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1|Introduction    

The durability of a material can be described as the capacity to withstand any agent of deterioration. Describes 

the durability of a material as the ability to continue performing its specified function over a long period under 

normal use environments. It is also viewed as the capacity of a material to resist abrasion, chemical attack, 

weathering action, or any other degradation process American Concrete Institute. Though concrete is 
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Abstract 

The durability of reinforced concrete is greatly hampered by the vulnerability of reinforcing steel to corrosion by 

water ingress, especially in an exposed environment. Water is the basic medium through which hazardous chemicals 

get into the concrete and then reinforcement. This study determines the durability characteristics of Corn-Cob Ash 

(CCA) blended cement concrete in water transport.   Both review and experimental techniques were adopted as the 

research methodology. Materials tests and methods were prepared following ASTM, C 494. concrete mix was 

designed to obtain a compressive strength of 25N/mm2 and 30N/mm2 at 28 days with water-to-binder 

(cement/CCA) ratios of 0.45 and 0.50 respectively. Four different percentage replacements of Ordinary Portland 

Cement (OPC) (0%, 10%, 20%, and 30%) with CCA by weight of cement were adopted. The specimens were cured 

for 90 days while testing for the characteristics. The results show that CCA is a class N calcined natural pozzolan 

that attains its optimum characteristics strength between 56 and 90 days. Water transport, porosity/water 

absorption and sorptivity of the concretes were lower at 10% cement replacement than the corresponding control 

mix; thus, the durability of the concrete would be greater than one without CCA when combined with steel. 

Therefore, a designed strength of 30N/mm2 containing 10% CCA-cement replacement in concrete is 

recommended for reinforced concrete construction prone to water ingress.   

Keywords: CCA blended cement concrete, Durability, Porosity, Sorptivity, Water absorption. 
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  expected to withstand any condition to retain its serviceability and original properties, the durability of 

concrete would depend on its material constituents, quality of construction, and the service environment. 

Several researchers have measured durability, many of which were taken as the effect of chemicals on the 

constituents and their strength [1]. Thus, the test methods adopted were mainly immersion in diluted acids, 

which does not measure the durability characteristics of reinforced concrete. The durability of reinforced 

concrete, according to [2], simply depends on the water absorption resistance property. 

Several parameters, including agents of deterioration, are usually measured to check for durability [3–5]. These 

include strength, chemical resistance, porosity water absorption, permeability, and sorptivity. The strength of 

a material is its ability to resist stresses caused by external forces, such as tension, compression, bending, 

torsion, and impact, without failure or fracture [6]. In this case, concrete compressive and flexural strengths 

are normally tested by subjecting it to loading to ascertain its load-carrying capacities.  

According to [6], strength and durability are two separate characteristics that neither guarantee the other. This 

is because characteristic strength tests at normal conditions without subjecting concrete to any condition seem 

not to have any adequate measure of durability. The reason is that the bulk concrete that becomes the source 

of strength is, to some extent, shielded by the peripheral layer that controls durability. Concrete deterioration 

is amplified by ingesting destructive chemicals into concrete, followed by the reactions in the internal structure 

[7]. These chemical substances react with concrete constituents to weaken their strength, separating the bonds 

between the paste and other concrete constituents and the bond between the constituent materials 

themselves. This knowledge has always led to testing for durability by subjecting the concrete to immersion 

in diluted acid or other chemicals to measure the chemical resistance [1]. 

Concrete porosity, on the other hand, is a quality characteristic that depicts the amount of pores in concrete, 

and it has been widely used to forecast its characteristics. It is determined either by water soaking or by 

vacuum saturation. In this context, porosity is the quantity of water in the pore space, while the term -water 

absorption suggests a capillary suction measurement [2]. Porosity helps in studying a material's pore structure, 

which is important in determining the transport properties and, therefore, the durability characteristics [8]. 

Concrete durability is closely associated with the degree to which water permeates into it. The permeability 

measurements of concrete help check the durability of a material. It is viewed as the water flow rate through 

a saturated concrete under an applied pressure gradient. Permeability shows the concrete capability to convey 

water more accurately with a method that controls the application and movement of gaseous matter and water 

into cementitious material [7]. Permeability is measured in the laboratory as the passage of water through a 

saturated porous medium under pressure, but that is not obtainable. It is an inherent property of a material 

defined by a well-understood physical theory; however, theoretical high-pressure test conditions are not the 

same as those experienced in actual concrete structures [9]. According to Lee, this is because the permeability 

of modern high-performance concretes is so low that it cannot be accurately measured. 

