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This paper investigates the potential of using cork and olive stone waste as lightweight 

aggregates in repointing mortars for the rehabilitation of old buildings. For this purpose, 

mortar blends were prepared like 1/3 mortar partly replacing ordinary sand with different 

percentages of cork or olive stones aggregates with a grain size of 0-4 mm. The partial 

substitution rates are: 5, 10, 15, 20, 25 and 30% respectively with a constant amount of 

binder (Portland cement CEM I 42.5R). All Specimens prepared were remolded after 24h 

then cured in potable water at 20±2°C until the date of the test. In course of this research, 

the mechanical and physical features were highlighted while taking into account certain 

parameters such as consistency, fresh density, mechanical performance (compressive 

strength, tensile strength), durability (absorption in immersion, capillary water 

absorption coefficient and chloride penetration). The results demonstrated that 

incorporating 30% olive stone waste as a sand replacement in the mortar resulted in 

improved durability and long-term performance compared to control blends. 

Additionally, all mortars containing lightweight aggregates were lighter than the control 

mortar. 

Keywords: 

building rehabilitation, cork waste, lightweight 

aggregates, mortar properties, olive stone 

waste, sustainable materials 

1. INTRODUCTION

Biodegradable organic waste, of agricultural or forestry 

origin has always been a quality organic amendment for the 

soil. However, a large amount of waste is generated during the 

processing from the cork industries and rejected, mainly as 

cork dust. Also, residues from olive oil mills, mostly in the 

form of olive stones, pose an environmental problem due to 

their difficult disposal. 

The bibliography shows that many researches affirm the 

possibility of reusing cork and olive stones residues as 

lightweight aggregates in the field of civil engineering, thus 

solving the problem of its disposal and producing a good 

construction material. 

Obtaining a lightweight material was the main goal that 

stimulated the use of cork or olive stones in the preparation of 

the mortar to minimize the loads acting on the brick of the old 

building, and to improve the characteristics of mortars, two 

Materials wastes were chosen: cork and olive stones. Cork is 

a natural and ecological product [1] is a biological material 

with unique properties [2]. 

The chemical composition has made cork a material 

characterized by high compressibility, flexibility under 

compression, low permeability and chemical and biological 

inertness [2-4]. 

The main structural component of cork cell walls is suberin 

which accounts for approximately 40% of its composition. 

Hydrophobic lipids are at the origin of most of the principal 

properties of cork. Cork also contains lignin (>20%) and 

polysaccharides (20%), plus extracts (15%) [5]. The cork is 

also very resistant and durable [6]. 

Currently, Cork oak forests in Algeria account for more than 

19% of its global area [7, 8]. 

Also, Olive stones consisting mainly of wooden planks 

represent the bulk of environmentally toxic solid waste from 

olive oil factories which without prior treatment create a major 

environmental problem [9, 10]. 

Recycling this waste into sustainable building materials 

provides a radical solution to pollution problems and is cost-

effective for the design of environmentally friendly buildings 

[11]. 

Numerous papers, published in scientific journals showed 

the introduction of the cork in the construction materials also 

the development of mortars and concretes was the subject of 

several studies, replacing sand with cork reduce mortar density, 

compressive strength and thermal conductivity [6, 12, 13]. 

The low thermal conductivity of cork is due to its cellular 

structure which is characterized by low density and high gas 

content. The low density of cork and the interaction of its 

extracts during the moisturization of the cement influence the 

mechanical properties of the cement-cork mixtures [14]. 

The literature shows that the hydration of cement is less 

affected by the incorporation of cork particles larger than 2 to 

3 mm, which is not the case for the compressive strength of 

cement-cork mixtures which tend to the decline. Karade et al. 

[15] Research has been conducted to create a lightweight

mortar for coating structural concrete slabs by the use of

granular expanding cork waste with cement-based mixtures

[16].

Experimental results on mechanical and thermal properties 

have shown in the literature that substitution of sand by 

expanded cork particles in the screed reduces density, hardness, 
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compressive strength and thermal conductivity. Due to their 

low compressive strength, screeds with very low cement 

contents are unsuitable for use as a final floor covering. 

Experimental studies have shown the influence on the 

plastic, mechanical, transport, microstructure and thermal 

properties of cork mortars and concretes used as an alternative 

to olive stones [14]. 

Different varieties of the mix depend on the cork ratio and 

the size of the cork. 

Experimental results show that with finer cork particles, it 

is more advantageous to obtain optimum mechanical 

properties and high permeability, which is on the contrary, can 

reduce durability. 

