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Mortar and concrete are two important construction materials widely 

used in both domestic and industrial constructions all over the world. A 

durable concrete is able to withstand the attacks of destructive processes 

of chemical, physical or mechanical origin, acting externally or arising 

internally. Chemical salt attack is caused by ingressing salts into 

cementitious materials, and the reactions with cement hydrates resulting 

in either the deterioration of the matrix or loss of corrosion protection of 

the steel reinforcement. The chemical resistances of the materials against 

deleterious reactions determine the performance of the materials. Cement 

type and mix proportions are keys to the resistance of concrete against 

chemical attack. 

In this paper, the resistance of concrete against sulfate and chloride 

attack was investigated in the laboratory by storing different specimens of 

concrete cubes in a solution of calcium chloride with concentration 5%, 

or solution of magnesium sulphate with concentration 5% or in solution of 

magnesium sulphate with concentration 5% + sodium chloride with 

concentration 5% at different ages (7, 28, 59, 90 and 180 days). 

Compressive strength is determined for specimens submerged in the 

previous chemical solutions. The chemical resistance of concrete is 

expressed by the percentage of compressive strength losses for those 

specimens exposed to the chemical attack compared with those similar 

ones submerged in fresh water. Both specimens were kept in the condition 

of laboratory temperature. It is of importance to mention that, only 

external attack was implemented in this research because it is the more 

common type and typically occurs where water containing dissolved 

chloride and sulphate penetrate the concrete. 

It can be concluded that, the highest values of compressive strength  were 

obtained from concrete mix cured in water (control mix) meanwhile, the 

lowest values were resulted from mixes cured in a solution of magnesium 

sulphate with concentration 5%+sodium chloride with concentration 5%. 
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INTRODUCTION 

Reinforced concrete is one of the most important structural materials used in 

construction. It has excellent structural and durability performance. Nevertheless, there 
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is evidence of early deterioration when subjected to marine environments and severe 

chemical attack. The most common cause of deterioration is corrosion of the 

reinforcement, with subsequent spalling of the concrete. A careful procedure requires 

to be followed, in both the design and construction stages, to insure long-term 

performance of this type of concrete structures. Selection of materials, mix design, 

proper detailing of reinforcement, appropriate construction techniques and a strict 

control program are the essential parameters to produce a durable marine concrete 

structure [1-3]. 

The Knowledge and understanding of sulfate attack in the field of concrete 

constructions remains inadequate but, there is no doubt that dense concrete, well 

compacted, and well cured is essential under different conditions to minimize the effect 

of sulfate attack on concrete. It has been found that the sulphate resistance of concrete 

depends of the chemical resistance of cement and the physical resistance of concrete. 

The chemical resistance is strongly influenced by cement composition or cement type, 

whereas the physical resistance is controlled by the concrete mix proportions and in 

particular the water cement ratio. Concrete with lower permeability has better physical 

resistance and thus would resist the penetration of sulphate ions and thereby improve 

the resistance of concrete [ 4-8]. 

The problem of aggressive attack of sulfate and chloride ions has been of 

considerable scientific and technological interest because this attack is one of the 

factors responsible for causing damage to concrete. The corrosive action of chlorides is 

due to the formation of chloroaluminate hydrates, which causes softening of concrete. 

Sulfate ions can enter into chemical reactions with certain constituents of concrete, 

producing sulphoaluminate hydrates and gypsum, which cause the expansion of 

concrete. 

Sulfate attack is a complex process involving a sequence of different chemical 

reactions. There are mainly two mechanisms related to sulphate attack, ettringite and 

gypsum formation. In general, it is accepted that expansion and cracking are associated 

with ettringite formation. Strength loss and mass loss are associated with gypsum 

formation [5]. Also sulphates dissolved in the water are left behind on or near the 

surface as the water evaporates. In severe cases of prolonged exposure, this type of 

chemical assault becomes visually evident as a line or band of sulfate ctystals and 

surface scaling just above the grade line. The scaling in this area is due to the 

foramation of sulphate crystals immediately below the surface of concrete, which 

results in the development of tensile stresses that literally force the surface skin of the 

concrete away from the bulk material, i.e causes spalling of concrete cover[9-10]. 

