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Engineering properties such as compressive strength and elastic modulus, and 
autogenous and drying shrinkage, along with various durability parameters of the 
different concretes were assessed. Oxygen permeability, quick chloride entrance, 
chloride relocation, resistivity improvement and water sorptivity were the different 
parameters considered for assessment of toughness execution. The examination 
shows the prevalence of LC3 folio over different covers in delivering sturdy cement, 
particularly in a chloride loaded condition. The real explanation behind the better 
execution was ascribed to the smaller and thick microstructure of the framework with 
the LC3 cover against OPC and FA30. The drying shrinkage execution apparently 
was comparable for cement with each of the three covers. This paper thinks about the 
capability of Limestone Calcined Clay Cement (LC3) for use in basic cement in 
examination with Ordinary Portland Cement (OPC) and fly slag based mixed concrete 
(FA30). 
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1. Introduction 

Cement is generally excellent in pressure however feeble 

in strain. Cement can be made tough by using incredible 

nature of materials for instance Bond aggregates and water, by 

lessening the level of voids by suitable assessing and 

proportionate the materials, by using adequate measure of 

concrete and low water-bond allocate along these lines 

ensuring concrete of extended impermeability. Besides, 

through mixing, needed putting, adequate compaction and 

reestablishing of the solid is comparably fundamental to have 

solid concrete [1]. Bond is a homogeneous mix of blinder 

(solid), fine sums, coarse sums and water in some 

foreordained degree. The properties of bond in plastic state/set 

state are dependent on the properties and the kind of fixings 

used. Therefore, in order to get the required kind of solid 

quality, it is critical to control the properties of the fixing 

materials. A thorough learning of participation of various data 

of joint effort of various components of bond is required to be 

known to make a solid with stipulated characteristics.  

 

The appropriation of any cover framework for basic 

cement relies upon the presentation qualities wanted for 

tending to the long haul twisting and sturdiness concerns. The 

significant properties impacting the exhibition incorporates the 

shrinkage attributes overseeing the long haul misshapening, 

and sturdiness qualities identified with different transport 

components, administering the presentation in various 

administration conditions. Three sorts of solid blends were 

intended for the examination, two dependent on accomplishing 

a proportional quality evaluation (M30 and M50 solid 

evaluation) with every cover, and the third with equivalent 

fastener substance and w/b proportion. Limestone Calcined 

Clay Cement (LC3) together for clinker bond blend, which 

shows promising solidified properties at early period. The LC3 

is a synergetic hydration of clinker calcined earth and pounded 

limestone to improve the execution required from business 

bond where concrete is lower than the ordinary cem execution 

of these cementations system depend upon the pore structure 

which is a prevalent factor directing solidness properties 

because of it quick impact on the vehicle [2].  

 

India is the essential country where LC3 is being tried both 

in lab and field on a broad scale. Reducing the proportion of 

clinker which diminishes the carbon dioxide outpouring in the 

earth [3]. In Cement manufacturing plant by lessening the 

proportion of clinker and displacing it with Limestone and 

Calcined Clay with sensible degree. Low quality kaolin earth 

simply is used for the production of LC3 which is generously 

available in various pieces of the world. This LC3 Cement is 

Cost convincing and it will in general be conveyed with existing 

collecting equipment, provoking marginally extended endeavor 

for calcining gear. An examination on mechanical and 

robustness properties on LC3 cement is looked into that 

noteworthy clarification behind the better execution was 

credited to the more negligible and thick microstructure of the 

system with the clasp against OPC and F 30 [4].  

 

The evaluated porosity suggests that the LC3 folio system 

achieves much lower vulnerability appeared differently in 

relation to the Ordinary Portland Cement and FA30 [5]. The 

pieces of the LC3 Cement in the pilot scale creation in India as 

50%clinker, 30% Calcined Clay, 15% Crushed lime stone and 

5% Gypsum [6]. A couple of techniques to direct the CO2 

surge and its negative impact for the earth of bond creating 

incorporates the lessening of the clinker factor clinker with 

growing components of reinforcing cementitious materials is 

limited by its availability appeared differently in relation to the 

solid intrigue [7]. The making of rough materials in LC3 was 

picked to change as half Clinker, 31% Calcined Clay, 15% 

Limestone and 4% Gypsum in the second pilot scale age in 

India [8]. The compound reactivity of the calcined clay can be 

obtained first by estimation of the glow release in the midst of 

reaction using isothermal calorimetric and second by bond 

water confirmation in warming set between 110 0 C and 400 0 

C [9]. The examination exhibited that 45%of substitution by 
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30% of metakaolin and 15% of limestone gives better solidified 

properties at 7 and 28 days than the 100% PC reference [10].  

