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Effect of Compaction during Casting on Anisotropic Compressive Strength of Baked Clay 
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Abstract: Due to high cost of aggregates and cement in plains of Pakistan, there is an overwhelming need to investigate structural properties of Reinforced Baked Clay 
(RBC) as a possible substitute of Reinforced Cement Concrete (RCC) for construction of low cost houses. In this paper, direction dependent cube crushing strength of baked 
clay is investigated. For this purpose, baked clay beams were cast by applying compactive pressure of intensity from 0 to 7 MPa. The clay beams were fired at a temperature 
of 1000 °C. Cubes were cut from these baked clay beams. The cubes were tested for compressive strength in directions, i.e., parallel and perpendicular to casting layers. 
Anisotropy was observed in compressive strength of baked clay cubes. The baked clay showed anisotropic behaviour in compressive strength in general. However, the 
anisotropy in compressive strength was decreased by increasing compactive pressure at the time of casting of clay beams. Average crushing strength of baked clay cubes 
tested in a direction parallel to casting layers was found to be 35 MPa, and that of perpendicular to casting layers was 30 MPa. The magnitude of compressive strength of 
baked clay is 1.5 times higher than that of normal concrete. 
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1 INTRODUCTION  
 

The per capita income of Pakistan in 2015 was about 
1513 United States dollars. This income is not sufficient 
for common people to purchase one’s own house in 
addition to meet food and other requirements necessary for 
life. In plains of Pakistan, there is shortage of aggregates. 
For construction of a building, the aggregates are usually 
transported from a far distance. Thus, high transportation 
charges are to be paid. To reduce the cost of construction 
of a residential building, it is proposed to replace 
Reinforced Cement Concrete (RCC) with Reinforced 
Baked Clay (RBC). The arguments in support of RBC as 
an economical building material are: clay is locally 
available in huge quantity, clay can be quarried easily at a 
shallow depth requiring less labour cost, the local people 
are well aware of the quarrying, casting, firing and 
construction activities using clay, baked clay is durable 
material of construction, the houses constructed with baked 
clay stay cool during summer and hot during winter, baked 
clay is strong against decay and attack of termites.  

Fired and unfired clay bricks have been used in 
buildings since thousands of years [1-4]. Arched roofs of 
storage rooms constructed using unbaked clay bricks about 
3000 years ago, still exist in Egypt. Walls of the buildings 
of Moen-Jo-Daro in Sindh, Pakistan, constructed with 
baked clay bricks as old as 5000 years, are also standing 
without significant disintegration and weathering. This 
implies that the buildings constructed with baked clay 
bricks can be designed to last for thousands of years. 

In design of structural members (e.g., beams and 
columns) of a building, compressive strength of a 
construction material plays a significant role. In this regard, 
vast literature is available for compressive strength of 
concrete, see, e.g. references [5-15]. The research suggests 
that concrete is anisotropic in compressive strength. In 
general, compressive strength of concrete specimen tested 
in a direction parallel to casting layers is more than that 
tested in a direction perpendicular to casting layers [16].  

As mentioned earlier, it is a new concept to propose 
RBC as a low-cost construction material to replace RCC. 
In this regard, it is important to investigate whether baked 
clay shows anisotropic behaviour of compressive strength 

when tested in different directions with respect to casting 
layers. This knowledge of direction dependent 
compression behaviour of baked clay is important for 
design of beams and columns of a building. No study is 
reported regarding anisotropic compression behaviour of 
baked clay [17-21]. This study investigates the effect of 
casting layers on compressive strength of baked clay. 
 
2 MATERIALS AND METHODS 
2.1  Mixture of Clay and Pit Sand 
 

Clay was quarried locally at a depth of 1 m. The clay 
obtained at this depth was free from organic matter and 
aggregates. If clay is mixed with organic matter, more 
shrinkage may occur during drying. In addition, splitting of 
clay specimen may occur in firing process due to expansion 
of aggregates. The clay obtained from the quarry was in the 
form of lumps (Fig. 1). Therefore, clay was ground 
mechanically by utilizing Pulverizer to make it in the 
powdered form. Seventy percent of clay and thirty percent 
of pit sand, by weight, were thoroughly mixed. Pit sand 
was excavated near the vicinity of River Indus close to 
Nawabshah city.  
 

 
Figure 1 Clay excavated from site is being initially in the form of lumps 
 
The clay-pit-sand mixture was mixed with 22% of 

potable water, by weight, in a mechanical mixer for fifteen 
minutes to achieve proper workability. The proportions of 
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clay and pit sand in a ratio of 70:30 were selected based on 
results of a previous study [18] with an objective to reduce 
drying shrinkage and increase compressive strength of the 
mixture. Standard proctor compaction tests were carried 
out on mixture of 70% clay and 30% pit sand, by weight. 
The value of optimum moisture content to achieve 
maximum dry density of the moist mixture of clay and pit 
was calculated to be 12.5%.  For convenience, the earth 
beams cast with the mixture of 70% clay and 30% sand will 
be referred to as clay beams in this paper.  

