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Abstract 
 

In this study, an experimental research was dedicated to investigate the properties of clay brick treated by polyvinyl alcohol (PVA). Two 

methods of treatment were conducted. The first contained treating clay brick by submerging the specimens in 1%, 2% and 3% of PVA 

solution, whereas the second involved coating the brick specimens with 6% PVA (i.e. a high viscous solution). The treated specimens were 

allowed to dry under ambient temperature in the laboratory before being tested. Standard tests employed for brick specimens were applied. 

Regarding the specimens treated using the submerging method, results showed that there was a significant contribution of PVA to the 

compressive strength, total water absorption and efflorescence tests, in which the specimens reached the best performance when PVA was 

increased to 3%. However, the brick specimens coated by PVA showed a slight increase in the compressive strength, but a noticeable 

decrease in the water absorption and efflorescence. 
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1. Introduction 

Clay brick is the oldest and most widely used construction material 

that has steadily gained popularity since its inception. It has been 

used in building material for decades as it has good structural prop-

erties and it does not require high maintenance, no fading, re-

sistance to fungus and water, as well as it is relatively low cost [1- 

2]. Clay brick possesses a pleasing color and it has various surface 

textures that enable it to be architecturally more acceptable. More-

over, it is commonly used for the covering buildings and forms part 

of the brick surface wall system adopted for the cover-up of differ-

ent types of buildings. 

Different stacks of small elements with or without mortar or modi-

fication are compiled together to build a clay brick masonry. Shape 

and quality of elements (raw materials, clay particles), type of mor-

tar or modification and fabrication process are all responsible on 

providing both the clay brick strength and resistance to withstand 

climate conditions (e.g., rainstorms, snow, high temperatures) and 

resistance to a human-induced deterioration [3]. From the other 

hand, using a crushed clay brick is suitable to produce a structural 

lightweight concrete with an adequate splitting tensile strength, 

compressive strength, thermal conductivity, workability and fire re-

sistance, as it was revealed in [4-5]. Similarly, Munir et al. [6] 

proved that incorporating clay brick with various ratios of waste 

marble sludge resulted in an increased apparent porosity and water 

absorption of the material. It also resulted in generating of irregular 

shaped open pores in the structural material, which in turn resulted 

in improved thermal insulating properties.  

Despite these superior properties of brick, there is a concern to be 

considered regarding its durability issue that is associated with its 

porosity and efflorescence. Therefore, the development of tech-

niques, which could minimize these adverse influences of such in-

ferior properties, is very important. In the construction industries, a 

judicious choice to tackle or minimize the adverse influence of the 

above shortcomings could be achieved by the exploitation of min-

eral admixtures [7-8] and/or polymers [9-10]. The former, although 

can assist in modifications of the material microstructure, it has to 

be added in relatively large amounts in order to be effective. The 

latter, however, can be added in small amounts in order to change 

the material microstructure, resulting in enchantment in the material 

properties [10].  

In the field of construction industries, different types of the polymer 

have been used such as; re-dispersible polymer powders, liquid res-

ins, monomers and water-soluble polymers [9]. Among these types, 

polyvinyl alcohol (PVA) has been utilized in numerous applica-

tions. It has been used to enhance the fresh and mechanical proper-

ties of cement-based products [11-13] and gypsum materials [14]. 

PVA also contributes in modification of pavement concrete as re-

ported in [15]. This contribution could arise from the alteration in 

the material microstructure that results in decreasing of the pores 

volume by increasing the crystal overlapping interlocking and [13-

14].  

Despite the aforementioned application of PVA, there was, by far, 

no study considered the role of using PVA polymeric resin as a 

modifier or surface pretreatment in clay bricks. Hence, this study 

aimed to investigate the role of (1) treating the clay brick specimens 

by submerging them in PVA solution and (2) modifying the speci-

mens surface by a thin film coating, on the compressive strength, 

total water absorption and efflorescence properties. Based on the 

findings of the study, the optimal of PVA concentration was also 

determined. 
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2. Experimental program 

Locally produced clay bricks were used in this study. This satisfied 

Iraqi specification (IQS) No.25/1988 [16]. Polyvinyl alcohol (PVA) 

polymer, which is 98% hydrolysed, was used. The solution of pol-

ymer was prepared by dissolving 10, 20, 30, 60 of PVA powder 

(Figure 1) in 1 litre of water for 1, 2, 3, 6% concentrations, respec-

tively. After the powder was dissolved, the solution was allowed to 

cool down at ambient temperature in the laboratory. The experi-

mental tests for the used clay bricks were carried out, including 

compressive strength, total water absorption and efflorescence, as 

shown in Figure 2. 

In this study, two methods of treatment were conducted: the first 

included treating clay brick by submerging the specimens in 1%,   

2% and 3% of PVA solution for 24 hrs, and the second involved 

full coating (all specimen faces) the brick specimens with 6% PVA. 

All the treated specimens were left to dry in the laboratory environ-

ment until the testing age. For comparison, control specimens (0% 

PVA) were also tested. A total number of 75 specimens were used. 

For each of PVA percentage, 15 specimens (10 for compressive 

strength and water absorption tests, and 5 for efflorescence test) 

were tested according to IQS No.25/1988 [16]. The compressive 

strength test was performed on the specimens that had been used 

for the water absorption test (after immersing them for 24 hr). 

