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ABSTRACT 

 

Concrete is produced by blending different amounts of water, fine aggregate, and coarse aggregate with cement 

in a mixing container. A substantial quantity of concrete is utilized in the process of establishing infrastructure, 

which includes the construction of things like buildings, industrial structures, bridges, roads, and so on. This is 

due to the fact that concrete plays such a vital role in this process. On the other hand, it is believed that the high 

cost of concrete is due to the scarcity and high cost of its elements, which has led to the production of concrete 

being done using materials that are economically feasible alternatives. As a result, the price of concrete has 

increased significantly. Researchers have been interested in looking at novel options for the components that go 

into concrete as a result of this demand. This particular technical study's major purpose is to evaluate the 

qualities of concrete that has had a portion of its cement replaced with ground granulated blast furnace slag 

(GGBS). This is the abbreviated form of the material's full name: ground granulated blast furnace slag. 
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INTRODUCTION 

 

Since the beginning of Greek and Roman civilisation, concrete has been the main material used in the building of 

infrastructure that is both reliable and strong. In every single location of the world, concrete is without a doubt the 

material that is utilized for construction the most frequently. More cutting-edge processes and components are being 

created for the manufacture of concrete as a result of a rise in demand. Cement, water, and aggregates are the three 

main ingredients of concrete, with or without the addition of other chemical admixtures. The cement is thought to be 

the element in concrete that is most crucial. When employed as a binder material on its own, cement generates a sizable 

quantity of heat during the hydration process. The cement is hardened using this heat. because a significant amount of 

carbon dioxide is discharged into the atmosphere during the manufacture of this raw material. One of the most harmful 

elements causing environmental changes is the emission of carbon dioxide into the atmosphere from the raw materials 

needed to make cement. The subject of lowering CO2 emissions has been the subject of a lot of research in recent 

years. One of the most efficient ways to lessen the amount of carbon dioxide released by the cement industry is to use 

industrial byproducts or additional cementing materials like fly ash, silica fume, meta kaolin, and ground granulated 

blast furnace slag (GGBS). These substances include silica fume (SF), fly ash (FA), and ground granulated blast 

furnace slag (GGBS). By replacing cement in the construction process with ground-granulated blasting slag, often 

known as GGBS, the current experimental inquiry seeks to discover a solution to these issues. The practice of 

employing river sand as a significant component of construction materials is nothing new. Granules of various sizes 

may be seen scattered throughout the whole sample that was submitted, and it has been meticulously evaluated. The 

bulk of civil engineering projects use river sand as their primary construction material. Of all the possibilities that were 

initially available, when the fine aggregate component of concrete was originally being created, river sand was by far 

the most often used option.  

 

Ground Granulated Blast Furnace Slag (Ggbs): 

Blast furnace slag, a solid waste that is discharged in large quantities by India's iron and steel industry, is the byproduct 

of which ground granulated blast furnace is made. Blast furnace slag in India is a byproduct known as ground 

granulated blast furnace. The acronym GGBF is an acronym for "ground granulated blast furnace." These run at 

temperatures of roughly 1500 °C and are fed a mixture of iron ore, coke, and limestone that is rigorously monitored. 

The mixture's temperature is also carefully monitored. The remaining minerals from the slag that floats on top of the 

iron are also processed with the iron ore until it is reduced to iron. After this is finished, the iron is taken out of the ore. 

Granulated blast furnace slag is the granular product that is created when molten iron blast furnace slag is quickly 

cooled by immersion in water. The procedure is completed within a blast furnace.  

 

This liquid molten slag is periodically tapped out, and in order to use it in the production of GGBS, it must first be 

rapidly quenched in a sizable amount of water. It must be utilized if it is to be employed. In addition to enhancing the 

cementation's properties, quenching causes the production of granules similar to those seen in coarse sand. This is 
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followed by letting the granulated slag dry before being pulverized into a powder. In not too distant time, recycling 

these slags will become a significant part of our efforts to save the environment.  

