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Abstract: The use of pozzolans such as Micro silica (MS), Ground Granulated Blast Furnace Slag (GGBS), Fly
ash, Metakaolin, Rice husk ash etc. in cement concrete, individually as a mineral admixture (MA) has been
studied widely. Information available is less, when both MS and GGBS together are present in blended
concretes. Therefore the present study is directed towards developing a better understanding on the combined
performance of MS and GGBS on the strength properties of Ternary concrete over an Ordinary concrete. An
extensive experimentation was carried out to arrive at optimum level of MS and GGBS. Three controlled
concrete mixtures and twelve ternary concrete mixtures were prepared for each water cement ratio i.e. (0.55,
0.45, and 0.35) in three groups, according to their binder content. Ternary concretes were obtained by adding
MS (5%, 10% and 15%) and GGBS (20% 30% 40% and 50%) to the ordinary Portland cement. Compressive
strength characteristic of ternary concrete (TC), for all the combinations were determined at 7, 28, and 90 days.
Ternary concrete have exhibited good improvements on ordinary concrete. The experimental results showed
that, the strength properties of Ternary concrete increases with increase in cement replacement level (CRL) of
cement replacement materials (CRM) i.e. MS and GGBS. After an optimum point, at around 40% of the total
binder content, the addition of MS and GGBS does not improve the strength properties.

Keywords: Compressive strength, CRL, CRM, GGBS, Micro Silica, Ordinary Portland cement and Ternary
concrete,

. Introduction

In the recent past, good attempts have been made for the successful utilization of various industrial by
products such as (fly ash, micro silica, rice husk ash, ggbs, and metakaolin.etc.) to save environmental pollution
by reducing the utilization of cement, without compromising the present requirements of huge infrastructure like
high-rise buildings, large span bridges, etc. Otherwise rapid production of cement is required to meet the huge
demand and it leads to the release of hazardous gasses such as CO, and NH, in to the atmosphere which creates
severe environmental problems. It has been reported that over 90% of carbon dioxide emissions from the
concrete industry are attributable to Portland cement clinker production, and approximately one tonne of CO, is
generated for making one tonne of clinker (Malhotra, 2004).[1].The scarcity of natural raw material, depleting
energy resources, problems of disposal of waste materials and global warming due to emission of green house
gases are the long — term results of rapid industrialization. Every industry tries its best to combat and minimizes
these global problems in concrete construction; the primary route is to reduce the content of ordinary Portland
cement (OPC) in concrete. Micro silica (MS) and Ground Granulated Blast furnace Slag (GBS) are Mineral
admixtures (MAs) which can utilize both heat and calcium hydroxide generated during hydration of cement.
Because of these reason, they can become good cement replacement material (CRM), as recognized now in IS:
456-2000 (Rajamane, 2001: BIS, 2000) [2]. The engineering benefits from the use of mineral admixtures in
concrete result partly from their particle size distribution characteristics, and partly from the pozzolanic and
cementitious reactivity. When OPC is replaced by GGBS the rate of gain of strength of concrete is slower at
early age, and this limits its use in concrete where early age strength is desirable. To overcome this problem
Micro silica is employed with GGBS in ternary concrete and it increases early strength of concrete by formation
of secondary C-S-H gel at early stages due to fat pozzolanic reaction. The synergic effect of CRMs in ternary
blend cement system enhances mechanical properties as well as make the resultant concrete durable (Mullic
2007).[3] It is well documented the use of fly ash along with ggbs in concrete results in a significant
improvement in the mechanical properties of concrete, but researchers are yet to arrive at a unique conclusion
regarding the use of GGBS along with micro silica. The present investigation was aimed to determine the
combined influence of Micro silica and GGBS on the compressive strength of ternary concrete.
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Il. Literature Survey