 
                          Fig. 1:  Polyvinyl alcohol (PVA) powder 

 
 

Fig. 2:  Flow chart of the experimental program 

Table 1: Results of compressive strength, total water absorption, and efflorescence tests. 

b Efflorescence 
Water absorption 

relative to the control 

Compressive strength 

relative to the control. 

Water absorption 

(%) a 

Compressive strength 
a (MPa) 

Treatment type 

Dense 0.0 0.0 23.36 9.35 
Control (without 

treatment) 

Average 0.95 1.07 22.14 10.03 
Immersing in 

1 % PVA 

Light 0.84 1.13 19.72 10.6 
Immersing in 

2 % PVA 

Light 0.76 1.22 17.74 11.37 
Immersing in 

3 % PVA 

Light 0.82 1.06 19.25 9.94 
Coating by 

6 % PVA 
a Values represent the average of ten brick specimens 
b Values represent the average of five brick specimens 

3. Results and discussion 

3.1. Compressive strength 

In this study, the role of immersion clay brick in various percent-

ages (0%, 1%, 2%, 3%) of polyvinyl alcohol (PVA) solution on the 

compressive strength, total water absorption and efflorescence was 

evaluated. The effect of coating the clay brick by 6 % PVA, on these 

properties, was also evaluated. Figure 3 shows the results of ten av-

erage values of the compressive strength for the control clay brick 

and the treated brick by PVA solution. It can be seen that the im-

mersion of the brick specimens by PVA polymeric solution obvi-

ously improved the compressive strength where the 3 wt. % PVA 

solution diluted in water indicated the highest value with about 22% 

improvement (Table 1). Whereas, coating the specimens by 6 % 

PVA resulted in a decreased compressive strength of 9.94 MPa 

compared to other PVA treatment. Nevertheless, it is still higher 

than the unmodified clay brick by about 6%. 

The reason behind that increase in compressive strength is that, af-

ter immersion, the PVA resin fills the pores inside the structure and 

replace the air gaps, resulting in lower internal stresses and in-

creased compression resistance [12, 14]. In terms of the coating 

with 6 % PVA, the higher value of PVA means the higher viscosity 

of the material that is difficult to penetrate into the internal pores of 

the structure, and consequently higher air gaps and lower compres-

sive strength. 
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Fig. 3: Compressive strength of the tested specimens 

3.2. Total water absorption 

The water absorption is one of the important key factors affecting 

the brick durability, i.e., any reduction in brick water absorption re-

sults in an improvement in its durability performance. Figure 4 in-

dicates the total water absorption of the treated clay brick and un-

treated with different PVA solution percentages. Increasing PVA 

up to 3% can effectively decrease the total water absorption by 

about 24%. Also, it is clearly observed from Table 1 that the surface 

treatment of the brick specimens by PVA resulted in a reduced wa-

ter absorption by about 18% compared with control specimens. As 

it was discussed earlier, the decrease in the porosity could be due to 

the pore-blocking effect of PVA polymer, in which the large pro-

portion of pores volume is filled with PVA resin [13-14]. Accord-

ingly, better compressive strength, better durability performance 

and lower water absorption percentage can be gained. Again, 3 % 

PVA showed the typical percentage of the surface treatment. 

 

 
Fig. 4: Water absorption of the tested specimens 

3.3. Efflorescence 

Efflorescence can be defined as a white fine layer of water soluble 

salts left on the brick surface due to water movement via the exist-

ing pores. [17]. It occurs due to three main reasons, which are (1) 

the presence of water soluble salts, (2) rendering the salts into a 

soluble solution by an adequate amount of water, and (3) the exist-

ence of a path to salts solution to transfer to the brick surface [17]. 

The amount of efflorescence depends on porosity and pore size dis-

tribution of bricks. Typically, an increase in the brick efflorescence 

can be inferior to its durability performance. Therefore, there 

should be a technique that alleviating the influences of such inferior 

property and ensuring the brick durability. This has not been 

seriously investigated through the previous research work. 

Therefore, PVA application has been extended, in this study, to 

improve the durability of bricks as far as the efflorescence and wa-

ter absorption are concerned. Table 1 shows the average values of 

five samples for efflorescence test. It can be revealed that the efflo-

rescence was dense for the control brick specimens (no PVA treat-

ment). Irrespective of the treatment methods (i.e. submerging or 

coating), efflorescence becomes lighter, thereby, contributing posi-

tively to the durability performance. 

 

4. Conclusion 

  
1. PVA can be advantageous in improving the compressive 

strength of bricks specimens, although the improvement was 

more observed in the specimens that were submerged in PVA 

solution than that coated with PVA. 

2. The results confirmed the superiority of PVA in decreasing the 

total water absorption of the brick specimens in both treatment 

types. 

3. There is a significant decreasing in the efflorescence of the 

specimens with increasing the dosage of PVA, irrespective of 

the treatment type. The decrease was less pronounced in the 

specimens that were soaked in 1% of the PVA solution. 

4. It is interesting to mention that while PVA coating marginally 

increased the compressive strength of brick specimens, its in-

fluencing demonstrated a remarkable improvement in term of 

porosity and efflorescence.  

5. The results of the present study were, indeed, encouraging and 

evidently proved that the use of PVA is a simple and reliable 

way to enhance the bricks performance. 
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