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Abstract

:

In the last few years, the building industry experienced a significant development as a response to the demographic growth of human society and to the increasing demand for housing. Their construction involves the traditional use of concrete as a material that provides added strength to the finished building. This is manufactured respecting standard recipes depending on the way of its use. Anyway, all concrete recipes involve the use of mineral aggregates extracted from the riverbed, as is happening in Romania, or rock blocks crushing, as reported in other countries. Under these conditions, the rationalization of the use of natural mineral resources and the identification of new possibilities to reduce their consumption through their replacement with vegetal waste has become an important research issue. In this study, two types of vegetal waste—namely, shredded corn cobs and sunflower stalks—were used to manufacture novel ecological concretes. The vegetal wastes, both in untreated and treated forms (with 20% and 40% of sodium silicate solution), were used to replace 50% of the river (mineral) aggregate volume. The obtained concretes were tested, and the values of some important parameters in the concrete characterization (such as bulk density, water adsorption capacity, compressive strength and splitting tensile strength) were compared with the concrete contains cement CEM II/A-LL 42.5R. The obtained results show that these vegetal wastes have the potential to be used in the manufacturing of new ecological concrete. In addition, this alternative material meets the requirements for the sustainable and healthy development of the environment, offering low-polluting solutions in the context of an increasing demand for constructions.
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1. Introduction


Besides various benefits, the traditional materials used in the building industry are considered costly and polluting through the process of obtaining them. Concrete, for example, is a widely used material in the constructions industry, with increasing demand due to the global demographic growth. This is because, a concrete building system is considered energy efficient due to its special ability to combine a high thermal mass, very low air infiltration, and a high R-value (thermal resistance) in the exterior walls [1]. In addition, concrete buildings have fewer joints than those made of wood or steel frame, which means a tighter system in which the material itself absorbs and stores heat energy, with a delayed impact of the exterior temperature on the inside environment [2].



The major component of the concrete is represented by the mineral aggregates, extracted mainly from the riverbed (as in Romania) [3], or obtained from rock blocks crushing like in other countries [4]. These mineral aggregates are quite widespread natural resources, but this does not mean they are always available for use, and there is no need to be cautious in their extraction.



For example, marine resources (sand and gravel deposited by rivers and glaciers during the ice period) are an important source of mineral aggregates, and their use reduces the need for mine extraction and avoids the use of agricultural areas, which are important benefits for environment [5]. In addition, the delivery distances of the dredged mineral aggregates are generally shorter due to the fact they are landed in ports and their transport is made mainly by sea and not by road [6]. However, the removal of marine sediments will change the height, direction, and distance between waves and in tidal currents, with important consequences for marine wildlife, ecosystems, and navigation activities [7].



In the regions that do not have sand and gravel, and where mineral aggregates are obtained from crushed stone extracted from very large depths, which involves very high costs [5]. In this case, the obtaining of mineral aggregates is a fairly polluting process for the environment, mainly due to the greenhouse emissions. The environmental impacts associated with mineral aggregate mining are represented by acidic mine drainage, conversion of land use accompanied by loss of habitat for humans and animals, noise, dust, blasting effects, erosion, sedimentation, and relief changes. These are related to the fact that mineral aggregates such as sand, gravel, and bedrock are extracted from pits and quarries (open-pit mining and quarrying are commonly used and, in special cases, underground mining). Their presence means the loss of agricultural land and the shift of land use from terrestrial to lake habitats, by-products resulting from aggregate processing, and an impact on physical infrastructure (i.e., buildings, roads, and dams) [4,8,9,10]. In some cases, land intended to be developed for mineral aggregates extraction can have rare geomorphic characteristics or can be the habitat for rare and endangered species. Mining in such areas can lead to serious and long-lasting environmental consequences in the site vicinity or even very far away locations form it. Mineral aggregate sites can disturb surrounding areas, mainly via truck traffic and air pollution, with a negative impact for residents in the form of noise and visual disamenities. Mineral aggregate mining can lead to the release of deleterious sediments, salt, and chemicals into the watercourses, soil, and air [6,9,11]. To estimate the real impact of this activity, it is necessary to consider that, in Europe, there are over 30,000 extraction sites, which produce around seven tons of aggregate per EU citizen [10]—the global request for mineral aggregates is about 22 billion tons per year [12].