A.Oner, S.Akyuz [4] conducted an experimental study on optimum usage of GGBS for the
compressive strength of concrete, and proved that the compressive strength of concrete mixtures containing
GGBS increases as the amount of GGBS increase. They found that the addition of GGBS beyond 55% of total
binder content does not improve the compressive strength. This is due to presence of un reacted GGBS, acting
as a filler material in the paste. Muhammad , Rizwan , Akram [5] 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 %o0f 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[6] 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 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. Sowmya.S.M; Premanand Kumar; Amar.R[7] In this Experimental study Mineral admixtures
such as GGBS, MS and Fly ash are commonly used in concrete because they improve durability and reduce
porosity as well as improve the interface with the aggregate the experimental work is carried out to investigate
the optimum percentage of GGBS and MS to replace cement effectively. An attempt is made to replace cement
with GGBS with an interval of 10% and SF by constant proportion for minimum grade concrete i.e., M20 and is
tested for fresh and hardened properties to identify the optimum percentage of GGBS and silica fume in
concrete. Workability has increased with the addition of GGBS. If further decreases with increase in percentage
of GGBS. Split tensile strength will increased up to certain percentage with the addition of GGBS and it further
decreases with increase of GGBS content in concrete. D.Audinarayana, P.sarika, Dr.Seshadri Sekhar.T,
Dr.Srinivasa Rao, and Dr P Sravana G.Apparao [8] 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. K. Suvarna
Latha, M V Seshagiri Rao, Srinivasa Reddy. V[9] made an effort to quantify the strength of ground
granulated blast furnace slag (GGBS) and high volume fly ash (HVFA) at the various replacement levels and
evaluates their efficiencies in concrete. The present study reports the results of an experimental study, conducted
to evaluate the strengths and strength efficiency factors of hardened concrete, by partially replacing the cement
by various percentages of ground granulated blast furnace slag and high volume fly ash for M20, M40 and M60
grades of concrete at different ages The partial replacement of cement with GGBS and HVFA in concrete mixes
has shown enhanced performance in terms of strength and durability in all grades. This is due to the presence of
reactive silica in GGBS and HVFA which offers good compatibility. A.K. Mullick[10] Describes the
characteristics of cementitious systems required to meet the diverse requirements of strength and durability of
concrete and highlights the advantages of part replacement of OPC by fly ash, GGBS and MS- either singly or
in combination in ternary blends. Examples of successful application are cited. With favorable raw materials in
judicious raw mix design and due control in plant operations, it is possible to produce OPC having all the
desirable characteristics to make concrete durable under different conditions of exposure during its service life.
TBC of OPC with Micro silica and fly ash or GGBS are particularly useful to render greater durability to

International Conference on Recent Innovations in Civil & Mechanical Engineering 49 | Page
[i- CAM2K16] DOI: 10.9790/1684-16053014856



Influence of Mineral admixtures on Compressive strength of Ternary concrete with different Water

concrete. C M Dordi, AN N Vyasa Rao and Manu[11] Reported that the results indicate that MFGGBS
addition in concrete improves cohesiveness, workability and workability retention in fresh state. The long term
strength and permeability characteristics are also favorable. To have accrued benefits with MFGGBS, mix
proportion is redesigned and trials are carried out to establish MFGGBS as a preferred additive for high
performance fly ash based concretes. Use of fine and micro fine mineral additives in high performance concrete
is a must to have improved characteristics both in fresh and hardened states.

I11. Research Objective
To determine combined influence of Micro silica and GGBS on compressive strength of Ternary concrete.
To determine the optimum ternary concrete mix by adding Mineral admixtures (M.S & GGBS).
To utilize Industrial by products and find out the economical and performance evaluation of concrete mix.
To create healthy environment world-wide by using industrial by products wisely.

IVV. Research Significance
In the recent and past, investigators attempted to enhance the strength properties of binary, ternary and
quarternary concrete by using different types of mineral admixtures (MA) with different combinations. Though
enhancement in the strength properties of ternary blended concrete through mineral admixtures like Fly ash,
metakaolin, etc., but there exists little understanding of Micro silica and GGBS combinations and the
information is still scanty. The contribution of silica fume to the strength of concrete is yet to be fully quantified.
Therefore the present investigation is a step in this direction.

