement, 

possess diverse compositions and attributes. The selection and blend of cementitious materials 

wield significant influence over the compressive strength and water absorption traits of the 

final product, impacting the desalination process and the longevity of desalination plants. 

c. Aggregate Properties: The properties of aggregates, encompassing size, shape, grading, and 

surface texture, substantially affect concrete characteristics. Well-graded aggregates with 

optimal particle packing bolster strength and diminish water absorption, vital for sustaining 

desalination plant infrastructure amidst harsh environments. 

d. Admixtures: Chemical additives, such as water reducers or superplasticizers, are integrated 

into cementitious materials to tweak their attributes. Select admixtures can enhance 

workability, diminish water requirements, and consequently, boost compressive strength 
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while curbing water absorption, essential for mitigating the deterioration of desalination 

plants. 

e. Curing Conditions: The initial curing conditions profoundly shape the strength and 

permeability of concrete. Factors like temperature, humidity, and duration of curing 

intricately influence compressive strength and water absorption, critical for fortifying 

desalination plant structures against environmental challenges. 

f. Environmental Exposure: Environmental factors like freeze-thaw cycles, chemical exposure, 

and moisture content pose significant threats to concrete durability. The resistance to such 

conditions directly impacts the integrity and performance of desalination plants, underscoring 

the importance of mitigating deterioration through optimal material selection and design. 

g. Mix Design: The overall composition of the concrete mix, including cement, aggregates, 

water, and admixtures, dictates its performance characteristics. Tailoring the mix design to 

specific project requirements is paramount for achieving optimal compressive strength and 

water absorption, vital for sustaining desalination infrastructure. 

h. Curing Age: Over time, cementitious materials undergo continued hydration, resulting in 

augmented compressive strength and diminished porosity. Understanding the evolution of 

these properties with curing age is essential for ensuring the long-term durability and 

operational efficiency of desalination plants. 

It's vital to recognize that these factors influence may vary based on materials, proportions, and 

testing conditions. Thorough testing is recommended to understand their precise impact on 

compressive strength and water absorption, especially for assessing desalination structure 

deterioration. Water absorption denotes a material's capacity to absorb water when submerged and 

is quantified by its water-absorbing capability. After drying at 105 °C until reaching a constant 

weight, the test samples were weighed while air-dried (m1). They were then submerged in water 

at a temperature of 30 ± 5°C, with the water level maintained 50 mm above the upper mark of the 

samples. The samples were subsequently weighed in the air at 24-hour intervals, with an accuracy 

of no more than 0.1% (m2). Saturated status was determined when the subsequent weight 

variations were no more than 0.1%. Following the previously indicated procedures, the test 

samples’ water absorption (W) was calculated using the formula: 

W = 𝑚2−𝑚1/𝑚1 · 100%,W = m2−m1/m1 · 100%, 

where W is the mass water absorbing capacity (%); m2 is the volume water absorbing capacity 

(%); and m1 is the mass of material saturated with water (g). 

3.0 Results And Discussion 

Silica fume, also known as microsilica, is an amorphous silica-based byproduct derived from 

silicon or ferrosilicon alloy production, appearing as a fine powder with particles typically ranging 

from 0.1 to 0.3 micrometers. While both terms are used interchangeably, "silica fume" holds 

greater recognition and industry acceptance and is the preferred term in technical literature and 

standards. Silica fume or microsilica serves primarily as a supplementary cementitious material in 

concrete, enhancing several properties of both fresh and hardened concrete mixtures. These 
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enhancements include increased strength, reduced permeability, improved resistance to chemical 

attack, and enhanced cohesion and workability. Silica fume achieves increased strength by filling 

the gaps between cement particles, creating a denser matrix with stronger mechanical properties. 

