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6.4.1   Concrete mix design 

 

The four concrete mixes were designed using the absolute volume method as 

shown below: 

 

6.4.1.1   Mix No. (1): fcu = 30MPa, w/c = 0.32 
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6.4.1.2   Mix No. (2): fcu = 44MPa, w/c = 0.52 

 

                
 

  
 

 

  
 

 

  
 

 

   
             

                                             

                                                      

                                

                                        
  

   
         

                            
  

    

                          

                                                         
    

                                           

                
   

    
 

 

    
 

    

    
 

     

   
             

                                                  

                                                           

 

6.4.1.3   Mix No. (3): fcu = 44MPa, w/c = 0.32 
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6.4.1.4   Mix No. (4): fcu = 60MPa, w/c = 0.32 
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Table 6.14 summarizes the concrete mix proportioning for the four mixes. 

Table 6.14: Concrete mix proportions per cubic meter 

 
Cement 

(kg) 
Sand (kg) 

Coarse 

aggregate 

(kg) 

Water 

(Liters) 

Admixtures 

(kg) 

Mix No.1 350 800 1200 112 5.25 

Mix No.2 540 567 850 281 0.0 

Mix No.3 490 705 1058 157 7.35 

Mix No.4 650 595 892 208 13 

 

 

Six concrete cylinders (150 mm diameter and 300 mm height) for each concrete 

type were prepared, measured and tested for tensile strengths (after 28 and 56 days of 

casting) in accordance with ASTM C496-96 as shown in Figs. 6.11a through 6.11d, 

and the splitting tensile strength (ft) was calculated as follows: 
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                                                                                                                  6-1 

Where: 

 

                                    

                           

                              
                                

 

 

  
                             Fig. 6.11a                                                                    Fig. 6.11b      

 

 

 

 

   
                             Fig. 6.11c                                                                    Fig. 6.11d     

Fig. 6.11: Tensile Splitting Test 

The compressive strength test was carried out for six concrete cubes 150 mm for 

each type of concrete after 28 and 56 days of casting according to BS using 2000 KN 

compression testing machine. The results of the compressive strength tests as well as 

the splitting tensile strength are presented in Tables 6.15 through 6.18. 
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Table 6.15: The results of compressive strength and splitting tensile strength tests for mix No. (1) 

Test Type 
Sample 

Code 

Curing 

Duration 

Sample 

Weight 

(kg) 

Maximum 

Load (N) 

Maximum 

Stress (MPa) 

Average 

Stress 

(MPa) 

Compressive 

Strength 

1.1 28 days 7.83 699200 31.08 

30.91 1.2 28 days 7.81 698000 31.02 

1.3 28 days 7.78 689500 30.64 

1.4 56 days 7.06 762210 33.88 

33.74 1.5 56 days 7.35 763530 33.93 

1.6 56 days 7.04 751540 33.4 

Splitting 

Tensile 

Strength 

1.7 28 days 12.48 220000 3.11 

3.14 1.8 28 days 12.41 227300 3.22 

1.9 28 days 12.44 219200 3.1 

1.10 56 days 12.51 264500 3.74 

3.69 1.11 56 days 12.47 260900 3.69 

1.12 56 days 12.56 256600 3.63 

  

Table 6.16: The results of compressive strength and splitting tensile strength tests for mix No. (2) 

Test Type 
Sample 

Code 

Curing 

Duration 

Sample 

Weight 

(kg) 

Maximum 

Load (N) 

Maximum 

Stress (MPa) 

Average 

Stress 

(MPa) 

Compressive 

Strength 

2.1 28 days 8.03 968600 43.05 

44.083 2.2 28 days 8.17 1001000 44.49 

2.3 28 days 7.83 1006000 44.71 

2.4 56 days 8.3 1142000 50.76 

49.88 2.5 56 days 7.99 1165000 51.78 

2.6 56 days 7.96 1060000 47.11 

Splitting 

Tensile 

Strength 

2.7 28 days 12.31 205500 2.91 

3.54 2.8 28 days 12.54 268700 3.8 

2.9 28 days 12.56 275600 3.9 

2.10 56 days 12.43 282000 3.99 

3.98 2.11 56 days 12.28 268000 3.79 

2.12 56 days 12.61 294000 4.16 
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Table 6.17: The results of compressive strength and splitting tensile strength tests for mix No. (3) 

Test Type 
Sample 

Code 

Curing 

Duration 

Sample 

Weight 

(kg) 

Maximum 

Load (N) 

Maximum 

Stress (MPa) 

Average 

Stress (MPa) 

Compressive 

Strength 

3.1 28 days 7.84 1008000 44.8 

44.43 3.2 28 days 7.843 1025000 45.56 

3.3 28 days 7.85 966200 42.94 

3.4 56 days 7.91 1267000 56.31 

48.58 3.5 56 days 7.63 1031000 45.82 

3.6 56 days 7.53 981400 43.62 

Splitting 

Tensile 

Strength 

3.7 28 days 12.63 338000 4.78 

4.32 3.8 28 days 12.72 288800 4.09 

3.9 28 days 12.79 289200 4.09 

3.10 56 days 12.53 341000 4.82 

4.604 3.11 56 days 12.69 294000 4.16 

3.12 56 days 12.71 341570 4.83 

  

Table 6.18: The results of compressive strength and splitting tensile strength tests for mix No. (4) 

Test Type 
Sample 

Code 

Curing 

Duration 

Sample 

Weight 

(kg) 

Maximum 

Load (N) 

Maximum 

Stress (MPa) 

Average 

Stress (MPa) 

