
JOURNAL OF ENGINEERING AND TECHNOLOGY (JET), VOL.5 NO.2, FEBRUARY 2010 

 

123 

 

EFFECT OF SOME AGGRESSIVE MEDIA ON COMPRESSIVE STRENGTH 

OF CONCRETE 
 

1
Uche, O.A.U.; 

2
Ejeh, S.P; 

2
Idris, A; 

2
Amarty, Y. 

 
1
Civil Engineering Department, Bayero University, Kano, P.M.B 3011, Kano, Nigeria 

2
Civil Engineering Department, Ahmadu Bello University, Zaria Nigeria 

 

 

ABSTRACT 
 

This paper reports the results of investigation on the effect of some likely aggressive media on the 

strength properties of concrete made with ordinary Portland cement (OPC) used in construction 

in Nigeria. Concrete cube specimens were prepared and subjected to Sea water, tannery waste 

effluent, and prepared NPK and Urea solutions. The samples were immersed in the media at 

immersion ages of 3, 7, 28 and 56 days. The results obtained showed that the ordinary Portland 
cement concrete is susceptible to different aggressiveness of the solutions of Sea Water, Tannery 

waste effluent, NPK and Urea solutions as they led to decrease in rates of compressive strength 
development of concrete specimens. Corrosion rate was highest in Sea Water (20%) and this is 

followed by Urea (18%), NPK (16%) and Tannery effluent (15%) reductions in strength 

respectively. It was also found that the entire media except the control medium led to decrease in 
strength of concrete specimens after two months of immersion.  

 

SIGNIFICANCE: The paper has clearly 

shown that some aggressive media in 

concrete service environment affects its 

compressive strength and the durability and 

hence structures in such areas should be 

protected accordingly. 

 

KEYWORDS: Ordinary Portland cement 

(OPC), Compressive strength, Corrosion, 

Aggressive media and Concrete 

 

1. INTRODUCTION 
 
Concrete, which is a major material used in 

construction of building and other civil 

engineering structures is a composite 

material made principally of cement, coarse 

and fine aggregates and water. At times 

admixtures are added to improve one or 

more properties of the concrete in the fresh 

and/or hardened states. The quality of 

cement-based material is known to be 

affected by such factors as the type of 

cement, the type and nature of aggregates, 

the quantity/quality of batching water, 

compaction and curing procedure adopted 

and hence such products like concrete, 

mortar and plasters are prepared, placed, 

treated and sometimes protected so they will 

perform satisfactorily during their service 

life. Research has shown that the desired 

strength in performance and durability of 

these cement composite materials are 

affected by deleterious materials which 

reduce the resistance to deterioration 

resulting from internal and external causes. 

Chemical aggression from the environment 

is noted among the external causes of 

deterioration in concrete and mortar 

materials. According to Moskvin, (1980), 

two major sources of chemical aggression 

are; the natural sources such as sea water, 

river water and soils rich in Sulphates, 

Nitrates, Chlorides and Carbonates and 

artificial sources such as chemical 

manufacturing industries, textile industries, 

sales and usage of industrial chemical 

outlets, catchment areas for effluents from 

animal rearing units and sewage tanks. 

Neville and Brooks (1987) reported on the 

devastating effect of chemical aggression on 

concrete subjected to Sulphuric, Nitric, 

Hydrochloric and carbonic acids as well as 

Sulphate salts. They opined that when these 

chemical compounds are present in the 

environment of Portland cement products, 

they could lead to unsatisfactory 

performance as their effects include; 

cracking and spalling due to corrosion of 

steel reinforcement, leaching, sulphate 

attack, alkali-silca reaction, carbonation and 

eventually reduction in strength of the 

materials. 
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 Research has shown that the mechanism of 

the chemical attack depends on the 

concentration and on the permeability of the 

concrete/mortar. The reaction include the 

formation of calcium sulphate (gypsum)  as 

a result of Sulphate ions in solution reacting 

with free calcium hydroxide which is 

liberated during the hydration of the cement, 

and the combination of the gypsum with 

hydrated calcium Aluminate to form 

Calcium SulfoAluminate (ettringite). This 

product is known to cause increase in 

volume, easily leached away which is 

responsible for the disruption of the cement 

paste matrix and hence the deterioration of 

the concrete/mortar products. In prevention 

of these phenomena, that is producing 

cement materials with improved resistance 

to chemical aggression, many suggestions 

have been propounded in literature which 

include the use of dense-high quality 

concrete/mortar with low water-cement 

ratio, use of suitable pozzolans and use of 

specified type of Portland cement 

(depending upon the anticipated severity of 

exposure).  

