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Abstract - The use of construction waste as an environmental alternative for this industry has become a real necessity as a consequence 

of the environmental degradation caused to nature. In this research, the problem of construction and demolition waste in the city of 

Medellín is seen as a circular economy option, since the use of this waste as an alternative to the design of plaster mortars. In this study, 

plaster mortar mixtures were studied with variations of 0%, 25%, 50%, 75% and 100% of waste aggregates as substitutes for natural 

aggregates. From the processes of characterization of the aggregate materials, the physical-mechanical tests of the mortars and the 

implementation of the mortars under external conditions, it was established that the use of waste aggregates allows the production of 

plaster mortar with similar properties to those of the conventional mortars, achieving average compressive strength of 15 MPa at 28 

days for mixtures with 0% residual aggregates, 12 MPa for mixtures with 25%, 14 MPa for mixtures with 50%, 17 MPa for mixtures 

with 75% and 19 MPa for the mixtures with 100% of replacement; on the other hand, it was determined that the behavior against external 

agents regarding the presence of cracks and water penetration resistance was favorable to their relation to traditional mortars; which 

allowed to establish that the use of these elements as a constructive option becomes a sustainability alternative oriented to caring for the 

environment. 
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1. Introduction 
The environmental problems that have arisen as a consequence of the exploitation of natural resources have called into 

question the construction industry, as a consequence of the massive use of materials and exploitation of natural resources 

in the making of construction systems [1]–[5], however, due to the need of generating environmentally friendly alternatives, 

nowadays many researchers have set themselves the task of creating sustainable and resilient nature concerning alternatives 

with the use of construction waste implemented as primary materials in the production of construction systems and 

construction materials as shown below: Cañola et al [6] as an alternative to environmental care from the use of paper waste, 

propose a constructive option that is friendly to the environment when compared to Drywalls used today; their proposal is 

based on the development of modular slabs made from the mixture of paper, cement and synthetic fibers recovered from 

the food industry, guaranteeing compliance with physical-mechanical properties from ASTM normative parameters. On the 

other hand, Peña et al. [7] in their research on the use of demolition and construction waste, established that these materials 

are a great alternative as primary materials for the construction of granular bases and sub-bases implemented in roads, as an 

alternative to the environmental deterioration that is generated by the construction sector during the extraction of natural 

stone resources; in the same way, Cañola et al. [8], as an alternative to the protection of the environment and as a proposal 

for social inclusion and circular economy of rural communities, integrate education, environmental management and the 

collaborative work of household-head mothers in the construction of sheds, these through the use of plastic waste, 
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demolition waste, earth, Guadua (a type of bamboo) and wood, considering this project a proposal for community food 

safety. Due to the foregoing, this research studies demolition and construction waste as an alternative to the primary 

materials used in the manufacturing of plaster mortars where caring for the environment becomes a priority for problems 

arising from the construction industry. 

 

2. Methods 
In this research, the physical-mechanical behavior of plaster mortars executed with waste aggregates was analyzed. 

105 mortar cubes of 0.05m side were manufactured and distributed according to what is shown in Table 1, concerning 

test ages and percentage of waste aggregates used. 
 

Table 1: Mix proportion and number of specimens produced 

Waste aggregates 

(%)  

Natural Aggregates 

(%) 
w/c ratio 

Number of 

specimens 

Specimens per age (days) 

7 14 28 

0 100 0.74 21 7 7 7 

25 75 0.74 21 7 7 7 

50 50 0.74 21 7 7 7 

75 25 0.74 21 7 7 7 

100 0 0.74 21 7 7 7 

 
For the development of this research with a quantitative-qualitative approach, the behavior of plaster mortars was 

analyzed with substitution of traditional fine aggregates (sand), by alternative aggregates corresponding to granular 

materials from demolition and construction waste. The experimental development of this research was carried out in 

three stages: i) characterization of waste aggregates using Ph analysis, water absorption and grain size distribution after 

processing (crushing and grading of demolition waste), through the normative parameter ASTM D 422 [9],  ii) unit 

weight and compressive strength tests according to ASTM C109 [10]  and elasticity modulus tests using ultrasound 

according to ASTM C597 –16 [11], were carried out; iii) two wall prototypes exposed to environmental conditions 

were built in order to evaluate their behavior against external agents and water penetration based on RILEM CPC 11.2 

[12].  