V. Experimental Program

The experimental program was planned to produce Ternary Blended Concrete with reduced cement
content by adding different percentages of Micro Silica and GGBS. Procedure for blending, mixing, casting and
curing of specimens are shown in Figl to Fig.6.Three groups of each consists of 36 ternary (OPC+MS+GGBS)
blended concrete cubes of 150 mm size were casted by replacing OPC with 20%, 30%, 40%, and 50% of GGBS
with 5%, 10% and 15% of Micro silica as constant in each group. Also 9 cubes were casted for control concrete
with 100% of ordinary Portland cement. A Total of 117 cubes were casted for each water—cement ratio. All the
specimens were cured by immersion. Three specimens of ternary concrete and control concrete were tested for
saturated surface dry state to obtain their compressive at 7, 28 and 90 days of curing.

5.1 Materials

5.1.1 Cement: Ordinary Portland cement (OPC), 53 grade confirming to BIS 12269-1987(specific gravity: 3.16,
Blaine fineness: 320 m* /kg)

5.1.2 Micro Silica: Micro Silica -920D [12] 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 m?/kg.

5.1.3 GGBS: GGBFS was collected from JSW-HYD [13]. Confirming to IS: 12089 — 1987. (Specific gravity:
2.87 Fineness: m%/kg.)

5.1.4 Fine Aggregate: Locally available river sand confirming to zone Il of table 4 of BIS: 383-1970 (specific
gravity: 2.6 and fineness modulus 3.17 and bulk density 1793 kg/m®) was used as fine aggregate.

5.1.5 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/m?)

5.1.6 Water: Clean drinking water available in the college campus was used for mixing and curing of concrete
confirming to IS 456-2000.

5.1.7 Super Plasticizers: Chemical admixture based on Sulphonated Naphthalene Formaldehyde condensate-
CONPLAST SP 430 [14] confirming to BIS 9103-1999 and ASTM C-494.

5.2 Mix Proportions

5.2.1 Ordinary concrete: Mix design is carried out as per guide line given in IS: 10262-2009, which
yielded mix proportions of 1:2.42:3.37, 1.1.98:2.76 and 1:1.52:2.11 for water cement ratios of 0.55, 0.45and
0.35 respectively. Total of 27 cubes were made as reference mix. To enhance workability a sulphonated
naphthalene formaldehyde super plasticizer (SP430) was used at a dosage of 1litre/100kg by weight of cement.
The composition of ordinary concrete is given in Table 1.
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Table 1: Mix proportions and Quantity of material required for ordinary concrete (kg/m?)

Water -Cement Ratio Cement (kg) | Water FA(kg) | CA(kg) | SP (litres)
(litres)
W/C=0.55 324 178 785 1093 0
1 0.55 2.4 3.373 0
W/C=0.45 387 174 768 1068 3.87
1 0.45 1.98 2.76
W/C=0.35 486 170 738 1027 4.86
1 0.35 1.52 2.11

5.2.2 Ternary concrete mixes: Twelve Ternary Mixes (OPC + Micro Silica + GGBS) were made with
cement replacement. 324 cubes were prepared for all water-cement ratios. All the Ternary mixes were prepared
with super plasticizer at a dosage of approximately 1.0 liter/100 kg of cement. The compositions of Ternary
concretes are given in Table 2.