 

Slag, a byproduct of the manufacturing of iron and steel, is currently used as a material in and of itself in a variety of 

industries as a result of extensive research that was conducted over the course of several years. This is because slag has 

certain qualities that make it appropriate for usage in these situations. For the upkeep of contemporary civilization, iron 

and steel are important resources. Lime, which has the chemical formula CaO, and silica, which has the chemical 

formula SiO2, make up the majority of slag. A variety of additional elements and components are also included in 

Portland cement. The main ingredient in slag is sulphate, which is soluble in water and has an alkalinity similar to that 

of cement or concrete. Slag also contains significant amounts of sulphate. The growth of the steel industry has created a 

situation where it is obvious that disposing of such trash poses a difficulty and might have serious environmental 

consequences. This is happening at the same time that the steel industry is growing. Since GGBS hardens considerably 

more slowly on its own than other cementitious materials, it must be activated before it can be utilized in concrete. This 

is accomplished by mixing GGBS with Portland cement, however the proportion of GGBS used in concrete 

manufacture can vary from 20 to 80 percent depending on the formula. The qualities of the concrete will be more 

significantly impacted by the amount of GGBS utilized in the mixture. 

 

Main Objective 

 

1. To identify the GGBS-based concrete recipe that yields the best possible results. 

2. To examine how the workability of concrete changes when GGBS is partially substituted for cement in its 

composition. 

 

RESEARCH METHODOLOGY 

 

Collecting data that is already available for concrete, mortar, and cement paste that contains ggbs as a partial 

replacement up to 80% of total cement weight, processing these data to find a correlation between the plastic viscosity 

of cement paste and the ggbs percentage on the one hand and with the water to binder ratio on the other hand, and then 

relating the impact of increasing ggbs in mixes to the yield stress with the change in spreading time t. The term "ground 

granulated blast" is represented by the acronym "ggbs."stop extending an existing rational hydration model to SCCs 

with up to 80% ggbs CRM, which includes the formulation of new equations for 28 day and full hydration strengths, 

and verifying the model using additional experimental data gathered as part of this research program are both things 

that will be done. stop extending an existing rational hydration model to SCCs with up to 80% ggbs CRM is an 

example of something that will be done. This research study further includes the revision of the equations for predicting 

the plastic viscosity of an SCC mix based on micromechanical principles (Ghanbari and Karihaloo, 2009). further, the 

approach was extended to mixes with ggbs values of up to 80%. Both of these facets were involved in the project in 

some capacity. Creating a number of SCC mixes with a variety of target plastic viscosities and compressive strengths in 

order to test the mix designs and show that the approach proposed for mix design is a legitimate one requires the 

development of a number of SCC mixes. employing the slump cone apparatus, the J-ring assembly, and compressive 

strength tests, respectively, to demonstrate that each of the planned mixes satisfies the requirements for flow, 

compaction, and hardened state in order to establish that each of the planned mixes is appropriate for usage. Predicting 

and then testing a time-dependent compressive strength model for SCC with ggbs cement replacement levels ranging 

from 0 to 80%, along with an associated strength gain potential factor (R) that quantifies the post-28-day strength gain 

potential of the mix. ggbs cement replacement levels ranged from 0 to 80 percent. The percentage of ggbs cement 

substitution might range anywhere from 0 to 80 percent. The percentage of ggbs cement substitution might range 

anywhere from 0 to 80 percent. 

 

Mix Preparation 

In order to ensure that the mixtures were created in the order that was stipulated, a compact planetary mixer with a tiny 

footprint was utilized. After that, the elements with the biggest particle sizes (coarse aggregate up to 20 mm) and the 

smallest particle sizes (Cement + GGBS) were mixed together. After that, the components with the next largest particle 

size (sand) and the next smallest particle size (limestone powder) were combined, and so on. At long last, all of the 

elements that possessed the tiniest particle sizes were combined into one big pot. Approximately two minutes and thirty 

seconds were devoted to the completion of each successive stage of the mixing procedure. The mixture was fluidized in 

