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Concrete structural properties are compromised largely due to corrosion susceptibility of steel reinforcements. This results 
in weakening and eventual failure of structures. Several strategies have been employed in past to control corrosion and 
increase mechanical strength of concretes, in particular for structural applications. In this study, fly ash and polypropylene 
fibers were utilized as the admixtures for preparation of concrete blocks with variable water-cement (w/c) ratios i.e. 0.45, 
0.5 and 0.65. Three different grades of cements were selected in this study namely OPC 43, OPC 53 and sulphate resistant 
one. Also, two different steel alloys were used i.e. ASTM-615 and ASTM-706, since both of them are very common 
reinforcement materials (rebars). The curing time of 56 consecutive days was employed before testing and characterization. 
The results suggest remarkable improvement in the mechanical properties of blocks upon the incorporation of admixtures. 
However, rebars exhibited highest corrosion rate in the presence of OPC 43 cement at w/c ratio of 0.65. 
Keywords: rebars, concrete, admixtures, water-cement, corrosion. 

 
1. INTRODUCTION∗ 

Concretes are being used in construction applications 
from centuries. While reinforced bars (mainly structural 
steels) have been embedded in order to meet the specific 
requirements of buildings. The failure of concretes caused 
mainly due to the corrosion of reinforced bars. Later, 
various researches suggested that concretes are prone to 
chloride attacks and carbonation causing deterioration of 
structural designs. Continuous improvements in material’s 
properties were being studied since paleolithic age where 
researches were carried in order to protect them from 
possible defects. For many years, corrosion in rebars 
embedded in concretes remained a hot topic wherein 1958, 
it was practically observed in marine structures. 
Subsequently, the construction industry faced huge loss and, 
in some cases, the repair cost was estimated to exceed the 
initial construction cost. The durability and longevity of 
steel reinforced concrete has been a major concern. 
Durability of concrete confides in factors like porosity, 
strength of concrete, although these factors depend on water 
cement ratios [1 – 3]. The penetration of detrimental 
substances such as CO2,O2, chlorides and sulphates through 
the structures after hardening mainly causes pitting or 
uniform corrosion in reinforced structures [3 – 5]. 

The alteration in concrete’s properties were facilitated 
by the application of admixtures, which are special additives 
other than cement, water, and aggregates. These additives 
played a vital role in subjecting enhanced mechanical and 
corrosion resistant properties. 
                                                 
∗ Corresponding author. Tel.: +92-21-99261261. 
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Various researchers have been employed, which gave a 
comprehensive review about the corrosion inhibitors used in 
concrete such as introducing the idea of having 2 percent 
calcium nitrite by mass. Thereby increasing the threshold 
concentration of chloride and ultimately, reducing the rate 
of corrosion. Unfortunately, owing to lack of experience, 
there is no proper data on the cost-benefit analysis for 
increasing the properties, service life and durability of 
reinforced concrete structures that are exposed to harmful 
environmental conditions. However,  one report suggested 
that the use of corrosion inhibitors or epoxy coated 
reinforcement can increase the cost of concrete structures by 
8 percent, moreover, the literature suggested that 
hydrophobic coatings can also be beneficial in such cases 
[5 – 8]. Some common admixtures include: air-entraining 
admixtures, water-reducing admixtures, accelerating 
admixtures, corrosion inhibitors, shrinkage reducers, alkali-
silica reactivity inhibitors, etc. [8 – 16]. Since, a large 
number of additives have been employed in order to alter 
the characteristics of concrete. Numerous classifications of 
additives are available such as accelerators, air entraining, 
anti washout and alkali aggregate reactivity inhibitors. Each 
admixture contributes according to its characteristics, such 
as providing strength to concrete, minimizing air content, 
increasing workability or decreasing the rate of reactivity. 
The materials used as admixtures include calcium chloride, 
sodium thiocyanate, tributyl phosphate salts of wood resins, 
cellulose and acrylic polymers [17 – 20]. Corrosion in 
reinforced concrete structures has been a common issue in 
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the construction sector. The idea for this work to eliminate 
the corrosion problem came up from available research 
data/literature. This was consisted of rebar coating, using a 
good number of additives in concrete and working on curing 
strategies individually. Thus, a combination of experiments 
was carried forward. The main goal was to enhance the 
corrosion resistance and structural properties of concrete 
without using the rebar coating method. Somehow, it was 
figured out with a conclusion by using a combination of 
some experiments, like using less number of additives 
compared to other experimental researches along with 
focusing on curing parameters. This concept brought a great 
impact especially economical one. Only two admixtures 
including i.e., fly ash and polypropylene fibers were used. 
The solid customized concrete was then cured with water 
for 56 days in continuation. With the strong combination of 
both the ideas, the resistance and strength were increased 
successfully. However, curing could be a time taking 
process but its impact over properties of concrete is 
remarkable. 

