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Abstract - Lime is among the binding agents used in binding masonry units, such as brick, in many historical buildings 
around the world. Its physical strength, mechanical strength, and durability properties, as well as its raw material 
composition, can play substantial roles in the structural behavior of historic buildings. In today world everyone needs shelter 
for their survival so there is alternate method in brick making by the use of sand and lime and this paper presents the 
manufacturing process, history as well as tests of calcium silicate bricks 
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I. INTRODUCTION 
 
Calcium silicate bricks are suitable for use in both 
external and protected internal walling. They are 
available as facing bricks or as commons. The raw 
materials used in the manufacture are a very fine 
siliceous aggregate, a high calcium lime and water. 
Inert and stable pigments are normally added to give 
the required colour. The materials are first mixed in 
the required proportions and are mechanically pressed 
under considerable pressure into moulds. They are 
then cured in high pressure steam autoclaves for 
several hours which results in the combination of the 
lime with part of the siliceous aggregate to produce a 
hydrous calcium silicate (tobermorite) which forms 
the binding medium in the finished brick. As for clay 
bricks, the bricks are available in a solid or a frogged 
unit and are made to a standard size of 216 x 102.5 x 
65 mm. The method of manufacture together with 
inherent properties of the mixed raw materials 
produce a brick with fine dimensional tolerances and 
good clean arises. After years of experimenting, 
fraught with numerous vicissi- tudes, sand-lime brick 
has finally achieved a permanent position as a 
common building material. Putting this industry on a 
practical paying basis has been beneficial not only to 
the manufacturers themselves but also to the general 
public. Almost every citizen has a direct personal 
interest in building materials. In many parts of the 
country clay of the quality required to make a good 
brick is not to be had, and the price which can be 
obtained for common brick is generally too low to 
permit of shipping them any great distance. 
 
To the people residing in such localities the 
manufacture of sand-lime brick has been of particular 
advantage. Sand of a sufficiently good quality is 
generally abundant, especially in those localities 
where there is no clay. The ability to make brick of 
the sand has placed within reach of the users a cheap, 
durable, noncombustible building material, which is a 
home product with reasonable transportation 
costs.Globally around 20% fly ash is used in concrete 

related applications. Mainly CaO–SiO2–H2O and 
CaO–Al2O3– SiO2–H2O phases contribute to 
hardening [1,2]. Fly ash is also utilized in many 
different areas like paints, plastics and in agriculture 
[3,4,5,6,7]. 
 
II. HISTORY OF CALCIUM SILICATE 
BRICKS 
 
The process for making brick of sand was discovered 
and patented by Dr. William Michaelis in 1880. 1 It is 
true that Peppel 2 recognizes sand-lime brick made 
by other processes, and numerous statements may be 
found in the literature con- cerning a ''sand-lime 
brick" made in New Jersey about i860. This material 
was really a mortar brick, being made of ordinary 
lime mortar, molded into shape and permitted to set. 
So far as can be learned, none of these earlier 
processes has proved a commercial success. All sand-
lime brick now marketed in this country are made 
according to the basic principles covered by the 
original Michaelis patent. Dr. Michaelis permitted his 
patent to lapse without exploitation. Almost 
immediately thereafter a number of modifications. 
 
III. METHOD OF MANUFACTURING 
 
The essential steps in the process of making sand-
lime brick are:  
 
1) To the sand add the required amount of 

thoroughly hydrated lime, mixing the two 
intimately;  

2) Add enough water to bring the material to such a 
consistency that it will hold together when 
molded 

3) Press the damp mixture into the desired form 
4) Cure the brick by means of steam under pressure. 

