
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 02, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 537 

Study on Strength Characteristics of Fly Ash Based ALCCOFINE Bricks 

R.Rahul1 G.Manigandan2 M.Prasanna3 K.Rameshkumar4 Dr.A.Leema Rose5 
1,2,3,4UG Student 5Associate Professor 

1,2,3,4,5Department of Civil Engineering 
1,2,3,4,5Valliammai Engineering College, Tamilnadu, India

Abstract— The main aim of the project is to make a brick 

with an improved strength characteristics than the normal 

fly ash brick. This bricks are used for the purpose of heavy 

load bearing walls, high rise buildings, industrial structures 

and irrigation structures. The objectives of the project is to 

determine the optimum mix ratio of the alccofine bricks 

which gets higher strength characteristics and to get less 

weight brick. The project work deals with the introducing of 

a new generation material “ALCCOFINE-1203” of a 

Supplementary Cementitious Material (SCM) of an ultrafine 

particle size as an additive into the normal fly ash brick. So 

which this Alccofine bricks has higher strength 

characteristics than the normal fly ash brick. The materials 

used in this bricks are Fly ash, Alccofine- 1203, Lime, 

Gypsum and Quarry dust. This Alccofine bricks has better 

strength characteristics such as compressive strength of 24 

N/mm², water absorption is 2.52 %, efflorescence is slighter 

and it satisfies all physical tests such as size, shape & colour 

test, soundness test. Hardness test and structure test. This 

brick is made through the process of mixing, casting with 

the hand mould of non-modular size 

(220mmx100mmx70mm), Drying (3 days), Curing (21 

days)  and  testing is done. The mixing of material is done at 

four various mix proportions with casting of three three 

bricks in each proportions. In which the 3rd proportion 

(Flyash-42.5%, Alccofine1203-12.5%, Lime-15%, Gypsum-

3%, Quarry dust-27%) has given higher strength 

characteristics than the other three proportions. Therefore 

this alccofine has better strength characteristics and It is 

very useful in reducing the dead weight of the structure due 

to less weight of brick on brick masonry, Due to uniform 

size of bricks mortar required for joints and plaster is 

reduced by almost 50%, Due to lower water penetration 

seepage of water through this brick is considerably reduced. 

The Indian Standard, Specification for Pulverized fuel ash - 

lime bricks  (IS 12894 (2002)) is mainly referred for making 

the bricks. 
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I. INTRODUCTION 

Fly ash bricks are made of fly ash, lime, gypsum and quarry 

dust. These are extensively used in all building 

constructional activities similar to that of common burnt 

clay bricks. The fly ash bricks are comparatively lighter in 

weight and stronger than common clay bricks. Since fly ash 

is being accumulated as waste material in large quantity near 

thermal power plants and creating serious environmental 

pollution problems, its utilization as main raw material in 

the manufacture of bricks will not only create ample 

opportunities for its proper and useful disposal but also help 

in environmental pollution control to a greater extent in the 

surrounding areas of power plants. In view of superior 

quality and eco-friendly nature. The present study focuses 

particular attention to use of alccofine in this fly ash bricks. 

So which it gives higher strength characteristics than a 

normal fly ash bricks. 

A. Properties of Non-Conventional (Fly Ash) Brick: An 

Experimental Study: 

The importance of product is not complete without knowing 

its economics & various characteristics relating to its 

quality. It has been acknowledged that marking bricks with 

the conventional material is becoming costlier day by day. 

This is more predominant for marking conventional brick of 

higher compressive strengths. It is already known that the 

conventional brick are susceptible to efflorescence. Also, in 

area of high moistures the weakness of conventional brick 

masonry due to great absorption of water is well known and 

needs to be improved to prevent and failure of the structure 

during its lifetime, further these bricks are kiln made the 

causing Emission of harmful gases. Therefore the 

manufacturing process making these bricks is not eco 

friendly hence, in the ongoing search for finding new 

material of construction, which can replace conventional 

materials to save cost and natural resources which are 

depleting fast, it has been found that using non conventional 

bricks in masonry structures can make the structure get rid 

of the above problem and it can also make the structure 

more durable. non conventional bricks possess a high degree 

of toughness, durability, ductility, strength and crack 

resistance. This controls the cost factor involved in the 

construction of the structure. It also increases the flexibility 

and ductility of a building which is a sought after 

characteristic in the earthquake prone area. Large-scale use 

of this waste material has not been done in India, perhaps 

due to lack of evidence and lack of education. With 

industrialization, it is now time that these materials are used 

in the manufacture of bricks, which can cause an overall 

economy and can give us a less polluted environment. 