Table 2: Mix proportions and Quantity of material required for Ternary Concrete (kg/m?®)

Temaryooncrete (TC) WC=035 WC=045 WC=033
M (CU#NS%+GOBS %) |Cement| MS |GGBS| FA | CA [Water|Coment| NS [GGBS| FA | CA |Water| SP C*t‘*' MS | GGBS | FA | CA |Waer| SP
oM | oo [ 3 | o | o [wslealam| 3w [o] o [ws[wss] 17 [2s7] a5 | 0 [ o0 [mslior] o] 4
M| % e 2% | 24 | 162 648 |75 10| 1w [2e02s] 18| 774 [ e w0es] 17 [2a7| 3es [2a3] e [rasfue] mo [ 4s
™2 | e%tr o | 2106 | 162 ] 972 [7es [1mes | 17 {25055 10| 11e1] ee] woes] 174 [287] 3159 [ 2a3] a8 m3efaoar] 1m0 486
M3 | s e 0% | 1782 | 162126 | 783 1003 | 1 [ 20285 19| 1548 7| 1068| 174 | 2.7 2673 [243] 1004 | 7aef 1027 o [ 4%
A O B T D s R S
MG | T 10t | 2268 324 ea8 [ 7es [1oos | 17 [ 2700 [ 30 774 [ 7es] woes] 174 | 287|342 |ase] o2 | masfioar) 1m0 [ 4%
MG | 6 100 30% | 1944 | 324 o7 [ 73 [1ees | 1w [ 2322 [ae [t | e w0es] 174 {27 2006 [4n6] 1458 ] mae10ar] mo [ 45
™™T | et dn | 1@ [324] e[ 7es [ama| 17 | 1035 | 30| 15as] s ] oes| 174 | 27| 243 [ame] 1mea] msfioar] 1m0 [ 4m
TME | 40 10% W% | 1286 | 324 te2 | 793|103 | 17 | 1548 | 39| 1933 | 7es| w0es] 174 [2.a7| 12 [dne| 23 [ 7afronn] mo |4
TME | e 13t 0% | 2106 | 486 6an [ 73 [tees| 1 [ostss]sa | 77 [ s woes] a7 [asr| stse e era Trasfuoat] mo s
R T T I R Y e I ) e I ) s I S
TMIL|  43% 13% 0% | 1438 | 486 1206 | 783 | 1083 | 178 | 17413 38 | 1548 768 | 1068 | 174 | 2.87| 2187 | 7ze| 1eea | maa{10a7] o [ 48
TMI2|  3ststersote | 1134|486 | 162 [7es [10s | 17 [ 3545 su [ aeas] me] oes] 17a [amr] 1ma [ ae] a3 [ msfaoar] o [ass

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

5.3.1Mixing: Mixing was done manually on smooth concrete pavement. Micro silica and GGBS were
first blended in the required percentage and subsequently, blended with OPC at the required proportions before
mixing with the fine aggregate and coarse aggregate mix in dry condition. Water was then added gradually and
the entire heap was mixed thoroughly to ensure homogeneity and to obtain cohesive concrete.5.3.2 Casting:
Standard cast iron metal moulds were used for casting the cubes. The moulds have been cleaned of dust particles
and applied with mineral oil on all sides before concrete is poured into the mould. Thoroughly mixed concrete
was placed layer by layer to cast the specimens. The specimens were prepared both by hand compaction as well
by imparting vibrating through vibrating table. The specimens were finished smooth and kept under wet gunny
bags for 24 hours .Whole casting procedure is confined to Indian Standard: 10086-1882. Total of 351 (27 for
CC and 324 for TC) cubes were casted to determine compressive strength.

5.3.3 Curing: After casting, the moulded specimens are stored in the laboratory free from vibration, in
moist air and at room temperature for 24 hours. After this period, the specimens are removed from the moulds
and immediately submerged in the clean fresh water of curing tank. The curing water is removed after every 5
days. The specimens are cured for 7, 28 and 90 days.

5.4 Testing of Specimens

At the age of 7, 28 and 90 days, the specimens were taken out of water and allowed to dry under shade and then
tested for compressive strengths at room temperature..The strength was determined on three specimens as per
Indian Standard: 516-1959.from each mixture, 5.4.1 Compressive strength: Cube compression tests were
performed on standard cubes of size 150 x 150 x 150 mm after 7, 28 and 90 days curing as per 1S:516-1959
[15]. as shown in Fig.6 and the test results are presented in Table 3

Compressive strength of specimen was calculated by the expression:

fu= P /A 1)

Where,

P.= Failure load in compression, kN

A = Loaded area of cube, mm?