There are two basic transport mechanisms for the penetration of chlorides, 

diffusion of chloride ions and transport of chloride ion combined with water transport. 

The diffusion resistance of concrete to chloride ions is important as it governs the rate 

of penetration of chloride ions. Superior diffusion resistance would imply that it will 

take longer for chloride ion concentration at reinforcement to exceed a critical chloride 

concentration, for which depassivation and corrosion of steel can take place [8]. 

Thus, this study utilizes both compression testing and denesity of concrete 

specimens to examine the effect of sulfate and chloride attack on concrete and to better 

indicate the effect of cement type and cement content on the concrete's ability to resist 

such attack.   
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EXPERIMENTAL WORK 

The experiments include the measurements of the compressive strength of concrete 

cubes 15  15  15 cm, (240 cubes in total) cured and tested at different ages. Two 

main groups of cubes were made of cement contents equal to 250 and 350 Kg/m3. In 

order to represent the common cement contents normally used with plain and 

reinforced concrete constructions. Each group were fabricated by using either O.P.C. 

or C-Water cement and then all groups were exposed to sever chemical attack by 

submerging them in chloride or sulfate solutions or both for ages 7, 28, 59, 90 and 180 

days. The same type of sand and gravel were used, along with water-cement ratio of 

0.50. All test specimens were cured in four different conditions. Details of all concrete 

test specimens are given in table (1).   
 

Table 1. Details of concrete mixes 

Group 

No. 

Cement 

 Content 

 Kg/m
3
 

Sand 

 Kg/m
3
 

Gravel 

 Kg/m3 

W|C 

 ratio 

Cement 

Type 

1 250 690 1380 0.50 O.P.C 

2 350 600 1200 0.50 O.P.C 

3 250 690 1380 0.50 C-Water cement 

4 350 600 1200 0.50 C-Water cement 

 

A natural siliceous sand and gravel from El-Minia quarries were used as a fine 

and coarse aggregates. The physical and mechanical properties of sand and gravel are 

given in table (2). 

  
Table 2. Physical properties of sand and gravel 

Property Test results for sand  Test results for gravel 

Specific weight 2.65 2.65 

Volume weight (t|m
3
) 1.65 1.66 

Absorption (24 hrs) 0.65 % by weight 1.0 % by weight 

% of fine materials  1.4 % by weight 0.9 % by weight 

Crushing value - 16 % 

Voids ratio 37.7 % 37.3 % 

 

The two types of cement used in this investigation are ordinary portland 

cement and c-water cement. The mechanical properties of the two types of used cement 

are given in Table (3). Tap water was used in all concrete mixes. Mixing of concrete 

components was completed by using a horizontal rotating counter flow mixer pan of 

0.09 cubic meter capacity with speed of 13 revolutions per minute. Prior rotating the 

mixer pan, the pan mixer was wetted and only the half of the amount of sand, gravel 

were added together into the mixer and mixed for 1 minute. While rotating the cement 

was added into the mixer. The mixing was performed for another 3 minutes by adding 

water for the purpose of uniformity. The mixing operation was carried out in 

accordance to ASTM C (192-81). Before casting directly, the internal surfaces of the 

moulds were coated with a thin layer of mineral oil to avoid the development of bond 
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between the mould and the concrete. Fresh concrete was taken from the mixer and 

poured into the moulds in three layers by using blunted trowel. The trowel was moved 

around the top edge of the cube in order to insure a symmetrical distribution of the 

concrete and to minimize segregation of coarse aggregate. Each layer of concrete was 

compacted using a standard compacting rod, after compacting the third layer was 

compacted by a mechanical vibrator. 

 

Table 3-a. Properties of the used ordinary Portland cement (O. P. C ) 

Mechanical properties Test results E.S.S limits 

Specific gravity 3.15 3.15 

Fineness % 6.2 % Max 10 % 

Specific surface cm
2
/gr. 3975 Min 2500 

Water demand % 26 Min 25, max 30 

Initial setting time (minute) 140 Min 45 min. 

