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 : ملخص البحث

عٍٛن إٌّشآد اٌخشعب١ٔخ اٌّغٍؾخ ٠زؤصش ِجبششح ثّمبِٚخ اٌزّبعه ث١ٓ اٌخشعبٔخ ٚأع١بؿ طٍت اٌزغ١ٍؼ. ٚعٕذ رعشع 

ٌّعشفخ رؤص١ش ِمبِٚخ اٌزّبعه  دإٌّشئبثعغ إٌّشآد ٌٍٙغَٛ ِٓ اِتػ اٌىجش٠زبد اٚ اِتػ اٌىٍٛس٠ذاد ٠غت رم١١ُ رٍه 

خ. ٠ٙذف ٘زا اٌجؾش اٌٝ دساعخ ِمبِٚخ اٌزّبعه ث١ٓ أع١بؿ طٍت ث١ٓ اٌخشعبٔخ ٚأع١بؿ طٍت اٌزغ١ٍؼ فٟ ٘زٖ اٌؾبٌ

ع١ٕخ ِىعجبد خشعب١ٔخ  81خٍطبد ِخزٍفخ. ٚلذ رُ اخزجبس عذد  9ُِ ٚاٌخشعبٔخ اٌّؾ١طخ ثبعزخذاَ  16اٌزغ١ٍؼ لطش 

عُ( ٌذساعخ رؤص١ش اٌّزغ١شاد اٌّخزٍفخ عٍٝ وً ِٓ ِمبِٚخ اٌؼغؾ  30* 15إعطٛأخ ) 81عُ( ٚعذد  15*15*15)

ٚاٌزّبعه ث١ٓ اٌخشعبٔخ ٚأع١بؿ طٍت اٌزغ١ٍؼ. ٚلذ اشزٍّذ اٌّزغ١شاد عٍٝ اعزخذاَ سوبَ وج١ش ِٓ وغش اٌخشعبٔخ 

% ِٓ ِؾزٜٛ الاعّٕذ ٚأ٠ؼب  30,  10% ٚوزٌه إػبفخ غجبس الاعّٕذ ثٕغجخ  50وعؽتي ٌٍشوبَ اٌطج١عٝ ثٕغجخ 

٠ذاد ِٚؾٍٛي اِتػ سع اٌع١ٕبد ٌّؾٍٛي اٌىٍٛ% ِٓ ِؾزٜٛ الاعّٕذ ِ  رعش 10,  5إػبفخ اٌغ١ٍ١ىب ف١َٛ ثٕغجخ 

% ٌّذح عزخ اشٙش. ٚلذ أظٙشد ٔزبئظ اْ اعزخذاَ الإػبفبد  10,  5اٌىجش٠زبد ِٚؾٍٛي خ١ٍؾ ُِٕٙ ثٕغجخ رشو١ض 

اٌّعذ١ٔخ ِضً اٌغ١ٍىب ف١َٛ ٚاٌشِبد اٌّزطب٠ش رؾغٓ وً ِٓ ِمبِٚخ اٌؼغؾ ِٚمبِٚخ اٌزّبعه وّب أظٙشد اٌع١ٕبد اٌزٟ 

اعّٕذ خ١ٍؾ أداء افؼً ِٓ اٌع١ٕبد اٌزٟ رؾزٛٞ عٍٝ اعّٕذ ثٛسرتٔذٜ عبدٜ ثبلإػبفخ اٌٝ اْ اٌع١ٕبد رؾزٛٞ عٍٝ 

ىب ف١َٛ ٚاٌشِبد اٌّزطب٠ش ٚالاعّٕذ اٌخ١ٍؾ اعٍٟ ل١ّخ ١ثبعزخذاَ اٌخشعبٔخ اٌّعبد رذ٠ٚش٘ب وشوبَ وج١ش ٚخ١ٍؾ ِٓ اٌغ١ٍ

 اٌؼغؾ ِٚمبِٚخ اٌزّبعه ٚافؼً ِمبِٚخ ٌٙغَٛ اٌىٍٛس٠ذاد ٚاٌىجش٠زبد. خِٓ ؽ١ش ِمبِٚ

ABSTRACT: 
  

The performance of reinforced concrete structures depends directly on the bond between steel 

reinforcing bars and concrete and plays a vital role in reinforced concrete elements resistance 

to sulphate and chloride attacks which need an assessment of their residual capacities to 

evaluate the durability aspects. This study investigates the bond behaviour between concrete 

and 16-mm reinforcing steel rebars after exposure to both sulphate and chloride attack with 5 