Therefore, the work was carried in order to suggest an 
affordable and economical concretes. Simultaneous 
durability, shock and corrosion resistant properties were the 
main objectives too [21 – 27]. 

2. EXPERIMENTAL DETAILS 
This study comprised the use of various materials 

including fly ash, duracrete fiber accompanied with three 
types of ordinary Portland cement (OPC-53 grade, OPC-43 
grade and Sulphate resistant cement) from different 
industries, namely Lucky cement and Falcon cement as 
shown in Table 1. In total, the 54 samples of concretes were 
prepared according to different water to cement (w/c) ratios 
as shown in Table 1. 

Table 1. The materials used for the study 

Cement Reinforcement 
bars Aggregates* Water Admixtures* 

IS-269:2015 
(OPC-lucky 
cement) 53 
grade 

ASTM-615 
(grade 60) 

Fine 
aggregates 

Tap 
water Fly ash 

OPC 43 
grade 

ASTM-706 
(grade 60) 

Coarse 
aggregates 

Tap 
water 

Duracrete 
fiber 

Sulphate 
resistant 
cement 

ASTM A-
615/706 

(grade 60)  

Fine 
aggregates 

Tap 
water 

Fly ash/ 
duracrete 

* aggregates and admixtures were used with every cement. 

Table 2. Ratio of constituents for M50 

Grade Cement Fine aggregates Coarse aggregates 
M50 1 2 4 

Each grade of cement contains about 3 similar samples 
mixed with tap water. Three w/c ratios were practiced with 
each grade of cement i.e. 0.45, 0.5, and 0.65. M50 
(compressive strength of 50 N/mm2) grade was followed 
which was later mixed with class-F fly ash and duracrete 
polypropylene fiber in cement paste in order to enhance the 
strength by making durable concretes and depreciate 
environmental attack. The ratio and quantity of constituent 
with respect to w/c ratio is shown in Table 3. 

Table 3. Quantity of constituents with respect to w/c ratio 

W/C 
ratio Cement Water Admixtures Fine 

aggregates 
Coarse 
aggregates 

0.45 2 kg 0.9 liter 0.24 kg 3 kg 6 kg 
0.5 2 kg 1 liter 0.24 kg 3 kg 6 kg 
0.65 2 kg 1.3 liter 0.24 kg 3 kg 6 kg 

Table 4. The chemical composition of reinforced rebars (Ref. 
ASTM International Standards) 

Sample C Si Mn S P Cr Fe 
ASTM-615 0.39 0.23 1.09 0.03 0.06 0.16 97.7 
ASTM-706 0.45 0.21 0.86 0.04 0.03 0.31 97.7 

Table 5. The values for tensile yield strength of reinforced rebars 
(Ref. ASTM International Standards) 

Sample Tensile strength, MPa Yield strength, MPa 
ASTM-615 760 596 
ASTM-706 751.19 581.27 

According to the American concrete institute 
(ACI 308), the standard of curing is normally followed for 
28 days in which the concrete attains 90 % of its strength. 
So, to maximize the compressive strength more, thus curing 
days up to 56 were increased and to observe results whether 
the idea really worked or not and it successfully did. 