Final setting time (minute) 400 Max 10 hr. 

Soundness (mm) 1.0 mm Max 10 mm 

Compressive strength 

At 3 days Kg/cm
2
 

At 7 days Kg/cm
2
 

 

280 

300 

 

Min 180 Kg/cm
2
 

Min 270 Kg/cm
2
 

 
Table (3-b) Properties of the used C-water cement. 

Mechanical properties Test results E.S.S limits 

Specific gravity 3.15 3.15 

Fineness % 6.1 % Max 10 % 

Specific surface cm
2
/gr. 4239 Min 2800 

Water demand % 26 Min 25, max 30 

Initial setting time (minute) 100 Min 45 min. 

Final setting time (minute) 170 Max 10 hr. 

Soundness (mm) 1.0 mm Max 10 mm 

Compressive strength 

At 3 days Kg/cm
2
 

At 7 days Kg/cm
2
 

 

329 

390 

 

Min 180 Kg/cm
2
 

Min 270 Kg/cm
2
 

 

After that, the top surfaces of the cubes were finished and leveled with a metal 

trowel, and then the specimens were kept in the laboratory and covered by plastic 

sheets for 24 hours to prevent rapid moisture evaporation and plastic shrinkage. All the 

concrete specimens were cast and compacted according to the Egyptian Standard 

Specifications (ESS). Cubes were demoulded after 24 hours, and then, cured in four 

different conditions until the testing time as follows; the first group is submerged in a 

container full of tap water, the second one is submerged in a solution of 5% calcium 

chloride concentration, the third one is submerged in a solution of 5% magnesium 

sulfate concentration and the last one is submerged in other full of a solution contains 

5% calcium chloride + 5% magnesium sulfate. All specimens were dried for 24 hours 

before testing. The compressive strength test was carried out on the specimens at the 

ages of 7, 28, 59, 90 and 180 days.  
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TEST RESULTS AND DISCUSSION 

The compressive strength results obtained from testing the concrete cubes of group (1) 

which made of O.P.C content = 250 Kg/m3 and cured in the four mentioned curing 

regimes (H2O, 5 % CaCl2, 5 % MgSO4 and 5% NaCl + 5% MgSO4) for the different 

periods of time are recorded in table (4) and  plotted in fig. (1).  

 

Table 4. Compressive strength values of concrete made of O.P.C with cement content 

= 250 of Kg/m
3
. 

Average compressive strength  (Kg/cm
2
). 

                      Curing conditions  

Time (days) 
H2O CaCl2 MgSO4 NaCl+MgSO4 

7 200 205 176 155 

28 270 238 200 186 

59 275 243 223 210 

90 278 250 235 230 

180 285 255 208 210 

 
Fig. 1 Relationship between compressive strength and period of curing 

    for cubes made of O.P.C with cement content = 250 Kg/m
3
. 

               

Table (4) and figure (1) indicated generally that, the compressive strength of 

concrete cubes increased with increasing time regardless of curing solution up to 90 

days beyond that, the compressive strength at 180 days was decreased with specimens 

cured in the solution of 5 % MgSO4 and the mixture of 5% NaCl + 5% MgSO4. This 

reduction can be attributed to the sulfate attack which comes from the curing solutions.  

In general, the highest values of compressive strength were obtained from concrete mix 

cured in water (control mixes) except for the first few days, the mix cured in calcium 

chloride solution produced slightly higher strength than other mixes (up to 7 days) 
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meanwhile, the lowest values were resulted with mixes cured in the solution of sodium 

chloride and magnesium sulfate at all ages of curing. 

The percentage decrease in compressive strength of this group was calculated 

with respect to time and recorded in table (5) as well as illustrated in figure (2). The 

percentage decrease in strength due to curing specimens in calcium chloride was found 

to be about 10 % regardless of the ages of curing conditions. This decrease in strength 

attributed to the effect of the two transport mechanisms for the penetration of chlorides, 

diffusion of chlorides and transport of chloride ion combined with water. The diffusion 

resistance of concrete to chlorides is important as it governs the rate of penetration of 

chloride ions [8].    