% concentration and chloride attack only with 10% concentration for six months, Eighty-one 

cubes (150mm side length) and 81 pull-out cylinders (150*300 mm) were prepared using 35 

MPa compressive strength concrete with different cement type, cement content, recycled 

aggregates and different percentages of fly ash and silica fume. The results showed reductions 

in residual compressive and steel–concrete bond after exposure to both sulphate and chloride 

attacks. Using of mineral admixtures such as fly ash and silica fume enhances both the 

compressive strength and bond strength. Also, Specimens contain CEMIII showed better 
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behaviour than Specimens with CEMI in sulphate and chloride attack resistance, finally the 

specimens contain both silica fume and fly ash with recycled aggregates and the mix with high 

content of CEMIII achieved almost the highest compressive and bond strengths and also 

sustainable resistance for sulphate and chloride attack.  
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 concrete, sulphate attack, chloride attack, Recycle aggragte, pullout, bond strength. 

INTRODUCTION 

Durability of Concrete element continues to be a subject of challenges for design 

professionals. The occurrence of degradation of properties of concrete in structures elements 

lead to changes or modifications in Codes limits in each countries. This study investigate the  

effect of using different types of concrte additvies such as fly ash and silica fume with differnt 

percentage and recycle aggragtes replacement as coarse aggreagtes on the bond strength 

between the steel reinforced bars and concrete after exposure for six months to sulphate and 

chloride attack with different solution percentage.  

Based on the state of the art in structural concrete design the bond between the reinforcing 

steel and concrete is very important. according on the current ACI code and Egyptian code 

provisions the description of rebar-concrete bond is essentially for bond and development 

length of reinforcement, which are empirical relationships and depend on adjustable 

parameters most probably which generally lack physical meaning and which should be 

adjusted for each type of concrete with different material contents, concentration of solution 

and durations of exposure the reinforced concrete elements to elevated temperatures, [1,2]  

The sulphates attack, such the more common type and typically arises where water containing 

dissolved sulphate penetrates the concrete. Behind the reaction front, the composition and 

microstructure of the concrete will have reformed. These changes may vary in type or severity 

according to different variables such as cement type, cement content, mineral admixtures, etc. 

but commonly include; Extensive cracking, Expansion, Loss of bond between the cement 

paste and aggregate and therefore the reinforcement. When sulphates penetrate the concrete 

elements combines with the C-S-H, or concrete paste, and begins destroying the paste that 

consolidates the concrete together. As sulphate dries, new compounds are formed, often called 

ettringite. These new crystals occupy empty space, and as they continue to form, they cause 

the paste to crack and the physical degradation of the concrete, further damaging the concrete 

elements. The physicochemical process of ―Sulphate attack‖ are interdependent as is the 

resulting damage, physical sulphate attack, often evidenced by bloom (the presence of sodium 

sulphates Na2SO4 and/or Na2SO4.10H2O) at exposed concrete surfaces. It is not only a 

cosmetic problem, but it is the visible displaying of possible chemical and microstructural 

problems within the concrete matrix.[3] 
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the most important dimention for attention when  Chloride attack concrete is affect on the 

durability. Corrosion of the reinforcing steel occur base on the chloride attack mains to and a 

subsequent reduction in the tensile strength of steel bars, serviceability, and aesthetics of the 

structure elements. The effect of the exposure time for chlorides to reach the reinforcing bars 

and, therefore, the corrosion initiation time. Chloride ions enter into concrete through two 

sources such as internal chloride (at the time of preparation of concrete, through chloride 

contaminated aggregates, chloride-containing admixtures, or mixing water) and external 

chloride (entering from the external environment into the hardened concrete through dicing 

salts, sea water, soil and ground water),[4] 

The concrete structure, in fact the low permeability and dense microstructure proved to extend 

the time needed for corrosion to occur. Statistics have indicated that over 40 per cent of failure 

of structures was due to reinforcement corrosion. Due to high alkalinity of concrete a 

protective oxide film is occure on the surface of steel reinforcement. carbonation can 

negatively affect the protective passivity layer. This protective layer also can be lost due to the 

presence of chloride in the presence of water and oxygen. In reality the action of chloride in 

inducing corrosion of reinforcement is more serious than any other reasons. One may 

understand that Sulphates attack the concrete whereas the chloride attacks steel 

reinforcements. The amount of chloride required for initiating corrosion is partly dependent on 

