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Abstract— Extensive research work for decades also in 

progress throughout the globe in concrete technology finding 

alternative materials which can partially replace Ordinary 

Portland Cement (OPC) and which can also meet the 

requirement of strength and durability performance of 

industrial by products like Micro Silica, Ground Granulated 

Blast Slag, Fly Ash, Metakaolin, Rice Husk ash etc., now 

termed as complimentary Cementitious Materials (CCM) are 

quite promising. Subsequently these have led to the 

development of binary, ternary, quaternary blended concretes 

depending on the number CCM and their combinations used 

as partial replacement materials. The present experimental 

investigations are carried out in the optimization of Ternary 

Blended Cementitious system based on Ordinary Portland 

Cement (OPC) /GGBS/MS for the development of Ternary 

Blended Concrete. Compressive Strength of Ternary Blended 

Concrete and the ages of 28 and 60 days for various 

combinations of Micro Silica and GGBS mixes were 

investigated Micro Silica of 10% and along with GGBS was 

replaced by 20%,30%,40%,50%,60%,and 70%. All the mixes 

were studied at water cement ratio of 0.45. 

Key words: Ordinary Portland cement, Micro Silica, Ground 

Granulate Blast Furnace Slag (GGBS), Compressive Strength 

I. INTRODUCTION 

Concrete is one of the most extensively use construction 

materials in the world, with about two billion tons of 

utilization worldwide each year. It is attractive in many 

applications because it offers considerable strength at a 

relatively low cost. Concrete can generally be produced of 

locally available constituents, can be cast in to wide variety 

of structural configurations, and requires minimal 

maintenance during service. However, environmental 

concerns, stemming from high-energy expense and CO2 

emission associated with cement manufacture, have brought 

pressures to reduce consumption through the use of 

supplementary materials. 

In general concrete is said to be a very durable one. 

But when reinforced concrete structure subjected to severe 

environmental conditions its properties are affected adversely 

depending on the type of exposure. Durability is one the most 

important properties to be considered in the design of 

reinforced concrete structures exposed to Aggressive 

environments can be described by two stages: the initiation 

and the propagation period. Sustainability was a big issue that 

being concern in making a development. This is because 

sustainable development has become a key aspect in society, 

Economics and development. Sustainable development shall 

meet the needs of the present without compromising ability 

of future generation to meets their own needs. it also shows 

that development that going to be made to sustain the 

planetary resources by using them effectively without making 

unnecessary wastage. The usage of GGBS and silica fumes to 

replace the cement, is because the production of the cement 

emits carbon dioxide gas to atmosphere. The cement industry 

is held responsible for some of the carbon dioxide emission, 

because the production of one ton Portland cement emits 

approximately one ton of carbon dioxide gas into the 

atmosphere. The emission of carbon dioxide will increase the 

effect of global warming due to the emission of greenhouse 

gasses. Among the greenhouse gasses, carbon dioxide 

contributes about 65% of global warming. For the exposed to 

sea water or dicing salts, the initiation period is defined by the 

time taken from initial exposure to the aggressive 

environment until a concentration of reinforcement able to 

initiate corrosion, has been reached. However, even though 

corrosion of the reinforcement is in progress the structure still 

meet the service requirements for several years without high 

maintenance costs. The largest economic benefits are 

obtained by prolonging the initiation period through proper 

concrete mix selection, smart structural design and proper on-

site placement of the concrete among others. In both 

developed and developing countries recent researchers amide 

at the energy conservation in the cement and concrete 

industry, focused on the use of less energy intensive materials 

such as GGBS, Fly-ash and natural pozzlolanas. Later some 

attention has been given to the use of pozzolana, Micro silica 

as partial replacement to Portland cement. Unlike natural 

pozzolanas and GGBS, the silica reaction involving Micro 

silica is rapid and therefore, a long curing period is not 

necessary. 

II. LITERATURE REVIEW 

Muhammad , Rizwan , Akram1  Reported  and describes the 

aim of research which was to evaluate the performance of 

OPC containing cement replacement materials in both binary 

and ternary system In this  test variables  different %of GGBS 

and MS are using as supplementary cementious materials 

(SCM) . OPC was replaced with Micro Silica (SF) up to 7.5% 

and GGBS up to a level of 50%.  The compressive strength 

of all the mixes was performed at 3, 7, 21, 28, and on 56 days 

duration. The use of SCM in the concrete mixes produced a 

lower strength value at the early age and gain in strength after 

56 days. It was conclude from research data that, the gain in 

strength after 56 days is well pronounced for Mix A having 

100% OPC is greater.  