Therefore, even if the dredging of marine mineral aggregates is more advantageous than digging or mining, it must adhere to the principles of sustainable management of long-term availability of resources, minimizing the negative impact on the environment and the socio-economic impact of the extraction process. This is because both methods deplete a category of natural resources, alter the landscape, and affect the natural habitat of different plants and animals.



However, the environmental ethics principles in the building industry have to consider a close relationship between nature and buildings, a harmony of human’ society development in the context of all that nature means. This means that a sustainable building industry should take into account environmental problems such as the natural resources consumption, pollutants, and excessive energy usage, which means that the industry needs to work simultaneously in three interdependent directions—social, environmental, and economic [13].



This is the main reason why, in recent years, various alternatives such as waste fly ash; blast furnace slag; silica fume; plants ashes such as corn cob ash, wheat ash, and rice husk ash; recycled aggregates from demolitions; expanded perlite; expanded clay or expanded polystyrene; PET (polyethylene terephthalate) fibers; steel fibers; glass; plastics; lignocellulosic materials; or agricultural waste have been used as alternatives to reduce the amount of mineral aggregates needed to manufacture the concrete [14,15,16,17,18,19,20,21,22,23,24]. Among all these materials, the use of agricultural waste has become increasingly popular due to the improved characteristics of the obtained concrete, which are mainly related to thermal and acoustic insulation, lower costs, and environmental protection by reducing the use of the conventional raw materials [1,25,26,27,28,29,30].



Among many agricultural wastes studied for their suitability in building sector, corn cobs and sunflower have the advantage of worldwide available [31,32]. In addition, these materials are easy to process using local resources without generating extra costs because harvesting and storage is done using common agricultural equipment. Moreover, it has been shown that the use of such agricultural waste can result in high-quality aggregates for building materials using simple processing and low sintering temperature, further contributing to the limitation of environment pollution [33]. For example, the addition of corn cobs and sunflowers to concrete manufacturing improves thermal and acoustic insulation [1,26,27,28,29,30], with good resistance to sodium sulphate [34]. The authors of reference [35] used corn cob as pore-forming agent in lightweight clay bricks, obtaining apparent and bulk density, flexural strength, decreased linear shrinkage, and increased water absorption and porosity. Shredded corn cobs were used in the production of lightweight concrete as an alternative sustainable solution compared to the light aggregates used today, such as those of expanded clay, cork, or expanded polystyrene. The authors of reference [36] made a lightweight concrete from corn cobs in a 6/1/1 ratio (crushed corn chips/Portland cement/water) and an expanded clay concrete in the same ratio (expanded clay/Portland cement/water), obtaining lower mechanical characteristics than the classical concrete but also very low densities, which makes it usable in non-structural applications. The authors of reference [28] conducted a research on shredded corn cobs used as aggregates to produce lightweight concrete masonry blocks. The density of the obtained products was 1680 kg/m3, a value that places the concrete obtained into lightweight concrete category, according to the regulations in force. To reduce the water absorption and to improve the adhesion between concrete and aggregates, the corn cobs were coated with a cement paste. The tests performed showed a good resistance to repeated cycles of freeze-thaw. The authors of reference [27] studied the properties of concrete with sunflower aggregates, compared to those of concrete with hemp aggregates, in a binder/aggregate ratio of 2. The tests performed on concrete with sunflower aggregates showed a thermal conductivity of 0.096 W/mK and an average compression strength of 0.5 N/mm2 determined at 60 days. Also, [8] showed that aggregates from sunflower and hemp stalks have a similar honeycomb structure and similar chemical composition. The authors developed a concrete with sunflower aggregates and binder based on limestone and pumice, with the ratio binder/aggregates equal to 18. The compressive strength at 28 days of this type of concrete was 2.52 N/mm2. The same concrete recipe, but which included hemp aggregates, had a compressive strength of 2.77 N/mm2. [37] developed a composite material of chitosan and particles of sunflower stalks, with a thermal conductivity of 0.056 W/mK and a compressive strength of 2 N/mm2, in the case of a recipe with 4.3% chitosan and sunflower particles bigger than 3 mm. All these research findings suggest that the use of such agricultural wastes in concrete production can be a viable alternative to help in reducing the environmental impact associated with the mineral aggregate extraction industry in the context of the sustainable development of human society.