the pH value of the pore water in concrete. At a pH value less than 11.5 corrosion may occur 

without the presence of chloride. At pH value greater than 11.5 a good amount of chloride is 

required. The effect is that chloride penetration is a complex function of position, environment 

and concrete properties, [3] 

if the concrete cover is not deteriorated then diffusion of chloride ion into concrete is very 

slowly. However, when the concrete cover is damaged by sulphate solution attack, which is 

commonly encountered in field constructions, chloride ion will rapidly access to the surface 

of steel rebar embedded in concrete. The attack of sulphates on concrete is due to two 

principal reactions: the reaction of Na2SO4 and Ca (OH)2 to form gypsum and the reaction of 

the formed 

gypsum with calcium aluminate hydrates to form ettringite. In addition, it is noticed that 

MgSO4 reacts with all cement compounds, including C–S–H, thus decomposing cement, and 

subsequently forming gypsum and ettringite which damage the concrete itself and cause 

reduction in mechanical properties of the concrete,[5] 

Potential-dynamic polarization test, XRD analysis and FTIR spectroscopy were also 

performed for State of rebar corrosion in concrete powder aqueous solution contaminated with 

chloride and sulphate ions from the results, different zones of corrosion in terms of potential 

ranges have been identified. The presence of Na2SO4 has decreased the effect of chloride ions 

whereas the presence of MgSO4 has stimulated the effect of chloride ions on reducing the 

passivity of steel reinforcement in a chloride environment. Ordinary Portland cement 
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performed better against Mg-oriented sulphate attack whereas Portland pozzolana cement 

performed better against Na-oriented sulphate attack in the presence of chloride ions,[6]. 

Katarzyna Konieczna et al [7] investigate three low-clinker HPC mixtures incorporating slag 

cement (CEM III/B as per EN 197-1) and Supplementary Cementitious Materials (SCMs)-

Ground Granulated Blast Furnace Slag (GGBFS), Siliceous Fly Ash (SFA) and Silica Fume 

(SF). The maximum amount of Portland cement clinker from CEM III/B change from 64 to 

116 kg in 1 m3 of concrete mix. The compressive strength  was measured of HPC at  different 

age ststing from 2 days till 2 years, also test the specimens for modulus of elasticity. The 

research proved that it is possible to achive low-clinker High-Performance Concretes that 

reach compressive strength of 76–92 MPa after 28 days of curing, show high values of 

modulus of elasticity (49–52 GPa) as well as increased resistance to enviroment conditions. 

Lämmlein et al. [8] indicate that it was avialble to obtain low-clinker self-compacting HPCs 

with OPC content of 134–204 kg in 1 m3 of concrete mix by incorporating fly ash, limestone, 

silica fume, and metakaolin. The designed HPCs reached compressive strength ranging from 

77 to 88 MPa after 28 days of curing. Research into the synergistic effect of GGBFS, FA and 

SF addition on the microstructure, as well as mechanical and durability properties, has already 

been conducted for normal strength concretes by Dave et al. [9]. 

Jin Zuquan  et al [10]  test two sets of concretes under attack of erosion solution of sulphate 

and chloride salt . The one set is the plain concrete without fly ash addition. The other set is 

the concrete with 20% and 30% of fly ash addition, respectively. The corrosion solution 

includes three types: 3.5%NaCl, 5% Na2SO4, and a composite solution of 3.5%NaCl and 5% 

Na2SO4. In addition, two corrosion regimes were employed: naturally immersion (stored in 

corrosion solution for long duration), drying-immersion cycles. The experimental results 

shows that a presence of sulphate in the composite solution increased the resistance to 

chloride ingress into concretes at early exposure period, but the opposition was observed at 

latter exposure period. For the damage of concretes, a presence of chloride in the composite 

solution reduces the damage of concrete caused by sulphate. Addition of fly ash may 

significantly improve the resistance to chloride ingress into concretes and the resistance to 

sulphate erosion when a suitable amount of fly ash addition.  

Sajjad Ali Mangi el al [11] study the effect of ground coal bottom (CBA) ash on the strength 

performances of concrete exposed to sulphate and chloride environment by replaced the 

ordinary portland cement with 10% of coal bottom ash by weight of cement and same water to 

binder ratio of 0.5 was used in all concrete mixes. After demoulding samples were immersed 

in a water for the curing period of 28 days. Afterward, specimens were shifted in 5% sodium 

sulphate (Na2SO4) and 5% sodium chloride (NaCl) solutions for additional difeerent curing 

periods of. It was observed that the addition of CBA in concrete, gives the significant 

development in compressive strength, around 11.32% and 13.92% higher strength than that of 

the control mix in water and 5% Na2SO4 solution respectively at the exposure period of 90 
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days. However, the development of compressive strength in 5% NaCl solution was slower, 

about 6.87% decrease was recorded in concrete containing CBA at the exposure period of 90 

days as compared to the control mix.The outcome of this study indicated that application of 

ground CBA as supplementary cementitious material in concrete increases the resistance 

against aggressive environment.   