Sorptivity is the capacity of a medium to absorb liquid by capillarity. The material characteristic absorbs water 

and transmits it through a hardened, unsaturated medium via capillary suction. Sorptivity depends on a liquid's 

density, viscosity, surface tension, and the pore network (capillaries and tortuosity, radius) of a material [10]. 

The fluid and the quality of concrete determine the rate of liquid suction through capillary pore transport 

mechanisms. According to [9], Sorptivity is a durability parameter that is both simple to test and sensitive to 

concrete quality. It is strongly influenced by factors such as compaction and aggregate distribution, in addition, 

to mix composition and curing. Sorptivity as a value defining the speed of water penetration into concrete is 

the parameter that seems to be a good predictor of the permanence of concrete constructions as well as their 

resistance to corrosive factors influence [11]. The assessment of sorptivity is an unassuming index test for 

characterizing concrete durability [7]. it is a simple factor to consider in determining the durability of concrete 

and is gradually being used to measure the concrete resistance to aggressive chemicals [12]. 

The test method is comparable to a recognized deterioration process in real time. Sorption occurs when water 

is absorbed through the concrete interior by capillary forces. Concrete has better durability potential if the 

water sorptivity index is low [13]. Sorptivity provides an engineering measure of microstructure and properties 
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  important for durability. Sorptivity values vary from approximately 5 mm/√h for well-cured Grade 30-50 

concretes to 15 – 20 mm/√h for poorly cured Grade 20 concretes [8]. Nicolas and Deventer [8] assert that 

lower sorptivity delivers a higher resistance of concrete towards water absorption, and a high sorptivity 

coefficient indicates the existence of a highly connected porous structure or low tortuosity of the pore 

network. The advantages of using the sorptivity test as a measure of durability, among others, according to 

Balakrishna et al. [7], are that: 

I. It uses a mechanism relevant to actual deterioration processes in field concrete.  

II. It reflects the overall concrete's pore network interconnectivity. On the other hand, the absorption test is 

more sensitive to total pore volume, a property more critical to strength than durability.  

III. It has a well-developed mathematical framework for capillary flow in unsaturated materials, which unites 

both sorptivity and permeability and makes the material water content dependency explicit.  

Several studies on the strength of Corn Cob Ash (CCA) blended cement have been reported to have 

impressive strengths suitable for structural works [4]. However, the durability characteristic of CCA blended 

concrete is not widely studied in the area of water transport to ascertain durability when used in reinforced 

concrete. Though reinforced concrete is considered a durable construction material, it is expected to be 

maintenance-free throughout its service period, which has never been the case. Saha and Sarker [2] observe 

that steel corrosion is reinforced concrete's most common durability problem. This is because the presence 

of water and its role in the reactions in concrete has always been the source of corrosion; thus, the durability 

of reinforced concrete is related to its water-tightness [2]. The durability of reinforced concrete, according to 

Kubissa and Jaskulski [11], is determined by the resistance to water penetration.  

Thus, using strength and chemical resistance as durability parameters for concrete may only measure the 

durability of plain concrete but not reinforced concrete; this is because water into reinforced concrete could 

easily affect the reinforcing steel and other chemicals within the concrete. The rate of water absorption in 

concrete is normally attributed to its permeability or water-tightness, which is dependent on the perviousness 

of the concrete structure, i.e., cement paste, aggregates, and interfacial transition zone. 

According to [14], Calcium leaching is responsible for increased concrete porosity and increased permeability, 

which allows water and other aggressive elements to enter the concrete, leading to carbonation and corrosion 

problems. Blending OPC cement with CCA in concrete is expected to increase durability by decreasing 

calcium leaching, which increases porosity since pores in a structure are a major factor in fluid transport.  

Some properties of CCA blended concrete have already been reported by other scholars [15], [16], these 

properties include the classification of CCA as a class N pozzolana, improvement in compressive strength 

and improved resistance to chemicals in an aggressive environment. However, the water transport of CCA 

blended cement concrete has yet to be extensively studied. This study is thus designed to review scholarly 

articles related to the theme and experimentally measure the porosity, water absorption, and sorptivity as 

water transport parameters in CCA blended cement concrete for durability characteristics. 

2|Methods 

The current study applied both review and experimental research methods. The review extensively appraised 

scholarly articles related to the theme of this study and presented them in a tabular form. The experimental 

study was conducted to estimate water transport in CCA blended cement concrete. The water transport was 

measured in terms of water absorption, porosity, and sorptivity, and it is used as an index test for the durability 

performance of CCA blended cement concretes.   

