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USE OF CRUSHED CONCRETE PRODUCTS IN MINNESOTA PAVEMENT FOUNDATIONS. 
Minnesota Department of Transportation. MN-RC-96-12 
MNDOT TE210 .S59 1995 
 
Abstract: This report reviews eleven field and laboratory studies that have been performed to address concerns about 
the use of recycled concrete aggregate in pavement foundations. Performance concerns have centered on the possible 
impairment of drainage systems by deposits of calcium carbonate precipitate and other fines derived from the recycled 
concrete base materials. Environmental concerns have focused on the relatively high pH of the effluent produced by 
drainage systems that remove water from untreated recycled concrete aggregate foundation layers. The studies 
considered in this report demonstrate that all recycled concrete aggregates are capable of producing various amounts of 
precipitate, with the precipitate potential being directly related to the amount of freshly exposed cement mortar 
surface. It appears that selective grading and blending with virgin aggregates are techniques that should significantly 
reduce precipitate potential. One study suggests that washing recycled concrete products will reduce accumulations of 
crusher dust and other fines in and around the pavement drains. Others indicate that the use of filter fabrics with 
sufficiently high initial permittivity will allow the accumulation of precipitate and other fines without significantly 
impairing drainage function. This report discusses study results related to environmental concerns and provides 
recommendations for revisions to current specifications. 
 
 
Effect of pH on the Leaching of Elements from Highway Base Layers Built with Recycled Concrete Aggregates. 
IFCEE 2015, American Society of Civil Engineers, 2015, pp 2758-2766  
https://trid.trb.org/view/1346701  
 
Abstract: Concrete waste is one of the most abundant waste materials, remains in the environment for a long period of 
time, and if not recycled, can significantly reduce the life of municipal landfill facilities. Crushing waste concrete to make 
recycled concrete aggregate (RCA) has been gaining more attention recently, as economic and environmental 
constraints on the production of natural aggregates increase. Recycling concrete also diverts construction and 
demolition debris waste streams from the landfills. However, RCA has been shown to contain heavy metals which may 
leach and cause potential contamination of the groundwater. Laboratory pH-dependent batch water leach tests at the 
pH range of 2-14 were conducted to investigate the leaching behavior of calcium (Ca), zinc (Zn), and copper (Cu) from 
two different recycled concrete aggregates used in highway constructions. Leached concentrations of Zn were below the 
detection limits, while the pH of the leachate was higher than 5. Ca showed a cationic leaching pattern, indicating that 
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the concentrations of leached Ca decreased with an increase in pH while Cu and Zn showed amphoteric leaching 
pattern. The leached element concentrations were below the Environmental Protection Agency Maximum Contaminant 
Limits (EPA MCLs) with few exceptions. Geochemical modeling results from MINTEQA2 indicated that releases of the 
elements were solubility controlled. For a given element, the solubility controlling solids were found to be very 
consistent. Oxide and hydroxide minerals control the leaching of Ca, Zn, and Cu elements.  
 
 
The strength and environmental performance of asphalt mixtures with recycled concrete aggregates.  
Transportation Research Part D: Transport and Environment, Volume 100, Issue 0, 2021  
https://trid.trb.org/view/1885704  
 
Abstract: Recycling of concrete aggregates in asphalt pavement surfacing is a viable solid waste management strategy. 
This study evaluated the strength and environmental performance of asphalt mixtures containing different proportions 
of Recycled Concrete Aggregates (RCA) for road pavement surfacing. Laboratory experiments and environmental life 
cycle assessment were conducted for different asphalt mixtures. The mixture was evaluated based on their 
stability/Global Warming Potential (GWP), resilient modulus/GWP, and Indirect Tensile Strength (ITS)/GWP ratios. The 
mixture containing 40% coarse RCA was judged to be the most efficient based on its highest resilient modulus/GWP and 
ITS/GWP ratios of 108.30 MPa/kg CO2 eq and 11.75 kPa/kg CO2 eq, respectively. These values are about 9% and 4% 
higher than the control values for the two indicators, respectively. The study recommended 40% partial replacement of 
granite with RCA in Stone Mastic Asphalt for optimum strength and environmental impact.  
 
