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Abstract. The use of waste from both industrial and agricultural sources or from the construction 
sector itself as alternative materials to partially or totally replace the aggregates or agglomerates of 
concrete/mortar has been an interesting option for obtaining eco-efficient cement compounds. The 
most commonly used wastes are blast furnace slag, silica fume, fly ash and waste from construction 
and demolition activities. Other interesting options are related to the use of sugarcane bagasse ash and 
glass waste. Despite the importance of cementitious compounds, there are few reports on their 
thermal performance, once the thermal comfort of the built environment is closely associated with the 
capacity of building materials to absorb, store and transmit heat to their interior. Published works 
indicate that replacing part of the cement with microparticles of soda-lime glass microparticles can 
contribute to the production of mortars and concretes of similar mechanical performance and 
workability, and the production of concretes durable in regard to the inhibition of the alkali–aggregate 
reaction. Accordingly, this study evaluated the thermal performance of mortars made with partial 
replacements of cement (10% and 20%) per colorless soda-lime glass microparticles and amber, and 
analyzed the results in relation to the surface temperature of materials after natural exposure to 
sunlight.  

Introduction 
Different studies have investigated the use of glass waste in Portland cement compounds, either as 
aggregate or supplementary cementitious materials[[1],[2],[3]]. These studies do not have a consensus 
around the influence of the color and size of glass particles on the behavior of the produced 
compounds. Therefore, the reaction of silica with the alkali can be beneficial if it occurs during curing, 
or deleterious, if it occurs in hardened concrete[[4],[5],[6]]. Recent studies show that the partial 
replacement of cement with soda-lime glass microparticles can contribute to the production of 
mortars of similar mechanical performance and the production of durable cementitious compounds in 
relation to inhibiting the alkali-aggregate reaction[[7],[8]]. We identified the influence of the glass color 
expressed in terms of its chemical composition, hydration heat, setting time and electrical resistivity. 
In terms of sustainability in construction, it is important to evaluate the thermal comfort of the built 
environment, which is closely related the ability of materials to absorb, store and transmit heat to the 
inside. There are few published data on the thermal performance of cementitious compounds with the 
use of waste, in particular glass waste.  
Infrared thermography is a nondestructive and noninvasive technique that inspects the temperature 
range of a surface through the image generated by the thermal radiation emitted in the infrared 
range[[9],[10]]. The adoption of this technique allows for monitoring the thermal behavior of buildings, 
in addition to identify and analyze problems considered unapproachable by other methods.  Based on 
the theory that all bodies above absolute zero (-273°C) absorbs and emits thermal radiation[[11]], 
thermography enables us to measure and evaluate the characteristics of materials in a number of 
investigations involving the heat transfer phenomena. Hence, this study uses infrared thermography to 
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evaluate the thermal performance of mortars made with soda-lime glass microparticles, both amber 
and colorless, to partially replace Portland cement in 10% and 20%. 

Materials and methods  
Cementitious compounds were produced with and without the partial replacement of cement by 
amber and colorless glass waste obtained by grinding the soda-lime glass in laboratory. The used 
cement was Portland of high early strength, plus natural silica sand and a water/cement ratio of 0.48. 
The amber and colorless residues showed chemical compositions typical of soda-lime glass[[3]]. The 
registered differences between the two types of glasses were seen in aluminum oxides, ferric oxides 
and more strongly, the content of sodium oxide. Also, the amber glass showed a higher content of 
volatile/organic matter, which indicates that carbon can be the differential element in the composition 
of the analyzed glasses. The average particle size for the colorless and the amber glasses was µ 8.93 
and 10.61 m, respectively.  The obtained X-ray diffractograms revealed diffuse spectra which are 
commonly attributed to glass phases[[12]], indicating that the material has characteristics of 
non-crystalline material. The heat distribution patterns of the material under study were evaluated by 
infrared thermography.  
For a better control of the experiments, the thermal behavior was initially evaluated only for the  
amber and the colorless glass microparticles. The residues were placed inside containers of the same 
materials (polypropylene) and were exposed to direct sunlight for 10 minutes whereas the reached 
temperatures were recorded.  
The cementitious compounds prepared with cement, sand and water were afterwards analyzed with 
and without replacing the cement mass by 10% and 20% of amber and colorless glass microparticles. 
For each situation, two cylindrical samples of 5x10 mm have been manufactured. After the curing 
period, the samples were grouped by type and remained in a stable environment for 24 hours until the 
thermal equilibrium was established. Special care was taken with the surrounding area during the 
reading process, since the infrared camera captures the temperature of the object and the points close 
to it, whereas the reading showed an arithmetic average of the temperatures of all points read in the 
influence area. Thus, we have used two polystyrene slides (10x10x1 mm) to isolate samples from 
contact with other materials and maintain a uniform background radiation (Figure 1). 

