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Abstract 
The innovations in the production of concrete opens the door for using different kinds of 

materials considered as industrial waste and hazardous in nature.  Using such industrial 

waste by-product material for making concrete should yield better strength and durability 

than conventional concrete.  The main purpose of this study is to identify the chemical 

resistance of the cement concrete developed using 40% of Ground Granulated Blast 

Furnace Slag (GGBFS) as partial replacement for ordinary Portland cement and 100% 

M-Sand as full replacement for river sand.  The chemical resistance of concrete such as 

acid resistance and sulphate resistance are found by casting and immersing 150 X 150 X 

150 mm concrete cube specimen in the chemical solution for a period of 56 days.  Four 

kind of specimens are cast such as conventional concrete cubes, concrete with M-sand, 

Concrete with 40% GGBFS and river sand and concrete with 40% GGBFS and M-Sand.  

The concrete with 40% GGBFS and M-Sand showed better chemical resistance than all 

other concrete cube specimens. From the results, the use of concrete with 40% GGBFS is 

appreciated and it will be suitable for practical applications.  The use of M-Sand and 

40% GGBFS improved the compressive strength and the chemical resistance of concrete 

cube specimens. 

 

Keywords: Acid resistance, Compressive strength, GGBFS, M-Sand, Sulphate 

resistance. 

 

1. Introduction 

The need for faster construction is more essential at present scenario since the 

mindset of the people around the globe is expecting quicker construction.  To statisfy this 

need, the development of concrete gaining early age strength emerged and such concrete 

are prone to shrinkage so proper care must taken during the production of concrete and 

placing it during construction process.  The strength and durability are the main 

parameters to detremine the quality of concrete.  The durability aspects is not given much 

importance compared to strength.  The subtainability is another concern in the 

construction industry.  The materials used in the conventional concrete is becoming scarce 

due to the continiuous and huge use in the construction filed [1].  The river sand has high 

demand in construction industry since its availabilty is becoming rare.  The need for an 

alternative material for river sand is advisible and a lot of materilas such as glass powder, 
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bottom ash, ceramic powder, M-Sand can be used as an alternative after certain researches 

to identify their suitability as replacement.  In this study M-Sand is used as replacement 

for river sand for making concrete.  The reduction in the amount of cement for making 

concrete will reduce the use of natural raw materials, carbon foot print and wastage of 

high energy efficiency [2].  The use of GGBFS can be solution for reducing the use of 

cement in the making of concrete.  The GGBFS and cement are similar in chemical 

properties with high amount of calcium.  In this study the combination of cement with 

40% of GGBFS as binder material and crushed stone and M-Sand as filler material is tried 

to make concrete and the compressive strength and chemical resistance are studied.   

2. Base Materials for Binder 

The binder material plays an vitol role in the strenght and durability of the 

concrete.  The quantity of the binder should not much lesser and should not be much 

higher.  Both will affects the quality of the concrete.  Very less binder will results in 

production of concrete with lesser strength and durability.  Over usage of binder will also 

create problems for concrete in the form of shrinkages.  When planned for high strength 

concrete, high quantity of binder content will require.  For such conditions, proper care 

and special admixtures should be incorporated to overcome the issues of using high 

binder content. In this study 60 % of OPC and 40% of GGBFS are used as binder for 

making concrete.  In the manufacture of ordinary concrete, Portland Cement is a kind of 

hydraulic cement that is utilised in the form of ordinary Portland Cement. Portland is the 

homeland of cement, and as a consequence, the term "Ordinary Portland Cement" was 

coined to refer to the material. Several brand names have been assigned to cement 

manufacturers in recent years depending on the needs of the industry. The specific gravity 

of the cement used in this research is 3.14, and it is certified in accordance with IS 12269: 

1987 [3]. It was decided to use grade 53 cement and the compressive strength of the 

cement paste was 53.90 N/mm2 after 28 days of curing.  GGBFS is derived from molten 

slag, an industrial waste product generated during the production of steel. GGBFS is made 

by cooling molten slag. As the GGBFS cools or is quenched, its reactivity changes 

dramatically. Rapid cooling or quenching is needed for high-reactive or hydraulic 