In this study, shredded corn cobs and sunflower stalks were used to manufacture novel ecological concretes. These vegetal wastes were used to replace 50% of the river (mineral) aggregate volume. The obtained concretes were tested, and the values of some important parameters in the concrete characterization (such as bulk density, water adsorption capacity, compressive strength, and splitting tensile strength) were compared with the concrete contains cement CEM II/A-LL 42.5R. The aim of this research was to make a material with alternative applicability in building elements where ordinary concrete would be less efficient. This ecological alternative complies with the criteria of sustainable development, offering non-polluting variants in the context of a highly industrialized society.




2. Materials and Methods


This research implied the development of concrete recipes with corn cobs and sunflower stalks as partial replacements for the mineral aggregates. As a starting point, we established a reference concrete (RC) recipe with conventional components of C30/37 strength class and 8 mm the maximum size of the aggregates, calculated according to reference [38].



The reference concrete contains CEM II/A-LL 42.5R cement, sand (0–4 mm diameter), and river gravel (sort 4–8 mm). A superplasticizer based on policarboxilateter (Sika Plast 140, produced by Sika Romania) was used to reduce the water requirements while maintaining workability, and an accelerator based on rhodanid (Sika BE 5, produced by Sika Romania) was used for hardening the concrete and accelerating the cement hydration process. The water/cement ratio was 0.43.



The formulas for vegetal concrete implied the use of shredded corn cobs and sunflower stalks as 50% by volume replacement of the river (mineral) aggregates. The procedure for obtaining the vegetal aggregates from corn cobs and sunflower stalks, respectively, was as follows:



From maize plants, only corn cobs (no husks or grains) (Figure 1a) were harvested, and only stalks without leaves and hats were harvested from sunflower plants (Figure 1b).



After harvesting, the sunflower stalks were left to dry in stacks in the environment (Figure 2).



Corn cobs were shredded in granules smaller than 6 mm using a mill for grinding animal feed (Figure 3a). Sunflower stalks were shredded with the same mill, resulting in granules with a diameter of less than 5–6 mm and fibers less than 25 mm long (Figure 3b).



After shredding, the vegetal material was treated with sodium silicate solution by immersion (Figure 4).



After immersion in the sodium silicate solution, the vegetal material was left to dry at a temperature of about 25–27 °C (Figure 5).



After drying to a constant mass, the plant material was used as a plant aggregate in the concrete composition (Figure 6).



The vegetal aggregates were used in three forms—untreated, treated with 20% sodium silicate solution, and treated with 40% sodium silicate solution. Their visual aspect was the same no matter the solution concentration (Figure 7c,f).



Sodium metasilicate compound (Na2SiO3), also known as glass water or liquid glass, is available in liquid and solid forms and is used as passive fire protection for concrete and to protect against termites, rot, and degradation in refractories, textiles, woodworking, and automobiles.



To reduce the water absorption capacity of the vegetal aggregates, the shredded granules were treated first with 20% sodium silicate solution. Then, they were dried, and their bulk density and water absorption capacity were measured.



Because the objective was to reduce the water absorption capacity for the plant aggregates as much as possible, other vegetal aggregates were immersed in a 40% concentrated solution of sodium silicate, dried, and then their bulk density and water absorption capacity measured, as in the first case.



An additional amount of water, varying according to the specific absorption capacity of the plant aggregates, was added to the concrete recipes with vegetal aggregates at a rate calculated to provide a water/cement ratio of 0.43. We developed the following concrete recipes:




	
RC—reference concrete;



	
CUCC—concrete with untreated granules of corn cob;



	
CTCC20—concrete with treated granules of corn cob with 20% sodium silicate solution;



	
CTCC40—concrete with treated granules of corn cob with 40% sodium silicate solution;



	
CUSF—concrete with untreated sunflower granules;



	
CTSF20—concrete with treated sunflower granules with 20% sodium silicate solution;



	
CTSF40—concrete with treated sunflower granules with 40% sodium silicate solution.








For testing their compressive strength, 150 × 150 × 150 mm cubic molds were used, while for testing their flexural and splitting tensile strength, 100 × 100 × 500 mm prism molds were used. There were three replicates for each test. All the tests were performed at the age of 28 days, according to the current technical norms [39,40,41,42].