Surekha T; Dr. Chandrasekhar A was investigating 

the strength properties of GGBS & MS along with Polyvinyl 

Chloride (PVC) dust at the various replacement levels in M40 

grade of concrete. A constant 8% of Micro Silica was used as 

on cement replacement for all the mix. Effect of GGBS was 

studied by replacing cement by 30 to 50% along with PVC 

dust 0 to 10% as additive. Mechanical Strengths such as 

compressive, Split Tensile & Flexural strength are 

investigated. This has made the researchers to use 

supplementary cementing material in making concrete. 

Compressive strength of MS with GGBS and without PVC 

dust was achieved more strength than the control Mix. The 
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higher strength was gained up to 40% of cement replacement 

with GGBS than the normal concrete and then after strength 

decreases. There is a decrease in workability with constant 

8% MS & increase Replacement level of GGBS (30% to 

50%) and with 0% to 10% of PVC Dust. S.Bhanja, 

B.Sengupta reported that the compressive, as well as the 

tensile, strengths increased with silica fume incorporation, 

and the results indicate that the optimum replacement 

percentage is not a constant one but depends on the water 

cementitious material (w/c) ratio of the mix. Compared with 

split tensile strengths, flexural strengths have exhibited 

greater improvements. Based on the test results, relationships 

between the 28-day flexural and split tensile strengths with 

the compressive strength of silica fume concrete have been 

developed using statistical methods.  

Dilip Kumar Singha Roy, Amitava Sil,was 

investigated the strength parameters of concrete made with 

partial replacement of cement by Silica Fume. The 

investigation has been aimed at to bring awareness amongst 

the practicing civil engineers regarding advantages of these 

new concrete mixes. The Maximum 7 days cube compressive 

strength observed as 17.85 N/mm2 split tensile is found to be 

3.61N/mm2 at 10% cement replaced by SF (38.58% more 

than that of normal concrete). The maximum 28 days flexural 

strength of SF concrete is found to be 4.93 N/mm2. for 10% 

replacement of cement with silica fume and the values are 

higher (by 19.6% and 16.82% respectively) where as split 

tensile strength and flexural strength of the SF concrete 

(3.61N/mm2 and 4.93N/mm2 respectively) are increased by 

about 38.58% and 21.13% respectively over those (2.6 

N/mm2 and 4.07 N/mm2 respectively) of the normal concrete 

when 10% of cement is replaced by SF. 

D.Audinarayana, P.sarika, Dr.Seshadri Sekhar.T, 

Dr.Srinivasa Rao, and Dr P Sravana G.Apparao Investigated 

on the optimization of a Ternary Blended Cementitious 

system based on Ordinary Portland Cement (OPC)/ Fly Ash / 

Micro Silica for the development of high- performance 

concrete. Compressive Strength of Ternary Blended Concrete 

at the ages of 28, 90, 180 days for various combinations of 

Fly Ash and Micro Silica mixes were investigated. Fly Ash 

was replaced by 0%, 15% and 20% along with Micro Silica 

of 0%, 5%, and 10%. All the mixes were studied at three 

water cement ratios of 0.55, 0.45 and 0.35.When Fly Ash and 

Micro Silica are used in combination the beneficial effect of 

Fly Ash on fluidity can be used to compensate for the loss of 

workability with Micro Silica addition. The trend was 

reversed when the Micro Silica content increased from 5% to 

10% for the same Fly Ash percentage (15%).For water to 

binder ratios the combination of 5% Micro Silica + 20% Fly 

Ash exhibited the least super plasticizer dosage while the mix 

10% Micro Silica + 15% Fly Ash. The combination of 5% 

Micro Silica + 20% Fly Ash required the least dosage of 

superplasticiser for all the three W/B ratios studied. The 

combination of 5% Micro Silica + 15% Fly Ash performed 

the best at all ages and at all the Water cement ratios studied 

in terms of Compressive Strength among the four 

combinations. The combination of 10% Micro Silica + 20% 

Fly Ash gave the least Compressive Strength among the 

ternary mixes at all ages and at all Water cement ratio 

III. EXPERMENTAL PROGRAMME 

The experimental programme was planned to produce 

Ternary Blended Concrete with reduced cement content by 

adding different percentages of Micro Silica and GGBS. 