Pull-out test is frequently used to determine the bond between steel reinforcing bars and the 

surrounding concrete [12, 13] 

 

R.K. Majhi, A.N. Nayak [14] investigate the impact of high volume ground granulated blast 

furnace slag (GGBFS) as the replacement of ordinary Portland cement (OPC) on the 

compesive and bond, strength of recycled aggregate concrete (RAC). Seven concrete mixes 

are prepared; one mix is the control mix. while six concrete mixes contain 0%, 40% and 60% 

GGBFS with each of 50% and 100% recycled coarse aggregate (RCA). Also durability 

characteristics of these mixes are evaluated by exposing the concrete to various chemical 

attacks such as magnesium sulphate attack,  sulphuric acid attack and sodium chloride attack. 

it is found that the strength values decrease with the increase in GGBFS content, the high 

volume GGBFS can be utilized in the production of sustainable concrete, and the resistance to 

sulphate, acid and chloride attacks improve with increase in the content of GGBFS.  

AIM OF THE RESEARCH 

This study investigates the effect of using different types of mineral admixutres such as 

fly ash and silica fume with differnt percentage in recycled aggragtes concrete on the bond 

strength between the steel reinforced bars and concrete after exposure to composite solution of 

sulphate and chloride attack with different solution percentages for six months.  

 

MATERIALS CHARACTERESTICS 

          The bond strength between concrete and reinforced steel is affected by many variables 

including the charactistics of materials used in experimental program, which still the same 

during preparing all tested specimens. Different types of mineral admixtures were used in this 

research ; fly ash and silica fume. Local sand from natural sources,crushed dolomite and 

recycled aggragte produced from concrete waste size (10 and 20) mm complying with 

Egyptian standard specification ESS No. 1109- 2001 [15], were used with CEMI 42.5N and 

CEMIII A42.5N, cement complying with ESS 4756- 2013 [16] and tap water to produce the 

concrete mixes. The consistency of concrete was measured by slump tests, as a comparison 

test, and resulted from 85 to 125 mm. The content of cement, water, aggregate, recylce 

aggregate and fly ash and silica fume are given in Table (1).  
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  EXPERIMENTAL PROGRAM 
The experimental program was designed to attained the research objectives of the research. 

Bond behaviour 

 between concrete and reinforcing bars was studied after exposure to sulphate and chloride 

attack with different solution percentage for six months.  

Nine different concrete mixes with different variables were used as mentioned in table 

(1). Eighty-one pull-out cylinder specimens (Ø150 mm, 300 mm) were cast, then reinforced 

steel bar of 16mm was embeded in the middle of each cylinder for 200mm, Horizontal steel 

bar above the cylinders to control reinforced steel bar‘s embedded length, as shown in figure 

(1-a). After removing the tested specimens from the moulds, they were stored in water for 

seven days then kept at laboratory conditions until testing as shown in figure (1-b), then 

exposure for to composite solution of sulphate and chloride attack and chloride attack only in 

soluation tank as shown in figure (1-c).  

The specimens exposed for six months to composite solution sulphate and chloride 

attack with different solution percentage in as shown in figure (2-a), then removed from 

soluation tank and prepreaed for bond test as shown in figure (2-b) Finally six cubes were 

tested at room temperature, see figure (2-c) . tested cubes were cast for each mix to obtain the 

compressive strength, cured in the same condition as the pullout cylinders specimens, then 

tested to determine the compressive strength for each mix in each exposure condition.  
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Table (1) : Concrete compositions per one m
3
  

Mix  
Cement 

(kg) 

Fine 

Aggreg

ate (kg) 

Crushed 

dolomite 

S1 (kg) 

Recycle 

agg. S1 

(%) 

Crushed 

dolomite 

S2 (kg) 

Recycle 

agg. S2 

(%) 

Water 

(kg) 

Add. 