two stages; the first stage consisted of adding half of the water and half of the super-plasticiser (SP) to the dry mixture 

and mixing it for 2.5 minutes; the second stage consisted of adding the remaining half of the water and SP and mixing it 

for an additional 2 minutes. Both stages were repeated until the mixture had been fluidized. After adding the last of the 

water and SP and continuing to mix it for a further two minutes, the fluidization process was finally finished. Both 

procedures were carried out several times in order to achieve the level of consistency that was necessary. Check out this 

link for further information on how to carry out a flow test. Almost as soon as the preparations for the final 

combination were finished, it was immediately poured into a slump cone. The camera was used to capture the slump 
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test for each combination from the moment that the cone was lifted to the moment that the mixture came to a stop. The 

test was named "slump." The time that it took for the new SCC mix to achieve a spread of 500 millimeters in diameter 

(denoted by t500) and the time that it took for the mix to come to a halt (denoted by tstop, with the spread diameter 

dimension SF) were both calculated using the time sequencing on the video recording, which had a recording rate of 

1000 frames per second. The tstop time was used to determine the spread diameter dimension SF. The symbols t and t 

respectively stand for the timestamps t500 and tstop, respectively. Figure 1 displays three still images that were taken 

from a movie that is deemed to be representational in some respect. These images were extracted from the video and 

exhibited here. During the trial mix method, each mixture was given a visual inspection to identify whether or not there 

was any segregation or bleeding present. The process went on regardless of the presence of either of these conditions. 

These findings were taken into consideration, and as a result of what was discovered, some modest alterations were 

made to the proportions of the mix. On several instances, the trial mix approach was utilized until the mixture attained 

the required degree of flowability as outlined in BS EN 206-9 (2010). This level of flowability was considered 

satisfactory. The amount of moisture that was found to be present in the coarse and fine aggregates was determined by 

conducting a measurement, and the amount of water that was found to be linked with that moisture was factored into 

the process of developing the mix. This moisture was related to the fact that coarse and fine aggregates were utilized in 

the construction process. When figuring out what the reference moisture level should be, the aggregate's saturated 

surface dry (SSD) condition is one of the factors that is considered. 

 

 
 

Fig 1 Images captured via video during the slump cone test at each of the three flow phases 

 
RESULTS AND DISCUSSION 

 

In the prior chapter, the procedure for mix design was described in great depth, including a number of different 

examples of how the design charts should be utilized. In this chapter, an experimental verification of the method is 

given for your perusal. This validation is being done with the intention of determining whether or not the mixes that 

were made with varied degrees of ggbs meet the standards that are necessary for SCC mixes. In chapter 3, information 

was supplied not only on the method for mixing but also on the particulars of the elements that go into the mixture 

(which included "water, cement, coarse and fine aggregates, additives, and cement replacement material ggbs"). The 

validation techniques made use of a variety of different mixes, which are detailed in tables 4.1 and 4.2 respectively. 

These range from a strength of 30 to 80 MPa and can have ggbs values that are ranging from 40 to 80 percent. Their 

strength ranges from these numbers. The mixes are separated into two distinct groups, as shown in the table; group 2 

makes use of a different kind of cement than group 3 does (for additional information, please refer to chapter 3). The 

original form of cement will no longer be accessible after the first half of the year 2020, which is why it was essential 

to come to the conclusion that a new kind of cement should be used instead. 

 

Table 1 Mix proportions of test SCC mix, kg/m3 
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Fig 2 Variation of t500 and Df with plastic viscosity" 

 

 
 

Fig 3 Graph showing the relationship between t stop and the viscosity of the plastic for different ggbs levels (sets 

2 and 3) 

 

 
 

Fig 4 (Set 3) shows the relationship between the spreading times, t500 and tstop, and the ggbs level 