Experimental procedure for blending, mixing, casting and 

curing of specimens are shown in Fig 1 to 4 All the specimens 

were cured by immersion. Three specimens of ternary 

concrete and control concrete were tested for saturated 

surface dry state and to obtain their compressive strengths at 

28, and 60 days of curing. 

A. Materials 

1) Cement 

Ordinary Portland cement (OPC), 53 grade confirming to BIS 

12269-1987(specific gravity: 3.16, Blaine fineness: 320 m2. 

/kg) 

2) Micro Silica 

Micro Silica -920D as a mineral admixture in dry dandified 

form was obtained from “ELKEM South Asia (P) Ltd., Navi 

Mumbai confirming to ATSM-C (1240-2000) having specific 

gravity 2.2 and fineness 20000 m2/kg.  

3) GGBS 

GGBFS was collected from JSW-HYD. Confirming to IS: 

12089 – 1987. (Specific gravity: 2.87 Fineness: m2/kg.) 

4) Fine Aggregate 

Locally available river sand confirming to zone II of table 4 

of BIS: 383-1970 (specific gravity: 2.6 and fineness modulus 

3.17 and bulk density 1793 kg/m3) was used as fine aggregate. 

5) Coarse Aggregate 

Locally available quarried and crushed granite stones 

confirming to graded aggregate of nominal size between 

20mm and 4.75mm as per table 2 of BIS:383-1970 (specific 

gravity: 2.9, fineness modulus:6.87,bulk density:1603kg/m3) 

6) Water 

Clean drinking water available in the college campus was 

used for mixing and curing of concrete confirming to IS 456-

2000. 

7) Super Plasticizers 

Chemical admixture based on Sulphonated Naphthalene 

Formaldehyde condensate-CONPLAST SP 430 confirming 

to BIS 9103-1999 and ASTM C-494. 

B. Mix Proportions 

1) Control Concrete 

Mix design is carried out as per guide line given in IS: 10262-

2009, which yielded a proportion of 1:1.98:2.76 with water 

cement ratio of 0.45. is used as the reference mix. Control 

mixtures were prepared for medium workability without 

using super plasticizer. The mix proportioning control 

concrete is given in Table1 

Cement Water FA CA SP 

387 174 768 1068 2 

1 0.45 1.98 2.76 0.005 

13.543 6.095 26.816 37.38 0.07 

Table 1: Mix Proportions and Quantity of Material Required 

For Reference Mix (Kg/M3) 
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Table 2: Mix Proportion of the Ternary Blended Concrete 

C. Mixing, Casting, Curing, and Testing of Specimens. 

1) Mixing 

In the process of mixing, the material is weighed with their 

proportions exactly and then the materials are stacked on a 

water tight platform. The materials are thoroughly mixed in 

their dry condition before water is added. The prepared mix 

was immediately used for testing the workability of fresh 

mix. A total of 36 specimens were cast for group of 

combination consists of Micro Silica and GGBS. Also 6 

cubes were casted for Rerence mix with ordinary Portland 

cement only. All the concrete mixtures were mixed for a total 

of 4 minute in a laboratory by hand mixing. The constituent 

material at various mix proportions were thoroughly mixed in 

a dry condition to obtain uniform concrete mix. The quantity 

of water calculated as per water cement ratio was mixed 

thoroughly to obtain uniform cohesive concrete. 

2) Casting of Specimens 

For casting the cube, standard Cast iron metal moulds of size 

150 x 150 x 150mm have been used. The iron moulds have 

been cleaned of dust particles and applied with mineral oil on 

all sides, before concrete is poured into it. Thoroughly mixed 

concrete is filled in to iron moulds and vibrated. Whole 

casting procedure is confined to Indian Standard: 10086-

1882. 