 
3. Results  

The first stage of this research started with the Ph measurement of the waste and natural aggregates used in the 

production of the mortars; for this a WTW ™ digital pH-meter and volumetric capacity glass test tubes of 100ml were used. 

Once the equipment had been calibrated, a sample of 50g of natural sand and 50g of residual sand from demolition waste 

were taken, each of these samples was analyzed with 30ml of distilled water in the 100ml test tube, then proceeded with pH 

measurement using a Sentix™ 41 electrode, obtaining values of 3.61 for natural sand, characterize like an acidic pH, and 

10.84 for the residual aggregate, corresponding to an alkaline pH as shown in Fig. 1; the previous analyses were made 

according to parameters established [13]. After this test, we proceeded in parallel with water absorption and colorimetry, 

from which the results are shown in Table 2, and grain size distribution. For this last analysis, a sample of 1000g of natural 

sand and 1000g of residual aggregates were subjected to rotary vibration processes and sieved using Ro-tap ® [9], which 

allowed the establishment of the percentages of retained and passing material, with which a fineness modulus corresponding 

to 2.28 was determined for the natural sand, characterizing the material as fine sand and fineness modulus of 2.93 for the 

residual aggregates, indicating that the material is a coarse sand;. It should be noted that in order to achieve an alternative 

mortar, the granulometry of the residual aggregates must be adapted to the particle size distribution and fineness modulus 

of the natural aggregates. 
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Fig. 1: A-B) pH analysis of the waste aggregates, C) Colorimetry analysis, D) Grain size analysis. 

 

 
 

Table 2: Results of absorption and colorimetry analyses of natural and waste aggregates. 

 

Water absorption waste 

aggregates (%) 

Color and description 

according to 

colorimetric analysis 

Water absorption 

natural aggregates (%) 

Color and description 

according to 

colorimetric analysis 

4.5 Brown 3.3 Brown 

 

In the second stage of this investigation, the mortar mixtures were produced under the design parameters established in 

Table 1. Before the manufacturing of the cubes, a flow test was carried out for each of the mixtures according to ASTM 

C1437-01 [14], the results are shown in Table 3. 

 
Table 3: Results of flow test for mortars with natural and waste aggregates. 

Aggregates Mix Mortar Flow 

Waste  

Aggregates (%) 

Natural 

Aggregates (%) 
Percentual value (%) Consistency Use 

0 100 140 Fluid 

Plaster, Grouting, 

self-leveling 

mortars for floors 

25 75 150 Fluid 

50 50 139 Fluid 

75 25 146 Fluid 

100 0 143 Fluid 

 

Subsequently, the manufacturing of 105 cubes with dimensions of 0.05m x 0.05m was proceeded, which were then 

subjected to a curing process before the compressive strength analysis. For the analysis of density, absorption, and modulus 

of elasticity, 25 cubes were independently elaborated with variation in the percentage of residual aggregates also according 

to Table 1; these specimens were subjected to the curing process for 7 days, consecutively they were subjected to a drying 
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process at a constant temperature of 100°C for 24 hours [15], at last, the correlation between masses and volumes was 

carried out to determine the average dry density of the samples. Once this analysis had been made, water absorption was 

determined using Equation 1  [16], the modulus of elasticity was determined through non-destructive tests using ultrasound, 

measuring the wave propagation speed through Equation 2, according to ASTM C597-16 [11]; For this test, it was 

guaranteed that the samples always maintained an equilibrium moisture content of 12% ± 2% in order not to generate 

variations. These results are shown in Table 4 and Fig. 2. 