3. Results and Discussions


3.1. Evaluation of Vegetal Aggregate Bulk Density and Water Absorption Capacity


Table 1 shows the determined values for bulk density and water absorption capacity for the vegetal aggregates.



In the case of corn cob granules, the treatment with 20% sodium silicate solution resulted in a decrease of water absorption by 38.44%; in the case of corn cob granules treated with 40% sodium silicate solution, it was 127%, which means a 56.80% reduction compared to the untreated granules. In the case of sunflower stalk granules, the treatment with 20% sodium silicate solution resulted in a reduction of water absorption of 52.24%; in the case of sunflower stalk granules treated with 40% sodium silicate solution, it was 100%, meaning a 75.12% reduction comparative to the untreated granules.




3.2. Evaluation of the Vegetal Concrete Density


The density evolution curves for the obtained concrete are showed in Figure 8. The highest slope of the curve was registered by CUCC. This concrete variant involved the greatest quantity of added water besides the quantity calculated for cement hydration and, implicitly, the greatest quantity of water lost during concrete curing. This loss of water led to the lowest mechanical strengths resulting from the weaker connection at the interfacial transition zone between the vegetal aggregates and the cement paste.



The increase in the density of the concrete with treated corn cobs in both versions was about the same intensity as to the sunflower concrete: CTCC20 and CTSF20 had an increase in density of approximately 10%, and CTCC40 and CTSF40 had an increase of approximately 20% (values reported to CUCC and CUSF, respectively).




3.3. Evaluation of the Compressive Strength of Concretes with Vegetal Aggregates


The results obtained after testing the compressive strength for the concrete described above are presented in Figure 9.



A replacement of 50% of mineral with vegetal aggregates led to a significant decrease compared to the reference concrete. On the other hand, treating the vegetal aggregates with a 40% sodium silicate solution led to an important improvement in terms of compressive strength compared to the concrete with untreated vegetal aggregates.



The concrete with untreated corn cobs was shown to have a very low compressive strength, recording a value of only 0.27 N/mm2 compared to the one of reference concrete of 42.18 N/mm2. This particularly low value is due to the presence of a significant quantity of water) the inadequate moisture of the specimens was visible to the naked eye). The water absorbed by the vegetal part of the concrete was highest compared to the other concrete recipes, and, as shown in Figure 9, it was the recipe with the highest decrease in density. This drop means that it had the largest quantity of evaporated water (leaving the concrete structure), which left behind an increased volume of air and very poor interface links between aggregates and the cement paste.



The corn cobs treatment with 40% sodium silicate solution increased the compressive strength of concrete 30 times comparative to the concrete with untreated plant aggregates, and about 5 times comparative with the first treatment variant, resulting in a value of 10.21 N/mm2. This significant improvement was due to the dramatic decrease in corn cobs absorption capacity (from 294% in the untreated variant up to 127% in the variant treated with 40% solution).



Regarding the concrete with sunflower plant aggregates, it recorded a compressive strength much higher than that with corn cobs, especially in the untreated aggregate variants (5.52 N/mm2) and that treated with 20% sodium silicate solution (5.35 N/mm2), despite having an absorption capacity higher than that of corn cobs. This leads to the conclusion that a high compressive strength of CUSF compared to CUCC (by approximately 15 times) contributed to the strength of the plant aggregates themselves. In the composition of the sunflower stem, the bark has a more rigid, woody, and fibrous structure with mechanical characteristics superior to corn cobs. Contrary to expectations, treatment in the first variation of sunflower aggregates led to a small decrease in compression strength, a result that can be explained by the additional amount of water.



Treatment of sunflower aggregates with 40% sodium silicate solution resulted in a 146.5% increase in compressive strength of concrete with these aggregates compared to the concrete with untreated sunflower aggregates, and it was 33.3% higher than of the concretes with corn cob aggregates treated with the same concentration of sodium silicate solution. In conclusion, sunflower concrete registered improved performance in compressive strength compared to corn cob concrete.



By analyzing the concrete compressive strength in comparison with the capacity of water absorption for the aggregates involved (Figure 10), the reduction of the last parameter determined the increase of the compressive strength, both for the corn cob concrete and for the sunflower concrete.