3) Curing the Specimens 

Curing is an important process to prevent the concrete 

specimens from losing their moisture while they are gaining 

their required strength. All concrete specimens were cured in 

water at room temperature for 28 and 60 days. After curing, 

concrete specimens were removed from the curing tank and 

air dried to conduct tests on hardened concrete 

IV. TESTING OF SPECIMENS 

The specimens cured as explained above are tested as per 

Indian Standard: 516-1959 after removal from the curing tank 

and allowed to dry under shade. 

Compressive strength of concrete: Out of many test 

applied to the concrete, this is the utmost important which 

gives an idea about all the characteristics of concrete. By this 

single test one judge that whether Concreting has been done 

properly or not. For cube test two types of specimens either 

cubes of 15 cm X 15 cm X 15 cm or 10cm X 10 cm x 10 cm 

depending upon the size of aggregate are used. For most of 

the works cubical moulds of size 15 cm x 15cm x 15 cm are 

commonly used. 

 

 
Fig. 1: Mineral Admixtures 

 
Fig. 2: Casting 

 
Fig. 3: Curing 

 
Fig. 4: Compressive Strength 

S.NO 
MIX 

 ID 

MIX 

PROPORTIONS  

(OPC+MS+GGBS) 

28 Days 60 Days 

1 RM OPC+0+0 35.23 36.08 

2 BM1 OPC+10%+20% 36.22 37.31 

3 BM2 OPC+10%+30% 37.52 38.65 

4 BM3 OPC+10%+40% 38.79 39.96 

5 BM4 OPC+10%+50% 40.15 41.35 

6 BM5 OPC+10%+60% 34.12 35.14 

7 BM6 OPC+10%+70% 29.14 30.01 

Table 3: Compressive Strength of Ternary Blended Concrete 

with Constant Micro Silica (MS=10%) And Different Per Of 

GGBS 
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Table 4: Compressive Strength of Steel Fiber Reinforced 

Ternary Blended Concrete with Constant Micro Silica 

(MS=10%), Fiber (F=0.5%) And Different Per Of GGBS 

S.N 
MIX 

 ID 

MIX PROPORTIONS  

(OPC+MS+GGBS+FRC) 

28  

Days 

60  

Days 

1 RM OPC+0+0 36.28 37.19 

2 BM1 OPC+10%+20%+1% 38.48 39.64 

3 BM2 OPC+10%+30%+1% 39.89 41.13 

4 BM3 OPC+10%+40%+1% 41.26 42.53 

5 BM4 OPC+10%+50%+1% 42.91 44.07 

6 BM5 OPC+10%+60%+1% 36.25 37.36 

7 BM6 OPC+10%+70%+1% 31.7 32.86 

Table 5: Compressive Strength of Steel Fiber Reinforced 

Ternary Blended Concrete with Constant Micro Silica 

(MS=10%), Fiber (F=1.0%) And Different Per Of GGBS 

 
Table 6: Compressive Strength of Steel Fiber Reinforced 

Ternary Blended Concrete with Constant Micro Silica 

(MS=10%), Fiber (F=1.5%) And Different Per Of GGBS 

 
Table 7: Compressive Strength of Steel Fiber Reinforced 

Ternary Blended Concrete with Constant Micro Silica 

(MS=10%), Fiber (F=1.5%) And Different Per Of GGBS 

 
Fig. 5: Compressive Strength of TBC w.r.t Normal Concrete 

 
Fig. 6: Compressive Strength of Steel Fiber Reinforce TBC 

w.r.t Normal Concrete (F=0.5%) 

 
Fig. 7: Compressive Strength of Steel Fiber Reinforce TBC 

w.r.t Normal Concrete (F=1.0%) 

 
Fig. 8: Compressive Strength of Steel Fiber Reinforce TBC 

w.r.t Normal Concrete (F=1.5%) 
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Fig. 9: Compressive Strength of Steel Fiber Reinforce TBC 

W.R.T Normal Concrete (F=2.0%) 

V. RESULTS AND DISCUSSIONS 

A. Compressive Strength of Ternary Blended Concrete w.r.t 

Normal concrete 

The variations in the strength of concrete with increasing 

replacement of ordinary Portland cement by SCMS 

(MS+GGBS) blends are summarized in the Table 3. 