GGBFS. Water jetting produces rapid cooling, and melting molten slag at temperatures as 

low as 800°C results in the quenching process. The GGBFS obtained below 800OC will 

be less reactive since it was not properly cooled and quenched. Aluminium Oxide, 

calcium Oxide, and magnesium Oxide enhance hydraulic activity of GGBFS whereas 

silicon dioxide decreases hydraulic activity. Molten slag was quenched or cooled to 

produce particles smaller than 5 mm, which were subsequently ground into powder to 

produce GGBFS [4-6]. Silicate and alumino-silica are the main components of GGBFS, 

with aluminium and magnesium being minor components. Calcium oxide and silica are 

minor components. Glassy and crystalline phases play major roles in GGBFS binding and 

hydration.  GGBFS is a white powder with a density of 2.83. GGBFS has a bulk density 

of 1200 kg/m3 and a fineness of less than 350 m2/kg.  Figures 1 and two represents the 53 

grade ordinary Portland cement and Ground Granulated Blast Furnace Slag used in this 

study. 
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Fig. 1. Ordinary Portland Cement 

 

Fig. 2. Ground Granulated Blast Furnace Slag 

3. Filler Materials 

River sand is obtained from a local market and utilised in the casting of concrete 

specimens for testing purposes. River sand has a specific gravity of 2.66, which is very 

great. The river sand that was employed in this investigation belongs to the zone II 

classification. The conformity of IS 2386: 1963 [7] and IS 383:1970 [8] is proved by 

using river sand.  Fine aggregates such as river sand and M Sand are used in this 

investigation. River sand is a widely used and popular type of fine aggregate that occurs 

naturally as a result of rock weathering. Due to the widespread usage of river sand as a 

fine aggregate, demand for river sand is high and supply is becoming scarce. As a result, 

the search for a substitute for river sand has begun, and M-Sand is being evaluated in this 

project as a fine aggregate. To examine the performance of concrete with M Sand, a 
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control concrete is cast using river sand. Significant research is being undertaken to 

determine the effect on concrete. M-sand outperforms riven sand in a variety of ways. 

Because M-Sand is manufactured artificially by the use of a vertical shaft impact crusher, 

its shape and size may be controlled (VSI). When compared to river sand, the grading of 

M-Sand can be superior due to the differences in the shape and size of river sand particles. 

M-sand quality has improved in recent years as a result of the sophisticated crushing 

technology used. M-Sand that is cubic-shaped and properly graded is manufactured in 

India using advanced crushers such as VSI crushers. M-Sand includes less pollutants such 

as clay and silt than river sand. M Sand improve the properties of concrete, and its flat, 

angular surface absorbs water somewhat better than river sand.  M-sand has a specific 

gravity of 2.68, a fineness modulus of 2.87, and a bulk density of 1825 kg/m3, 

respectively.  Due to the proper grading of M-Sand, voids and porosity are minimised, 

resulting in increased durability, bleeding, and segregation of fresh concrete. The cubical 

shape of M Sand improves the strength and durability of concrete, while proper gradation 

minimises voids, bleeding, and segregation [9]. Figure 3 and Figure 4 illustrates the river 

sand and M-Sand that was used in this experiment.  In the construction industry, coarse 

aggregate is classified as a filler ingredient that provides body and strength to concrete 

while simultaneously being classified as an inactive material. The selection of coarse 

aggregate is critical because the size, shape, and texture of the coarse aggregate all play a 

significant impact in the strength and durability of the finished concrete product. Crushed 

stone, having a specific gravity of 2.80, is used as coarse aggregate in concrete. The 

coarse aggregate utilised has a particle size of 20 mm. Coarse aggregate is a filler material 

that provides the body and strength of concrete while remaining inactive. The size, shape, 

and texture of the coarse aggregate have a significant impact on the strength and 

durability of concrete. The coarse aggregate complies with IS 2386: 1963 [7] and IS 383: 

1970 [8]. Figures 3 to 5 illustrates the filler materials used in this experiment.  

             

            Fig. 3. Manufactured Sand      Fig. 4. Manufactured Sand 

 

Fig. 5. Coarse Aggregate 
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4. Mix Ratio for Concrete Specimens 

Molds such as cubes, cylinders, and prisms are cleaned and readied for the casting 

of concrete samples. For the casting of mortar cubes and concrete cubes, cube moulds 

with dimensions of 100 x 100 x 100 mm and 150 x 150 x 150 mm are utilised. Concrete 

cylinder specimens are cast in cylinder moulds with a diameter of 150 mm and a length of 

300 mm, and concrete prism specimens are formed in prism moulds with dimensions of 