 

𝑊𝑎 =
𝑊𝑖 − 𝑊𝑓

𝑊𝑓
 𝑥 100% (1) 

𝐸𝑑 =  𝜌𝑉2  
(1 + 𝑣)(1 − 2𝑣)

(1 − 𝑣)
 (2) 

 

Where: 

 

Wa: Water absorption (%) 

Wi: Initial saturated sample weight (kg) 

Wf: Final dry sample weight (kg) 

Ed: Dynamic modulus of elasticity (GPa) 

ρ  : Density (kg/m3) 

V : Pulse speed (km/s) 

v  : Poisson's dynamic modulus 

 
Table 4: Unit weight, absorption, and elasticity modulus of the produced plaster mortars 

Mix with waste 

aggregates (%) 

Number of 

Specimens 

Average Unit 

weight (kg/m3) 

Average 

absorption (%) 

Average Elasticity 

modulus (GPa) 

0 5 1734 17.8 16.1 

25 5 1554 23.9 14.3 

50 5 1538 24.7 15.6 

75 5 1518 25.4 13.9 

100 5 1478 25.5 12.8 
 

Fig. 2: A) Equilibrium moisture measurement; B) Wave velocity measurement with ultrasound 
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After the previous analyses, the cubes were subjected to compression tests under the parameters of ASTM C109 [10]  for 

the ages of 7, 14 and 28 days. These analyses were carried out by using a universal press, with a test duration of 5 minutes 

per specimen and constant speed of 0.25 MPa/s; the results of these tests are shown in Fig. 3 and Table 5.  

 
Fig. 3: A) Mortar samples with residual and natural aggregates; B) Compressive strength test 

 
 

Tabla 5: Compressive strength of mortars 

Mix with waste 

aggregates (%) 

Compressive strength (MPa) 

7 Days 14 Days 28 Days 

0 8 14 15 

25 7 12 12 

50 7 13 14 

75 8 15 17 

100 8 18 19 

 

The above results determine that the mortars with compressive strengths between 17MPa and 19MPa could be classified as 

type M and the traditional ones with a strength of 14 MPa as type S [17]. Once these analyses had been carried out, it could 

be seen that the mixture that guaranteed the best results when comparing the physical-mechanical properties was the one 

with 100% residual aggregates; then it was proceeded the elaboration of two wall prototypes with dimensions of 0.5m x 

0.5m with coating in traditional and residual plaster mortar, subjected to external conditions, in which an ocular inspection 

was carried out, the surface pH and the resistance to water penetration were measured according to RILEM CPC 11.2 [12], 

7 days after the mortar had been applied, in order to guarantee the early physical-mechanical properties of the samples. 

These trials were conducted weekly for 2 months; the average results of the tests are shown in Table 6 and Fig. 4. 

 
Table 6: Surface pH measurement and resistance to water penetration results 

Mix with waste aggregates (%) Average pH  Average water penetration resistance (m3) 

0 11 1.3x10-6 Medium permeability 

100 11 2 x10-6 Medium permeability 
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Fig. 4: A) Measurement of resistance to water penetration; B) Surface pH test by marking 

 
 

4. Conclusions 
Aiming to potentialize the use of construction and demolition waste (CDW), as an environmental alternative to the 

degradation of nature generated by the construction industry, in this research it was determined that the use of this waste 

becomes a potential alternative to traditional plaster mortars made with natural sand. The foregoing as a consequence of the 

fact that its physical-mechanical properties were similar and superior in certain aspects to those of conventional plaster 

mortars, as indicated below: 

Regarding the colorimetry test, it was established that the aggregates, both natural and waste, have brown color, 

according to ASTM C40/C40M [18] it is established that these materials present at most a number 3 result in the scale, 

which indicates they do contain enough organic matter to be harmful in mortar mixes; On the other hand, it was determined 

that the pH of 10.84 (alkaline) of the waste aggregates was better than that of the natural aggregates 3.61 (acidic), once the 

acidic pH leads to adhesion problems in the cementitious materials, which would cause them to be susceptible to durability 

problems related to detachments. Regarding the physical-mechanical properties, it was determined that the mortars with 

waste aggregates showed an increase in strength at 28 days of 27% when produced with 100% CDW, when compared to 

the mortars with natural aggregates. It can be concluded that the behaviour of mortars in external conditions, have similar 

characteristics in relation to color, whereas water penetration resistance was lower in mortars with CDW, showing an 

increase of 54% when compared to the traditional mortars, although both were considered as medium permeability elements 
[12]. It is recommended for future research to perform adhesion analysis of the plasters produced with these types of mortars 

and X-ray diffraction for natural and waste aggregates. 
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