From the Table 3 it is observed that Micro Silica 

(10%) as constant, compressive strength of Ternary Concrete 

increases gradually until GGBS content reaches to 50% and 

there after it falls even increase of GGBS content at 28 and 

60 days of curing  

This is due to the combined effect of secondary 

pozzolonic reaction and the fineness of micro silica particles 

B. Increase in Compressive Strength of Ternary Blended 

Concrete w.r.t Normal Concrete. 

From the Table 3 it is observed that strength of normal 

concrete varies from 35.23MPa to 36.08MPa for 28 and 60 

days of curing. Form the same table, it if seen that the strength 

of ternary concrete varies from 36.22MPa to 41.35MPa for 

28, 60 days of curing 

C. Percentage increase in Compressive Strength of Ternary 

Blended Concrete w.r.t Normal Concrete 

Table 3 compressive strength of ternary blended concrete 

increases from 2.81MPa (min) to 14.61MPa (max) for 28 to 

60 days of curing. 

D. Compressive Strength of Steel Fiber Reinforced Ternary 

Blended Concrete w.r.t Normal Concrete 

The strength compressive strength increases with increase in 

GGBS content as well as fiber content which is presented in 

Table 4 to Table 7.From the Table 4 to Table 7 it is observed 

that the strength of steel fiber reinforced ternary blended 

concrete increases by increasing steel fiber up to 1.5% and 

there after decreases even increase in Fiber volume. 

Also observed from the tables, the strength of both 

ternary blended concrete and steel fiber reinforced ternary 

blended concrete increases with increase in curing days. 

E. Increase in Compressive Strength of Steel Fiber 

Reinforced Ternary Blended Concrete w.r.t Normal Concrete 

Compressive strength is increased with the increase in Steel 

Fiber content up to 1.5% and there after decreases even 

increase in Steel Fiber for constant replacement of Micro 

Silica and GGBS. 

F. Percentage Increase in Compressive, Strength of Steel 

Fiber Reinforced Ternary Blended Concrete w.r.t Normal 

Concrete 

Table 4 compressive strength of steel fiber reinforced ternary 

blended concrete increases from 5.82MPa (min) to 18.26MPa 

(max) at 0.5% of fiber for 28 to 60 days of curing. 

From Table 5, compressive strength of steel fiber 

reinforced ternary blended concrete increases from 9.23MPa 

(min) to 22.15MPa (max) at 1% of fiber for 28 to 60 days of 

curing. 

Table 6, compressive strength of steel fiber 

reinforced ternary blended concrete increases from 13.77MPa 

(min) to 29.57MPa (max) at 1.5% of fiber for 28 to 60 days 

of curing. 

It is decreased with 2% of fiber however the 

compressive strength is more than that of normal concrete 

G. Optimum Mix Proportion of Ternary Blended Concrete 

w.r.t Normal Concrete 

Compressive strength of optimum mix (MS 10% + GGBS 50 

%) is 13.31% increase to normal concrete. 

H. Optimum Mix Proportion of Steel Fiber Reinforced 

Ternary Blended Concrete w.r.t Normal Concrete 

Compressive strength of optimum mix (OPC + GGBS 10% 

+MS 50% +1.5% FIBER) is 24.29% increase to normal 

concrete 

VI. CONCLUSIONS 

Following conclusions are drawn from the Observations and 

discussions of this investigation  

 The combination of MS and GGBS is complementary, 

MS improves the early age performance of concrete with 

GGBS by refining the properties of hardened concrete 

continuously as it matures. 

 As the curing period is extended the SCM mixtures with 

replacements of GGBS 70% have higher strength than 

the base mix. 

 Even in the early age (28 days) Compressive strength 

development of the ternary concrete is slightly more than 

that of ordinary concrete. 

 The combination (MS 10% +GGBS 50%) gives highest 

Compressive strength for all curing days when compared 

to ordinary concrete. 

 Based on the studies and test results, in case of Ternary 

Blended Concrete. It is advisable to replace the cement 

by Mineral admixtures at an optimum percentage of MS 

(10%) and GGBS (50%). At which we can get better 

results in workability and Compressive strength 

comparatively with reference to ordinary concrete. 

 Experimental studies revels that, the mineral admixtures 

plays an excellent performance in developing Ternary 

mixes economically. 

 By using industrial waste material we can make 

environment more sustainable.   

 We can reduce the Environmental pollution by 

encouraging the Blended Cement since they are 

Ecofriendly.   
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