It is to be noted that this type of study involves 
moulding of clay beams. For proper moulding of clay 
beams without cracking and breaking at the time of casting, 
it is very necessary that the moisture content of the mixture 
of clay and pit sand should be as high as its magnitude of 
plastic limit. The plastic limit of the clay was determined 
as 22%. Therefore, the water in the mixture of clay and pit 
sand was increased to 22% instead of optimum moisture 
content of 12.5%.  The problem of easy moulding and 
workability was resolved by addition of more water up to 
22%. On the other hand, the more the percentage of water 
in clay is present, the larger will be drying time and the 
higher the rate of shrinkage. Therefore, it is necessary to 
drain out extra water added above optimum moisture 
content of the clay and pit sand mixture.  
 

 
Figure 2 Mechanical system for pressing clay beams 

 
Clay beams of dimensions 0.165 × 0.33 × 2 m were 

cast in a steel mould. Moist clay-pit sand mixture was put 
in layers in the mould. The beams were covered with 
porous propylene fabric sheet. Wooden plunger of the 
Mechanized System was utilized to apply compactive 
pressure on the clay beams (Fig. 2). The compactive 
pressure applied was 0, 1, 2, 3, 4, 5, 6, and 7 MPa. The 
compactive pressure was gradually increased with an 
intension to investigate its effect on compressive strength 
of baked clay when tested in directions parallel and 
perpendicular to the casting layers. Each increment of 

compactive pressure on the clay beams was maintained for 
24 hours in drained condition. Due to application of the 
load, water present in the moist mixture of clay and pit sand 
dripped out from the beams. The drainage of the added 
water in the clay beams facilitated compaction process. 
Thus, the clay beams got densified and their density 
increased. Due to drainage of the water, the moisture 
content of the clay beams was decreased up to optimum 
moisture content (i.e., 12%). The drainage of water from 
the beams due to application of load was necessary to 
obtain maximum dry density and to reduce shrinkage of the 
clay beams on drying. After de-moulding of the beams 
from the Mechanized System, the beams were covered 
with plastic sheet and were placed in a ventilated hall. After 
drying in shade, the clay beams were transported with the 
help of platform lift (Fig. 3) in a kiln (Fig. 4) at a 
temperature of 1000 °C. Cubes of 0.15 m size were sawed 
from baked clay beams using cutter machine.  

 

 
Figure 3 Clay beams being shifted to kiln with the help of platform lift 

 

 
Figure 4 A view of kiln for firing of clay beams 

 
2.2 Testing Procedure 
 

It is already mentioned that the clay beams were cast 
in layers placed one over the others. The focus of this study 
is to investigate the compressive strength of fired clay 
cubes when tested in directions: parallel and perpendicular 
to the casting layers (Fig. 5). The fired clay cubes were 
tested for compressive strength in Forney’s Universal 
Testing Machine (Fig. 6).  

The compressive strength of fired clay cubes was 
tested in accordance with BS EN 12390-3 [22] and density 
of fired clay was determined as per ASTM C642-13 [23].  
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Figure 5 Directions in which compressive load was applied to baked clay cubes 

with respect to casting layers. 
 

 
Figure 6 Fired clay cubes are tested in Forney’s Universal Testing Machine 

 
3  RESULTS AND DISCUSSION 
3.1  Density of Baked Clay 
 

The density of baked clay was found to be about 1920 
kg/m3. Comparison with density of normal concrete (i.e., 
2400 kg/m3) reveals that baked clay is 20% lighter than 
normal concrete. It is to be noted that light weight material 
is generally preferred to heavy weight material in 
construction of buildings.  
 
3.2  Compressive Strength of Fired Clay Cubes 
 

Compressive strength of fired clay cubes was 
determined with the help of Forney’s Universal Testing 
Machine. The compressive strength of fired clay cubes 
sawed from beams that were compacted at varying pressure 
intensity from 0 to 7 MPa is presented in Fig. 7. The 
compressive strength of fired clay cubes was determined 
for loading directions that were parallel and perpendicular 
to the casting layers.  As expected, the anisotropy in 
compressive strength of baked clay decreased with 
increase in intensity of compactive pressure that was 
applied during casting. Up to compactive pressure of 0 to 
2 MPa, the compressive strength of baked clay tested in 
perpendicular direction was 75% of that obtained in 
direction parallel to casting layers. As the compactive 
pressure was increased from 2 to 7 MPa, the cube crushing 

strength of fired clay loaded in perpendicular direction to 
casting layers was about 86% of that when loaded parallel 
to casting layers.  
 