B. Compressive Strength of Fly Ash Brick with Addition of 

Lime, Gypsum and Quarry Dust: 

In the present scenario in the construction industry, use of 

economic and environmental friendly material is of a great 

concern. One of the main ingredients used is cement. It is 

observed from various studies that the heat emitted from 

cement accounts to a greater percentage in global warming. 

Cement industries account to a greater emission of CO2 and 

they also use high levels of energy resources in the 

production of cement. In order to minimize these effects, 

replacement of cement with some pozzolanic materials such 

as fly ash, can have an improving effect against these 

harmful factors. In this work, identified the optimum mix of 

fly ash (major ingredients) generated at Barapukuria 

Thermal Power Plant, sand, hydrated lime and gypsum and 

also optimized the brick forming pressure. Fly ash- 55%, 

sand- 30% and hydrated lime – 15% with gypsum-14% was 
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found to be the optimum mix. For the optimum mix studied 

the compressive strength, microstructure, shrinkage 

property, unit volume weight, Initial rate of absorption, 

absorption capacity, apparent porosity, open pore and 

impervious pore of the fly ash–sand–lime-gypsum bricks 

produced with optimized composition under various brick 

forming pressures, Efflorescence and radio activity of the 

bricks formed under optimized conditions were also 

investigated. 

II. MATERIALS USED 

A. Fly Ash: 

According to Indian standard specification for fly ash for 

use as pozzolana and admixture (IS 3812 – 1981). Fly ash is 

finely divided residue resulting from the combustion of 

powdered coal and transported by the flue gases and 

collected by electrostatic precipitator. ASTM broadly 

classify fly ash into two classes  

Class F: Fly ash normally produced by burning 

anthracite or bituminous coal, usually has less than 5% CaO. 

Class F fly ash has pozzolanic properties only.  

Class C: Fly ash normally produced by burning 

lignite or sub-bituminous coal. Some class C fly ash may 

have CaO content in excess of 10%. In addition to 

pozzolanic properties, class C fly ash also possesses 

cementious properties. Fly ash used is of type class C with a 

specific gravity of 2.1. The physical properties are given in 

Table-1 

PHYSICAL PROPERTIES CHEMICAL PROPERTIES 

Specific gravity - 2.1 SiO₂     -    38-63% 

Fines                   - 72% Al₂O₃   -   27-44% 

Liquid limit        - 28% CaO      -   0.2-8% 

Plastic limit       - NP pH        -   6-8% 

Table 1: Physical and Chemical properties of Fly ash 

B. Lime:  

Lime is an important binding material in building 

construction. It is basically Calcium oxide (CaO) in natural 

association with magnesium oxide (MgO).Lime reacts with 

fly ash at ordinary temperature and forms a compound 

possessing cementitious properties. After reactions between 

lime and fly ash, calcium silicate hydrates are produced 

which are responsible for the high strength of the 

compound. According to Indian standard, classification of 

lime (IS: 712-1984) class-B lime is used. The physical 

properties are given in Table-2 

PHYSICAL 

PROPERTIES 
CHEMICAL PROPERTIES 

Specific gravity    - 2 SiO₂   -   <2.5 

Bulk density   - 600-900 Al₂O₃ -   <1.5 

Insoluble material - <1 CaO    -   >83.3 

Table 2: Physical and Chemical properties of lime 

C. Gypsum: 

Gypsum is a non- hydraulic binder occurring naturally as a 

soft crystalline rock or sand. Gypsum have a valuable 

properties like small bulk density, incombustibility, good 

sound absorbing capacity, good fire resistance, rapid drying 

and hardening with negligible shrinkage, superior surface 

finish, etc. In addition it can strengthen material or increase 

viscosity. The physical properties of gypsum are given us 

under. 

                 Specific gravity - 2.31 

                 Density - 2.8-3 

                 Mohs hardness - 2 

D. Quarry Dust:       

The physical properties are given us under. It is residue 

taken from granite quarry. Due to excessive cost of 

transportation from natural sources locally available river 

sand is expensive. Also creates environmental problems of 

large-scale depletion of these sources. Use of river sand in 

construction becomes less attractive; a substitute or 

replacement product for concrete industry needs to be found. 

Whose continued use has started posing serious problems 

with respect to its availability, cost and environmental 

impact? In such a case the Quarry rock dust can be an 

economic alternative to the river sand. Usually, Quarry 

Rock Dust is used in large scale in the highways as a surface 

finishing material and also used for manufacturing of hollow 

blocks and lightweight concrete prefabricated Elements. 

After processing fine particles of size less than 4.75 mm is 

used in this work. 