2.1. Testing and characterization 
The sample was prepared as follows: 

2.1.1. Concrete 

All the different ratios of concrete samples were made 
by using cement, fine aggregates, coarse aggregates, fly ash, 
polypropylene fibers, rebar and fresh water. The 6 × 6 inches 
steel boxes were made in which concrete material was 
casted. All the concrete ingredients were mixed according 
to the given proportions mentioned in table according to the 
M50 standard (Table 1) and were poured in the steel boxes 
along with the rebar of both grades as shown in Table 4 
along with mechanical properties (Table 5). After 24 hours, 
steel boxes were dismantled and concrete blocks were cured 
in water for 56 days.  

2.1.2. LPR test samples 

Steel bar was cut into small pieces, which were welded 
with copper wire individually. After that, each sample was 
cold mounted with epoxy resin for further grinding and 
polishing purpose. The polished samples were one by one 
tested by putting it in a 500 ml jar filled with the required 
salts proportions of concrete ratios. 

2.1.3. Helium porosimeter samples 

Each ratio of concrete block was cut in cylindrical shape 
by cutting machine according to the dimensions required to 
fit in the apparatus i.e., Helium porosimeter for testing 
porosity level. 

The experimental work went through multiple 
characterization techniques. The chemical composition of 
reinforced bars (ASTM-615 and ASTM-706) was obtained 
by optical emission spectroscopy (SpectroMaxx LMM17 
OES) followed by determination of tensile and compressive 
strength by universal testing machine. The composition of 
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cement aggregates and fly ash was confirmed by X-ray 
diffraction technique (Panalytical, X PERT PRO). The 
alkalinity/acidity of water was determined by standard pH 
meter accompanied by TDS (total dissolved solid in water) 
meter. The porosity of concretes was characterized by 
helium porosimeter (HEP-E,Vinci technologies, France). 
Finally, the corrosion rate was determined by potentiostat 
(linear polarization resistance). 

2.2. Optical emission spectroscopy 
The chemical composition of both of the rebar steel 

alloys were carried out by using optical emission 
spectroscopy and results obtained are shown in Table 6 were 
in conformation with the standard compositions [6, 7] i.e. 
ASTM A-615. 

Table 6. Confirmation of steel grade and associated compressive 
strength values for ASTM-615 obtained 

No. Steel grade W/C 
ratio Type of cement Compressive 

strength, MPa 
1 ASTM A-615 0.65 OPC 43 grade 58.10 
2 ASTM A-615 0.50 OPC 43 grade 73.11 
3 ASTM A-615 0.45 OPC 43 grade 102.94 
4 ASTM A-615 0.65 OPC 53 grade 55.18 
5 ASTM A-615 0.50 OPC 53 grade 74.59 
6 ASTM A-615 0.45 OPC 53 grade 104.38 
7 ASTM A-615 0.65 Sulphate resistant 51.35 
8 ASTM A-615 0.50 Sulphate resistant 89.7 
9 ASTM A-615 0.45 Sulphate resistant 117.15 

2.3. Tensile testing 
The tensile strength testing for both reinforced rebars 

were carried out and the results obtained are shown in 
Table 7. 

Table 7. Compressive strengths for ASTM-706 

No. Steel grade W/C 
ratio Type of cement Compressive 

strength, MPa 
1 ASTM A-706 0.65 OPC 43 grade 65.14 
2 ASTM A-706 0.50 OPC 43 grade 87.516 
3 ASTM A-706 0.45 OPC 53 grade 71.85 
4 ASTM A-706 0.65 OPC 53 grade 94.80 
5 ASTM A-706 0.50 Sulphate resistant 77.49 
6 ASTM A-706 0.45 Sulphate resistant 106.57 

3. RESULTS AND DISCUSSION 

3.1. X-ray diffraction 
The XRD analysis was performed on OPC grade 43, 

OPC grade 53, sulphate resistant cement, fly ash, coarse and 
fine aggregates. The spectrum obtained confirms the 
presence of various compounds in the respective samples. 