 
Figure 7 Compressive strength of fired clay when loaded in direction parallel, 

and perpendicular to casting layers 
 

At low compacting pressure of 0 to 2 MPa, the 
compactive load was mainly carried by water present in 
clay beams. As the beams were placed in shade for drying, 
the moisture in the beams got slowly evaporated resulting 
in more voids. Thus, the fired clay cubes showed relatively 
more anisotropy in compressive strength. On the other 
hand, when the compactive pressure was increased above 
2 MPa, the added water present in the clay beams started 
to drain out. Due to drainage of water, compactive load was 
gradually transferred to soil causing decrease in voids. 
Thus, the soil became denser and the compressive strength 
of fired clay cubes relatively improved leading towards 
closer to isotropic behavior. 

 

 
Figure 8 Internal cracks in a cube cut in a section perpendicular to casting 

layers 
 

The compressive strength of the baked clay cubes 
tested in the direction perpendicular to the casting layers 
was about 86% of those tested parallel to the casting layers. 
Average compressive strength of the baked clay cubes was 
found to be 35 MPa, and 30 MPa when tested in the 
directions (i) parallel and (ii) perpendicular to the casting 
layers, respectively. The anisotropic compression 
behaviour of baked clay can be attributed to size, shape and 
orientation of the internal cracks that were observed after 
cutting the cubes from the beams in a section parallel and 
perpendicular to the casting layers (Figs. 8 and 9). There 
were several irregular cracks of different width and length 
on the sawed surface of the cubes. It was further observed 
that these cracks were of two types. Some of these cracks 
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were very small voids measuring less than the fraction of 1 
mm in diameter. These voids may have been caused due to 
evaporation of entrapped moisture. The other cracks were 
like semi-circular plate-like voids oriented nearly parallel 
to casting layers. These cracks were about 0.0001 to 0.001 
m wide and 0.0001 to 0.01 m in diameter. These cracks 
were developed during the process of drying and 
shrinkage. After the surface of the beams was dried, 
uniform shrinkage of the beams stopped. Upper surface of 
the clay beam became solid shell around moist mass of clay 
in the centre of beam. In this condition, further shrinkage 
occurred in the interior of the clay beams. This shrinkage 
was the likely cause of cracks in the interior of the beams 
that were semi dried.  
 

 
Figure 9 Internal cracks in a cube cut in a section parallel to the casting layers 

 
A section of a beam cut parallel to the casting layers is 

shown in Fig. 9. In this section, the voids are cut 
horizontally throughout length which is larger than width. 
Thus, effective area of the section was decreased as 
compared to that of the section cut perpendicular to the 
casting layers. This implies that, when the load was applied 
perpendicular to the casting layers, less effective area of 
the section was there to resist the load and the cubes 
showed lower value of the crushing strength. 
 
3.3  Discussion 

 
Beams in a building may be subjected to compressive 

forces and bending stresses during service life. The 
bending force acts in a direction perpendicular to the 
casting layers. Thus, resultant compressive force develops 
in a direction parallel to the casting layers. It is possible to 
cast baked clay columns using the Mechanized System in 
a similar way as the baked clay beams were cast. In case of 
a column, both the compressive forces and bending stresses 
are applied parallel to the casting layers. It is to be noted 
that the compressive strength of baked clay cubes was 
relatively higher when the load was applied in the direction 
parallel to the casting layers. This implies that maximum 
cube crushing strength of baked clay cast and compacted 
in the way discussed in this paper can be utilized in beams 
and columns of a building.  

The compressive strength of normal concrete is 20 
MPa. The results presented in this study suggest that the 
compressive strength of baked clay is 1.5 times higher than 
that of normal concrete.  
 

4 CONCLUSIONS 
 

Cubes were sawed from baked clay beams and were 
tested for compressive strength in directions (i) parallel and 
(ii) perpendicular to the casting layers. The following 
conclusions were made. 
1) Baked clay showed anisotropic compression 

behaviour. 
2) Anisotropy of baked clay decreased with increase of 

compactive pressure that was applied during casting of 
clay beams.  

3) Compressive strength of baked clay cubes in a 
direction perpendicular to the casting layers was found 
to be about 86% of that obtained in a direction parallel 
to the casting layers. 

4) Average compressive strength of the baked clay cubes 
was found to be 30 MPa, and 35 MPa in directions 
perpendicular and parallel to the casting layers, 
respectively. 

5) This study suggests that maximum compressive 
strength in a direction parallel to casting layers of 
baked clay could be effectively utilized in structural 
members of a building.  This is because the resultant 
compressive load on a beam and column acts in a 
direction parallel to the layers in which baked clay 
beams are cast.  
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