On the other hand, many researches highlight the 

application of olive stones in construction for the improvement 

brought to the durability, the resistance to stripping, water, 

freezing and as an additive for resins [17, 18]. 

The study conducted by Arezki et al. [11] examines the 

influence of the addition of crushed olive stones on the 

significant increase in porosity and decrease of the water 

absorption coefficient in fired clay bricks [11]. 

In order to improve insulation, reduce density and increase 

water absorption of cement-lime mortar, Barreca and Fichera 

used olive stones as an addition [19]. 

An experimental design was developed by del Río Merino 

et al. [20], to evaluate the viability of substitution, the 

experimental test results show that substitution of expanded 

clay by waste of olive stones made possible to obtain mortars 

with lower density up to 30% and an improved compressive 

strength up to 20%. 

This paper focuses on the same research point by 

highlighting the use of cork and olive stones as lightweight 

aggregate to develop mortars used in the rehabilitation of old 

buildings, the experimental testes program has investigated the 

beneficial effects on mechanical and physical properties of 

mortars containing cork and olive stone aggregates. 

This examination evaluates the physical and mechanical 

properties of mortars mixed with different percentages of Cork 

or olive stone as sand replacement, the evolution of 

workability, density, compressive and Flexural tensile strength, 

Capillarity and immersion absorption, Chloride penetration 

were measured and compared in this study. 

 

 

2. USED MATERIALS 

 

2.1 Cement 

 

Type CEM II (S-L) 42.5 Portland cement was used, 

produced at an industrial plant in Hadjar-Soud (Skikda, East 

of Algeria). With specific gravity 3.10g/cm3 and Blaine 

specific surface of 3350cm2/g. 

 

2.2 Quarry sand 

 

Table 1. Physical aggregates properties 

 
Physical Properties Quarries Sand Cork Olive Stones 

Density (g/cm3) 2.67 0.44 1.39 

Apparent density 

(g/cm3) 
2.37 0.116 1.123 

Sand equivalent 70 / / 

Value of blue 

methylene (%) 
0.75 / / 

Absorption (%) 4.65 60 16.81 

Quarry sand of class 0/4 was used. Physical properties of 

used aggregates are shown in Table 1. 

 

2.3 Cork 

 

Was taken from Qercus suber trees growing in the Algerian 

regions of Oum-toub/Skikda in July and August 2019 during 

the period of cork stripping. The cork was air dried than 

crushed by a crushing machine. The crushed cork aggregates 

were sieved and used. 

 

2.4 Olive stones 

 

Olive stones used in this research were collected in the area 

of Oum-toub/Skikda east of Algeria. Then washed in order to 

remove the remaining organic matter which could interfere in 

the results. They were air dried than in an oven than crushed 

with a crushing machine. The crushed olive stone aggregates 

were sieved and used. 

Granulometric curves of the different aggregates are 

presented in Figure 1 and photos of the three types of used 

aggregates are presented in Figure 2. 

 

 
 

Figure 1. Granulometric curves of used aggregates 

 

 
 

Figure 2. Three types of used aggregates 

 

2.5 Water 

 

Potable water was used in all blends. 

From the properties we can draw the following observations: 

Ordinary sand density is higher than those of cork and olive 

stones sand. And the cork registers the lower density. 

Cork presents a high absorption coefficient with a big 

difference in comparison to olive stones and quarry sand. 

 

 

3. EXPERIMENTAL PROGRAM 

 

Elaborate an ecological mortar to investigate properties of 

the fresh and hardened mortars, we have introduced cork or 
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olive stones waste as an ordinary sand replacement. All mortar 

mixtures were prepared as 1/3 mortars (i.e., 1 part cement to 3 

parts sand by volume). Than compared to the control specimen 

0% of substitution (Table 2). 

For each mix design, variable percentages of cork and/or 

olive stones are introduced as an ordinary sand replacement 

(5%, 10%, 15%, 20%, 25% and 30%). And only cement and 

water dosage are fixed for all mortar mixtures. Water quantity 

is fixed by consistency tests, and that makes a total of seven 

different blends, including a control mortar. 

All mortar mixing was conducted in accordance with EN 

196-1. 

Three prismatic (4×4×16) cm3 specimens per mix were 

prepared to measure flexural and compression strength at 7, 28 

and 90 days respectively, capillary at 28 days and chloride 

penetration at 28, 56 and 90 days. Three (5×5×5) cm3 cubes 

per mix were prepared for the measurements of immersion 

absorption. 