This demonstrated not completely replacing clinker by 

calcined clay united with limestone (LC3 blends) can be used 

to achieve blended cements with extraordinary execution at 

much lower measurements of clinker. Such blends can make a 

basic pledge to diminish of CO2 radiation related with bond 

creation [11]. In LC3, aluminates from the metakaolin like 

savvy react with Calcite and improve the course of action of 

carbo-aluminate stages [12]. The strong assessed rely upon 

two regular spot quality assessments obtained with blended 

bonds, and furthermore just Portland bond concrete, the 

centrality of SCMs regarding total imperativeness usage and 

carbon dioxide surges [13]. Simply couple of investigator have 

finished in OPC and LC3 point of view. 

 

2. Materials & Methodology 

In this study, various materials are being used such as:. 

A. Ordinary Portland cement 

B. Clinker 

C. Calcined clay 

D. Limestone 

E. Gypsum 

F. Admixture 

G. Coarse aggregate 

H. Fine aggregate 

I. Cement 

J. Cement Paste 

K. Cement Mortar 

 

A. Ordinary Portland cement 

Ordinary Portland cement of this grade was introduced in 

the country by BIS in 1987 and commercial production started 

from 1991. Appearance of this grade in the nation owes it to 

the enhanced innovation adopted by modern cement plants. 

The experimental work was done with OPC 53 grade attains 

higher strength. 

 

B. Clinker 

Clinker product is collected from the cement factory which 

was collected in the form of lumps. These lumps were 

powdered by using Los Angles Abrasion testing machine. Then 

they obtained powder was sieved in 90 microns.  

 

C. Calcined clay 

Kaolin clay was used in this type of work and it is in white 

color. This kaolin clay was heated to 450ºC in muffle furnace. 

When the clays are calcined then chemically attached hydroxyl 

groups were removed, making the clay amorphous and 

reactive. 

 

D. Limestone 

The main particle of limestone is calcium carbonate. 

Limestone used in the work was faint yellow color. 

 

E. Gypsum 

The chemical composition of gypsum is CaSO4.2H2O. It 

acts as a retarder. Gypsum delays the setting of cement in hot 

climates. 

 

F. Coarse aggregate 

The coarse aggregate was used from the batching plant. 

Flakiness and elongation index were maintained.  

 

G. Fine aggregate 

River sand was used as fine aggregate which was from 

our batching plant according to the recommendation of IS383. 

The specific gravity of fine aggregate was 2.6. Generally, zone 

-II sand was used. 

 

H. Admixture 

To increase the workability of concrete admixtures are 

used. Admixtures such as super plasticizer were used from our 

laboratory at a volume of 0.5%. This can be done according to 

ASTM C-494. These are high water reducing agents which 

reduces water up to 20%. 

 

I. Cement 

Cement, after proper sampling, was tested as per Indian 

Standards [13-14] for the following items: 

 fineness, by Blaine test apparatus; 

 full physical properties, including particle size 

distribution and retentions on different sieve sizes like 

90 micron (R90), 75 micron (R75), and 45 

micron(R45); 

 full chemical analysis including insoluble residue (IR), 

sulphate (SO3), loss on ignition (LOI), magnesium 

oxide (MgO), total & soluble alkalis; 

 hydration study using calorimeter (ICP) at w/c of 0.4 

at 24, 72, 144, and 672 hours; and 

 hydration study of LC3 by scanning electron 

microscopy (SEM). 

 

J. Cement paste 

 Workability retention study using marsh cone and 

mini-slump 

 At w/c of 0.5 % by wt. without admixture and at 0.4 

with admixture 

 Fluorescent microscopy on cement paste porosity 

 Mercury intrusion porosimeter Quanta chrome MIP 

with high pressure 60,000 psi system for porosity of 

paste 

 

K  Cement mortar 

 Cement mortar with standard stand, ratio 1:3 for 

compressive strength Cement pastes were tested for 

admixture compatibility using a marsh cone and 

retention was measured using a mini slump. The 

small scale droop test which was initially created by 

Kantro [15] and later adjusted by Zhor and Bremner 

[16], measures the consistency of bond glue and is 

normally utilized for assessing admixture-concrete 

reaction for stream and maintenance over the world. 

The minislump cone is a little form of the droop cone. 