Submerging concrete cubes in sulphatic solutions causes a higher reduction in 

strength ranging from 15 – 30 %. This strength reduction occurred as a result of the 

deterioration of concrete due to the penetration of magnesium sulfate into the concrete 

samples [8] because sulfate attack is a complex process involving two mechanisms: 

ettringite and gypsum formation. Expansion and cracking are associated with ettringite 

formation. Strength loss is associated with gypsum formation [5,11].  

 

Table 5. The percentage increase in strength against time for mixes cured at different 

curing conditions. 

                        Time (days)   

Curing conditions 
% Increase in strength 

Remarks 
7 28 59 90 180 

CaCl2 +2.50 -11.9 -11.6 -10.1 -10.5 C=250 

Kg/m
3
 

(O.P.C) 
MgSO4 -12.0 -25.9 -18.9 -15.5 -27.0 

NaCl+MgSO4 -22.5 -31.1 -23.6 -17.3 -26.3 

 
Fig. (2) Relationship between % increase in strength and period of curin  

            for cubes made of O.P.C with cement content = 350 Kg/m
3
. 

 

Similar concrete mix was used to fabricate the cubes of group (2) expect of 

using cement content equals to 350 Kg/m
3
 instead of 250 Kg/m

3
. Table (6) as well as 

figure (3) give the relationship between Fc ( Kg/cm
2
 ) and time (days) for cubes cured 

in the same four solutions for periods of 7, 28, 59, 90 and 180 days. Similar trends for 

the compressive strength against time were observed  
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Table 6. Compressive strength values of concrete made of O.P.C with cement content 

= 350 of Kg/m
3
. 

Average compressive strength (Kg/cm
2
). 

                          Curing conditions  

Time (days) 
H2O CaCl2 MgSO4 NaCl+MgSO4 

7 240 243 226 200 

28 330 310 293 283 

59 335 320 305 300 

90 343 325 321 315 

180 350 333 305 302 

 

The % decrease in strength of concrete cubes of group (2) due to curing them 

in the same chemical solutions are given in table (7) and shown in figure (4). The 

losses in strength due to curing specimens in calcium chloride was found to be about 

5% meanwhile, it was about 15 % with specimens cured in magnesium sulfate 

solution. However, the condition of curing them in sodium chloride + magnesium 

sulfate the recorded percentage decrease in strength was about 10% to 15 %. 

Therefore, it can be concluded that, increasing cement content from, 250 to 350 Kg/m
3
 

improve the compressive strength by about 50% regardless of the curing regimes 

which logically leads to enhance the mechanical properties of concrete performance as 

well as the resistance to chemical attack.. 

 
Fig. 3 Relationship between compressive strength and period of curing 

                          for tested cubes made of O.P.C with cement content 350 Kg/m
3
. 

 

Table 7. The percentage increase in strength against time for mixes cured at different 

conditions. 

                        Time (days)        

Curing conditions 

% Increase in strength 
Remarks 

7 28 59 90 180 

CaCl2 +1.30 -6.10 -4.50 -5.20 -4.90 C=350 

Kg/m
3 

(O.P.C) 

MgSO4 -5.80 -11.2 -9.00 -6.40 -12.90 

NaCl+MgSO4 -16.7 -14.2 -10.4 -8.20 -13.70 
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Fig. 4 Relationship between % increase  in strength and period of curing 

             for tested cubes made of O.P.C. with cement content = 350 Kg/m
3
. 

 

The effect of using C-water cement in concrete mixes instead of ordinary 

portland cement to enhance the resistance against chemical attack comes from 

submerging samples in the curing solutions is identified in the following section; 

The compressive strength results obtained from the plain concrete mixes made 

of C-water cement equals to 250 Kg/m
3
 and cured in the same three different chemical 

solutions along with water curing are indicated in table (8) and plotted in figure (5). 

In general, the highest values of compressive strength were obtained from 

control concrete mixes ( cured in water ) meanwhile, the lowest strengths were resulted 

from those mixes cured in the mixture of  NaCl+MgSO4.
 
         

 

Table 8. Compressive strength values of concrete made of C-water with cement 

content = 250 Kg/m
3
. 