 

Table 2. Mortar mix design 

 
Mix % Cement Quarry Sand Cork Olive Stone Water 

M0 1v 3v 0 0 1v25 

M5 1v 2.85v 0.15v 0.15v 1v25 

M10 1v 2.7v 0.30v 0.30v 1v25 

M15 1v 2.55v 0.45v 0.45v 1v25 

M20 1v 2.4v 0.60v 0.60v 1v25 

M25 1v 2.25v 0.75v 0.75v 1v25 

M30 1v 2.1v 0.9v 0.9v 1v25 

 

 

4. TESTING PROCEDURES 

 

Consistency, measured by the mini slump test according to 

the standard NF EN 1015-3, for evaluating the workability of 

the fresh mortar mixtures for different substitution rates. 

The fresh density of the mortar was measured using an 

adaptation of the procedure in NF EN 1015-6. 

The bending and compressive strength tests were carried out 

on three prismatic specimens of 4×4×16 cm3 in accordance 

with the EN196-1 standard for the periods (7, 28 and 90 days). 

Absorption by capillary testing was undertaken on prismatic 

specimens 4×4×16 cm3 generally following standard 

procedure NF EN 480-5, This characteristic reflects the 

amount of water that can be absorbed by the specimen when 

only one side of the element is in contact with water. It is 

expressed by the capillary coefficient C g/(m².s½). 

The specimens are dried at 70°C to determine the dry mass. 

then brought into contact with 3mm of water by one of their 

faces. The side faces are waterproofed with a plastic film (an 

adhesive plastic tape) which forces the water to adopt a 

uniaxial path and avoid evaporation through these same faces. 

The mass of water absorbed is determined by successive 

weighing of the samples. The evolution of the mass follows a 

regular interval which is plotted on a graph as a function of 

time. 

Absorption by immersion measured by Neville, 2000. 

The resistance to chloride permeability was evaluated at 28, 

56 and 90 days. According to UNI 7928 and JIS A 1171. On 

samples of 4×4×16 cm3 kept in water at 20°C for 28 days 

before being placed in a 5% NaCl solution. The samples were 

cut into 4×4×8 cm3 pieces for each test duration, and one of 

the newly split sections was sprayed with a silver nitrate 

solution. 

 

5. RESULTS AND DISCUSSIONS 

 

5.1 Consistency 

 

The results of the mortar slump test are given in Figure 3. 

The addition of cork in the mortar has significantly decreased 

the slump measurements resulting is a less workable mixture 

compared to the control mortar. 

The great cork’s water absorption led all samples to display 

a dry consistency, which could hinder the mortar workability 

these results are consistent with those obtained by Panesar and 

Shindman [14]. 

A similar result is observed with the olive stones addition, 

earlier studies by Farag et al. [21] Observed that mortars that 

were made, replacing all the sand by olive stones, had a very 

dry consistency. 

It should be noted that the mortars containing olive stones 

present a dry consistency in comparison to mortars made with 

cork. 

 

 
 

Figure 3. Correlation between consistency and substitution 

rate 

 

5.2 Density 

 

 
 

Figure 4. Correlation between fresh density and substitution 

 

Depending on the content of cork, mortars are characterized 

by diversified fresh density and decreased with increasing 

percentage of cork (Figure 4). 

Increasing the amount of cork usually results in a reduction 

in density and generally mechanical properties, for decreasing 

of density it can be referred to the low density of cork 

aggregate and amounted to 0.440g/cm3. The high rate of gas 

inside the small cells of consistency makes cork a material of 

relatively low density [6]. 

For the mortars with the olive stones, all specimens 

achieved densities below the reference because of the 

important porosity of the olive stones. And the weaker bond 

between the olive stones and the cement matrix, these results 

are consistent with those obtained by del Río Merino et al. [20]. 
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It can be observed that the mortars containing cork as an 

ordinary sand replacement present a fresh density less than the 

mortars which were made by replacing ordinary sand with the 

olive stones. 

 

5.3 Compressive strength 

 

After 7, 28 and 90 of water curing, the 4×4×16 cm3 mortars 

samples were subjected to Compressive strength test. 

The results in Figure 5 show a steady increase in mortar 

compression resistance over 90 days. At 7 days, the 

substitution rate decreased the compressive strength of mortar 

containing cork relative to the check mortar. 

The compressive strength decreases as density decreases. 

A very rapid fall is observed when passing from the control 

mortar to the lightened mortars. This is due to the increase in 

voids and hence the porosity of the material increases [22]. 