In its natural form, the sunflower stalk is made up of a fibrous, rigid coat (the bark) and a marrow with very porous structure and a much smaller density than the bark. During the shredding process, the marrow underwent some compaction of its volume, and the ratio between it and the fibrous part of the stem was altered in the opposite direction to that of the normal, natural state of the sunflower stalk. This led to a predominant share of the fibrous part in the composition of the shredded sunflower granules, which gives superior mechanical strength to these plant aggregates.



In the corn cob structure, there is no great difference between its component layers, and the mechanical strengths of the cobs are noticeably lower than those of the sunflower stalks. Thus, in the variants involving untreated vegetal granules, although the water absorption of the sunflower aggregates was higher (402%), the concrete with these aggregates was characterized by much higher compressive strength values than those recorded for the corn cob concretes due to the more rigid structure of the sunflower stalk. This characteristic of sunflower aggregates compensated for and exceeded its increased rate of water absorption due to the more porous structure of the marrow of the sunflower stalk.




3.4. Evaluation of the Flexural Tensile Strength of Concretes with Vegetal Aggregates


The concrete specimens with untreated corn cob aggregates suffered damage during the curing process due to the concrete shrinkage as a consequence of the water loss from its structure and the decrease in the volume of the plant aggregates, thus developing aggregate–cement interface forces that were opposite and parallel to the prism length and high enough to cause a continuous crack across the entire cross section of the prisms.



Treating the corn cobs with 20% sodium silicate solution prevented the occurrence of that shrinkage concrete crack but showed a very low bending strength (0.68 N/mm2) compared to that determined for RC (3.44 N/mm2). A higher concentration for the sodium silicate solution applied to the corn cob aggregates led to a significant increase for tensile strength of the afferent concrete, CTCC40, by 188.2% (1.96 N/mm2) (Figure 11).



The sunflower concrete in its variant with untreated aggregate showed a flexural tensile strength slightly superior to the one of the concrete with corn cobs treated with the more concentrated sodium silicate solution (2.0 N/mm2), due to the fiber form of the sunflower aggregates, which somehow reinforced the structure of the concrete. Treating sunflower aggregates with 20% glass water resulted in an unexpected drop in the flexural tensile strength by 32.5% (1.35 N/mm2), which was probably due to the wood fibers stiffening, which led to decreased flexibility and the development of a casual character. Applying 40% glass water solution to the sunflower aggregates further increased the bending strength up to 2.43 N/mm2 (Figure 11). This increase is determined by higher wood fiber stiffening (increasing the concentration of the glass water solution leads to a weight gain for the aggregates that can better oppose the bending forces).



In conclusion, in terms of flexural tensile strength, sunflower concrete had the best values in all variants of aggregate treatment, with the highest strength obtained by CTSF40 of 2.43 N/mm2 being below the value recorded by RC (3.44 N/mm2).




3.5. Evaluation of the Splitting Tensile Strength of Concretes with Vegetal Aggregates


Concrete recipes with plant aggregates recorded values well below those of the RC in the case of splitting strength. The most resistant variant (with sunflower treated with 40% sodium silicate solution) recorded values that were approximately 58% lower than the reference (1.27 N/mm2) (Figure 12).



CUCC showed a very low splitting strength, which was almost impossible to test (0.03 N/mm2) (Figure 12). The explanation is similar with that regarding the compressive strength: the specimens showed inadequate moisture, which was visible to the naked eye. The water absorbed by the vegetal part of the concrete was higher for this concrete recipe than for the other vegetal aggregate concrete recipes. Thus, the amount of water absorbed led to the greatest decrease in density during the curing period of 28 days, causing a considerable evaporation of water from the concrete structure, which left behind an increased volume of air and a very weak interface between the aggregates and the cement paste.



The treatment of corn cobs led to an increased splitting tensile strength of the concrete compared to the one with untreated aggregates, but it was not more than 30% of the value obtained by RC (0.64 N/mm2 for CTCC20 and 0.90 N/mm2 for CTCC40) (Figure 12).



Sunflower concretes recorded superior splitting tensile strengths to corn cob concretes, in addition to compressive and flexural tensile strength tests. In the case of concrete with untreated sunflower granules, a strength of 0.71 N/mm2 was obtained, which was higher than the concrete with corn cobs treated with the 20% sodium silicate solution. The first treatment of sunflower granules led to a slight increase in concrete splitting tensile strength, while the second treatment variant resulted in a much higher value of about 79% compared with that of concrete with untreated aggregates.