The materials for the experimental study were Ordinary Portland Cement (OPC), CCA powder obtained by 

the open burning process, portable water, and coarse and fine aggregates. Materials used in this study were 

tested for various properties needed for the mix design following the ASTM C 494, 1992. The cement used 

in the entire experiment was grade 53 OPC Dangote cement.  
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  The highest coarse aggregate was 15mm, and river sand was used as fine aggregate. The concrete mix was 

prepared to have a design for 25N/mm2 and 30N/mm2 compressive strength at 28 days with water-to-binder 

(cement/CCA) ratios of 0.45 and 0.50, respectively. Four different percentage replacements of OPC (0%, 

10%, 20%, and 30%) of CCA by weight of cement were adopted. Three samples were cast for each percentage 

replacement for the tests.  

The testing of specimens was again carried out in accordance with ASTM C 494. Concrete specimens size 

100 mm2 x 50mm in height cast in molds were unmolded after 24 hours and then cured by soaking in water 

for 90 days at ambient temperature. Excess water remaining on the surface was dried out with a dampened 

tissue before being weighed, as the wet weight (Wwet) contained the concrete weight and that of the water.  

The specimens produced were then dried in an oven at a temperature of 110°C until the sample mass 

remained constant after being severely weighed. The resultant weight was only recorded as the concrete dry 

weight (Wdry). The porosity P was then calculated as the decrease in mass caused by immersion based on the 

percentage mass of the dry specimen. Porosity, equivalent to Water absorption in percentage, is 

WA = [(Wwet– Wdry) / Wdry] x 100, Where Wwet = weight of the wet specimen in grams. 

Wdry = Weight of oven-dry specimen in grams. 

Sorptivity was determined by evaluating the rate of capillary rise by absorption [10] of water into the specimen. 

A selected number of the 100mm2 x 50mm height specimens that have been oven dried at a temperature of 

110 °C were placed in water such that the water level remains 5 mm to the specimens' base and the absorption 

from the outer surface is prevented by sealing it properly with non-absorbent tape. Before weighing each 

specimen, the surface water on the specimen was wiped off with a tissue.  

The weighting process was completed in 30 seconds. The weight of water absorbed upward within 30 minutes 

was evaluated by weighing the specimen with a weighing capacity of up to 0.1mg. The water absorption rate 

(WAr) was thus obtained as presented in Fig. 1, and the total water absorption (per unit area of the flow 

through the surface) increases as the square root of elapsed time (t).  

I=S.t½  

Therefore, Sorptivity (S)=I/ t½, 

Whereas 

S= sorptivity measured in mm. 

t= elapsed time measured in mint. 

I=Δw/Ad. 

Δw = different in weight = W2-W1, while, 

W1 = Weight of the oven-dry specimen measured in grams. 

W2 = Weight of exposed specimen after 30 minutes (capillary suction in grams). 

 A= Area of the surface of the specimen through which water is absorbed.  

Results and discussion 

The results of the current study are twofold, namely, the findings obtained from the literature and the result 

of the experimental study. Both are discussed below. 

Appraisal of related literature 

The deductions from previous studies are summarized as follows: 

I. CCA is a class N calcined natural pozzolana, thus suitable for use in concrete production without detrimental 

effects [15], [16]. 
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  II. The strength of CCA cement blended concrete rises with curing age up to 10% replacement and declines as 

the percentage replacement of CCA increases [16], [17].  

III. Maximum strengths of CCA cement blended concrete are not attained at 28 days like OPC concretes but 

can be attained between 56 to 90 days depending on the mix ratio [18], [19]. 

IV. CCA blended cement concrete can be used for concrete structures but must be appropriately designed and 

specified [19]. 

V. The strength of CCA blended cement concrete has been widely tested, and the optimum replacement value 

appears to be 10% by weight for strength [5], [15]. 

VI. Very few studies on the durability of CCA blended cement concrete have been limited to chemical resistance. 

In that case, increased resistance to chemical attack (HCl and H2SO4) has been observed in the CCA-blended 

cement concrete [1]. 

VII. Durability studies in terms of water transport or ingress of liquid, such as sorptivity and porosity/water 

absorption, were scarcely considered. 

Consequently, the experimental investigation of this study focuses on the porosity/water absorption and 

sorptivity of CCA blended concrete as durability measures.  

3.2|Findings from the Experimental Study 

Porosity: data recorded in Table 1 clearly show that adding CCA into concrete has some influence on the 

porosity characteristics. A reduction in porosity was noted at 10% CCA substitutions, but beyond the 10%, 

the porosity increased over and above the control mix. This can be due to the finer particle nature of CCA 

filling the remaining pores in the mix, in which only 10% substitution appears to be the optimum or saturating 

point.  