Average compressive strength (Kg/cm
2
). 

                        Curing conditions  

Time (days) 
H2O CaCl2 MgSO4 NaCl+MgSO4 

7 190 196 182 178 

28 255 241 220 215 

59 265 245 230 221 

90 268 250 235 231 

180 270 246 215 220 

 

Test results emphasized the fact that increasing the compressive strength with 

time particularly, with those mixes cured in water. Other concrete mixes cured in the 

chemical solutions were resulted a noticeable decrease in strength after 90 days and up 

to 180 days. The % decrease in strength of those concrete mixes are given in table (9) 

and shown in figure (6). 
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Fig. 5 Relationship between compressive strength and period of curing 
                          for cubes made of C-water cement with C = 250 Kg/m

3
. 

 

 

It can be concluded that, the rate of decresing the compressive strength of 

concrete cubes of group (3) cured in the different chimical solutions is found to be 

highly increased at 180 days. The percentage decrease in strength of those mixes cured 

in sulphatic solutions is about 20 %. 

 

Table 9. The percentage increase in strength against time for mixes cured at  different 

conditions. 

                         Time (days) 

Curing conditions 

% Increase in strength 
Remarks 

7 28 59 90 180 

CaCl2 +3.15 -5.50 -7.50 -6.70 -8.80 C=250 

Kg/m
3
 

(C-water) 

MgSO4 -4.20 -13.7 -13.2 -12.3 -20.4 

NaCl+MgSO4 -6.30 -15.7 -16.6 -13.8 -18.5 

 
Fig. 6 Relationship between % increase in strength and period of curing 

             for tested cubes made of C-water with cement content 250 Kg/m
3
. 

 

Table (10) and figure (7) comprises the test results obtained from concrete 

mixes of group (4) which they have been fabricated by using C-water cement with 
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cement content = 350 Kg/cm
3 

and cured in the same chemical solutions. Table (11) as 

well as figure (8) also show the percentage decrease in compressive strength for those 

mixes.  

 

Table 10. Compressive strength values of concrete made of C-water cement with                

cement content = 350 Kg/m
3
. 

Average compressive strength (Kg/cm
2
). 

                            Curing conditions  

Time (days) 
H2O CaCl2 MgSO4 NaCl+MgSO4 

7 240 246 220 196 

28 325 305 300 295 

59 336 320 315 310 

90 350 330 310 317 

180 354 326 282 295 

 
Fig. 7 Relationship between compressive strength and period of curing 
                     for cubes made of C-water cement with C =  350 of Kg/m

3
. 

 

Table 11. The percentage increase in strength against time for mixes cured at different 

conditions. 

                         Time (days)        

Curing conditions 

% Increase in strength 
Remarks 

7 28 59 90 180 

CaCl2 +2.50 -6.20 -4.80 -6.10 -7.90 C=350 

Kg/m
3
 

(C-water) 

MgSO4 -8.30 -8.30 -6.30 -11.40 -20.0 

NaCl+MgSO4 -18.3 -9.20 -7.70 -9.40 -16.7 

 

Similar trends and results have been observed with those concrete mixes made 

of C-water cement content = 350Kg/m
3
 when compared with those mixes made of 250 

Kg/m
3
. It is of importance to mention that, the percentage decrease in strength has not 

been influenced by the C-water cement content. 
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Fig 8. Relationship between % increase in strength and period of  

           curing for tested cubes made of C-water with C =  350 Kg/m
3
. 

 

To identify the effect of using C-water cement instead of O.P.C in concrete 

mixes exposed to different curing conditions, the relationships between the 

compressive strength of concrete cubes (Fc28) mad of the two used types of cement 

with cement contents equal to 250 and 350 Kg/m
3
 and cured in the different chemical 

solutions are plotted in figures (9 and 10) respectively.  

It can be generally reported that, using C-water cement in concrete mixes 

enhanced the resistance of concrete against the chemical attack when compared with 

identical mixes made of O.P.C. Hhowever, figure (10) emphasized that using a 

relatively high amount of O.P.C content (350 Kg/m3) improved the compressive 

strength of the concrete mixes when exposed to the sever chemical attack e.g., 

improved the resistance of concrete against sulphate attack. 