4. Application Areas of the Novel Concrete with Plant Aggregates


According to our presented test results, plant aggregates may be successfully used for concrete, leading to a reduction of mineral aggregates using of around 900 kg per m3 of concrete when compared to conventional concrete. If we consider a replacement of 50% by volume ratio of mineral aggregates in the developed concrete recipes, this means a 50% reduction of the mineral aggregates used for concrete production. Indeed, the plant aggregates can be used only in specific concrete types due to their mechanical strength limitations; in general, concrete with plant aggregates cannot be used in structural purposes. The concrete with corn cob or sunflower aggregates can be used for lightweight concrete screeds, lightweight substrates/subfloors, or acoustic mats. This is in line with the results presented in a previous made with two concrete recipes with the best mechanical strengths, CTCC40 and CTSF40, developed by the authors of reference [25]. The aforementioned study presented some acoustic characteristics, such as the noise reduction coefficient (NRC) and real sound absorption coefficient, of the CTCC40 and CTSF40, which were noted in that paper as mc-corn and mc-sun, respectively. The authors obtained significantly better results for the plant concrete comparing to conventional concrete. CTCC40 had a NRC of 0.193 in the case of the 40 mm thickness sample, comparing to 0.157 registered by conventional concrete used as a reference. Its real sound absorption coefficient measured on a frequency of 2000 Hz was 0.427, compared to 0.279 for the reference. These values were obtained on an 80 mm thick sample. The CTSF40 (mc-sun) registered a NRC of 0.177 and a real sound absorption coefficient of 0.418 in the same conditions of analysis.



It is well known that lightweight concretes of any kind provide better thermal insulation than normal weight concrete. By using lightweight concrete with corn cob or sunflower aggregates as screeds in a building, a reduction of the thermal bridging at the slabs level can be obtained. This means a reduction of heat transfer and a cold sensation at floor level.



Vegetal concrete can be used in modular elements for buildings closures, such as bricks or panelized walls manufactured off site and then assembled with minimal site disturbance and no waste. As blocks, the lightweight vegetal concrete can be used to develop sound-insulating blocks or lightweight blocks for partition walls. Also, it can be used to make panels for partition walls or sound-absorbent panels due to the material porosity ensured by the chopped corn cobs or sunflower stalks. The production of building elements in the form of cast blocks made of lightweight concrete with vegetal aggregates has lower energy consumption compared to the production of bricks (ceramic blocks), which require thermal treatments/burning in furnaces.



The use of lightweight concrete with vegetal aggregates can increase work productivity by replacing partition walls made of bricks with walls cast in formworks or prefabricated walls while keeping the main features of sound and thermal insulation as well as mechanical characteristics at a satisfactory level.



If the vegetal lightweight concrete is used in mortar for masonry and/or plastering, it will help to correct small-scale thermal bridging. It can ensure a continuity of the thermal insulation when it is used concomitant as screed and plaster in a building.



Lightweight concrete with corn cob or sunflower aggregates can also be used on flat roofs to level and regularize the support under waterproofing membranes and provide thermal insulation against heat and cold.



By using lightweight concrete, obtained by replacing the usual aggregates with vegetal ones (like corn cob or sunflower aggregates), the realization of non-structural elements of a building (concrete screeds, closing walls or partitions, finishes, etc.) leads to the reduction of the total weight of the building, resulting in favorable effects on its behavior during earthquake.



It is also possible to increase the efficiency of the machines and equipment used in the production, transport, and casting of concrete (concrete plants, concrete mixers, cranes, pumps, etc.) and a decrease in their energy consumption due to the smaller weight per unit volume of the concrete used in non-structural purposes.



The use of concretes with vegetal aggregates can help to increase the sustainability of buildings and reduce their total carbon footprint by replacing some raw materials that are increasingly difficult to obtain with natural, renewable materials that obtained with much smaller energy consumption.



Taking all of this into account, it can be concluded that CTCC40 and CTSF40 can widely be used in construction industry.




5. Conclusions


The present study aimed to present the benefits of mineral aggregates replacement in concrete by plant aggregates in the context of sustainable development and environmental protection. The developed vegetal concrete represents a variant of innovative and sustainable building material that could result in mineral aggregate savings and a positive effect on global health and environment.