(Lit) 

Minerals  

*Sp fly 

ash  

(%) 

SF 

(%) 

M1 
350 

CEMI 
700 595 0 595 0 167 7 0 0 

M2 
350 

CEMI 
700 298 298 298 298 167 7 0 0 

M3 
350  

CEM III 
700 298 298 298 298 167 7 0 0 

M4 
450  

CEM III 
700 298 298 298 298 202 9 0 0 

M5 
350 

CEMI 
700 298 298 298 298 167 7 10 0 

M6 
350 

CEMI 
700 298 298 298 298 167 7 30 0 

M7 
350 

CEMI 
700 298 298 298 298 167 7 0 5 

M8 
350 

CEMI 
700 298 298 298 298 167 7 0 10 

M9 
450 

CEMIII 
700 298 298 298 298 202 9 10 5 

*Sp: Superplasticizer 

Exposure and Testing  

All specimens are exposed to a chemical attack with different sulphate and chloride 

solutions percentages for six months.  the outer part of the tested rebar was not covered in 

order to simulate what may happen in real life applications. The specimens were exposed to 

composite of four types of sulphate and chloride compounds  with percetage of 5% and also 

exposed to mix of two chloride  soluations with 10% concentration for six months. After 

exposure to the mentioned solutions the specimens removed from the tank and then tested at 

room temperature. For each exposure condition, three samples were prepared for each 

concrete mix and exposed to external sulfate and cloride attack. The following types of tests 

were performed:  
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1-The exposed specimens by sulfate  and chloride in liquid form at tank-1. The 

samples were immersed in the sodium and Magnesium sulfate composite soluation 

with 5 % concentration(5%Na2SO4+ MgSO4)  and sodium chloride  and 

Magnesium chloride soluation with 5 % concentration. (5% NaCl+ MgCl2) which is 

considered as a severe condition of external sulfate and chloride attack for concrete. 

2-The attack by chloride in liquid form. The samples were immersed in the sodium 

chloride  and Magnesium chloride soluation with 10 % concentration 

(10% NaCl+10% MgCl2). 

   

Casting Specimens (a) Specimens during curing (b)  The Soluation tank (C) 

Figure (1): Preparing, casting and curing the specimens  

   

 Figure (1-a) : Specimens  during 

sulphate and chloride attack   

Figure (1-b) : Specimens before 

bond testing   

Figure (1-c) : Specimens 

after bond test   

Figure (2): The specimens  during sulphate and chloride attack  and before and after  bond testing  

 (2حوض رقم ) 
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TEST RESULTS AND DISCUSSION  

Compressive Strength  
After exposure to sulphate and chloride attack  for 6 months, an average values of the concrete 

compressive strength is determined at 28 days as shown in Table (2)  and figure (3). 

Table (2) : Compresive load and compresive strength for experimental programe  

  

MIX Control 

(Ton) 

At 28 

days 

Control 

(Kg/cm
2
) 

At 28 

days 

Composite 

Sulfate  & 

Chloride 

Attack 

6 month 

(Ton) 

Composite 

Sulfate  and 

Chloride 

Attack 

 6 month 

(Kg/cm
2
) 

Chloride 

Attack 

6 month 

(Ton) 

Chloride 

Attack 

6 month 

(Kg/cm
2
) 

M1 104 462.22 99 440.00 90 400.00 

M2 91 404.44 81 360.00 80 355.56 

M3 98 435.56 96 426.67 95 422.22 

M4 131 582.22 116 515.56 102 453.33 

M5 127 564.44 120 533.33 102 453.33 

M6 142 631.11 129 573.33 139 617.78 

M7 111 493.33 101 448.89 110 488.89 

M8 129 573.33 123 546.67 119 528.89 

M9 147 653.33 142 631.11 127 564.44 
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Figure (3) The compressive load and strength values of experimental concrete mix 

Bond Strength  
After exposure to sulphate and chloride attack  for 6 months an average values of the concrete 

load and compressive strength are determined at 28 days and listed in Table (3)  and figure 

(4).  

Table (3) : Bond strength for experimental concrete mix  

MIX Control 

(Kg/cm
2
) 

Composite Sulfate  and 

Chloride Attack 

(Kg/cm
2
) 

Chloride Attack 

(Kg/cm
2
) 

M1 90 63 80 

M2 76 44 64 

M3 56 52 52 

M4 98 86 89 

M5 108 107 106 

M6 111 103 98 

M7 115 112 110 

M8 102 78 82 

M9 112 100 106 
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Figure (4) The bond strength values of experimental concrete mix 

To examine the effect of using recycled aggregate, figure (5)  indicates the difference between 

the M1 control mix and M2 mix with 50% replacement of recycled coarse aggregate produced 

from old conctrete cubes in the Housing and Building National Research Center material lab. 