This paper reports the investigation on the 

effect of exposure of concrete materials in 

some environmental degradation factors 

such as sea water, industrial effluent, crude 

oil and fertilizers used in agricultural -soil 

enhancement in our society.  

Previous studies have shown that millions of 

dollars are being spent worldwide on repair 

and maintenance of corrosion induced 

damages on civil engineering structures 

(FHWA, 1995). The effect of corrosive 

agents is such that concrete materials 

deteriorate in strength and durability, a 

phenomenon that is characterized by the 

cement paste matrix being chemically 

modified and no longer exhibiting the 

properties consistent with structural 

support/containment. Essentially, corrosion 

of concrete materials occurs as a result of 

exposure condition, medium, temperature 

and time. Thorough preventive solution 

becomes possible by comprehensive study 

on the effect of some likely aggressive 

media of our environment like sea water, 

industrial effluent, and fertilizer solution on 

concrete materials.  

The study was aimed at investigating the 

effect of some likely aggressive media on 

the strength properties of concrete materials 

made with ordinary Portland cement that is 

used in construction industry in Nigeria. 

This work will help to provide a better 

understanding and usage of the ordinary 

Portland cement in the construction 

industries and more especially in coastal 

aggressive media. 

 

2. LITERATURE REVIEW  

 
Durability of cement structures can be 

described as its ability to resist changes 

imposed by the services environment which 

include influences of mechanical damage, 

e.g. abrasion, thermal expansion, but is more 

commonly associated with chemical effects 

which include- cement composition; 

sulphate, chloride and nitrate salts attack, 

carbonation, delayed ettringite formation, 

steel reinforcement corrosion, alkali-

aggregate reaction, aggressive sea water 

attack, etc. Biddah and Nazmy (2006) 

reported on the alarming level of 

deterioration of reinforced concrete 

structures in Arabian Gulf region during the 

summer months which is as a result of poor 

geological conditions   occasioned by 

contamination by sulfates, chloride and 

carbonation among other factors like poor 

construction practice and inadequate design 

and specification. The deterioration of 

cement products (mortar, concrete, etc.) as 

observed by Ludwig (1980) is tied to the 

crystallization of gypsum, ettringite (AFm) 

and thaumasite into the fibres localized at 

the edges of the cracks in heavily carbonated 

paste.  

The presence, quantity and timing of 

formation of these products have been found 

to have contributed to strength and durability 

deterioration of cement products. Poliva 

(1973) observed that it is very important that 

ettringite formation occurs after the cement 

has gained some strength, otherwise the 

expansion of cement will deform the still-

plastic material without developing the 

required compressive stress in the cement 

concrete. Many researchers have identified 

that among factors responsible for the 

deterioration effect of cement products say 

mortar and concrete, the sulphates, chlorides 

and nitrates of ammonia and their compound 

elements are highly aggressive (Mohan and 

Rai, 1980; Diamond and Ong, 1994; 
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Lawrence, 1995; Alvaren, 1999; Eren & 

Yilmaz, 2004; Kline, 2004; Kim and 

Vipulanadan, 2006). This study simulated 

the effect of the identified aggressive factors 

by curing specimens of concrete in various 

curing media. It also exposes the resistance 

capability of these specimens to aggressive 

media to which the cement products are 

subjected to, which is highly dependent on 

the cement composition. 

 

 

3. MATERIALS AND METHODS 
 

3.1 Materials. 

3.1.1 Cement: Ordinary Portland cement brand manufactured by Dangote plc was used in the 

experiment. Generally, care was taken in both material procurement and experimental procedure 

to ensure test reliability. 

3.1.2 Aggregates: The fine aggregate was naturally occurring clean sand obtained at River 

Gwarzo, while the coarse aggregate was made of crushed granite obtained from Dantata and 

Sawoe quary site along Rano Road all in Kano state. The materials were supplied to the 

Department of Civil Engineering of Bayero University, Kano for experimental purposes. Sieve 

Analyses were conducted in accordance with BS 812 (1975 and 1985). The results of the analyses 

are shown in Figures 1 and 2. 