In our research, we used corn cobs and sunflower stalks as plant aggregates, which were previously treated with sodium silicate solution. Some physical properties of vegetal concrete, especially thermal and acoustic properties, were reported to be greatly altered by the presence and the amount of absorbed water. The increased porosity and internal structure of the porous plant aggregates are responsible for the high absorption of water and their retention capacity. Due to high moisture absorption capacity, the durability of vegetal concrete represents a challenge. Using the shredded corn cobs and sunflower stalks as partial replacement for aggregates in concrete production requires some treatments to be applied in order to reduce their water absorption capacity and increase the interface compatibility with the concrete cement paste. To accomplish this objective, we adopted a treatment of vegetal granules with sodium silicate solution. As a result of the performed treatment with sodium silicate solution, we obtained a significant reduction in water absorption capacity.



The case study results showed an increase in concrete density when treated vegetal aggregates were used of approximately 10% in the case of using a solution of sodium silicate of 20% concentration and of approximately 20% in the case of 40% sodium silicate solution compared to the concrete with untreated vegetal aggregates. The treatment of vegetal aggregates with 40% solution of sodium silicate solution led to a significant improvement in the compressive strength of the concrete compared to the that with untreated plant aggregates. Sunflower concrete’s mechanical strengths is superior to corn cob concrete.



By analyzing the compressive strength in comparison to the water absorption capacity of the aggregates involved, it was observed that reducing the water absorption capacity of the vegetal aggregates resulted in an increase of the compressive strength for both the corn cob concrete and the sunflower concrete.



From a mechanical properties point of view, the investigated concrete in our study can be used for concrete screeds or for modular elements for buildings closures, such as bricks or prefabricated walls that are manufactured off site and then assembled with minimal site disturbance and no waste. The obtained results also showed that vegetal aggregates may be successfully used in the manufacturing of concrete, leading to a reduction of mineral aggregate use of around 900 kg per m3 of concrete, as comparing to the conventional concrete. The use of such plant aggregates is an essential component of sustainable development by reducing the usage of mineral aggregates. This is an ecological alternative that meets the sustainable requirements for a healthy environment, offering low-pollutant alternatives in the context of an increasing demand for construction materials.
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Figure 1. Vegetal material after harvesting: (a) corn cobs; (b) sunflower stalks. 
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Figure 2. Sunflower stalks drying. 
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Figure 3. The aspect of vegetal material after shredding: (a) corn cobs; (b) sunflower stalks. 
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Figure 4. The aspect of vegetal material after shredding and treatment with sodium silicate solution, in a wet state: (a) corn cobs; (b) sunflower stalks 
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Figure 5. The drying of the vegetal material at a temperature of about 25–27 °C after the treatment with a sodium silicate solution. 
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Figure 6. The aspect of vegetal material after shredding and treatment with sodium silicate solution, in a dry state: (a) corn cobs; (b) sunflower stalks. 
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Figure 7. Corn cobs and sunflower stalks aspect—from stalk to treated granules: (a) corn cobs; (b) untreated shredded corn cobs; (c) treated shredded corn cobs; (d) sunflower stalks; (e) untreated shredded sunflower stalks; (f) treated shredded sunflower stalks. 
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Figure 8. The evolution of concrete density, from casting to the age of 28 days (kg/m3). 
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Figure 9. Compressive strength for the developed concrete recipes (N/mm2). 
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Figure 10. Concrete compressive strength after 28 days of curing (N/mm2), comparatively presented with water absorption capacity of the vegetal aggregates (%). 
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Figure 11. Concrete flexural tensile strength (N/mm2). 
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Figure 12. Concrete splitting tensile strength (N/mm2). 
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Table 1. The bulk density and water absorption capacity of the vegetal aggregates.
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Vegetal Aggregates

	
Treatment Applied

	
Bulk Density [kg/m3]

	
Water Absorption Capacity [%]






	
Corn cobs

	
no treatment

	
281.25

	
294




	
20% sodium silicate solution

	
242.19

	
181




	
40% sodium silicate solution

	
398.43

	
127




	
Sunflower stalks

	
no treatment

	
207.03

	
402




	
20% sodium silicate solution

	
164.06

	
292




	
40% sodium silicate solution

	
328.12

	
100
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