 
Life cycle assessment of hot mix asphalt with recycled concrete aggregates for road pavements construction. 
International Journal of Pavement Engineering, Volume 23, Issue 4, 2022, pp 923-936  
https://trid.trb.org/view/1927273  
 
Abstract: In this study a comparative life cycle assessment (LCA) was conducted according to a ‘cradle-to-laid’ approach 
to evaluate the potential environmental impacts related to the use of recycled concrete aggregates (RCAs) as a partial 
replacement of coarse natural aggregates in the production of Hot Mix Asphalt (HMA). Specifically, three percentages of 
RCA replacements were analyzed: 15, 30 and 45%. Primary data collected mainly through surveys performed in 
Colombian contractors from the region of Barranquila were used to model the foreground system. The SimaPro 8.4.0 
software was used for modelling the processes analyzed in the case study and all the life cycle inputs and outputs 
related to the functional unit were characterised during life cycle impact assessment (LCIA) phase into potential impacts 
according to the TRACI v.2.1 impact assessment methodology. The results of the case study showed that the mixtures 
incorporating 15 and 30% of RCA can be considered as eco-friendly alternatives to the conventional mixture (i.e. no RCA 
content), as both allow reductions in all impact categories scores. On the contrary, the mixture that contains 45% of RCA 
denoted a lower environmental performance than that of the conventional mixture.  
 
 
Beneficial Use of Recycled Concrete Aggregate as Base and Subbase Material in Turkey.  
International Conference on Transportation and Development 2020, American Society of Civil Engineers, 2020, pp 226-
236  
https://trid.trb.org/view/1735696  
 
Abstract: Recycled concrete aggregate (RCA), the main component of global construction and demolition (C&D) waste, is 
mostly stockpiled, creating environmental impacts, and consuming valuable land space. Utilizing RCA in geotechnical 
applications, particularly in highways would result in consumption of large volumes and decrease of the stockpiled 
amounts. In this study, the mechanical and hydraulic suitability of RCA as a base and/or subbase material was evaluated 
through a series of laboratory experiments. Proctor, CBR, permeability, and resilient modulus (RM) tests were 
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performed to determine the compaction, strength, and hydraulic properties of the material. In addition, tests were also 
conducted on samples prepared on controlled grain size distributions that meet the American Association of State 
Highway and Transportation Officials (AASHTO) specifications as well as Turkey’s General Directorate of Highways (KGM) 
Highway Technical Specification (KTS) upper and lower limits for base and subbase materials. The results indicate that 
the material used in this study is suitable for use as a base and/or subbase material, however the origin of the material 
substantially affects the characteristics of the material and prior to use of materials originating from different locations, 
strength, and hydraulic properties should be determined carefully.  
 
 
Concrete Based on Recycled Aggregates – Recycling and Environmental Analysis: a Case Study of Paris’ Region. 
Construction and Building Materials, Volume 157, Issue 0, 2017, pp 952-964  
https://trid.trb.org/view/1524627  
 
Abstract: The use of recycled concrete aggregates as an alternative source of coarse aggregates for the production of 
new concrete can help to solve the problem of depleting natural resources and that of growing waste disposal crisis. 
However, their recycling could decrease the concrete performance, particularly for low grade recycled aggregates (RA). 
To compensate for this decrease, cement content can be adjusted and hence, the environmental interest of RA has to be 
assessed. This study aims at assessing the environmental footprint of recycled aggregate concrete (RAC), compared to 
natural aggregate one (NAC), considering the grade of used RA and the aggregates’ delivery distance, at the scale of 
Paris’ region.From the strength point of view, the use of RA induces a decrease of RAC performance, which is 
proportional to their content. This decrease can be compensated for by increasing cement content. For 50% of RA 
dosage, 16% of additional cement is necessary to achieve the compressive strength of NAC, when low-grade-RA are used 
(RA_1). Recycling high grade RA (RA_2 and RA_3), affects slightly RAC compressive strength and 3% of additional cement 
are enough to compensate for its decrease. Pre-saturating these RA, reduces by 35% the amount of additional 
cement.From an environmental point of view, recycled aggregates can be an alternative for natural ones and the 
environmental footprint of RAC can be limited by using high grade RA. Furthermore, the delivery distance of NA is the 
key parameter in assessing the environmental impacts of RAC, compared to NAC. Results showed that global warming 
indicator impact is greater for NAC, compared to RAC with 50% of RA, provided that NA delivery distance exceeds 50km, 
which is the case in Paris’ region. With 20% of substitution rate, high-grade RA improve all environmental impacts of 
RAC, except Waste, compared to NAC.  
 
