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Abstract 

The study of porosity in building materials is important as porosity is connected 
to macroscopic mechanical and physical properties which influence the structure 
behaviour.  
     A world-wide, simple, quick and low-cost method of recording porosity is 
through water absorption (RILEM CPC11.3). However, in the case of bricks 
there is a main disadvantage to using the above mentioned method. The clay 
material absorbs water and the results are altered. In that case another liquid 
(maybe an organic solvent) is usually used. This method though, is loosing its 
creditability and no comparisons can be made with other building materials 
which are in co-operation with bricks.  
     Alternatively, in the present work, microscopic analysis through 
computational means using image analysis is used in order to record porosity in 
bricks of modern technology. These porosity values are statistically elaborated in 
order to estimate open porosity which is usually measured using a liquid 
adsorption. At the same time the geometry of pores and the pore size distribution 
are recorded. 
Keywords:  bricks, porosity, water absorption, microscopy, image analysis. 

1 Introduction 

Bricks are one of the most ancient construction materials as they were used in 
the Mediterranean countries for 5 thousand years (Papayianni, Stefanidou [1]). 
They were used in combination with stone and mortar in the construction of 
masterpieces such as churches (for example Hagia Sophia 4-6th century A.D.), 
protective city walls and also in humble constructions as houses.  

 © 2007 WIT PressWIT Transactions on Engineering Sciences, Vol 57,
 www.witpress.com, ISSN 1743-3533 (on-line) 
doi:10.2495/MC070311

Computational Methods and Experiments in Materials Characterisation III  313



     The technology of brick production totally changed after the 19th century 
when industrial methods were introduced (Gerogiannis [2]). From that point, the 
brick properties have changed as strength has been increased and consequently 
the porosity has been decreased (Papayianni and Stefanidou [3]). 
     In order to record the porosity of bricks different indirect methods are used 
such as water absorption, mercury porosimeter and nitrogen absorption [4]. All 
those methods are recording the open porosity that is interconnecting pores 
which arrive to the surface of the material (Meng [5]). 
     Porosity has different forms according to the technology used for the bricks 
construction as is seen in figure 1.  
 

  

Figure 1: Pores of different size and proportion in the brick structure. 

     The present paper is a pilot effort to connect the porosity measured by direct 
ways (through microscopy and image analysis) with the porosity measured by 
indirect ways such as those mentioned above in modern technology bricks. It is 
an attempt to correlate total porosity measured microscopically with the open 
porosity which is recorded through liquid absorption. 

2 Experimental methods 

Thirty brick samples of ten different brick qualities were tested in order to record 
their mean porosity both by direct and indirect ways. A modified method of the 
RILEM CPC11.3 was followed in order to estimate open porosity. The original 
method suggests water as the solvent. In the case of bricks though, water 
introduces significant error (table 1) as the clay absorbs an adequate quantity of 
water. Water is substituted by an organic solvent such as heptane. Heptane has a 
specific gravity 0.68 at the temperature of 20oC at which all the experiments 
were performed.  
     At the same time, the samples were tested microscopically using a Leica M10 
stereoscope at x8 magnification and a LIDA image analysis system. From each 
sample 6 measurements were performed and the mean total porosity was 
measured as recorded in table 1.  
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Table 1:  Porosity measurements using different methods. 

 % porosity 
(water 
absorption) 

% porosity 
(heptane) 

Difference 
(water-
heptane)  % 

% porosity 
(microscopy) 

1 11.59 5.86 49.45 4.53 
2 7.1 3.97 44.13 1.74 
3 12.19 6.21 49.03 4.10 
4 7.09 3.34 53.01 0.56 
5 16.13 7.84 51.39 5.80 
6 11.82 7.76 34.33 6.65 
7 6.95 5.44 21.77 4.66 
8 12.84 7.61 40.77 6.85 
9 6.57 4.64 29.50 1.93 

10 15.68 10.04 36.01 8.90 
 
     An attempt to elaborate statistically the results of the two methods (we 
consider as Y the open porosity recorded by liquid absorption and X the porosity 
measured by the microscopic method) shows that there is a linear relationship 
expressed as shown in Figure 2. 
 

Correlation of porosity based on two methods

y = 0.7688x + 2.756
R2 = 0.9473
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Figure 2: Linear relationship between porosity values of two different 
methods. 

     In that case the equation (1) is suggested: 
 

Y= 0.7688X+2.756  R2= 0.947         (1) 
 
In order to test the creditability of equation (1), a theoretical porosity was 
estimated using as X the microscopic values. Comparison between the 
theoretically estimated porosity and the open porosity measured experimentally 
shows good relationship (table 2). 

 © 2007 WIT PressWIT Transactions on Engineering Sciences, Vol 57,
 www.witpress.com, ISSN 1743-3533 (on-line) 

Computational Methods and Experiments in Materials Characterisation III  315



Table 2:  Theoretical calculation of porosity using the equation 1. 

 
% porosity 
(heptane) 

Theoretical 
Porosity 
(eqn (1)) 

Porosity 
(Heptanio- 
theoretical) 

λ  
(Hept./theoret) 

1 5.86 6.24 -0.38 0.94 
2 3.97 4.09 -0.12 0.97 
3 6.21 5.91 0.31 1.05 
4 3.34 3.19 0.15 1.05 
5 7.84 7.22 0.63 1.09 
6 7.76 7.87 -0.11 0.99 
7 5.44 6.34 -0.90 0.86 
8 7.61 8.02 -0.41 0.95 
9 4.64 4.24 0.40 1.09 

10 10.04 9.60 0.44 1.05 
average 6.27 6.27 0.00 1.00 

*a= 0.7688 
  b= 2.756 

Table 3:  Geometrical characteristics of pores of modern bricks. 

 
L 

(length, µm) 
B 

(breadth, µm) L/B 
1.00 58.13 29.57 1.97 
2.00 30.18 18.23 1.66 
3.00 39.63 20.16 1.97 
4.00 37.65 18.58 2.03 
5.00 61.54 29.31 2.10 
6.00 35.42 18.60 1.90 
7.00 41.98 21.50 1.95 
8.00 39.81 19.30 2.06 
9.00 44.80 23.60 1.90 

10.00 36.00 19.00 1.89 
average 42.51 21.79 1.94 

 
     During microscopic observation additional information concerning the length 
and the width of the pores are recorded in table 3. The information is important 
considering that pore sizes are related to the materials properties and the 
behaviour under deterioration (Larbi [6], Fitzner [7]). 
     Measuring the distribution of pores shows that the maximum volume of pores 
is gathered to the area of 0-55µm (figure 3). 
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Figure 3: Pore size distribution by image analysis in modern bricks. 

3 Conclusions 

The simple and easy to understand method of liquid absorption in order to 
measure the open porosity very often introduces errors especially when water is 
used as solvent. Other organic solvents are costly especially when there are a 
large number of samples to be tested.  
     An alternative way to measure porosity microscopically seems that it can give 
satisfactory results concerning the correlation of the values of porosity measured 
microscopically, which may be characterized “not practical”, to an 
understandable and easy to use porosity values. Equation (1) is suggested in 
order to substitute liquid absorption methods. 
     Taking into account that the size of the samples tested microscopically is 
small and the time needed to execute the experiments is short, microscopy can be 
proved to be a quick, easy and affective method for porosity measurements.  
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