International Conference on Recent Innovations in Civil & Mechanical Engineering 51 | Page
[i- CAM2K16] DOI: 10.9790/1684-16053014856



Influence of Mineral admixtures on Compressive strength of Ternary concrete with different Water

Fig4 Curing Fig5 Concrete Lab Fig 6. Compression test

Table 3: Compressive Strength gain of Ternary Concrete over Ordinary concrete

Mix Id | Ternary concrete (TC) W/C=0.55 W/C=0.45 W/C=035
(C%+MS%+GGBS %) | 7 28 90 7 28 90 7 28 90
Days | Days Days Days Days Days | Days | Days Days
CME 100%~+ 0% 0% 2414 [36.50 | 3815 [26.80 | 4450 | 4810 | 3460 | 6160 | 72.13
TMI® | 75%+ 5%+ 20% 2333 [ 3811 | 4050 [26.00 [4760 | 5254 | 3382 |67.17 [ 7940
T™M2 63%+5%+ 30% 2320 [ 4032 | 4378 [2600 [s5180 [s5804 | 3368 7383 [ 8872
T™M3 53%+ 5%+ 40% 2283 [ 3043 | 4240 [2546 [ 5036 [ 5587 | 33.00 | 60.70 [ 83.70
T™ME | 45%+ 5%+ 30% 22.60 [ 38.81 | 4161 [2537 | 4847 |53.60 | 32.81 | 68.13 [ 81.30
TMS 70%+ 10%~+ 20% 2508 [ 302 | 4102 [2807 [48097 [5306 [ 3770 |00 | 8318
T™M6 60%+ 10%+ 30% 2450 [42.05 | 4752 [28.02 | 5750 | 66.60 | 37.20 | 83.64 | 10L00
T™T 50%+ 10%~+ 40% 2438 [ 4221 | 4610 [2721 [ 5436 | 6000 | 3606 | 8038 [ 06.70
TMS 0%+ 10%=+ 50% 2278 [ 3010 | 4216 [26.15 | 5200 | 5822 [ 3382 | 7510 | 90.08
TME 63%+ 15%+ 20% 2570 [3513 [ 3700 [2871 [ 4333 |47.01 | 38.00 | 60.17 [ 70.62
TMI0 | 55%+ 15%+ 30% 2541 (393 | 4258 [2850 | 4800 |5520 | 37.76 | 70.18 | 83.46
TMIL | 45%+ 15%= 40% 2501 | 3484 | 3606 [28356 [4270 [47.00 | 3763 | 5060 | 70.60
TMI2 | 35%+15%+ 50% 2402 [ 343 | 3600 [2808 [4100 [4600 | 37.03 | 5840 [ 69.00
a Control mix b Temary mix
200.00 -
= 100.00 M

25 000 - mTM1

-

§ L= 7-Days 28- 90-Days| 7-Days 28- 90-Days| 7-Days 28- 90-Days| mTM?

g Eﬂ Days Days Days BTM3

w
- , B TM4
Age of concrete in Days

Fig.7: Compressive Strength of TBC w.r.t Normal Concrete MS (5% 10% and 15%) GGBS (20%-50%)
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Fig.8: % Increase in Compressive Strength of TBC w.r.t Ordinary Concrete among w/c ratios at 7 day curing
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Fig.11 % increase in Compressive Strength of TBC w.r.t Normal Concrete, MS (5% 10% and 15%) and GGBS
(20%-50%)

VI. Results And Discussion
6.1 Fresh Concrete properties:
6.1.1 Mix Characteristics: While observing the characteristics of fresh concrete, Micro Silica and its super fine
particles, causes the ternary mixtures to be sticky and cohesive, when compared to control concrete mixtures
and also noticed that, the cohesiveness increases with increase in Micro Silica content and which leads to more
paste volume, and contributes to a reduction in bleeding. All the Mixtures have exhibited satisfactory
characteristics regarding bleeding and Segregation.