                 Specific gravity  - 2.63 

                 Water absorption (%) - 0.60 

                 Maximum size (mm) - 4.75 

                 Fineness modulus - 4.20 

E. Alccofine1203: 

Alccofine1203 is a new generation, ultra-fine material of 

particle size much finer than other hydraulic materials like 

cement, fly ash, lime. Alcofine 1203 and Alcofine 1101 are 

two types of Alccofine with low calcium silicate and high 

calcium silicate respectively. Alccofine 1200 series is of 

1201, 1202, 1203 which represents fine, micro fine, ultrafine 

particle size respectively. Alccofine 1203 is slag based SCM 

having ultra-fineness with optimized particle size 

distribution whereas Alcofine 1101 is a micro finer 

cementitious grouting material for soil stabilization and rock 

anchoring. The performance of Alcofine is superior to all 

the other admixtures used in India. Due to high Calcium 

oxide (Cao) content. 

The physical properties of Alccofine 1203 are 

given us under. 

                 Specific gravity  -          2.9 

                 Bulk density (Kg/m³) -         600-700  

The chemical properties are given us under 

                  SiO₂ (%)          -             33-35 

                 Al₂O₃ (%)          -             23-25 

                 CaO (%)          -             31-33 

                 Glass content (%)      -             >90 

The computed blain value based on particle size 

distribution (PSD) is approximately 12000cm2/gm and is 

truly ultra-fine. Due to its ultra-fineness, of Alccofine 1203, 

it provides reduced water demand for a given workability, 

even up to 70% replacement level as per requirement. It is 

manufactured in the controlled conditions with special 

equipments to produce optimized particle size distribution 

which is its unique property.                 

III. MIX PROPORTIONS 

A. Various Mix Proportions: 

Each proportion is done for3 trials is given in Table-3. 

TRIA FL ALCCOFIN LIM GYPSU QUARR
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L Y 

AS

H 

(%) 

E 

(%) 

E 

(%) 

M 

(%) 

Y DUST 

(%) 

I 52.5 2.5 15 3 27 

II 47.5 7.5 15 3 27 

III 42.5 12.5 15 3 27 

IV 37.5 17.5 15 3 27 

Table 3: Different Mix Proportions for alccofine bricks 

B. Quantity of materials 

TRIA

L 

FL

Y 

AS

H 

(gm

) 

ALCCOFIN

E 

(gm) 

LIM

E 

(gm) 

GYPSU

M 

(gm) 

QUARR

Y 

DUST 

(gm) 

I 
157

5 
75 450 90 810 

II 
142

5 
225 450 90 810 

III 
125

0 
375 450 90 810 

IV 
112

5 
525 450 90 810 

Table 4: Quantity of Materials to be used for alccofine 

bricks. 

IV. CASTING OF BRICKS 

The normal hand mould is used to cast the bricks with the 

non-modular size of 220mmx100mmx70mm. They were 

cast according to the standard procedure with various mix 

proportions arrived. The required quantity of Fly ash, 

Alccofine, Lime, Gypsum, Quarry dust is calculated 

previously, according to that the materials mixed properly. 

Then required quantity of water was added. Then they 

mixed thoroughly. Then the prepared mix was poured in to 

the mould and it is compacted. After compacting gets over 

then the mould is removed. Then the wet brick was kept 

under air curing for 3 days and then bricks where water 

cured for a period of 21 days. 

V. WATER BINDER RATIO 

Water – binder ratio plays the significant role on the 

compressive strength of the brick. Water-Binder ratio is 

calculated based on weight of fly ash, weight of alccofine 

and weight of lime to total weight of the brick. It also plays 

the significant role on the compressive strength of the brick. 

Considering the water content (or) water to binder ratio is an 

indirect approach to sizing the volume, thus ensuring greater 

durability in the mixture proportions for bricks made. 

PROPORTIONS WATER–BINDER RATIO (%) 

I 0.7 

II 0.7 

III 0.7 

IV 0.7 

Table 5: Water-Binder Ratio for different proportions 

VI. EXPERIMENTAL METHODOLOGY & ANALYSIS RESULTS: 

A. Laboratory Tests: 

1) Water Absorption Test: 

Fly ash brick should not absorb water more than 12%.The 

bricks to be tested should be dried and taken constant weight 

(W1).Immerse completely dried and weighed (W1)brick in 

clean water for 24 hours at a temperature of 2720°C. 

Remove the bricks and wipe out any traces of water and 

weigh immediately (W2). As per   IS 3495 (Part 2): 1992 

(Determination of water absorption) 

(Water absorption in % by weight) = (W2 - W1 / W1) X 100 

Where,    W1          =    Weight of dry brick 

                W2          =    Weight of wet brick 

The average of three bricks should be taken. This 

bricks absorbs (2.465 %) of water only, it has less water 

absorption property than both the conventional clay bricks 

and fly ash bricks. Water absorption for four proportions are 

shown in graph. 