3.1.1. OPC-43 grade 

The spectrum obtained confirms the presence of 
compounds namely calcium orthosilicate and tricalcium 
silicate and hence, by comparing with the standard research 
articles, confirming the availability for both calcium 
compounds. Beside these two compounds, there were also 
traces of magnesium, aluminum and iron in between the 
compounds. The compounds having the highest peaks 

cleared the fact for the maximum availability of calcium 
compounds in majority as shown in Fig. 1, therefore, 
confirming the OPC-43 grade. The highest peak of calcium 
lies in between the angle of 30 and 40 which is similar to the 
standard XRD results [8]. 
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Fig. 1. XRD pattern of OPC-43 grade 

The presence of sufficient amount of calcium 
compound like lime led to the formation of aluminates and 
silicates (e.g. tricalcium silicate) which provide strength to 
the cement [9]. 

3.1.2. OPC-53 grade 

The peaks obtained showed the conformity of calcium 
orthosilicate and tricalcium silicate similar to OPC-43 grade 
as shown in Fig. 2. 
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Fig. 2. XRD pattern of OPC-53 grade 

The peaks were compared with the standard research 
articles confirming the availability for both of these calcium 
compounds having some traces of magnesium, aluminum 
and iron in between the compounds [8]. The higher score 
recorded in spectrum for magnesium, iron and aluminum 
made it distinguishable from OPC-43 grade. It has been 
observed that magnesia can lower the strength if it is more 
than 2 %, whereas, compound called ferrous tricalcium 
alumino ferrite at high temperature provides strength and 
hardness to the cement. The compounds having the highest 
peaks cleared the fact for the maximum availability of 
calcium compounds in majority and hence, confirmed the 
presence for OPC-53 grade. 
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3.1.3. Sulphate resistant cement 

The maximum availability of calcium silicate oxides 
was observed in the obtained spectrum as shown in Fig. 3, 
where peaks of the compound were present between the 
angle ranges of 27 to 35 degrees. Whereas, it differed from 
OPC-43 and OPC-53 cements by having tricalcium 
aluminate lower than 5 percent which restricted the 
formation of sulphate salts. 

Hence, magnesium and aluminum were not observed in 
the generated peaks as witnessed in previous peaks. All the 
results were compared with the standards and composition 
of sulphate resistant cement was confirmed [10]. 
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Fig. 3. XRD pattern of sulphate resistant cement 
3.1.4. Coarse aggregates 

The pattern confirmed the presence of compounds i.e. 
calcium compounds and silica where the former were in 
higher proportion having highest score peaks while the later 
scored second as shown in Fig. 4. The highest peak of 
calcium compound and silica were observed between the 
angles of 25 and 30 degree confirming the standard XRD of 
coarse aggregates [11]. 
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Fig. 4. XRD pattern of coarse aggregates 

3.1.5. Fine aggregates 

The XRD pattern confirmed the presence of silica in 
angles between 20 and 30 with traces of impurities like 
calcium, carbon and aluminum as shown in Fig. 5. The 
availability of silica confirms the composition of sand i.e. 
quartz [12]. 

3.1.6. Fly ash 

Fig. 6 shows XRD pattern with the highest peaks of 
carbon, calcium, alumina and mullite compounds having 
maximum score peaks of calcium, silicon and aluminum 
oxides. The XRD analysis confirmed the results for fly ash 
where the compounds made from carbon, aluminum, iron, 
silicon lied between 20° and 30° as well as 40° and 50° [13]. 
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Fig. 5. XRD pattern of fine aggregates 
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Fig. 6. XRD pattern of fly ash 

3.2. Total dissolved solid and pH analysis 
The pH for the tap water being used for the making of 

concretes was found to be 6.6 whereas the TDS for the tap 
water were found to be 511 ppm whereas standard value for 
pure water should be 550 ppm, hence, the pH of water 
showed a little acidic behavior. Therefore, it was confirmed 
that the local water can be harmful for the durability and 
effective properties of concrete. Subsequently, it was the 
target issue regarding construction sector for establishing 
megastructures to minimize the harmful acidic effect and 
resistance towards corrosion [14]. 