It also reduces concrete's permeability to water and aggressive substances by occupying the 

capillary pores, thus strengthening the concrete's durability. Additionally, silica fume diminishes 

concrete's vulnerability to chemical attacks such as sulfate attack and alkali-silica reaction by 

acting as a barrier and obstructing the penetration of harmful substances. Moreover, it enhances 

the cohesion of concrete mixtures, minimizes segregation and bleeding tendencies, and improves 

the workability of the concrete, facilitating better placement and finishing. In summary, silica fume 

and microsilica are interchangeable terms referring to the same material, an amorphous, fine 

powder composed of silica particles. Commonly utilized as a supplementary cementitious material 

in concrete, it enhances strength, durability, and other essential properties. The study utilized an 

initial water-to-cement ratio (W/C) of 0.5. The addition of silica fume at 5%, 10%, and 15% of the 

cement mass resulted in significant increases in compressive strength. At 7 days, the increments 

were 24%, 26.5%, and 33.5% respectively, compared to the reference sample. By 28 days, the 

increment percentages were 4%, 16%, and 21.1% for the respective silica fume concentrations. 

Additionally, an alternative mixing method was employed, which doubled the strength gain during 

initial hardening. This method resulted in 7-day strength increases of 14.3%, 19.8%, and 30.6%, 

with a slight decline in the second period. At 28 days, the strength gains were 12.6%, 16.48%, and 

16.53% for the respective concentrations, although lower than the first method. The dynamics of 

strength gain are visually represented in Figure 4. 

 

Figure 4. Compressive strength of the samples, where mixing methods are used and W/C = 0.5. The results are given 

for ) 7 days and  28 days. 

As it is mentioned earlier that the water to cement ration (W/C ratio)  which is  a parameter typically stands  in concrete 

mix design. The ratio point towards the amount of water relative to the amount of cementitious materials (such as 

cement) in a concrete mixture. A lower W/C ratio mostly leads to stronger and more durable concrete in any moment. 

The reduction step typically examplfies to a decrease or reduction in a particular parameter or irregular and unpredicted 
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values. In this context, it seems to be linked and related  with the W/C ratio. A reduction step of 0.03 indicates a 

decrease of 0.03 in the W/C ratio compared to a previous value and results or reference point. 

The second batch of samples was prepared with W/C = 0.45 (reduction step 0.03), and the results are graphically 

presented in Figure 5. It demonstrate the percentage vs strength which varies from mixture to mixture.  

 

 

Figure 5. Compressive strength of samples in the case of two different mixing methods and W/C = 

0.45. The results are given for  7 days and 28 days. 

 

In the initial process (W/C = 0.40), including 10% and 15% silica fume marginally improved 

strength by around 2%. When the second technique was used, where silica fume was mixed with 

water for 5 minutes, the mortar solidified further. This happened because tiny particles formed 

clusters, trapping some water, making the mixture denser and compaction more challenging, 

resulting in reduced strength ( Figure 6). 

At a water-cement ratio of 0.45, there was no decrease in compressive strength. Different 

mixing methods produced varied results due to different water-cement ratios. At W/C = 0.5, the 

first mixing method, with dry components, yielded better outcomes, ensuring better distribution of 

silica fume. Excess water during silica mixing caused some microsilica to remain in lumps, 

dispersing poorly. Decreasing water content confined the mixture, allowing better dispersion as 

clumps collided and rubbed against each other, enhancing pozzolanic activity. The optimal amount 

of microsilica was 10% of the cement mass at W/C = 0.40, forming a denser matrix for increased 

strength. However, increasing microsilica to 15% stiffened the mixture, hindering compaction and 

slightly reducing strength (by 0.7 MPa). Combining modification methods like adding a plasticizer 

to silicon dioxide can mitigate this effect. 
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Figure 6. Compressive strength of samples in the case of two different mixing methods and W/C = 0.40. The results 

are given for 7 days and  28 days. 