 

 
(a) Cork 

 

 
(b) Olive stone 

 

Figure 5. Effect of substitution rate on the compressive 

strength 

 

The introduction of 5% to 30% of Cork leads to a decrease 

in compressive strengths of the order of 40.77%, 42.91%, 

50.54%, 63.75%, 67.82% and 68.35 % respectively. 

During 28 days, the trends observed in 7 days are 

reproduced, we observe the reduction in resistance. 

For 90 days, a decrease in compressive strength becomes 

more remarkable. There are compressive strengths losses of 

the order of 50.94%, 54.95%, 55.27%, 66.51%, 66. 89% and 

68.85% in all mixes of 5% to 30% of cork successively. 

The mechanical properties of cement-cork mixes are not 

only characterized by the low density of the cork, but also by 

the behavior of the cork extracts during the cement hydration 

process [15]. The studies of Panesar and Shindman [14] 

demonstrated that the larger amount of cork significantly 

reduces the hydration rate. 

The compressive strength results obtained during the 

research conducted were consistent with those of Brás et al. 

[23]. 

The compressive strength of specimens with olive stones at 

the early curing age 7 days is low compared to that of the 

control mortar. 

The introduction of 5% to 30% olive stones sand leads to a 

drop in compressive strengths of the order of 49.33%, 51.37%, 

56.98%, 63.83%, 69.19% and 70.01% respectively to that of 

control mortar. 

For 28 days, the trends observed in 7 days are reproduced; 

we observe the decrease in resistance compared to control 

mortar. 

For an extended period of 90 days, decrease in resistance 

becomes more remarkable. There are resistance losses of 

around 52.05%, 53.73%, 56.61%, 59.63%, 65.84% and 67.86% 

in mortars containing olive stones from 5% to 30% 

successively. 

Increasing the amount of olive stones, generally leads to a 

reduction in mechanical strength [11]. Because the increase in 

the amount of organic residues causes a reduction in density 

and an increase in porosity. Nothing that the control mortar has 

a compressive strength more than mixtures with both mortars 

with cork and olive stones. 

 

5.4 Flexural tensile strength 

 

In general, the development of bending tensile strength in 

Figure 6 shows similar trends to the compressive strength. 

There is an evolution of flexural tensile strength which 

increases regularly for 90 days. 

However, due to the absorption of water by the cork, the 

poor adhesion: cement paste-cork aggregate and the presence 

of pores in the structure of the cork, the tensile strengths of the 

mortars with the addition of cork aggregates became weak 

relative to the control mortar throughout the tests. 

The results of flexural tensile strengths obtained in our 

study were comparable to the one found in the work of Brás et 

al. [23]. 

The flexural tensile strengths of mortars with the addition 

of olive stones, are low compared to those of the control mortar 

at all ages. It is noted that, the tensile strength decreases when 

the density of the mortar decreases, this is quite logical, 

because a positive relationship exists between the density of 

the mortar and its cube tensile strength, as for classics mortars. 

We can conclude that the tensile strengths of the mortars 

with the addition of cork and/or olive stones are low compared 

to those of the control mortar at all ages. 

 

 
(a) Cork 
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(b) Olive stone 

 

Figure 6. Effect of substitution rate on flexural tensile 

strength 

 

5.5 Immersion absorption 

 

The absorption capacity of a mortar generally tells us about 

the presence and importance of voids in order to test the 

compactness of the mixture. 

Analysis of the results Figure 7 obtained show that the 

control mortar absorption coefficient is equal to 13.71% lower 

than those with the addition of cork as an ordinary sand 

replacement for all mixtures rates (5 to 30%) of substitution. 

Indeed, the absorption coefficient increases proportionally 

with the percentage of cork addition up to a substitution rate 

of 30% (maximum absorption coefficient=16.79%) and this is 

due to the porosity and to the open pore volume as mentioned 

previously by Rosa and Fortes [24]. 

 

 
(a) Cork 

 
(b) Olive stone 

 

Figure 7. Absorption of water by immersion as a function of 

substitution rate 

 

In contrast, results obtained with olive stone mortars 

indicate that the addition of olive stones decreases the 

immersion absorption coefficient relative to the reference. 

The addition of 30% olive stone waste reduces the 

absorption coefficient by immersion, which means reduced 

porosity compared to the control mortar immersion absorption 

coefficient equal to 8.85%. 

Permeability value obtained could be due to the voids 

between the olive stone particles since the olive stone particles 

were well covered with the polyester binder which reduces 

their permeability effect [21]. 