 
Life Cycle Assessment of Natural and Recycled Concrete Aggregate Production for Road Pavements Applications in the 
Northern Region of Colombia: Case Study 
Transportation Research Record: Journal of the Transportation Research Board, Volume: 2673, Issue Number: 5 
https://journals.sagepub.com/doi/full/10.1177/0361198119839955 
 
Abstract: The environmental impacts of natural aggregates (NA) and recycled concrete aggregates (RCA) production for 
use in road pavements have been evaluated in this study through an attributional life cycle assessment (LCA) from cradle 
to gate. Such effort is relevant considering the increasing interest of national agencies in applying recycled aggregates 
for construction and rehabilitation (C&R) of highway infrastructures. The study used site-specific data from two different 
aggregate production plants, stationary and mobile, both located in the northern region of Colombia. The stationary 
facility produces NA, and the mobile plant processes a combination of NA and RCA from the demolition of Portland 
cement concrete (PCC) pavements in the city of Barranquilla. The aggregates produced in the stationary facility are 
generally used as road base and subbase materials, and in the production of PCC, whereas the recycled mobile plant 
produces aggregate for subbase and road base mainly. Two scenarios were contemplated in the study. The first scenario 
involved extraction, hauling, and processing of NA. The second scenario involved aggregate (limestone) extraction, 
hauling, and recycling of RCA, and finally processing the combination of NA with RCA. The environmental impacts related 
to the production process of both stationary and mobile plants were evaluated using the computer program SimaPro 

https://journals.sagepub.com/doi/full/10.1177/0361198119839955
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8.4.0 and the impact assessment method IMPACT 2002+. The results showed that diesel fuel is the principal energy used 
in both production processes, and is mainly responsible for the negative impact on respiratory inorganics, global 
warming, and nonrenewable energy. Results were very sensitive to transportation distances. 
 
 
The strength and environmental performance of asphalt mixtures with recycled concrete aggregates. 
Transportation Research Part D: Transport and Environment. 2021. 100(0) (28 Refs.) 
 
Abstract: Recycling of concrete aggregates in asphalt pavement surfacing is a viable solid waste management strategy. 
This study evaluated the strength and environmental performance of asphalt mixtures containing different proportions 
of Recycled Concrete Aggregates (RCA) for road pavement surfacing. Laboratory experiments and environmental life 
cycle assessment were conducted for different asphalt mixtures. The mixture was evaluated based on their 
stability/Global Warming Potential (GWP), resilient modulus/GWP, and Indirect Tensile Strength (ITS)/GWP ratios. The 
mixture containing 40% coarse RCA was judged to be the most efficient based on its highest resilient modulus/GWP and 
ITS/GWP ratios of 108.30 MPa/kg COsubscript two eq and 11.75 kPa/kg COsubscript two eq, respectively. These values 
are about 9% and 4% higher than the control values for the two indicators, respectively. The study recommended 40% 
partial replacement of granite with RCA in Stone Mastic Asphalt for optimum strength and environmental impact. 
 
 
State DOT Life Cycle Benefits of Recycled Material in Road Construction. 
American Society of Civil Engineers. 2016. p693-703 (Figs., Refs., Tabs.)  
 