Graphical variation for water absorption test 

 
2) Efflorescence Test: 

The presence of alkalis in bricks is harmful and they form a 

grey or white layer on surface of a brick by absorbing 

moisture. To find out the presence of alkalis in bricks this 

test is performed. In this test bricks are immersed in fresh 

water vertical in position up to a depth of 2.5cm for 24 hours 

and then it’s taken out from water and allowed to dry in 

shade. If the whitish layer is not visible on surface it proofs 

that absence of alkalis in brick. If the whitish layer is visible 

about 10% of brick surface then the presence of alkalis is in 

acceptable range. If that is about 50% of surface      then it is 

moderate. If the alkalis presence over 50% then the brick is 

severely affected by alkalis. As per IS 3495 (Part 3): 1992 

(Determination of efflorescence)  

Efflorescence of fly ash 

based alccofine brick is (7 

– 10%) slight 

When not more than 10 percent 

of the exposed area of the brick 

is covered with a thin deposit 

of salts. 

3) Compressive Strength Test: 

The compressive strength of fly ash brick is three times 

greater than the normal clay brick but the alccofine brick is 

seven times greater than the normal clay brick. The 

minimum compressive strength of clay brick and fly ash 

brick is 3.5N/mm² and 10 – 12N/mm² respectively. So as the 

alccofine bricks has the compressive strength of 13 – 

24N/mm² at the structure bond. Bricks to be used for 
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different works should not have compressive strength less 

than as mentioned above. The compression testing machine 

(CTM) is used for testing the compressive strength of 

bricks. After the curing period gets over bricks are kept for 

testing. To test the specimens the bricks are placed in 

different positions in the calibrated compression testing 

machine of capacity 2000 KN applied a load uniform at the 

rate of 2.9 KN/min. The load at failure is the maximum load 

at which specimen fails to produce any further increase in 

the indicator reading on the testing machine. In that three 

numbers of bricks were tested for each mix proportion. 

TRIAL POSITION 
LOAD 

(KN) 

AREA 

(mm²) 

STRENGTH 

(N/mm²) 

 Stretcher 228 22000 10.3 

I Header 52 7000 7.4 

 Soldier 41 15400 2.7 

 Stretcher 288 22000 13.0 

II Header 33 7000 4.7 

 Soldier 57 15400 3.7 

 Stretcher 528 22000 24 

III Header 41 7000 5.9 

 Soldier 112 15400 7.2 

 Stretcher 418 22000 19 

IV Header 71 7000 10.1 

 Soldier 100 15400 6.5 

Table 6: Compressive strength Test 

Graphical variation for compressive strength test 

 

 

 

B. Physical Test: 

1) Hardness Test:  

In this test a crack is made on brick surface with a hard 

thing. If that does not left any impression on brick then it is 

good quality brick. 

2) Size, Shape & Colour Test: 

In this test all bricks are staked along length wise, width 

wise and height wise and then those are measured to know 

the variation of sizes as per standard. Bricks are closely 

viewed to check if its edges are sharp  and straight and 

uniform in shape. A good quality brick should have bright 

and uniform color thorough out. 

3) Soundness Test: 

In this test two bricks are held by both hands and struck with 

one another. If the bricks give clear metallic ringing sound 

and don’t break then those are good quality bricks. 

4) Structure Test: 

In this test a brick is broken or a broken brick is collected 

and closely observed. If there are any flows, cracks or holes 

present on that broken face then that is not good quality 

brick.  

VII. CONCLUSION 

Based on the experimental study, following conclusions can 

be drawn regarding the strength behaviour of fly ash based 

alccofine bricks; 

The study was conducted to find the optimum mix 

percentage of fly ash based alccofine brick. However the 

brick specimen of non-modular size 220mm x 100mm x 

70mm were cast for different mix percentage of Flyash 

(30to52.5%),Alccofine1203(2.5to17.5%), Gypsum (3%), 

Lime (15%) and Quarry dust (27%). However the specimens 

have been tested for four mix proportions. The mechanical 

properties such as compressive strength and water 

absorption were studied for different mix proportions, at 21 

days curing ages. From the results it was inferred that, 

among the four proportions the maximum optimized 

compressive strength is obtained for optimal mix percentage 

of Flyash-42.5% Alccofine1203-12.5%Lime-15% Gypsum-

3% Quarry dust-27% as 24N/mm² and their water 

absorption as 2.52%. 
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