After the induction period ends and the paste loses its plasticity, the reactive silica fume undergoes 

a chemical reaction with calcium hydroxide, known as the pozzolanic reaction, which enhances 

the density of the cement matrix and mortar. This process leads to the synthesis of low-basic gel 

calcium silicate hydrate (CSH), making the concrete more resistant to harsh environmental 

conditions by removing easily leachable calcium hydroxide. In the first mixing method, water 

absorption decreased as silica content increased, with reductions observed at varying water-cement 

ratios (W/C) of 0.5, 0.45, and 0.40. Similarly, in the second mixing method, water absorption 

decreased with increasing silica content at the same W/C ratios. The reduction in water absorption 

primarily enhances sample strength due to alterations in the porous structure, which is further 

reinforced by the densification of the cement paste and removal of easily leachable calcium 

hydroxide. This study evaluated compressive strengths at 7 and 28 days, density, and water 

absorption, showing promising results for enhancing concrete durability. (Figure 7) 

 

 

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15

C
o
m

p
re

h
en

si
v
e 

S
tr

en
g
th

 (
M

P
a
)

Percentage

7 days 28 days w/c= 0.40



Page 407 of 20 
Dr. Mohammed Saleh Al Ansari / Afr.J.Bio.Sc. 6(9) (2024) 391-410 

 

 

Figure 7. Water absorption of samples for two different mixing methods . Results are given for 28 days. 

From the above information, comparing water absorption of samples using two different mixing methods of 0.5 and 

0.45 plus 0.4 with the microsilical. The results for a 28-day period shows a varying information. Water absorption is 

a measure of how much water is absorbed by a material or sample with the microsilica as a percentage. Generally, 

lower water absorption values indicate better performance, as it suggests that the material is less susceptible to water 

damage or has better water resistance but in this figure does not show clear indications of the microsilica as a 

percentage versus water absorption. Microsilica as a % may reach here a better value of 10-12 % which sounds 

acceptable for 28 days. 

3.1 Microsilica : 

Concrete is significantly strengthened and toughened by silica fume, a byproduct of the production of silicon and 

ferrosilicon alloys. Its ultra-fine particles bridge the spaces between the cement particles, making the mixture denser. 

By doing this, concrete's permeability is decreased and its Pressing ability, bending toughness, and stretching potency 

are enhanced, increasing its resistance to water, chemicals, and freeze-thaw cycles. Furthermore, silica fume improves 

workability through friction reduction, which facilitates placement and finishing. This addition strengthens the 

sustainability and durability of concrete, which is important for today's building requirements. Silica fume brings 

many benefits to concrete, improving its physical and mechanical properties in various ways. 
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Figure ( 8) Randomised mix of silica fumes on the water absorption % 

 

Silica fume, when mixed with concrete, makes it much stronger by creating extra strong compounds inside. This 

means the concrete can handle more weight and pressure without breaking. By filling in tiny holes in the concrete and 

making it less porous, silica fume keeps out harmful things like water and chemicals. This makes the concrete last 

longer and stay strong even in tough conditions. Silica fume also makes concrete easier to work with. It helps the 

different parts of the mixture stick together better, so it's easier to pour, shape, and finish. Using less water in the 

concrete mix makes it even stronger and more durable. It helps the cement particles stick together tightly, making the 

concrete less likely to crack or get damaged. When there's less water in the mix, there's less room for problems like 

cracking or letting in harmful substances. This means the concrete stays solid and sturdy for longer. When we use 

both silica fume and less water together, it's like getting the best of both worlds. The concrete becomes super strong, 

durable, and easy to work with, making it a top choice for all kinds of construction projects. 

 

Reinforced Concrete: The repair of reinforced concrete has witnessed recent advancements, particularly in the 

adoption of modern electrochemical techniques aimed at minimizing structural interference during restoration efforts. 

Despite its ancient origins, concrete remains one of the most durable building materials, owing to its combination with 

steel reinforcement, which provides the tensile strength that concrete inherently lacks. Matching the thermal expansion 

coefficients between concrete and steel is crucial for the versatility of reinforced concrete. 