 

FIG 1 :Particle Size Distribution of Fine aggregate Sample 1
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3.1.3 Aggressive Media:  Five curing media 

used in addition to the control media (water) 

were simulated to conform to the 

environmental media as expected in reality. 

The aggressive media include the following: 

Sea Water; Nitrogen-Phosphorus-Potassium 

(NPK); Urea fertilizer solution; and Tannery 

waste effluent. The media were labeled A, 

B, C, and D respectively, with the control 

medium (water) as M. All the media were 

subjected to chemical analysis and the 

results are presented in Table1.  
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FIG. 2: Particle Distribution of Coarse Aggregate
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Table 1: Comparison of Chemical Composition of Curing Media 

 

 

Parameter/units 

                                   Chemical Media 

A(Sea water)     B 

(NPK) 

   C 

(Urea) 

        D 

T/effluent 

   M 

(water) P/Harcourt Lagos 

pH 7.40 7.40 7.0 6.0 4.0 7.0 

Conductivity 1.92 2.70 - - 3.10 - 

Chloride ion 

Cl
-
 (g/l) 

17.90 20.73 0.20 5.92 2.47 0.009 

Sulphate ion 

(SO4
2-

) g/l 

6.84 6.97 0.12 0.11 2.32 nil 

Sodium ion 

(Na
+
) g/l 

12.0 11.85 0.05 0.06 5.34 nil 

Magnesium ion 

(Mg
2+

) g/l 

1.21 2.46 - - 0.11 0.01 

Calcium ion 

(Ca
2+

) g/l 

0.18 0.99 - - 0.33 0.032 

Potassium ion 

(K
+
) g/l 

0.45 0.40 30.5 2.04 1.35 nil 

Bicabonate ion 

(HCO
3-

) g/l 

0.075 0.15 3.25 4.5 0.48 0.03 

 

 

3.2 Methods; 

3.2.1 Concrete Compression Test: The 

absolute volume method of design was used 

to produce concrete of nominal mix of 1:2:4 

at water cement ratio of 0.53. The concrete 

cubes produced were of size 150mm x 

150mm x 150mm.The filling of the mould 

was in three layers and were manually 

compacted using 16mm diameter metal rod 

at minimum strokes of 35.  Under this 
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concrete cube tests, about three hundred and 

sixty cube samples were produced and cured 

under different media A, B, C, D in addition 

to the control medium (water) at 3, 7, 28, 56 

days. Specimens were prepared in 

accordance with NIS: 446 (2003).  

Compression test was carried out on the 

concrete cube specimens in accordance with 

EN197-1 (2000) specifications using Avery 

Denison machine of 2000KN capacity and at 

constant rate of 15KN/s load application. 

The results of the compression tests are as 

shown in Tables 2. 

 

Table 2: Concrete Compressive Strength for Different Curing Media: 

 

 

S/No 

 

Age in 

(days) 

Curing Media 

M A B C D 

Compressive Strength (N/mm
2
) 

1 3 25.18 22.41 23.56 24.44 23.26 

2 7 31.57 28.89 30.52 30.96 30.57 

3 28 43.26 38.59 40.00 39.22 40.29 

4 56 47.04 37.85 39.41 38.52 40.00 

M- Control Medium- Water 

 

 

4. RESULTS AND DISCUSSION 
 

4.1 Chemical Media for Curing 

From the results of the chemical analysis of 

the curing media shown in Table 1, one of 

the media is slightly basic, two including the 

control medium neutral and two acidic. 

Portland cement being highly alkaline is 

susceptible to attack by the acidic media. 

Sea water from Lagos has the highest 

Chloride content followed by Port/Harcourt, 

while the rest are negligible. Again Lagos 

has the highest Sulphate content followed by 

Port/Harcourt and the rest are negligible. 

Chloride and Sulphate are not friendly to 

mortar and concrete materials. The 

concentration of Sulphate ions in sea water 

and tannery effluent is far above the 

threshold quantity of 250mg/l that initiates 

attack in cement based materials (Mohan 

and Rai, 1980; Ukrancik and Bjegovic, 

1980).  The sea water obtained from Lagos 

having the highest sulpahte ions 

concentration was used in the tests and that 

of Port Harcourt area was put aside. 