 

 
Figure 1 - Thermography samples before sunlight exposure. 

 
For evaluation the temperatures of samples, we have used an infrared camera - Thermacam, of the Flir 
brand, model P640, temperature range -40°C to 500°C and accuracy of ± 2% of the measurement 
reading. To define the study parameters, we have adopted a reflected temperature of 50°C, air 
temperature of 20°C, relative humidity of 50% and emissivity of 0.95. The distance between the 
device and the sample was 1.50 m and the ambient temperature was recorded by a thermo-hygrometer 
clock (Minipa MT-241). The place used for the test was an outdoor area with intense sunlight. The 
test duration was four hours and thirty minutes. Thermographic images were collected every 30 
minutes of exposure to the sunlight. Images were analyzed using the software QuickReport, whereas 
graphics were made in Microsoft Excel. 
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Results   
Thermograms of Figure 2 show results relative to the temperature of the detected colorless and amber 
glass microparticles (minimum/maximum). In the analysis of results, special attention should be 
addressed to the color scale, as colors indicate the recorded temperatures (before and after insolation). 
The initial temperatures of amber and colorless glass residues were 26.2ºC and 26.7ºC, respectively 
(difference in camera measurement uncertainty). After 10 minutes of sunlight, amber and colored 
glass microparticles showed lower temperatures, i.e., 57.9ºC for the colorless residue and 50.5ºC for 
the amber glass. The materials absorbed/emitted heat differently: the amber glass microparticles were 
seen to be 6.9ºC below the colorless microparticles. That could be related to the higher carbon content 
in the sample, considering that this element has high thermal conductivity (129W/(m.K).  
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Figure 21 - Thermograms of amber and colorless microparticles before and after 10 minutes of exposure to sunlight 

 
Data from Figure 3 show the values obtained on the sample surface of mortars made with and without 
the partial replacement of cement by glass microparticles during the first 90 minutes of exposure to 
sunshine.  

 
Figure 3 - Thermography results: temperatures of mortars in the first 90 minutes. 

The graphic shows that all samples were under thermal equilibrium at the start of the test (23.7°C). 
After 30 minutes, the temperature was seen to have increased in 5°C temperature and continued to 
during the 60 minutes. At the 90 minutes of exposure to sunlight, the elevation was more marked, 
around 19°C. These results are consistent with studies conducted by Silva Junior[[13]] on polymeric 
composites made from natural pineapple leaf fibers, and Alvarenga[[14]] on geopolymeric 
microconcretes whose compounds showed a marked temperature increase in the early hours of 
sunshine. Despite the values of the sample containing 20% of the cement replacement by amber glass 
microparticles exhibited a slight temperature drop as compared to the other samples, it can be 
considered within the camera's measurement uncertainty. 
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Figure 4 shows the sequence of measurements (at 120, 150, 180, 210, 240 and 270 minutes of 
exposure to sunlight). Results clearly show that temperature of mortars continued to rise at 120, 150 
and 180 minutes, and at 210, 240 and 270 minutes, with minor intensity. All samples had a 
temperature drop at 210 minutes, possibly due to the emergence of clouds in the sky. The maximum 
temperature was reached at the 240 minutes of test. Although the samples absorb/emit heat in a 
similar way, the test body containing 20% of amber glass microparticles exhibited lower temperatures 
than the other samples. The sample containing 20% of colorless glass microparticles was slightly 
above the rest. This could indicate that higher levels of the cement replacement by colorless glass 
microparticles contribute to higher heat emission by compounds during exposure to sunlight. Samples 
made of 10% (colorless and amber) had temperatures very close to those of the control samples. A 
replica of the tests was carried out and the same result was found. Thus, one can infer that the use of 
amber glass microparticles is a possible method to control the thermal performance of 
mortars/concretes. 

 
Figure 4 - Mortar temperature after four hours and 30 minutes of sunshine exposure. 

Conclusions     
Thermography revealed significant differences in the temperatures of composites manufactured with 
and without replacement of cement by glass particles after sunlight exposure. Samples containing 
20% amber glass showed different temperatures when compared to the others, emitting less heat to 
the environment during exposure to sunlight. Further studies should be conducted so as to monitor the 
cooling of samples and therefore achieve a comprehensive approach of the heating-cooling cycle to 
which the building materials are daily exposed.  
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