3.3. Compressive strength 
Compressive strength for reinforcement bars (ASTM 

615 and ASTM 706) was computed by varying w/c ratios 
i.e., 0.65, 0.45 and 0.5. The values obtained are shown in 
Fig. 8 and Fig. 9. 

For instance, the schematic representation of 
compressive strength for rebars are shown in Fig. 7 and 
Fig. 8. According to the standard M50 grade of concrete 
having compressive strength up to 50 MPa, it was observed 
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that the compressive strength can be increased from 50 to 
100 % depending on the type of cement and different w/c 
ratios. These enhanced results were obtained only because 
of the greater curing time and special admixtures which 
amplified the properties of concrete. Normally less w/c ratio 
gave better results as compared to the concrete of higher 
water content due to less porosity and higher rate of particle 
bonding. From the experimental outcomes, it was observed 
that the sulphate resistant cement had maximum 
compressive strength as compared to the 43-grade cement 
with the lowest compressive strength and 53-grade cement 
with strength in between. 
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Fig. 7. The compressive strength of steel grade ASTM 615 
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Fig. 8. The compressive strength of steel grade ASTM 706 

Therefore, sulphate resistant cement is recommended 
for higher strength requirement with increased resistance 
towards harmful chemicals and better durability having a 
good economic advantage as well [15]. 

3.4. Helium porosimeter 
The samples of concrete made by varying w/c ratios 

were tested for porosity by using helium porosimeter as 
shown in Table 8 whereas the graphical representation is 
illustrated in Fig. 9. The above-mentioned results indicate 
porosity values for concrete structure. The main objective is 
to compare porosity level with compressive strength. In this 
study, the porosity and compressive strength was found to 
be inversely proportional to each other i.e., higher the 
porosity level, lower will be the compressive strength as 

porosity level increases the water content in the concrete. 
The compressive strength of 0.65 ratios is considered low 
with a higher level of porosity. 

Table 8. The porosity values of concrete made by varying w/c 
ratios 

No. W/C ratio Porosity, % 
1 0.65 15.16 
2 0.50 9.05 
3 0.45 6.1 

In case of fly ash, its particles act as miniature ball 
bearings in concrete structure improving its workability by 
producing cementitious compounds which act as a binder in 
concrete structure. The binder produced from fly ash 
reduces the interconnectivity of pores within the concrete 
structure resulting in decreased permeability. Fly ash 
provides great long term abrasion resistance due to its high 
strength which ultimately results in higher corrosion 
resistance. 

Table 9. The corrosion rate for ASTM-615 

W/C ratio Cements Corrosion rate, mpy 
0.65 OPC-53 grade 0.2543 
0.50 OPC-53 grade 0.2236 
0.45 OPC-53 grade 0.2116 
0.65 OPC-43 grade 1.6544 
0.50 OPC-43 grade 1.1494 
0.45 OPC-43 grade 0.2278 
0.65 Sulphate resistant 0.2989 
0.50 Sulphate resistant 0.2878 
0.45 Sulphate resistant 0.2643 
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Fig. 9. The change in porosity with respect to water to cement 