Abstract: The use of recycled materials in highway construction has the potential to achieve significant benefits affecting 
the triple-bottom line (environment, prosperity and society). Although state departments of transportation (DOTs) have 
been in the forefront of introducing recycled materials, they have not been able to clearly convey the benefits in a 
quantitative and transparent manner using easily understood metrics. What is lacking is direct information on 
sustainability assessment characteristics, i.e. greenhouse gas emissions, energy and water consumption, and waste 
generation. To determine the benefits of using recycled materials for DOTs, the Recycled Materials Resource Center 
(RMRC) is undertaking a project with the objective of providing a tool to quantitatively analyze and report the 
environmental and life cycle benefits of using recycled materials in highway construction. Subsequently, an analysis of 
the environmental benefits was conducted using PaLATE, a life cycle assessment (LCA) tool developed with RMRC 
sponsorship. The LCA analysis of four environmental parameters (energy use, water consumption, carbon dioxide 
emissions, and hazardous waste generation) showed significant environmental benefits when states used recycled 
industrial byproducts such as fly ash and recycled roadway materials such as recycled concrete aggregate (RCA) and 
recycled asphalt pavement (RAP). 
https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fdx.doi.org%2F10.1061%2F9780784480120.070&a
mp;data=05%7C01%7Cqin.tang%40state.mn.us%7Ce7e5ec05ca3143afabb908da6a774fb5%7Ceb14b04624c445198f26b
89c2159828c%7C0%7C0%7C637939358233091383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV
2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&amp;sdata=2tdzeietAVebC1MjiFcqmqHzHZ2aWnbo8
QZrwa4T2Jk%3D&amp;reserved=0 
 
Link to the Ovid Full Text or citation: 
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fovidsp.ovid.com%2Fovidweb.cgi%3FT%3DJS%26C
SC%3DY%26NEWS%3DN%26PAGE%3Dfulltext%26D%3Dtspt%26AN%3D01609424&amp;data=05%7C01%7Cqin.tang%40
state.mn.us%7Ce7e5ec05ca3143afabb908da6a774fb5%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637939
358233091383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6M
n0%3D%7C3000%7C%7C%7C&amp;sdata=J4DJpvzomXMU8vDxgpJCTiiIe2VGFpFblC4GVEzfJwc%3D&amp;reserved=0 
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Determination of the Structural Coefficient of Different Combinations of Cement-Treated/Untreated Recycled Base 
Materials. 
Geotechnical and Structural Engineering Congress 2016. Structural Engineering Institute. 2016.  
American Society of Civil Engineers. p1198-1208 (Refs.)  
 
Abstract: Depletion of natural resources and adverse effect of construction waste and reclaimed asphalt pavement (RAP) 
materials on environment has ignited the consideration of recycling and reuse of recycled concrete aggregate (RCA) and 
RAP as base material in pavement construction. The composition of recycled base materials vary significantly and mostly 
depends on the sources. The recycled materials utilized in this study was collected from the Texas Department of 
Transportation (TxDOT) approved sources. The amount of RAP and RCA varies from 0 to 100% in the combination at 20% 
interval. The objectives of this study are to determine optimum moisture content and maximum dry density, unconfined 
compressive strength tests and resilient modulus tests of different combinations of recycled materials at cement 
content varies from 0 to 6% at 2% interval. The optimum combinations of the different recycled base materials with 
cement were determined. 
Layer coefficients for the cement stabilized aggregates were determined to be used in the design of flexible pavements 
in accordance with the American Association of State Highway and Transportation Officials (AASHTO) design code. The 
results showed that the recycled base materials i.e., RAP and RCA mixed at optimum combination with 4% and higher 
cement content can be used as base material in flexible pavement. 
 
https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fdx.doi.org%2F10.1061%2F9780784479742.100&a
mp;data=05%7C01%7Cqin.tang%40state.mn.us%7Ce7e5ec05ca3143afabb908da6a774fb5%7Ceb14b04624c445198f26b
89c2159828c%7C0%7C0%7C637939358233091383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV
2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&amp;sdata=kuSr2qVjTao2PuFil%2FGBBC3yd5KFtkaez
5bV6w%2FlGto%3D&amp;reserved=0 
 
Link to the Ovid Full Text or citation: 
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fovidsp.ovid.com%2Fovidweb.cgi%3FT%3DJS%26C
SC%3DY%26NEWS%3DN%26PAGE%3Dfulltext%26D%3Dtspt%26AN%3D01598390&amp;data=05%7C01%7Cqin.tang%40
state.mn.us%7Ce7e5ec05ca3143afabb908da6a774fb5%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637939
358233091383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6M
n0%3D%7C3000%7C%7C%7C&amp;sdata=FyXdvbllnoC5YTOSn9L2LKtNapmGOxcSLv3IMYH%2F6DM%3D&amp;reserved
=0 
 
 
Life cycle assessment of recycled aggregate concrete on its environmental impacts: A critical review 
Construction & Building Materials. Jan2022, Vol. 317, pN.PAG-N.PAG. 1p. 
 