500 x 100 x 100 mm and 500 x 100 mm, respectively. Mix proportions for M 20 grade 

conventional concrete and concrete with GGBFS and M Sand are arrived based on IS 

10262:2009 [10].  A mix proportion for conventional concrete is arrived as 1:2.01:3.62 

and 1:1.99:3.62 for concrete with GGBFS and M Sand.  To make consistently mixed 

concrete, the raw elements are first mixed together in dry conditions, and then water is 

added and completely mixed to generate a uniformly mixed concrete mixture. The freshly 

mixed concrete is poured into the appropriate moulds and completely compacted with the 

help of the vibrating table in our laboratory. All of the fresh concrete mixtures had a 

slump value of 50 mm when they were first placed. The concrete examples are left 

undisturbed for 24 hours, after which the moulds are carefully demolished so that no 

damage is done to the specimens themselves. Following demoulding, the concrete 

specimens are submerged in water for up to 28 days to cure completely. Meanwhile, to 

investigate the early age strength of concrete specimens, the seventh day compressive 

strength of concrete specimens is measured. After 28 days, the concrete specimens are 

subjected to tests in order to evaluate the strength characteristics of the specimens. The 

quantity of materials (mix proportions) for making concrete are given in Table 1.  

Concrete specimens cast for investigations is shown in figure 6. 

Table 1. Mix proportioning of Concrete with and without GGBS and M Sand 

Sl. 
No. 

Type of Concrete Binder 
(kg/m3) 

River 
Sand 

(kg/m3) 

M 
Sand 

(kg/m3) 

Coarse 
Aggregate 

(kg/m3) 

Water  
(kg/m3) 

1 Cement Concrete 
(CC) 

339 684.707 --- 1227.21 186 

1 GGBFS Concrete 
(CSRSC) 

339 684.707 --- 1227.21 186 

3 GGBFS Concrete 
(CSMSC) 

339 --- 676.98 1227.21 186 

 

 

Fig. 6. Concrete Specimens 
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5. Compressive Strength of  Concrete Specimens with GGBFS and 

M-Sand 

The compressive strength of conventional concrete and concrete containing 

GGBFS and M Sand is determined in our laboratory by compressing 150 x 150 x 150 mm 

concrete cube specimens and 150 mm diameter and 300 mm height concrete cylinder 

specimens using compression testing machines with 150 mm diameter and 300 mm 

height. The compression testing is carried out in accordance with Indian regulations, 

specifically IS 516: 1959 [11]. It is applied to the face of the concrete cube in a 

progressive manner, and it is applied perpendicular to the direction of compaction. The 

ultimate load applied to the concrete cubes at the ultimate failure point is noted, and the 

compressive strength of the concrete cubes has been determined. The concrete cubes have 

a surface area of 22500 mm2. Figure 7 depict the compression tests on the concrete cube. 

The compressive strength of cement mortar cubes measured after seven and twenty-eight 

days is 51.16 N/mm2 and 53.90 N/mm2, respectively, according to the results. Concrete 

cube specimens have different compressive strengths, which are listed in Table 2. 

 

Fig. 7. Compression Testing of Concrete  

      Table 2. Compressive Strength of M 20 Grade Concrete Specimens  

Sl. No. Specimen Designation Compressive Strength (N/mm2) 

1 CCRS 31 

2 CSRSC30 33 

3 CSRSC40 33.03 

4 CSRSC50 25.58 

5 CSRSC60 20.5 

6 CCMS 33.03 

7 CSMSC30 33.62 

8 CSMSC40 34.12 

9 CSMSC50 26.78 

10 CSMSC60 25.12 

*CCRS – Cement Concrete with River Sand; CSRSC30 – Cement concrete with 30% of 

GGBFS and 100% of River Sand; CSRSC40 – Cement concrete with 40% of GGBFS and 

100% of River Sand; CSRSC50 – Cement concrete with 50% of GGBFS and 100% of 
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River Sand; CSRSC60 – Cement concrete with 60% of GGBFS and 100% of River Sand.  
*CCMS – Cement Concrete with M Sand; CSMSC30 – Cement concrete with 30% of 

GGBFS and 100% of M Sand; CSMSC40 – Cement concrete with 40% of GGBFS and 

100% of M Sand; CSMSC50 – Cement concrete with 50% of GGBFS and 100% of M 

Sand; CSMSC60 – Cement concrete with 60% of GGBFS and 100% of M Sand. 