6.1.2 Workability: The workability test results of ordinary concrete and ternary mixes are measured from
slump test. It is observed that, in the combination of GGBS and Micro silica, the beneficial effect of GGBS on
fluidity can be used to compensate for the loss of workability due to Micro silica addition. Workability of
ternary blended concrete increases gradually until GGBS content reaches to 30% with Micro silica (5% to 10%)
as constant, resulted in decreasing the dosage of super plasticizer and it indicates the positive influence of
GGBS on the optimum super plasticizer dosage in the ternary mixers. But the trend was reversed, when Micro
silica content increased from 10% to 15% for all percentage levels of GGBS. The combination of (MS
5%+GGBS30%) exhibited the least super plasticizer dosage, while the combination (MS15%+30%) exhibited
highest optimum super plasticizer dosage. Also observed that, the dosage of super plasticizer increases as water-
binder ratio decreases, it is due to the fact that more superplasticizer molecules required for adsorption on the
surface of cement and mineral admixture particles. The optimum dosage was increased sharply as the water to
binder ratio decreased from 0.55 to 0.45 and 0.35. Super plasticizer was not required for control mix of water to
binder ratio 0.55. But it was required for water to binder ratios 0.45 and 0.35 to get medium workability.
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6.2 Hardened concrete properties
Compressive of control concrete and ternary concrete mixtures were determined at 7, 28, and 90 days of curing.
The average of three samples was taken for every testing age.
6.2.1  Compressive strength development

From the Table 3 it is observed that, the early age (7days) strength of ternary concrete varies with
respect to the percentage levels of Micro silica (MS) and GGBS. Compressive strength of ternary concrete
shows decreasing with increase of GGBS content at MS (5%) as constant, and it increases slightly at MS (10%).
GGBS in the ternary concrete, which delays the early age strength due to slow pozzolanic reaction, is the reason
for this phenomenon. But there is a considerable increase in compressive strength of Ternary concrete at MS
15% as constant, for all percentage levels of GGBS. Inclusion of Micro silica in cement system influenced the
strength of ternary concrete at early stage significantly [16].Conversely it is observed that, the 28 day
compressive strength of ternary concrete increases gradually until GGBS content reaches to 30% and there after
it falls even increase of GGBS, with MS (5% and 10%) as constant. But it is noticed that, the strength of
Ternary concrete is lower than that of control concrete with MS 15% as constant. The same trend was observed
even at 90 days curing irrespective of water to binder ratio
6.2.2  Optimum Ternary Mix Combinations