Abstract: This paper overviews the developments of LCA for RAC. • This paper identifies the research trend of LCA shifts 
with the promotion of RAC technology. • Variations of mix design and inconsistencies from LCA mechanism could be 
explored further. Recycled aggregate concrete (RAC) is expected to a sustainable solution to alter the virgin aggregate 
concrete (VAC) in structural use. While it is able to address environmental issues for both virgin aggregate (VA) 
consumption and waste generation, not so many studies quantify the environmental burdens through life cycle 
assessment (LCA). RAC is a composite material, which LCA should be analysed by considering its mixtures, and 
corresponding production technologies. This aggravates the complexity of LCA model since it involves great numbers of 
unit processes. Through reviewing 90 articles, this paper overviews the developments of LCA for RAC, and identifies the 
research trend shifts with the promotion of RAC technology. Although many relevant studies have become more 
comprehensive, there are still numerous inconsistencies and uncertainties existing in LCA processes that avoid LCA 
results from comparisons. From the review, it clearly points out that results are greatly affected by two aspects that are 
mix design and LCA mechanism. Cement production has the predominant contribution to the environmental impacts of 

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fovidsp.ovid.com%2Fovidweb.cgi%3FT%3DJS%26CSC%3DY%26NEWS%3DN%26PAGE%3Dfulltext%26D%3Dtspt%26AN%3D01598390&amp;data=05%7C01%7Cqin.tang%40state.mn.us%7Ce7e5ec05ca3143afabb908da6a774fb5%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637939358233091383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&amp;sdata=FyXdvbllnoC5YTOSn9L2LKtNapmGOxcSLv3IMYH%2F6DM%3D&amp;reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fovidsp.ovid.com%2Fovidweb.cgi%3FT%3DJS%26CSC%3DY%26NEWS%3DN%26PAGE%3Dfulltext%26D%3Dtspt%26AN%3D01598390&amp;data=05%7C01%7Cqin.tang%40state.mn.us%7Ce7e5ec05ca3143afabb908da6a774fb5%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637939358233091383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&amp;sdata=FyXdvbllnoC5YTOSn9L2LKtNapmGOxcSLv3IMYH%2F6DM%3D&amp;reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fovidsp.ovid.com%2Fovidweb.cgi%3FT%3DJS%26CSC%3DY%26NEWS%3DN%26PAGE%3Dfulltext%26D%3Dtspt%26AN%3D01598390&amp;data=05%7C01%7Cqin.tang%40state.mn.us%7Ce7e5ec05ca3143afabb908da6a774fb5%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637939358233091383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&amp;sdata=FyXdvbllnoC5YTOSn9L2LKtNapmGOxcSLv3IMYH%2F6DM%3D&amp;reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fovidsp.ovid.com%2Fovidweb.cgi%3FT%3DJS%26CSC%3DY%26NEWS%3DN%26PAGE%3Dfulltext%26D%3Dtspt%26AN%3D01598390&amp;data=05%7C01%7Cqin.tang%40state.mn.us%7Ce7e5ec05ca3143afabb908da6a774fb5%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637939358233091383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&amp;sdata=FyXdvbllnoC5YTOSn9L2LKtNapmGOxcSLv3IMYH%2F6DM%3D&amp;reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fovidsp.ovid.com%2Fovidweb.cgi%3FT%3DJS%26CSC%3DY%26NEWS%3DN%26PAGE%3Dfulltext%26D%3Dtspt%26AN%3D01598390&amp;data=05%7C01%7Cqin.tang%40state.mn.us%7Ce7e5ec05ca3143afabb908da6a774fb5%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637939358233091383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&amp;sdata=FyXdvbllnoC5YTOSn9L2LKtNapmGOxcSLv3IMYH%2F6DM%3D&amp;reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fovidsp.ovid.com%2Fovidweb.cgi%3FT%3DJS%26CSC%3DY%26NEWS%3DN%26PAGE%3Dfulltext%26D%3Dtspt%26AN%3D01598390&amp;data=05%7C01%7Cqin.tang%40state.mn.us%7Ce7e5ec05ca3143afabb908da6a774fb5%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637939358233091383%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&amp;sdata=FyXdvbllnoC5YTOSn9L2LKtNapmGOxcSLv3IMYH%2F6DM%3D&amp;reserved=0