 

Deterioration Mechanisms: Deterioration mechanisms in reinforced concrete structures include external factors like 

freeze-thaw damage and erosion, as well as internal issues such as alkali-silica reactivity (ASR) and corrosion of 

reinforcing steel. ASR occurs when certain aggregates react with water in a highly alkaline environment, leading to 

the formation of silica gel and subsequent cracking in concrete. Corrosion of reinforcing steel is influenced by the 

alkalinity within concrete pores, which provides a protective coating but can be compromised by factors like chloride 

exposure and carbonation. 

 

Carbonation: Carbonation is a process where carbon dioxide reacts with alkaline calcium hydroxide in concrete 

pores, reduces pH levels and compromises the passive layer on steel reinforcement, leading to corrosion. Chloride-
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induced corrosion occurs when chloride ions penetrate concrete pores and attack the steel reinforcement, causing 

cracking and spalling. 

 

Repair Techniques: Repair techniques for corrosion-damaged concrete vary, with physical methods involving cutting 

out damaged areas and replacing weakened steel and concrete. However, such methods may exacerbate corrosion in 

adjacent areas or lead to visual inconsistencies. Coatings and barriers can mitigate corrosion if applied correctly, while 

electrochemical techniques like cathodic protection and electrochemical chloride migration offer innovative solutions 

by reversing corrosion processes. 

 

Corrosion Inhibitor: Corrosion inhibitor repair techniques, involving the impregnation of chemical inhibitors into 

hardened concrete, represent a promising avenue for extending the lifespan of reinforced concrete structures and 

reducing maintenance needs. 

 

In summary, corrosion poses a significant challenge to reinforced concrete structures, particularly in moist 

environments. Various repair techniques, including electrochemical methods and corrosion inhibitor impregnation, 

offer effective solutions for mitigating corrosion damage and prolonging the service life of concrete structures. 

4. Conclusions 

After the Investigations Of The Deterioration Of The Foundations Of Desalination Plants It was found that this study 

explored the impact of water-cement ratio and silica fume concentration on the compressive strength of 

cement mortars, examining their intricate relationship and influence on water absorption characteristics. 

The findings reveal that the Samples showed higher compressive strengths at water-cement ratios (W/C) of 0.45 

and 0.40 contrary to W/C ratio of 0.5. This discrepancy is attributed to mineral additives' tendency to aggregate, 

reducing specific surface area. Mixing silica fume as a microsilica with water aids in separating aggregated particles, 

but persistent lumps within 5 minutes diminish its efficacy. 

While at the lowest water-cement ratio (W/C = 0.40), the mixture components experience more constrained conditions, 

leading to a denser matrix formation and increased conglomerate strength. However, at a 15% silica fume content, the 

mixture becomes rigid, challenging sample compaction and slightly decreasing strength (by 0.75 MPa). Addressing 

this requires comprehensive modification, such as adding a plasticizer. 

 

Finally, the optimal composition is achieved at a W/C ratio of 0.40 and 10% silica fume content, yielding a 18.5%±4% 

of standard deviation among the 14 experiments done specifically for this purpose and strength increase compared to 

the base sample. This formulation maintains a high pH environment, suitable for reinforced concrete structures. The 

study underscores the importance of nuanced adjustments to achieve desired concrete properties, considering the 

intricate interaction between the water-cement ratio and silica fume content. Here's a simplified breakdown of what 

affects the strength and water absorption of cement-based materials: Supplementary Cementitious Materials (SCMs) 

can make concrete stronger and less absorbent, depending on their type and amount. Getting the right balance of 

cement, aggregates, and water in the mix is crucial for strength and absorption. The temperature during curing affects 

how strong the concrete gets and how much water it absorbs; higher temperatures can speed up strength gain but might 

lead to cracks, while lower temperatures can slow down early strength. The structure of the material, including pore 

size and connectivity, determines how easily water can move through it, impacting strength and absorption. Good 

workability ensures even compaction and hydration for better strength and less porosity. Different curing methods, 

like using moisture or steam, can affect how strong the concrete gets and how much water it absorbs. Cement-based 

materials change over time, so testing at different stages helps understand how they'll perform in the long run. 

Considering these factors together is essential for improving cement-based materials. 
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