ratio 

Also, the porosity of 43 grade should be higher as 
compared to 53 grade and sulphate resistant cement. Higher 
the porosity, higher will be the chance of deterioration of 
concrete through chlorine, carbonates and attack [16]. 
Additionally, porosity also played a major role in 
compromising the strength of concretes. Considering the 
curing time, 56 days for each block gives maximum possible 
strength to concretes, but the porosity difference causes 
decrement in their compressive strength. The three different 
w/c ratios as used in the project had a great impact on the 
strength of each concrete block. On the other hand, the 
polypropylene fibers are inert in nature making itself free 
from any chemical attack. If more aggressive chemicals 
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penetrate the concrete structure, the concrete will always 
deteriorate first before fibers. The polypropylene fiber 
strongly holds the concrete structure and decrease the rate 
of segregation and cracking. The fiber contains high tensile 
strength and effectively increases the overall compressive 
strength of concrete structure eliminating the harmful 
chemicals from easily penetrating into the structure that 
result in corrosion. The plastic shrinkage cracking also 
decreases. In this way, any concrete structure can bear the 
tensile stresses by typical volume changes. The addition of 
polypropylene fibers to plain concrete increases its 
compressive strength from 4 % to 17 %. 

3.5. Corrosion rate 
Diverse techniques have been employed in order to 

observe the deterioration of structural steel by chemical 
attack. Here in, corrosion rate for reinforced rebars was 
found by linear polarization resistant. Simultaneously, 
electrochemical reactions were accelerated when the sample 
was dipped in an electrolytically conducted solution (salts 
of sulphates, chlorides and carbonate in water). The process 
involved transfer of electrons from bare steel solid surface 
into anodic sites, hence steel’s surface suffered from 
electron deficiency. The values obtained are shown in 
Table 10, Fig. 10 and Fig. 11 for ASTM-706. Similarly, the 
concrete block with maximum porosity tends to allow more 
sulphates and carbonates into it and hence, make rebars 
more prone to be chemically attacked. 

Table 10. The corrosion rate for ASTM-706 

W/C ratio Cements Corrosion rate, mpy 
0.65 OPC-53 grade 0.5563 
0.50 OPC-53 grade 0.2275 
0.45 OPC-53 grade 0.1826 
0.65 OPC-43 grade 0.3628 
0.50 OPC-43 grade 0.1832 
0.45 OPC-43 grade 0.1639 
0.65 Sulphate resistant 0.1677 
0.50 Sulphate resistant 0.1540 
0.45 Sulphate resistant 0.0592 
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Fig. 10. The change in corrosion rate for ASTM-615 

This phenomenon is described by [16] i.e. when 
porosity increases in the respective block, chlorides, 
sulphates and other active compounds penetrate into them 
and thereby, increase the susceptibility for corrosion attack 
as observed in OPC 53 grade cement with all W/C ratios. 

Furthermore, the XRD spectrum has shown that OPC-53 
and OPC-43 grades have active compounds present that 
cause rebars to degrade more rapidly whereas sulphate 
resistant cement tends to be more resistant to corrosion due 
to lesser susceptibility of sulphate penetration owing to 
porosity and no active compounds as evident from XRD 
pattern. The graphical representation of corrosion rate for 
ASTM-615 and ASTM-706 are shown in Fig. 10 and 
Fig. 11. 
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Fig. 11. The change in corrosion rate for ASTM-706 

Fly ash increases hydration time while reducing the heat 
of hydration. As a result, the hydration time becomes greater 
which results in the elimination of gaining short term 
strength and will continuously increase the compressive 
strength in future. In this way, the durability and strength of 
concrete increase with more resistance towards penetration 
of harmful elements eliminating corrosion issue. 

4. CONCLUSIONS 
This study deals with the preparation of reinforced 

concretes upon incorporation of admixtures which includes 
fly ash and polypropylene fibers with higher curing time i.e., 
56 days. Following are the concluding remarks. Upon the 
incorporation of sulphate resistant cement with suitable 
admixtures and curing time, the corrosion rate was reduced 
remarkably with increased compressive strength than that of 
counterpart cements. However, rebars exhibited highest 
corrosion rate in the presence of OPC 43 cement at w/c ratio of 
0.65. In general, the remarkable improvement in the mechanical 
properties of blocks upon the incorporation of admixtures was 
observed. Nevertheless, the concrete blocks showed linear 
relationship between the porosity and w/c ratios. 
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