 
 

 
6 

concrete, and normally followed by transportation process. Accordingly, mix design, together with treatment technology 
of raw materials, influence the overall environmental performance of concrete. With respect to LCA phases, selections 
of FU, system boundary, allocation rule, LCI and LCIA methodology are highly subjective, causing more uncertainties that 
hinder the comparisons across the studies. It is therefore suggested that variations of mix design and inconsistencies 
from LCA mechanism could be explored further in the field of RAC to establish the holistic and multi-criteria study for 
comparison and decision making. 
https://www.sciencedirect.com/science/article/abs/pii/S0950061821036837 
 
 
Sustainability evaluation of concretes with mixed recycled aggregate based on holistic approach: Technical, economic 
and environmental analysis. 
Waste Management. Mar2020, Vol. 104, p9-19. 11p. 
 
Abstract: Recycled concretes were produced in the laboratory and in the concrete plant. • Physico-mechanical 
properties of the recycled concretes are analyzed and compared. • Placement of recycled concrete in situ is described. • 
Cost analysis of recycled concretes was performed. • Environmental impact categories of recycled aggregate were 
obtained. This research combines technical, economic and environmental analysis of the use of recycled aggregates 
from construction and demolition wastes in concrete production. Firstly, an experimental campaign to evaluate the 
effect of recycled aggregate on mechanical properties was developed. The mixture designs studied were: a reference 
concrete (without recycled aggregate), two concretes with 20% and 100% replacement of coarse natural aggregate by 
recycled concrete aggregate; and three concretes with 20, 50 and 100% replacement of coarse natural aggregate by 
mixed recycled aggregate. To analyze their technical feasibility, these concretes were made in the laboratory and in a 
concrete plant. The economic viability was also studied indicating the additional costs incurred due to the utilization of 
recycled aggregate in different economic scenarios. Finally, the differences in environmental impacts were analyzed for 
each concrete. For this purpose, energy consumption, global warming, eutrophication, acidification, photochemical 
ozone creation, waste generation, and abiotic depletion were accounted. 20% replacement of recycled concrete 
aggregates does not cause practically variations in the cost or the environmental loads, only a reduction of waste 
generation and abiotic depletion of 8% and 10.6% respectively. In contrast, the use of 100% replacement by mixed 
aggregates may increase the global warming indicator an 11% when double transport distance is assumed. But in 
exchange, the waste generation decreases 35% and the abiotic depletion 50%. Aggregate transport distance is a key 
factor that will determine the cost, energy consumption, and global warming of the mixed recycled aggregate. 
 
 
Environmental and Economic Life Cycle Assessment of Recycled Coarse Aggregates: A Portuguese Case Study 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8467312/#:~:text=The%20incorporation%20of%20recycled%20aggrega
tes,recycled%20aggregates%20and%20circular%20economy. 
 
 
Environmental Considerations in Concrete Recycling (ppt) 
See pages 15- 
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjK4NG-
6IX5AhUMHjQIHQWaBzsQFnoECCoQAQ&url=https%3A%2F%2Fintrans.iastate.edu%2Fapp%2Fuploads%2Fsites%2F7%2F
2018%2F08%2FRCA-Environmental-Considerations-03-29-2017.pdf&usg=AOvVaw0lf_3uhC5deUJyc-i5FBPY 
 
 
Comparative Environmental Impacts of Recycled Concrete Aggregate and Manufactured Sand Production 
https://link.springer.com/article/10.1007/s41660-022-00244-4 
 
 

https://www.sciencedirect.com/science/article/abs/pii/S0950061821036837
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