The results reflect a decrese in the compressive strength with about 12.5 , 18 and 10 % 

respectively due to the replacement of coarse aggregate with recycle aggregate on the other 

hand, the compresive strength affected with expose to sulphate and chloride attack with about 

10 % from its value for control specimens in M2 while about 5 % for M1 this slightly 

decrease due to when sulphates penetrate the concrete elements and react with the C3A, or 

concrete paste to form ettringite and tricalcium aluminate chloride, and begins These new 

crystals occupy empty space, and as they continue to form, they cause the paste to crack and 

the physical degradation of the concrete. The trend of affected by  composite sulphate and 

chloride attack is the same at normal concrete also  with decrese in bond strength about 42 % 

at composite sulphate and chloride attack while 14% at chloride attack only  for concrete with 

recycle aggregate. 

 

Figure (5) The compresive  and bond strength values of M1 and M2 mix 
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To examinate the effect of using cement CEMIII  figure (6)  indicate the difference between 

the M2 control mix and M3 mix with replacement of cement type CEMI to CEMIII. The 

results reflect increase the compressive strength with about 7.5 , 18.5 and 18 %  for control, 

sulphate and chloride attack and chloride attack only  respectively. on the other hand the bond 

strength affected with expose to sulphate and chloride attack with about 42 % from its value 

for control specimens in M2 while about 8 % for M3 this slightly decrese due to the presence 

of Cement (CEM III) is a specially formulated blend of traditional cement and a minimum of 

50% Ground Granulated Blastfurnace Slag, its unrivaled strength, durability and low heat 

properties make CEM III ideally suited to marine, agricultural and chemically aggressive 

environments as well as better in hydration in cement. GGBFS C-S-H hydrates add density to 

the cement paste, as they 

are more gel-like than the OPC hydration products. The incorporation of GGBFS in normal, 

high-strength and ultra-high-strength concretes results in the improvement in the pore 

structure and durability properties of the composite, such as increased electrical resistivity 

and reduced chloride penetration 

 

Figure (6) effect of Cement type on the compresive  and bond strength values  

The effect of increase the cement content from 350 kg/m3 to 450 kg/m3 is evaluated by 

testing M3 and M4  figure (7)  indicates the different between the M3 and M4 mix. The results 

reflect increase the compressive strength with about 33 , 20 and 7 %  for control, sulphate and 

chloride attack and chloride attack only  respectively due to increase of cement content. also 

the bond strength decrease with expose to sulphate and chloride attack with about 8 % from its 

value for control specimens in M3 while about 12 % for M4 this slightly decrease due to 

effect of sulphate and chloride attack, but we can see although thid decrease the final bond 

strength of M4 is higher than M3 with about 65 % at sulphate and chloride attack due to 

increse in cement contemt and increase the hyadration of cement with CEMIII. 
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Figure (7) effect of Cement content on the compresive and bond strength 

 

Figure (8)  shows the impact of adding fly ash as additive to the cement content with 0, 10 and 

30% by weight of cement by examing mix M2, M5 and M6 respectively. The results indicate 

an increase in the compressive strength with about 40 in M5 with 10 % fly ash and  56 %  in 

M6 with 30 % fly ash due to the chemeical compoenet of fly ash with present of active SiO2 

which increase the hydration of cement in the mix due to its reaction with free lime liberated 

from C-S-H.  After exposure to both sulphate and chloride attacks and chloride attack only, 

the compresive strength decreases with about 6 and 23 % for M5 compared to control 

specimens and 10 and 2 % for M6 from the control specimens. The bond strength decrease 

with expose to sulphate and chloride attack vary from 2 to 12  % from its value for control 

specimens in M5 and M6 due to effect of sulphate and chloride attack, but it can be seen the 

bond strength of M5 and M6 is higher than M2 with about 50 and 250 %  for  10 and 30 % fly 

ash additives respectively at sulphate and chloride attack. It can be seen that the behviour of 

concrete contain fly ash is better than that of normal concrete due to increase in cementioues 

material in the mix in both compresive and bond strength 

 

Figure (8) Impact of fly ash percentage on the compresive and bond strength 

 

The impact of adding silica fume as additive to the cement content with 0, 5 and 10% by 

weight of cement is presented in Figure (9) by examing mix M2, M7 and M8 respectively. 