This curing process causes a chemical reaction 
between the lime and some of the sand to form 
the calcium silicate, which acts as a bonding 
agent to hold the rest of the sand together. 
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IV. PROCESS OF MANUFACTURING OF 
CALCIUM SILICATE BRICKS 
 
Proportioning of materials 
The relative proportions of sand and lime which are 
used in the manufacture of sand-lime brick are of 
course very important in determining the properties 
of the finished product. It will be remembered that 
Michaelis's patent called for "from 10 to 40 parts of 
calcium hydroxide to 100 parts of sand."The pure 
calcium silicate is a gelatinous material which shrinks 
on drying in a manner similar to lime paste. In order 
to obtain a lime mortar of maximum strength, it is 
necessary to add enough sand to the paste so that the 
internal strains caused by this shrinking will be 
largely overcome.The hydrate is therefore 25 per cent 
by volume of the sand. Assuming that sand weighs 
100 pounds per cubic foot and hydrated lime weighs 
40, the hydrate is about 10 per cent by weight of the 
sand. If the hydrate carries 24 per cent water the 
above proportions are equivalent to 7.6 parts of 
quicklime to 100 parts of sand by weight. 
 
Mixing of materials 
Probably the most important step in the manufacture 
of sand lime brick is the mixing of the lime and sand. 
This operation is usually the determining factor in the 
quality of the brick. Every precaution should be taken 
that the mixing be thorough and efficient, in order 
that the best results be obtained from the raw 
materials at hand. The lime and fine sand should be in 
intimate contact with each other, so that the chemical 
reaction between them can readily take place. The 
coarse sand should be evenly distributed throughout 
the mass in order that the proportion of voids shall be 
a minimum. 
 
Compaction of materials 
The mixture of lime and sand is now ready to be 
pressed into the form of a brick. Pressing serves not 
only to give the brick its final size and shape but 
performs several more important functions. By 
bringing the sand and lime into very intimate contact 
with each other, the chemical combination between 
them can be facilitated. The compression of the 
material necessarily decreases the proportion of voids 
and therefore produces a less porous brick. The final 
strength of the brick has been found to depend, to 
some extent, on the pressure exerted in molding it. A 
sand-lime brick is not subject to any other change of 
shape or size after it leaves the press. 
 
Hardening of bricks 
The bricks are picked by hand from the press table 
and piled upon iron trucks. This operation requires 
considerable care, for at this stage of the process the 
bricks are very tender and easily crushed in the hand. 
The trucks are designed to carry about 1100 bricks 
each. As soon as a truck is loaded it is pushed by 
hand on tracks into the hardening cylinder.The bricks 

are subjected to the steam treatment may be of almost 
any size or shape. Common practice has found one 
style to be satisfactory, so that it is used almost 
universally. This is a cylindrical shell of open-hearth 
steel, 70 feet long by 6 feet in diameter, built up of 
plates five-eighths of an inch thick, riveted together. 
The shell is set up horizontally and tracks for the cars 
laid on the bottom of it. The front end is used as a 
cover and is held in position by 50 nickel-steel bolts 1 
yi inches in diameter. After erection the cylinder is 
tested to a pressure of 225 pounds per square inch. 33 
Such a cylinder will hold 20 trucks, carrying 22 000 
bricks. The cover of this cylinder is designed to be 
lifted off by means of a small chain block.The press 
is operated during the day, until the cylinder is filled, 
and the steam treatment takes place during the night. 
Since it requires about 3 hours to bring the cylinder 
up to maximum pressure and about 1 hour to blow off 
the steam before the cover can be removed, the 
duration of curing is limited to about 10 hours. Under 
these circumstances a steam pressure of about 120 
pounds per square inch has been found satisfactory. 
 
Stacking and handling of bricks 
When the trucks are taken out of the hardening 
cylinder, they should immediately be taken to the 
loading platform, where the bricks are transferred to 
freight cars for shipment. The bricks are generally 
handled by one of three methods:  
 
1. Passing them by hand from one man to another;  
2. The hand carrier, which is built on the principle of 

a pair of tongs and is capable of picking up 8 or 
10 bricks  

3. The gravity carrier, this is a chute set on small 
iron legs arranged to give it a slight inclination. 
The bed of the chute is made up of small wooden 
rollers, set close together, which are free to turn as 
the bricks slide over them. 