Table 3 shows that the maximum cube compressive strength (25.70MPa) was obtained by ternary mix
TM9 (65%0PC+15%MS+20%GGBS) at 7 day curing. And also observed that the ternary mix TM6 (60%0PC
10%MS+30%GGBS) attained maximum cube compressive strength (42.95MPa) at 28 days testing. Even at 90
days curing, the same combination i.e. TM6 shows maximum cube compressive strength (47.52MPa)
at water to binder ratio 0.55 For water to binder ratio 0.45, the maximum cube compressive strength (28.71MPa)
was obtained by ternary mix TM9 (65%0PC+15%MS+20%GGBS) at 7 day curing. And also observed that the
ternary mix TM6 (60%0OPC 10%MS+30%GGBS) attained maximum cube compressive strength (57.59MPa) at
28 days testing. Even at 90 days curing, the same combination i.e. TM6 shows maximum cube compressive
strength (66.69MPa) For water to binder ratio 0.35, the maximum cube compressive strength (38.0MPa) was
obtained by ternary mix TM9 (65%0PC+15%MS+20%GGBS) at 7 day curing. And also observed that the
ternary mix TM6 (60%0PC+10%MS+30%GGBS) attained maximum cube compressive strength (83.64MPa) at
28 days testing. Even at 90 days curing, the same combination i.e. TM6 shows maximum cube compressive
strength (101.0MPa)
6.2.3 Maximum Percentage gain in Compressive strength with respect to binder content
The analysis of experimental data showed that, the addition of Micro silica and GGBS enhanced the strength
properties of ternary mixtures, which was on par with that of control concrete mixtures.
The 7 days compressive strength of ternary mix (TM9) is 6.46%, 7.13% and 9.83% higher than the controlled
concrete mix for w/c ratios 0.55, 0.45 and 0.35 respectively.
The 28 day compressive strength of ternary mix (TM6) had 17.69%, 29.42% and 34.97% higher than the
controlled concrete mix for w/c ratios 0.55, 0.45 and 0.35 respectively.
The 90 day compressive strength of ternary mix (TM6) had 24.56%, 38.39% and 40.02% higher than the
controlled concrete mix for w/c ratios 0.55, 0.45 and 0.35 respectively
6.2.4 Maximum Percentage gain in Compressive strength with respect curing days
The compressive strength of ternary mix (TM6) at 28 day curing, had 75.31%,105.53% and124.80% higher than
that of 7 day curing for w/c 0.55 wi/c, 0.45 and w/c 0.35 respectively.
The compressive strength of ternary mix (TM6) at 90 day curing, had 93.96% 138.01% and 171.51% higher
than that of 7 day curing for w/c 0.55 w/c, 0.45 and wi/c 0.35 respectively.
6.2.5 Percentage gain in Compressive strength with respect water to binder ratio
The maximum 28 day compressive strength of ternary mix (TM6) at w/c 0.45 and 0.35 had 34.03% and 94.73%
higher than that of w/c 0.55 respectively and it had 40.34 % and 112.68% at 90 day curing,

VII.  Conclusions

Extensive experimentation was carried out to determine the combined effect of Micro silica and GGBS on

compressive, split tensile and flexural strengths of concrete at water-cement ratio 0.55, and cement replacement

of 0% to 65%. The following conclusions can be derived from the present study.

1. The inclusion of Micro silica in concrete resulting in significant improvement in the early age strength of
ternary concrete. The optimum 7days strength has been obtained by 15% micro silica, but it is reduced to
10% at 28 day strength.

2. The early age strength of concrete with GGBS was lower than the control concrete. However, as the curing
period is extended, the strength increases. The reason is that the pozzolanic reaction is slow and the
formation of calcium hydroxide requires time.
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3. The strength properties of concrete increases as the GGBS content increased up to an optimum point.
Therefore it can be concluded that, there is an optimum level for the efficient use of GGBS content, which
yields the highest strength. The optimum level of GGBS content for maximizing strengths is at about 30%
of total binder content.

4. Addition of GGBS in concrete, beyond 30% does not improve the strength. And it can be concluded that,
after certain limit, the GGBS, which could not enter into reaction, but behaves like fine aggregate. It
indicates that, GGBS cannot be used efficiently as a binder, but rather as filler in the concrete.

5. The 7day compressive strength ternary concrete is maximum at 35% replacement of OPC by MS and
GGBS. and it is 6.46% higher than control concrete. Whereas 28 day and 90 day compressive strength is
maximum at 30%, it is 17.69% and 24.56 respectively. The percentage increase in compressive strength of
ternary concrete is 75.31% and 93.96% when compared to 28 day strength

From the above investigation, an effective and efficient ternary concrete can produce by using mineral
admixture (Micro silica and GGBS), in ternary blended concrete Micro silica acts filler and GGBS controls
workability. Therefore, this combination is more effective in improving the properties of ternary blended
concrete. It was observed that the combination of Micro silica and GGBS not only enhances the Compressive
strengths but also many other beneficial properties like durability, better crack resistance, low permeability, cost
effectiveness etc. therefore the Triple blended concrete is quite suitable for high performance concrete(HPC).

VIIl. Recommendations
From the above cited test results, the authors recommending the use of Micro silica and GGBS in the ternary
concrete mix TM6 (C60%+MS10%+GGBS30%) to get economical and durable concrete.
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