The results indicate an increase in the compressive strength with about 22 in M7 with 5 % 

silica fume and  41 %  in M8 with 10 % silica fume due to the chemeical compoenet of silica 

fume with  high percentage of  active SiO2 and high specific surface area which increase the 
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hydration rate of cement in the mix due to its pozzolanic reaction with free lime forming C-S-

H. After exposure to both sulphate and chloride attacks and chloride attack only, the 

compresive strength decreases with about 10 and 2 % for M7 compared to control specimens 

and 5 and 8 % for M8 compared to control specimens. The bond strength decrease with 

expose to sulphate and chloride attack vary from 4 to 24  % from its value for control 

specimens in M7 and M8 due to effect of sulphate and chloride attack, but we can see the 

bond strength of M7 and M8 is higher than M2 with about 77 and 255 %  for  5 and 10 % 

silica fume additives respectively at sulphate and chloride attack. It can be seen that the 

behviour of concrete contain silica fume is better than that of normal concrete due to increase 

in cementioues material and high percentage of  SiO2 and high specific surface area which 

increase the hydration rate of cement in the mix in the mix in both compresive and bond 

strength  

 

 

Figure (9) Effect of silica fume percentage on the compresive and bond strength 

 

Finally the effect of combined adding cementitious materials such as fly ash and silica fume is 

explained in figure (10) by co comparing the test results for M5, M8 and M9. M9 is concrete 

mix with 10% fly ash and 5 % silica fume. The results showes an increase in the compressive 

strength of M9 with about 15 and 32 % comparing with M5 and M7 respectively due to the 

chemeical compoenet of silica fume and the fly ash with  high percentage of  active SiO2 and 

high specific surface area  which increase the hydration rate of cement in the mix due to its 

reaction with free lime liberated forming C-S-H.  After exposure to sulphate and chloride 

attack,  the compresive strength of M9 still highr than M5 and M7 with 18 and 40 % 

respectively while at chloride attack only the compresive strength decrease with about 20, 10 

and 14% for M5, M7 and M9 respectively compared to control specimens. The bond strength 

slightly decreases after exposure to sulphate and chloride attack vary from 2 to 12  % 

compared to control specimens in M5,M7 and M9 due to effect of sulphate and chloride 

attack, but we can see the bond strength of M7 and M8 is higher than M2 with about 77 and 

255 %  for  5 and 10 % silica fume additives respectively at sulphate and chloride attack. It 

can be seen that the behviour of concrete mixes contain silica fume and fly ash is better than 
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that of concrete mixes contain only one type of cementioues materials due to the increase in 

cementioues material and compatablity of chemeial components and reaction of fly ash and 

silica fume which increase the hydration rate of cement in the mix  

 

Figure (10) Effect of silica fume percentages on the compresive and bond strength 

Failure Mode  

 Failure modes due to the pullout force is almost the same for most of the concrete mixes as 

shown in figure (11), the tested cylinders didn‘t  split into two halves and cracks propagated 

up to failure, bond failure partly occurs on the surface of the bar and partly in the concrete by 

peeling the cortical layer of the bar.  

 
 

 

 

 

 

 

 

 

Figure (11a): failure 

of  M1 control mix 

Figure (11b): failure of 

M2 mixes 

Figure (11c): failure of 

M4 mixes 

Figure (11d): failure 

of M8 mixes 

 

Figure (11): Failure Modes of pullout test specimens of mixes 
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CONCLUSIONS 

Accordind to the experimental programe and results analysis the folwwing conclusions 

can be founded : 

1. Using recycled aggreate as a replacement of coarse aggregate with 50 % can achieve 

an accebtable concrete properties during sulphate and chloride attacks with less 

mechanical properties with only  about10 %. 

2.  The trend of the dual effect of sulphate and chloride attacks and chloride attack only is 

almost the same on recycled concrete compared to normal concrete.  

3. The increase of cement content from 350kg/m
3
 to 450 kg/m

3 
enhances the compressive 

strength with about 33 , 20 and 7 %  for control, both sulphate and chloride attacks and 

chloride attack only  respectively and bond strength with about 65 % at sulphate and 

chloride attack . 

4. It can be seen that the behviour of compresive strength of concrete contains silica fume 

is better than that of normal concrete due to increase in cementioues material and high 

percentage of  active SiO
2
 and high specific surface area which increase the hydration 

rate of cement in the mix reaction with free lime liberated from C-S-H in the mix in 

both compresive and bond .  