 

 
 

Fig. 9 Relationship between the compressive strength of concrete (Fc28) and curing              
            conditons for concrete mixs made of C = 250 Kg/m

3
. 
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Fig. 10 Relationship between the compressive strength of concrete (Fc28) and curing              

             conditons for concrete mixs made of C = 350 Kg/m
3
. 

 

The effect of submerging concrete mixes in the chemical solutions for a 

relatively long time (180 days) is illustrated in figures (11 and 12).  

 

 
 

Fig. 11 Relationship between the compressive strength of concrete (Fc180) and curing              
             conditons for concrete mixs made of C = 350 Kg/m

3
. 

 

 
 

Fig. 12 Relationship between the compressive strength of concrete (Fc180) and curing              
             conditons for concrete mixs made of C = 350 Kg/m

3
. 

 

It can be generally concluded that, increasing O.P.C content from 250 to 350 

Kg/m
3
 in concrete mixes resulted a significant increase in the compressive strength 

when compared with C-water cement mixes. 
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The average values of density, obtained from weighing the concrete cubes after 

28 and 180 days, are shown in tables (12 and 13) respectively. These values were 

determined after taking them off the curing solutions and leaving them to be dried. 

The average values of density are about 2.2 t/m
3
 regardless of curing 

conditions or the type of cement. Only a slight decrease of about 2% in density was 

noticed with cubes made of O.P.C and cured in (5% Sodium chloride + 5% 

Magnesium sulfate) solutions. This slight decrease in density attributed to the effect of 

sulfate attack for the short period of curing time. 
 

Table 12. The average density values of different concrete mixes cured in different 

curing conditions (at age of 28 days). 

Curing 

conditions 

Average density t/m
3
 

Cement content = 250 Kg/m
3
 Cement content = 350 Kg/m

3
 

O.P.C C-Water  O.P.C C-Water  

H2O 2.175 2.19 2.23 2.21 

CaCl2 2.183 2.2 2.23 2.227 

MgSO4 2.183 2.2 2.218 2.244 

NaCl+MgSO4 2.19 2.183 2.21 2.21 

 

Table 13. The average density values of different concrete mixes cured in different 

curing conditions (at age of 180 days). 

Curing 

conditions 

Average density t/m
3
 

Cement content = 250 Kg/m
3
 Cement content = 350 Kg/m

3
 

O.P.C C-Water  O.P.C C-Water  

H2O 2.21 2.194 2.24 2.22 

CaCl2 2.183 2.2 2.234 2.227 

MgSO4 2.192 2.192 2.22 2.218 

NaCl+MgSO4 2.175 2.187 2.20 2.21 

 

It has been reported in the literature that [12], concrete quality is the most 

important issue in sulfate attack. The negative effects of environment, sulfate 

concentration, and composition are most noticeable in concrete of lower quality. High-

quality concrete-- concrete that has been properly designed and cured to reach high 

density will not suffer from sulfate attack which agrees with the previous density 

results in this research.  
 

CONCLUSIONS 

Based on the present study, the following conclusions, with respect to the effect  of  

cement type and content on  the resistance  of  concrete  against  chemical  attack,  are 

drawn ; 

1. The highest values of compressive strength were obtained from concrete mixes 

cured in water (control mixes) meanwhile, the lowest values were recorded for 

mixes cured in the sulphatic solutions. The sever condition of chemical attack 
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occurred when the O.P.C concrete specimens cured in the solution of sodium 

chloride and magnesium sulphate. The percentage decrease in compressive 

strength was found to be about 10 to 15 %.  

2. Concrete specimens made of O.P.C content=250 Kg/m
3 

and cured in calcium 

chloride solution generally resulted about 10 % reduction in compressive 

strength meanwhile, the reduction was reduced to 5 % in concrete mixes made 

with C=350 Kg/m
3
. 

3. Using a relatively high amount of O.P.C content (350 Kg/m3) in concrete mixes 

improves both the compressive strength of concrete and its resistance against 

chemical attack. Increasing cement content from, 250 to 350 Kg/m3 generally 

increases the compressive strength by about 50%. 