 
COMPRESSIVE STRENGTH OF SCC TEST RESULTS 

 
In accordance with the procedure described in Chapter 3, at least three cubes with a side length of one hundred 

millimetres were cast, cured, and evaluated from each variant of the test mixes. Table 2provides the average values of 

the compressive cube strength after 28 days for mix sets 2 and 3, in addition to the coefficients of variation (CoV) and 

accompanying confidence characteristic values for 95%. These results are presented in the context of the compressive 

cube strength. These pieces of information could be discovered together at the same time. Both the mean strengths as 

well as the projected strengths are shown against the w/b ratio in Figure 5 and. According to the data that are presented 

in Table 4.5, the compressive strengths of all of the cubes were either in accordance with the parameters that were 
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established or were somewhat higher than those parameters. This instills confidence not just in the method for mix 

design itself, but also in the equations that are used throughout the process. There was no noticeable change in the 

applicability of the prediction equations after switching from CEMII (V-B) cement to CEMII (A-L) cement. This was 

the case even though there was a change in the cement type. However, it was mentioned earlier in chapters 3 and 5 that 

the equation for the strength after 28 days would change depending on the kind of cement (I,II,III) and (N, R, S), and 

that the strength after 28 days and the strength at ultimate hydration would also change depending on the strength rating 

of the cement (32.5,42.5,52.5). In addition, it was mentioned that the strength at ultimate hydration would change 

depending on the strength rating of the cement. 

 

Table 2 Results of compressive strength testing performed on SCC mixtures, Sets 2 and 3 

 
 

MixRef. 

 

ggbs

% 

 

w/b 

fcu_Mean 

 

(MPa) 

CoV 

 

% 

fcu_Esti

mated 

 

(MPa) 

Allow able 

limits 

(MPa) 

fcu_cha

r. 

 

(MPa) 

C30A 40% 0.68 35.0 3.8 33 27-33 31.78 

C40A 40% 0.56 43.0 4.3 44 37-43 36.44 

C50A 40% 0.48 50.0 4.3 53 47-53 46.85 

C60A 40% 0.40 61.0 4.7 64 57-63 55.97 

C70A 40% 0.34 71.0 3.0 73 67-73 67.10 

C80A 40% 0.29 78.0 2.4 82 77-83 75.15 

C40B 60% 0.50 48.0 1.7 44 37-43 46.32 

C50B 60% 0.45 52.0 3.8 50 47-53 48.84 

C60B 60% 0.40 57.0 3.9 56 57-63 53.72 

C12 50% 0.62 41.0 2.4 36 37-43 38.94 

C32 50% 0.42 58.0 0.9 57 57-63 56.98 

D1 60% 0.58 47.0 2.5 37 47-53 44.67 

F 80% 0.50 36.0 2.6 38 27-33 33.99 

 

 
 

Fig 5  A comparison of the mean and anticipated values for compressive strength 
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The compressive strength of the hardened concrete from the third mix batch was examined at a range of intervals 

following casting, ranging from immediately after placement to 135 days later. These evaluations were carried out after 

the concrete had had time to cure. Figures 6 , respectively, illustrate these results for your perusal.  

 

 
 

Fig 6 Results of compressive strength tests up to 135 days in the future 

 

CONCLUSIONS 

 

Experimental findings show enhanced compression strength. Prefabricated constructions employ this replacement 

because of its higher compressive strength. It's cheaper than regular concrete mixes. Bingham flow models, which 

employ dynamic viscosity and yield stress, can represent non-Newtonian fluids like SCC. This model represents SCC. 

The inclusions (filler, fine, and coarse material) affect the plastic behaviour of the inhomogeneous fluid, making 

dynamic viscosity measurement difficult and inaccurate. However, SCC design and plastic behaviour depend on 

dynamic viscosity. Dynamic viscosity is critical to SCC design and behaviour in the plastic state. Ghanbari and 

Karihaloo (2009) introduced micromechanical hierarchical suspensions. The model can accurately calculate SCC's 

dynamic viscosity using the paste's. Modelling the plastic properties of SCC blends with high ggb content requires 

different parameters from those employed by previous studies. The micro-mechanical methodology for determining 

SCC mix viscosity may be utilised to create design charts for this concrete. Mix designs demonstrate the simplicity of 

the design process.  
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