5. The behviour of concrete mixes containing fly ash is better than that of normal 

concrete in both compresive and bond strengths due to the effect of pozzalanic reaction 

of fly.  

6. The bond strength slightly decreases with exposure to both sulphate and chloride 

attacks for the specimens contain fly ash or silics fume or both of them. 

7. It can be seen that the resistance behviour for sulphate and chloride of concrete mixes 

contain CEMIII , silica fume and fly ash is achive higher results than that of concrete 

contain only one type of cementioues materials.  

8. For all concrete  mixes, bond failure partly occurs on the surface of the bar and partly 

in the concrete by peeling the cortical layer of the bar.  

 

REFERENCES 

[1] ASTM C234-91a, Standard Test Method for Comparing Concretes on the Basis of the 

Bond    Developed with Reinforcing Steel. 

[2] ESS 262-2015, "reinforced steel in concrete  " . 

[3] Naser Kabashi1, Cene Krasniqi ,Anita Sadikaj,Skender.Bublaku,Ali Muriqi and Hysni 

Morina, CORROSION IN CONCRETE UNDER SULPHATE AND CHLORIDE 

ATTACKS, 1stInternational Conference on Construction Materials for Sustainable Future, 

Croatia April 2017.  

[4] B. Pradhan, B. Bhattacharjee, Role of steel and cement type on chloride-induced corrosion 

in concrete, ACI Mater. J. 104, pp 612-619, 2007. 



212 
 

[5] E.E. Hekala, E. Kishar, H. Mostafa, Magnesium sulfate attack on hardened blended 

cement pastes under different circumstances, Cement and Concrete Research 32, pp 1421–

1427,2002. 

[6] Fouzia Shaheen, Bulu Pradhan, Influence of sulfate ion and associated cation type on steel 

reinforcement corrosion in concrete powder aqueous solution in the presence of chloride 

ions, Cement and Concrete Research 91, pp 73–86, 2017. 

[7] Katarzyna Konieczna, Karol Chilmon and Wioletta Jackiewicz-Rek, Investigation of 

Mechanical Properties, Durability and Microstructure of Low-Clinker High-Performance 

Concretes Incorporating Ground Granulated Blast Furnace Slag, Siliceous Fly Ash and 

Silica Fume, applied Sciences journal, 2021. 

[8] Lämmlein, T.D.; Messina, F.; Wyrzykowski, M.; Terrasi, G.P.; Lura, P. Low clinker high 

performance concretes and their potential in CFRP-prestressed structural elements. 

Cement Concrete Composite journal, v100, pp 130–138, 2019. 

[9] Dave, N.; Misra, A.K.; Srivastava, A.; Sharma, A.K.; Kaushik, S.K. Study on quaternary 

concrete micro-structure, strength, durability considering the influence of multi-factors. 

Constr. Build. Mater, V139, pp 447–457, 2017.  

[10] Jin Zuquan, Sun Wei b,Zhang Yunsheng, Jiang Jinyang and Lai Jianzhong, Interaction 

between sulfate and chloride solution attack of concretes with and without fly ash, Cement 

and Concrete Research  journal, V 37, 1223–1232, 2007. 

[11] Sajjad Ali Mangi a, Mohd Haziman Wan Ibrahim, Norwati Jamaluddin, Mohd Fadzil 

Arshad and Ramadhansyah Putra Jaya, Short-term effects of sulphate and chloride on the 

concrete containing coal bottom ash as supplementary cementitious material, ,Engineering 

Science and Technology, an International Journal V22 pp 515–522, 2019. 

[12] M. Haskett, D. J. Oehlers, and M. S. M. Ali, ―Local and Global Bond Characteristics of 

Steel Reinforcing Bars,‖ Engineering Structures, V30, 376–383, 2008. 

[13] R. H. Haddad, R. J. Al-Saleh, and N.M. Al-Akhras, ―Effect of Elevated Temperature on 

Bond Between Steel Reinforcement and Fiber Reinforced Concrete,‖ Fire Safety Journal, 

43 pp 334–343, 2008. 

[14] R.K. Majhi, A.N. Nayak, Bond, durability and microstructural characteristics of ground 

granulated blast furnace slag based recycled aggregate concrete, Construction and 

Building Materials V212,pp  578–595, 2019. 

[15] ESS No. 1109,  "  Aggregate for Concrete ", 2001. 

[16] ESS No. 4756, "Cement, Part One; Composition, Specifications and Conformity Criteria 

for common Cements", 2013.  

 