However, the results remain under that registered with 

mortar containing cork as sand replacement for all rates. 

 

5.6 Capillarity absorption 

 

 
(a) Cork 

 

 
(b) Olive stone  

 

Figure 8. Capillarity absorption of water as a function of 

time 

 

Figure 8 shows the evolution of water absorption by 

capillary effects of mortar mixtures formulated over time. 

Capillary absorption tests were undertaken on test 

specimens at 28 days of age. 

The results show that water capillary absorption increased 

with time for all mixtures during 24 hours. 

It is clearly apparent that the absorption of water by 

capillarity decreases as the dosage of cork waste increases. 

This decrease is probably due to the increase in the 

compactness of the mortar. 

During the substitution of sand with 5-30% olive stones, 

different correlations describe the significant decrease in 

absorption values. 

According to the research was performed by Farag et al. 

[21], that olive stone particles were well covered with the 

polyester binder which reduces the effect on the permeability 

of olive stones itself. 
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5.7 Chloride penetration 

 

Results resumed in Figure 9 show that the reference mortar 

achieves the highest depth of chloride penetration in 90 days 

with a slight decreasement in depth in comparison to the others 

ages 28 and 56 days. Also, the results show that the lowest 

depth of chloride penetration was registered by mix 30% of 

cork as sand replacement for all ages with 9, 12 and 14 mm 

corresponding to 28, 56 and 90 days respectively this values 

represent 55, 45.45 and 44% under that of the reference. 

 

 
(a) Cork 

 

 
(b) Olive stone  

 

Figure 9. Depth of chloride penetration 

 

Generally, the results describe a different correlation 

between the depth of chloride penetration and the substitution 

rates. 

The presence of cork in mortar reduces the absorption 

during the Immersion in NaCl solution. The kinetics of 

absorption are rather slow at long times, density becomes 

significantly higher than of water, which drags the cork to the 

bottom [25]. The ability of cork to resist water absorption is 

closely linked to the presence of suberin [25]. All these factors 

lead to a decrease in chloride ion migration. 

The same behavior is recorded by mortars containing olive 

stones as sand replacement a remarkable decrease in 

penetration depth was recorded as a function of the olive 

stones substitution rates from 5% to 30% relative to the control 

mortar for all ages. 

It should be noted that there is a slight decrease in depth of 

chloride penetration in mortars containing olive stones in 

comparison to that of mortars containing cork as sand 

replacement. It was clear from previous results in our study 

that olive stones present a more resistance to water absorption 

than cork. This refers to the functional properties of the olive 

stones against water and its aggregate structure. The polyester 

binder that covers the olive stones, its porosity and the volume 

of the open pores. Therefore, the distribution, the pore size and 

the porosity of the mortars are determining parameters of 

chloride penetration depth. Moreover, the difference in the 

latter may be due to the mobility of the chlorides within the 

pores and their distribution in mortar. 

 

 

6. CONCLUSIONS 

 

The use of cork and olive stone can be a sustainable 

economic and ecological solution, since their reuse in the form 

of lightweight aggregates would solve the problem of its 

disposal and develop a good construction material used in the 

rehabilitation of old buildings, and to improve certain 

functional, physical and mechanical properties, this was the 

objective and motivation behind our study, for this purpose 

cork and olive stones wastes are introduced as aggregates in 

mortar admixtures, partly replacing the ordinary sand with 

different percentages. 

The work carried out is a physical and mechanical 

characterization of the mortars based on cork and olive stones 

lightweight aggregate properties. The following findings can 

be made: 

• Cork and olive stones lightweight aggregates lower the 

strength parameters, mortar density and reduce workability. 

• The results obtained show that olive stones used reduce 

water absorption. 

• Mechanical properties are systematically decreasing with 

the increasing substitution of ordinary sand by cork or olive 

stones lightweight aggregates. Indeed, a significant drop in 

Compressive and flexural strength at all ages. 

However, the penetration of chlorides from mortars made 

from cork or olive stones is favorable, which indicates its 

adaptation to deterioration linked to durability and external 

exposure and these characteristics are advantageous for our 

case study because the buildings are located in a tidal zone and 

exposed to salts and aggressive agents. For that purpose the 

study of durability parameters are recommended for this kind 

of constructions materials. 

As future work to understand more comprehensively the 

performance of cork and olive stones wastes as lightweight 

aggregates in a mortar and its performance against such 

environmental conditions and their adaptation to durability 

related to degradation, more tests must be carried out to assess 

chemical properties of these mortars. These tests and their 

results will be the subject of the next articles. 
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