Compressive 

Strength 

4.1 28 days 7.86 1299000 57.73 

53.096 4.2 28 days 7.88 1268000 56.36 

4.3 28 days 7.75 1017000 45.2 

4.4 56 days 7.9 1321000 58.71 

62.904 4.5 56 days 7.88 1491000 66.27 

4.6 56 days 7.74 1434000 63.73 

Splitting 

Tensile 

Strength 

4.7 28 days 12.39 300100 4.25 

4.141 4.8 28 days 12.67 309000 4.37 

4.9 28 days 12.56 269100 3.81 

4.10 56 days 12.62 309200 4.37 

4.397 4.11 56 days 12.6 315200 4.46 

4.12 56 days 12.73 308000 4.36 
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6.5 Specimens preparation 

 

In addition to the 48 concrete samples used to study the compressive strength 

and the indirect tensile strength, 24 cylindrical concrete specimens (100 mm diameter 

and 200 mm height reinforced axially with a single steel bar, and protruding at one 

end only) were prepared for each concrete type to study the bond strength under 

several corrosion stages. 

The 24 cylindrical specimens for each concrete type were divided into three 

groups (8 specimens per group for each reinforcing steel type). Each group consists 

of: 2 specimens tested for zero cracking level and 2 specimens tested for each of pre-

cracking, cracking and severe corrosion levels. 

The cylindrical concrete specimen has a 16mm diameter bar embedded and 

protruding at one end only. The bar is 310 mm protruded out of the surface and 150 

mm embedded in the bottom of the concrete cylinder (Figs. 6.12a and 6.12b). 

  

                 Fig. 6.12a                                                                    Fig. 6.12b    

Fig. 6.12: Cylindrical concrete specimens 

To protect the interface between the protruding steel bar and the surface of the 

concrete specimen from corrosion during the curing stage, 50 mm of the extension 

part of the bars along with another length of 25 mm within the specimen top, was 

epoxy coated (Figs. 6.13a, 6.13b and 6.13c) 
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Fig. 6.13a 

              
                          Fig. 6.13b                                                                          Fig. 6.13c    

Fig. 6.13: Interface between the protruding steel bar and the surface of the concrete 

To maintain the bar verticality during casting, a circular steel piece with a 

centered steel hollow tube with an inner diameter 18 mm, was mounted on the 

cylinder mold quickly after casting the concrete and the bar was then hammered 

until reaching the required depth (Figs. 6.14a and 6.14b). 

                                                
                Fig. 6.14a                                                                                               Fig. 6.14b 

 
Fig. 6.14: A circular steel piece to maintain bar verticality 
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The concrete specimens were cast in steel moulds. All specimens were 

compacted using a standard steel rod and a vibrating table directly after casting. The 

specimens were left to set for 24 hours, and then they were demolded and cured in a 

standard moist curing tank (at 22 ± 2
◦
C and 100% relative humidity) to different 

stages (Figs. 6.15a and 6.15b). 

 

 

 

 

 

 

                         Fig. 6.15a                                                                  Fig. 6.15b 

Fig. 6.15: Curing of concrete specimens 

 

6.6 Accelerated Corrosion 

 

Accelerated corrosion tests are used to obtain qualitative information on 

corrosion behavior in a relative short period compared to the field corrosion test. 

Accelerated corrosion tests have been used successfully to determine the 

susceptibility of the reinforcing and other forms of structural steel to localized attacks 

such as pitting corrosion, stress corrosion and other forms of corrosion, Al Hassan 

(2003). 

The accelerated corrosion test in this program was terminated when the four 

stages of corrosion took place within the different steel types, based on the crack 

width; zero corrosion stage after two months of curing and before placing the 

specimens in the corrosion tank. Pre-cracking stage considered when the current 

started to increase but before any crack was visible. Cracking stage considered when 

the first crack appeared on the concrete specimen regardless the width of this crack, 

and severe corrosion stage considered when any crack extended up to 4 mm. 
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6.6.1    Test set up 

 

After the 96 pullout specimens were cast and cured, 72 specimens were 

subjected to accelerated corrosion by placing them in the accelerated corrosion tank, 

while the rest of the 24 specimens (2 specimens per steel type per concrete type) 

served as the control specimens (zero corrosion stage). 

The accelerated corrosion setup consists of 1650 x 850 mm fiber tank, 

electrolytic solution [5% sodium chloride NaCl by the weight of water] and a steel 

mesh placed in the bottom of the tank connected to a single steel bar (Fig. 6.16).  

 

 
Fig. 6.16(a): 1650x850 mm fiber tank 

 

  

Fig. 6.16(b): Bottom steel mesh. Fig. 6.16(c): A steel bar connected to the steel 

mesh 
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The specimens were placed in the accelerated corrosion tank and partially 

immersed with the electrolytic solution up to two thirds of its height. To eliminate any 

change in the concentration of the NaCl and ph of the solution, the electrolyte solution 

was changed weekly. 

The single steel bar (connected to the steel mesh) and the specimens’ bars were 

connected to electrical wires then connected to 12 V power supply (Fig. 6.17). The 

direction of the current was arranged so that the single steel bar served as cathode, 

while the specimens’ bars served as anodes. The current was measured daily by 

means of a Digital Multimeter (Fig. 6.18) that read both current and the voltage. Figs. 

5.19a and 5.19b illustrate the schematic drawing of the accelerated corrosion set up 

and a photograph taken during the test respectively. 

  

Fig. 6.17: 12V power supply Fig. 6.18: Digital Multimeter 

 

 
Fig. 6.19a: Schematic diagram of the accelerated corrosion tank. 