The smaller than usual droop cone is put in the focal 

point of a bit of plane unbending and non-retentive 

surface/table. The glue was set up at a water-cover 

proportion (w/b) of 0.55 and maintenance of stream 

was estimated as long as 120 minutes. 

 

3. Comparison With Ordinary Portland Cement 
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Production process  

The manufacturing process of LC3 includes calcination 

and grinding. For calcination, a normal rotary kiln is needed 

similar in operating principle to rotary kilns for clinkerization. 

Contingent on the circumstance different choices of calcination 

can be received – for instance streak calcination in devoted 

gear of in calcination tower, fluidised bed innovation or static 

calcination. In Cuba, the old wet procedure bond ovens are 

being adjusted to calcine kaolinitic clays. These ovens are 

particularly fascinating on the grounds that at the chain area 

the clay dries, while the chains decimate the clusters, so no 

past treatment for the clay is essential. We have discovered 

that the technique for calcination does not have much effect on 

the reactivity for comparable temperatures and living 

arrangement time. Nonetheless, the calcination strategy will 

bigly affect cost. The upsides of rotational ovens is the 

likelihood to utilize poor quality energizes, for example, pet 

coke or even biomass, which mean the expense of calcination 

can be not as much as that of clinker generation. Crushing can 

likewise be done with regular hardware. Due to the multi-

segment nature of LC3 , having fixings with various hardness, 

separate granulating might be ideally. Be that as it may, 

intergrinding with a twin chamber factory has likewise yielded 

sensibly great outcomes [17]. 

 

 
Fig. 1:  (a) Elastic Moduli of Concretes  made with OPC, FA30 and LC

3 
and 

(b) correlation between elastic modulus and compressive strength 

 

Materials processing and application  

The trials demonstrate that concrete can be produced 

from LC3 with exactly the same technology as Portland and 

other blended cements. The fineness of the clay, especially 

when LC3 is created by intergrinding, may result in to some 

degree shorter setting times, yet at the same time inside the 

ordinary range experienced for bonds and can be controlled 

with similar kinds of admixtures. Issues like affectability to high 

temperature are at present under scrutiny. Legitimate sulfation 

is significant as the reactivity of aluminate will in general 

increment more with temperature in respect to silicates [18].

  

 
Fig. 2: Evolution of Compressive Strength in the Concrete Mixes (a) M30 concretes and M50 concrete and (b) common mix (C-mix) 

 

During calcination the layer structure of the earth 

perseveres somewhat. The hydroxyl bonds between the platy 

dirt structures are driven off and there is a significant 

rearrangement of the fundamental structure units bringing 

about a profoundly formless material. The calcined dirt 

platelets add to expanded explicit surface of the cementitious 

mix which may result in a marginally higher water request in 

contrast with unadulterated Portland frameworks. Explicit 

surface estimated following the air porousness Blaine 

convention can be exceptionally high, however this hardware 
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does not give solid qualities above around 600 m2/kg. 

Notwithstanding, concerning the utilization of metakaolin in 

cement [19], a similar super plasticizers known to function 

admirably for existing bonds have likewise been appeared to 

function admirably with LC3 materials. Wellbeing and security 

– clays are ordinarily utilized materials with no specific 

wellbeing and wellbeing issues. In the event that high 

measures of quartz are available as optional materials, safety 

measures, (for example, arrangement or restriction of 

substitution levels) might be expected to maintain a strategic 

distance from critical dimensions of possibly respirable 

crystalline silica [20]. 

 

4. Conclusions 

The study concluded that the performance of blended 

cement containing a high content of calcined clay (40–50%) as 

pozzolanic material through its activation by chemical method 

using sodium sulphate (0.5 M Na2SO4) solution as an 

activator. From the investigation, the accompanying ends were 

made;  

1. Synthetically actuated mixed concrete examples 

showed more noteworthy pozzolanic action than non-

initiated mixed bond tests. OPC was anyway 

observed to be non-pozzolanic  

2. Protection from corrosive assault expanded with 

lessening in porosity and increment in compressive 

quality. 

3. Shorter introductory and last setting occasions were 

noted in synthetically mixed enacted glues than non-

initiated mixed glues.  

4. Synthetically enacted mortars displayed lower 

porosity than non-actuated mortars.  

5. Higher protection from corrosive assault was seen in 

mixed concretes contrasted with slick OPC bond. 

Also, synthetically actuated mixed bond displayed 

more noteworthy protection from corrosive assault 

than non-enacted mixed concrete. 
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