It could also be considered to reduce calcium leaching, as Pacheco-Torgal and Labrincha [14] observed. Thus, 

its durability will be higher than that of OPC concrete made without CCA since porosity determines water 

transport and durability [8]. However, the increase in porosity in a higher percentage of CCA - 20% and 30% 

can be due to the oversaturation of CCA in the spaces between the constituent materials, which creates 

additional voids, thereby increasing the porosity. Therefore, higher percentages of CCA cement blends (above 

10%) cannot guarantee durability. 

Table 1. Porosity of CCA blended concrete at 90 days. 

 

 

 

 

 

 

Water absorption Rate: from Fig. 1 and Fig. 2, the water absorption is observed to be faster at an early stage 

within the first 30 minutes for all cases. The water absorption is generally slower in grade 30 (C30) than in 

grade 25 (C25). This could be due to an increase in fines in grade 30 concrete. The 10% CCA replacement in 

both cases was observed to be lower than others, as presented in Fig. 1 and Fig. 2. The 10% optimum is 

comparable to the study conducted by Adesanya and Raheem [1], which obtained an optimum value of 8% 

where less water absorption was observed. The variation in the optimum values could be due to the 

differences in the quality of constituents used in the two studies.   

Designation  Concrete Grade % of CCA Dry Weight Wet Weight Porosity in %  

C25 25 0 1200 1228 2.33 
10 1121 1140 1.78 
20 1116 1146 2.69 
30 1106 1145 3.62 

C30 30 0 1208 1234 2.15 
10 1142 1164 1.75 
20 1121 1149 2.50 
30 1116 1150 3.05 
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Fig. 1. Rate of water absorption of grade 25 (C25) CCA blended concrete.  

Fig. 2. Rate of water absorption of grade 30 CCA blended concrete. 

Sorptivity: sorptivity is lowest at 10% replacement, as shown in Table 2 and this is expected as the porosity is 

also lower in the mix. Generally, the sorptivity value is lower in grade 30 concrete (C30) than in grade 25 

concrete (C25), which corresponds to the porosity ratio. The implication is that CCA blended cement 

concrete could be more impermeable and water-resistant than the control mix; hence, it could be considered 

more durable. The material will reduce water penetration and increase corrosion resistance, thereby increasing 

the concrete performance, as Nicolas and Deventer [8] observed. Consequently, it will perform better than 

concrete without CCA in an aggressive environment. However, if the quantity of CCA is increased beyond 

10% in the mix, it could be detrimental to durability. 

          Table 2. Sorptivity of CCA blended cement concrete.  

 

 

 

 

 

 

 

Designation  Concrete 
Grade 

% of 
CCA 

Dry Weight Wet Weight Sorptivity 
Value in 10-5 
Mm/Min0.5 

C25 25 0 1200 1201.8 3.29   
10 1121 1122.5 2.74  
20 1116 1118.5 4.57 
30 1105 1107.8 5.12  

C30 30 0 1208 1209.5 2.74 
10 1142 1143.3 2.38 
20 1121 1123.0 3.66 
30 1116 1118.5 4.57 
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4|Conclusion 

The durability characteristics of CCA blended cement concrete were reviewed to establish the significance of 

this study. The study identified several parameters used for testing durability characteristics, some of which 

do not adequately measure the durability of reinforced concrete. This is because the simplest durability 

problem of reinforced concrete is the ingress of liquid, which could easily corrode reinforcing steel; hence, 

this study experimentally examines water transport, which included porosity, water absorption, and sorptivity 

of CCA blended cement concrete. Consequently, the following deductions were built on the purposes of this 

study; 

I. Durability and strength do not complement each other, and the laboratory permeability test for high pressure 

is not obtainable naturally in concrete. Again, chemical resistance (test) as a durability check is more relevant 

to plain concrete than reinforced concrete. The most suitable durability measurements related to reinforced 

concrete are porosity and sorptivity since reinforced steels are most vulnerable to corrosion, aggravated by 

the rate of liquid transport in the concrete. 

II. There is a limit to the addition of CCA in concrete to achieve an optimum reduced porosity of 10%, beyond 

which porosity will increase. The reduction in porosity will help reduce the inflow and storage of water or 

hazardous liquid flowing into the concrete since pores are the pathway through which water and other liquids 

enter the concrete. 

III. CCA blended cement concrete could be considered more durable than its equivalent concrete without CCA 

due to a reduction in sorptivity. It will exhibit lower water penetration with increased corrosion resistance, 

thereby increasing the reinforced concrete performance. 

IV. The water absorption appears to be slower as the grade of concrete increases with CCA; this implies that a 

higher grade of concrete will be more durable if blended with CCA at 10% cement substitution. 

Consequently, high-grade CCA concrete will be more appropriate for reinforced concrete construction in 

aggressive environments. 
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