 
V. MATERIALS SELECTION OF 
INGREDIENTS 
 
The only two raw materials which have attained 
commercial importance in the United States are sand 
and hydrated lime, The former, constituting from 85 
to 95 per cent of the weight of the brick, is by far the 
more important. 
Sand: Sand has two distinct functions to perform in 
the manufacture of sand-lime brick, which require 
different properties of the material. Part of it must 
enter into chemical combination with the lime to form 
the calcium-silicate bonding material. The rest of the 
sand grains constitute the aggregate which is bound 
together and which forms the main body of the 
brick.It is necessary, therefore, that that part of the 
sand which is expected to combine with the lime shall 
be in as fine a state of division as possible. If this 
does not occur naturally, some of the sand must be 
ground until it is of sufficient fineness. A good 
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practical rule is that about 1 5 per cent of the sand 
must pass a 100-mesh screen.The remaining 85 per 
cent of the sand is intended to form the inert filler, or 
main body of the brick. For the greatest strength it is 
desirable to have the largest grains as large as 
practicable.Care should be taken that the sand 
selected for the manufacture of brick is reasonably 
clean. 
Lime: Although the proportion of lime used in 
making sand-lime brick is relatively small, its quality 
is of paramount importance. The lime must be 
perfectly hydrated before the bricks are pressed. 
Otherwise it will expand during the steam treatment 
and produce internal strains which are frequently 
sufficient to disrupt the brick. The lime must also be 
sufficiently caustic to enter readily into combination 
with the sand 
 
VI. TESTING OF CALCIUM SILICATE 
BRICKS 
 
Crushing Strength 
The crushing strength of a brick is measured by the 
load which it is able to support when it is bedded on a 
flat surface and the load is equally distributed over 
the top and bottom areas. The results obtained will 
vary according to the method of conducting the test, 
which may differ in several important particulars. The 
rate at which the load is applied may cause an 
apparent variation in the crushing strength as 
measured. If the testing machine is run at high speed, 
the results are apt to be higher thanthey should be. 
The German specifications for sand-lime brick call 
for a crushing strength of 140 kg per square 
centimeter (about 2000 pounds per square inch). The 
building code issued by New York City in 1905 
specifies that the average crushing strength for five 
bricks shall be not less than 3000 pounds per square 
inch, no brick falling below 2500. 
 
Transverse Strength.  
The transverse strength of a brick is measured by 
supporting the brick at both ends and applying a load 
in the middle until rupture occurs. It indicates the 
resistance which the brick is able to offer to any force 
trying to bend it. It consists, briefly, of mounting the 
brick on two parallel supports 7 inches apart. The 
load is applied by means of a blunt knife-edge, which 
is pressed down on the brick midway between and 
parallel to the supports. The brick is tested 
flat.Evidently the load required to break the brick will 
depend upon the breadth and depth as well as the 

distance between the supports. The breaking load is 
therefore seldom reported, because to do so would 
require a detailed description of the test.A factor 
which includes all of these variables is the modulus 
of rupture. This is equal to 1.5 times the breaking 
load multiplied by the distance between the supports 
and divided by the width of the brick times the square 
of its thickness. Expressed numerically: 
 
M = 3/2 x wl / bd2, where 
M= Modulus of ruptures in pounds per square inch  
w = Breaking load in pounds  
l = Distance between supports in inches  
b = Breadth of brick in inches  
d = Depth of brick in inches 
 
VII. ADVANTAGE OF CALCIUM SILICATE 
BRICKS 
 
1) Low Thermal Conductivity  
2) Rigid & Light Weight (Density 250 kg/M3)  
3) Good Mechanical Strength (Above 10kg/cm2)  
4) Fire resistant  
5) Low shrinkage  
6) Low specific Heat  
7) Non Combustible & Non Corrosive 
8) Low maintenance Cost  
9) Re-usable & Long life  
10) Easily Workable (cuts easily) 
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