4. The rate of decresing the compressive strengthof concrete mixes cured in the 

different chimical solutions is found to be highly increased with time. The 

percentage decrease in strength at the age of 180 days is about 20 %. 

5. Using C-water cement in concrete mixes generally enhanced the resistance of 

concrete against the chemical attack when compared with identical mixes made 

of O.P.C. 

6. A slight decrease of about 2% in density was noticed with cubes made of O.P.C. 

and cured in ( 5% Sodium chloride + 5% Magnesium sulfate ) solutions. This 

slight decrease in density may be attributed to either the effect of sulfate attack 

or the short period of curing them in chemical solutions. 
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 تأثير نوع وكمية الأسمنت على مقاومة الخرسانة ضد الهجوم الكيميائى
 

الخرسانة والمونة الأسمنتية هماا ماأ مهال الماوان ائنةاالية المساتخنمة اام الثاالل  الارش اام المنةا   
 صفة عامة ساوا  منةا   ساانية مو رنارياة مو صاناعيةر الخرساانة خا  الخاواة الليانش والم اوماة 

م ت ااول الجلاول المانمر مااأ الثماياا  الفي يالياة والايمالياة التام تناتع ماأ التفاااع   الثالياة هام التا
الناخاياااة مو الماااالرا  الخارلياااةر الجلاااول الايمياااالم النااااتع ماااأ الأمااا   ي ااان  عاااانش ماااأ نخاااو  
الأما   ااام الماوان الأساامنتية والتفاعا  مااو الأسامن  والااخإ يناتع عنجااا رماا تااا  مو تانهور الثلينااة 

منتية مو ن ة ام  ماية  نين التسااي  ماأ الصانمر لاخلن اااأ منا  الخرساانة الليانش والم اوماة الأس
المااوان الماونااة  لاجلااول الايميااالم تثتماان عااام نااولأ وم تااوإ الأساامن  المسااتخنل واااخلن نساا  خااا 

 : مياه(ر رم :  ل  :لاخرسانة )مسمن 
ا  والاورياانا  وخلاان مااأ خاا   نراسااة ااام هااخا ال  اا  تاال نراسااة م اومااة الخرسااانة لأماا   الا ريتاا
ياااول اااام  029،  59،  95،  82،  7مثماياااة عاااأ  رياااب تمااار ماث اااا  خرساااانية  ياساااية لمااانن 

 -م الي  ما ية ع ارش عأ :
 % 9م او  ما م مأ ااورين الاالسيول تراي   -0
 % 9م او  ما م مأ ا ريتا  الماتنسيول تراي   -8
% مخااتا  مااو م اااو  ما اام مااأ ا ريتااا   9م اااو  ما اام مااأ ااورياان الصااونيول تراياا   -3

 % ميضار 9ماتنسيول تراي  

لل تل تثييأ م اومة الضغ  لاخرسانة لجخه الماث ا  عأ  رياب  ساا  النسا ة الملوياة لاان ة اام 
وماااة الخرساااانة م اوماااة الخرساااانة المثرضاااة لاجلاااول الايمياااالم ماااأ الم اليااا  الساااا  ة  الم ارناااة لم ا

المغمورش ام مياه الةار  ا ا  ت ا  فارو  ممالااة تماماا ماو الثاال  ا أ الجلاول المساتخنل اام هاخا 
 ال    هو هلول خارلم ا   لانه الأالر ةيوعا و نولا لاخرسانةر

وماااأ مهااال النتاااالع مأ معاااام مثااانلا  لتااانهور الخرساااانة  ااانل  ماااو الثيناااا  التااام تااال تمرهاااا اااام 
% مخااااتا  ماااو م اااااو  ما ااام مااااأ  9لماااااوأ ماااأ ااورياااان الصاااونيول ترايااا  الم ااااو  الايمياااالم ا
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% ميضا ومأ معام م اومة لاخرسانة  نل  مو الخرسانة المغمورش ام  9ا ريتا  ماتنسيول تراي  
 مياه الةر  ا  ر
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