 

6. Chemical Resistance of  Concrete Specimens with GGBFS and M-

Sand 

Chemical resistance, along with strength, is one of the most important 

considerations in the construction of concrete structures. In concrete, durability is defined 

as the ability of a concrete to survive the toughest environmental conditions over the 

length of its life span. The following tests are carried out to determine sulphate and acid 

resistance. Following the findings of tests into the mechanical qualities of concrete with 

various percentages of GGBFS, it was discovered that concrete with 40% GGBFS had 

better mechanical properties than other concrete specimens. As a consequence, cement 

concrete with river sand and M Sand and 40 percent GGBFS concrete with river sand and 

M Sand are used for the durability studies, and the results of the tests are shown in the 

table below.   

Due to the fact that concrete is not completely resistant to acids, it is prone to acid 

assaults. The majority of acids are capable of gradually and quickly dissolving concrete. 

Concrete disintegration is mostly determined by the acid solution's concentration. Acids 

have a significant impact on concrete due to the presence of calcium hydroxide. Another 

critical element in the disintegration of concrete caused by acid assault is the concrete's 

pH value. When the pH of concrete begins to drop, the acid attack becomes more severe. 

When the pH of concrete is reduced to 4.5, the concrete becomes very vulnerable to acid 

assault [12]. To evaluate the effects of acid assaults on conventional and concrete with 

40% GGBFS, two acid solutions with a concentration of 5% each were prepared: 

hydrochloric acid solution and sulphuric acid solution. Weigh the concrete cubes before to 

immersing them in acid solutions. The solution is submerged in the concrete cubes and 

left for ninety days, with the solution being checked on a regular basis to ensure 

concentration. The concrete cubes are taken from the solution after ninety days and 

carefully cleaned and dried. After recording the weight of the concrete cubes, they are 

subjected to uniaxial compression testing to determine their compressive strength after 

acid assault. Figures 8 (a) and 8 (b) illustrate acid attack experiments on concrete cubes. 

The acid attack on concrete cubes produces the findings shown in Table 3. 

       

  (a)  Hydrochloric Acid  Test               (b)  Sulphuric Acid Test  

Fig. 8.  Acid Tolerence Test on Concrete Specimens 
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Sulphate is present in the majority of soils as calcium, sodium, potassium, and 

magnesium. They are present in soil and ground water. Due to the poor solubility of 

calcium sulphate, ground fluids have a greater concentration of other sulphates and less 

calcium sulphate. While soil sulphates do not cause significant harm to concrete, they do 

penetrate porous concrete and react with the hydrated cement products. Magnesium 

sulphate is the most corrosive of all the sulphates to concrete. Sulphate attack is a phrase 

that refers to an increase in the volume of cement paste in concrete or mortar as a result of 

chemical activity between cement hydration products and sulphate-containing solutions. 

Magnesium sulphates have a wider effect than other sulphates because, unlike other 

sulphates, they completely breakdown hydrated calcium silicates and transform them to a 

friable material [12]. Weigh the concrete cubes before to immersing them in magnesium 

sulphate solution. The sulphate solution is prepared at a concentration of 5%. The solution 

is submerged in the concrete cubes and left for ninety days, with the solution being 

checked on a regular basis to ensure concentration. The concrete cubes are taken from the 

solution after ninety days and carefully cleaned and dried. After recording the weight of 

the concrete cubes, they are subjected to uniaxial compression testing to determine their 

compressive strength after a sulphate assault. Figure 9 illustrates the sulphate attack test 

on concrete cubes. The percentage weight loss and compressive strength decrease are 

shown in Table 3. 

 

Fig. 9.  Sulphate Tolerence Test on Concrete Specimens 

Table 3. Chemical Resistance of Concrete Specimens 

Sl. 
No. 

Concrete 
Specimens 

Strength 
(N/mm2) 

Percentage of 
Loss 

Hcl Acid 

Percentage of 
Loss  

H2SO4 Acid 

Percentage of 
Loss – MgSO4  

Weight Strength Weight Strength Weight Strength 

1 CCRS 31.00 4.69 15.32 6.61 19.23 10.51 16.23 

2 CCMS 33.03 3.97 14.50 6.24 17.85 9.244 13.26 

3 CSRSC40 33.03 3.44 10.95 4.35 12.23 8.17 9.90 

4 CSMSC40 34.12 3.31 7.37 4.11 9.85 6.98 6.24 

 