 

4.2 Compressive Strength of Concrete 

Cubes 
The results of compressive strength of 

concrete cubes cured in various media 

displayed in Table 2 show that the curing 

media have effect on the compressive 

strength of concrete cubes. The values of the 

control medium (water) maintained a 

consistent increase in compressive strength 

as the curing ages increase. When the values 

of the control medium are compared to the 

rest of the values, they were always higher 

and the other media of curing deteriorate 

with time as the values drop after 28 days 

instead of increasing with age. Thus apart 

from reducing the compressive strength 

values, it became worst with time in most 

cases.  Table 2 is represented graphically in 

Figure 3. These reductions in strength can be 

attributed to the effect of chemical reactions 

taking place in concrete - media interface. 

This include the possibilities of attack of 

products of cement hydration like calcium 

hydroxide, C-S-H gel, and aluminate phases 

by chloride, sulfate and magnesium ions 

which are found in substantial volume in 

most of the media. These may cause a high 

degree of porosity in concrete because of the 

salts products are soluble in most of the 

media, hence calcium hydroxide is depleted 

from the cement paste.  

Considering the control medium (water) as a 

base, the values at control media were 

subtracted from the values of the rest media 

to see the effect of each medium on the 

specimens. It is evident that after 28 days of 

soaking in the aggressive media, the 

resistance of the concrete cubes reduces with 

time as the compressive strength drops. 

Putting the reduction in compressive 

strength in percentage using the control 

medium as base, the percentages are as 

shown in Table 3. This showed that at three 

days, the worst medium for concrete 

compressive strength is „A‟, at 7 days, it is 

„A‟, and „A‟ at 28 and 56 days of curing. It 
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therefore can be said that sea water medium 

generally has the worst effect on concrete at 

short, medium and longer periods of curing 

ages. This is followed by tannery effluent 

(D) at short period of age, urea (C) at 

medium and longer periods of ages and 

N.P.K (B) as the least affected. Table 3 is 

represented graphically in Figure 4. The 

trend of variations in aggressiveness of the 

media may not be unconnected with the 

concentration and conductivity of the earlier 

identified ions of Sulphate, magnesium and 

nitrates which is more in sea water medium 

than others. These ions are known to cause 

alteration of paste composition with 

monosulphate phase converting to ettringite 

and also loss of bond between the cement 

paste and aggregates thereby creating overall 

loss in concrete strength. 

 

Fig. 3: Compressive Strength of Concrete Cubes in Different Curing Media
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Table 3: Percentage Reduction in Concrete Compressive Strength 

 

 

S/No 

 

Age 

(Days) 

                                        Curing Media 

M 

(%) 

A 

(%) 

B 

(%) 

C 

(%) 

D 

(%) 

1 3 0 11 06 03 08 

2 7 0 09 03 02 03 

3 28 0 10 08 09 07 

4 56 0 20 16 18 15 
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Fig. 4: Percentage Reduction in Compressive Strength of Concrete Cubes Cured in Different 

Media
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5. CONCLUSION AND RECOMMENDATIONS 

 
After the experimentations, observations, 

analyses and discussions on the effect of 

aggressive media conditions on compressive 

strength of concrete, the following 

conclusions/recommendations are made:  

 

1. All the curing media except the 

control medium (water) have one 

form of compound or the other 

considered injurious to cement- 

based materials. Sea water has the 

highest sulpahte compound content.  

2. All the concrete specimens cured in 

control medium (water) increased 

steadily in compressive strength as 

ages increased from 3, 7, 28 and 56 

days. 

3. The Ordinary Portland cement 

concrete has weak resistance to 

chemical and environmental 

aggression as it displayed slow 

compressive strength development 

and ultimately reduction in strength 

after 28 days of exposure in various 

media when compared to the 

control medium. 

4. Sea Water has the highest 

deterioration effect in concrete 

materials, when compared to the 

values of the control medium 

(water). 

5. Generally, the effect of the 

aggressive media on concrete is 

such that it causes deterioration 

which is characterized by the 

cement paste matrix being 

chemically modified and no longer 

exhibiting properties that are 

consistent with cementitious 

character usually shown in concrete 

6. The presence of Sulphate and 

Chloride in medium „A‟constitute a 

high risk factor in reinforced 

concrete construction work in 

Nigerian and should be carefully 

checked prior to construction in 

areas such as Lagos. 

7. To ensure durability and stability of 

cement-based structures, mixing 

and curing water should be free of 

deleterious materials as the 

compressive strength of materials 

will be affected if otherwise. 
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