6. Results and Discussions 

GGBFS is critical to the strength of cement concrete. As the amount of 

GGBFS in the concrete is raised, the strength of the concrete increases 

proportionately, up to 40% substitution of cement. When more than 40% of 

cement is replaced with GGBFS, the compressive strength, tensile strength, and 
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modulus of elasticity of concrete are reduced. M Sand improved the compressive 

strength, tensile strength, and modulus of elasticity of the concrete examples 

somewhat when compared to those made with river sand. The compressive 

strength of concrete cube and cylinder specimens with a 40% replacement of 

cement by GGBFS and a 100% replacement of river sand by M Sand is greater 

than that of all other concrete specimens, as illustrated in Figures 13 and 14. All 

concrete cube specimens exceeded the nominal strength of M 20 grade, i.e., 20 

N/mm2, and all cube specimens except CSRSC50, CSRSC60, and CSMSC60 

exceeded the M 20 grade target compressive strength, i.e., 26.6 N/mm
2
.  The 

concrete's strength decreases by more than 40% may be owing to a deficiency of 

total cementitious material in the concrete. As the proportion of GGBFS increases, 

the overall amount of cementitious material decreases, as Table 2 clearly shows. 

When 50% and 60% of cement is replaced with GGBFS, an extra 10% and 20% of 

cementitious material should be added to the total cementitious content, 

respectively [13] [14]. GGBFS and M sand demonstrate increased compressive 

strength and are thus appropriate for practical building applications. According to 

the findings of this research, the optimal proportion of GGBFS to replace cement 

is 40%, and the usage of M Sand as a substitute for river sand is suggested. The 

usage of GGBFS will result in a decrease in the use of cement, which will result in 

a decrease in carbon emissions. It is possible to replace cement with GGBFS at a 

rate more than 50%, although caution should be used with the overall amount of 

cementitious material.  The chemical resistance test on the concrete specimens 

shows that the inclusion of GGBFS and M Sand improves the durability of the 

concrete specimens. CSMSC40, a concrete mix of 40% GGBFS and 100% M 

Sand, is more resistant to acid and sulphate assaults. In all the concrete examples, 

the impacts of M Sand and GGBS are substantial. The activities of GGBFS and M 

Sand are primarily responsible for the enhanced performance of concrete 

specimens with GGBFS and M Sand. Ettringite production is the most common 

cause of deterioration in concrete. Calcium hydroxide, which is the cause of 

ettringite production, is liberated during the hydration cement process. The 

reactive silica and alumina in the GGBFS combine with the calcium hydroxide 

released during the hydration process to form calcium silicate hydrate, which is 

the primary component in concrete that is responsible for the concrete's strength 

and longevity. The inclusion of GGBFS in cement concrete decreases ettringite 

production and reduces pore size, resulting in a denser concrete matrix [15]. When 

compared to ordinary concrete, the size, shape, and texture of M Sand lead to 

substantial improvements in concrete. The size and shape of river sand can be 

perfect, and the presence of clay or other impurities can be reduced, but the 

process of M Sand manufacturing is completely controlled, and the presence of 

clay or other impurities can be minimised. Since a result, M Sand increases the 

strength of the concrete matrix by improving the packing of materials in the 

concrete matrix, as appropriate packing of materials in the concrete matrix 

improves the quality of concrete [12]. The improvement in concrete containing M 

Sand (CCMS) as compared to ordinary concrete demonstrates this (CCRS). The 

CCMS has somewhat more strength and durability than the CCRS. 
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    Fig. 10. Comparision of Compressive Strength of Concrete  

    

Fig. 11. Percentage of Loss in Weight and Strength against Hcl Acid 
Tolerance Test 

   

        Fig. 12. Percentage of Loss in Weight and Strength against 
Sulphuric Acid Tolerance Test 
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Fig. 13. Percentage of Loss in Weight and Strength against Sulphate 
Tolerance Test 

7. Conclusions  

It have been concluded from the investigations conducted on the concrete with 

GGBFS and M Sand, that the chemical resistance of concrete with GGBFS and M Sand is 

better than the concrete specimens without GGBFS and M Sand.  The Compressive 

strength of the concrete specimens with GGBFS and M Sand is higher than all other 

concrete specimens.  The Compressive strength of concrete with 40% of GGBFS and 

100% of M Sand is 34.2 N/mm2.  The percentage of loss of weight and strength of 

concrete with 40 % GGBFS and 100% M Sand against hydrochloric acid ( 3.31% and 

7.31%), sulphuric acid (4.11% and 9.85%) and magnesium sulphate (6.98% and 6.24) are 

lesser than all other specimens.  The compressive strength and the chemical resistance of 

conventional concrete is lesser than all other concrete specimens.  It is recommended to 

use GGBFS as a partial replacement for cement upto 40% and M sand as full replacement 

for river sand.  The useage of GGBFS and M Sand will reduce the carbon foot print and 

degradation of river sand. 
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