
 

https://cs.bcnf.ir Page 1 

A Review of The Role of Graphene in Enhancing Concrete 

Performance by Increasing Electrical Conductivity and Enabling 

Its Innovative Applications 

 

 
 

Negin Niyakan1,* - Seyed Amirhosain Sharif2 - Kayvan Mohammadi Atashgah3 - Mahmood Golabchi4 
1 Architecture Department, Pars University of Architecture and Art, Tehran, Iran. 

Email: niakannegin@gmail.com (corresponding author) 
2 Department of Civil and Architectural Engineering and Mechanics, University of Arizona, Tucson, 

AZ 85721, USA. 
Email: se_sh@encs.concordia.ca 
3 Department of Civil Engineering, Qazvin Branch, Islamic Azad University, Qazvin, Iran.  
Email: K_Mohammadi@alumni.iust.ac.ir, ORCID: 0000-0002-0136-328X 
4 Department of Project and Construction Management, School of Architecture, University of Tehran, Iran. 

Email: golabchi@ut.ac.ir 

 
 

 

ABSTRACT 

This article presents a comprehensive review of the literature regarding the applications of graphene 

additives in concrete, focusing on the enhancement of electrical conductivity. As concrete is traditionally an 

insulator, the integration of graphene has emerged as a promising solution to improve its electrical properties, 

thereby enabling innovative applications in smart infrastructure and self-sensing systems. The review 

categorizes various studies that explore the effects of graphene on the mechanical and electrical characteristics 

of concrete, highlighting advancements in material performance, durability, and functionality. Additionally, 

the article discusses the environmental impacts associated with the incorporation of graphene in concrete, 

including potential reductions in carbon emissions and resource consumption. The findings underscore the 

transformative potential of graphene-enhanced concrete in addressing contemporary challenges in 

construction and sustainability. 
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1. INTRODUCTION 

 

Concrete is one of the most widely used construction materials globally due to its strength, durability, and 

versatility. However, traditional concrete exhibits several limitations, including low tensile strength, 

susceptibility to cracking, and limited electrical conductivity [1, 2]. Recent advancements in nanotechnology 

have led to the incorporation of graphene, a two-dimensional carbon allotrope, in concrete to enhance its 

properties, particularly electrical conductivity. This literature review aims to explore the current research on 

the use of graphene in concrete structures and pavements, focusing on its effect on electrical conductivity, 

mechanical performance, and potential applications [3]. 
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2. LITERATURE REVIEW 

 

Research on graphene-containing concretes began to emerge in the early 2000s, coinciding with the 

isolation of graphene in 2004. Initially, studies focused on the fundamental properties of graphene, exploring 

its remarkable strength and electrical conductivity. Researchers began to consider the potential applications of 

graphene in various materials, including concrete. Early investigations primarily examined the incorporation 

of graphene oxide (GO) into cement matrices, revealing its ability to enhance mechanical properties and reduce 

permeability, thereby improving durability [4]. 

By the late 2000s and into the early 2010s, the interest in graphene's role in concrete accelerated. 

Researchers began conducting systematic studies that quantified the effects of different concentrations of 

graphene and GO on the compressive strength and workability of concrete mixtures. These studies highlighted 

notable improvements in strength, with some reporting increases of up to 30%. The findings prompted further 

exploration into the mechanisms behind these enhancements, focusing on the nano-scale interactions between 

graphene and cement particles [5]. 

In the mid-2010s, the research matured, leading to more comprehensive investigations into the long-term 

performance and sustainability aspects of graphene-containing concretes. Attention shifted towards optimizing 

production methods and assessing the economic feasibility of integrating graphene into commercial concrete 

applications. Studies began to address environmental concerns, evaluating the potential of graphene to reduce 

the carbon footprint of concrete production [6]. 

By the late 2020s, advancements in manufacturing techniques, such as the development of scalable methods 

for producing graphene, positioned graphene-containing concretes as a promising solution for modern 

construction challenges. Ongoing research continues to explore innovative formulations and applications, 

focusing on the synergy between graphene and other nanomaterials to further enhance the performance of 

concrete [6]. 
 

3. RESEARCH METHOD 

 

In this article, the primary aim was to synthesize findings from various studies to establish a clear 

understanding of how graphene enhances the electrical properties of concrete and to identify potential 

applications that arise from this enhancement. The method was conducted as follows: 

I. Database Search: Academic databases such as Google Scholar, ScienceDirect, and IEEE Xplore were 

utilized to identify peer-reviewed articles and conference papers that specifically address the topic of 

graphene in concrete. Keywords used in the search included "graphene concrete electrical conductivity," 

"graphene-enhanced concrete," and "smart concrete applications." 

II. Selection Criteria: Studies published in reputable journals in the fields of materials science, civil 

engineering, and nanotechnology over the past decade were focused on. The selected articles needed to 

report experimental findings on the effects of different graphene contents on concrete's electrical 

conductivity and its resultant applications. 

III. Data Extraction: For each selected article, key information was extracted, including the type of graphene 

used (e.g., graphene oxide, reduced graphene oxide), the percentage of graphene added to concrete 

mixtures, the methods used to measure electrical conductivity, and the reported benefits of enhanced 

conductivity. Any innovative applications proposed in the literature were also noted [7, 8]. 

IV. Synthesis of Findings: Once the data was collected, the results were synthesized to highlight common 

trends and conclusions across different studies. This involved comparing the electrical conductivity values 

reported at various graphene concentrations and evaluating the implications for practical applications in 

infrastructure, transportation, and environmental management [9, 10]. 

V. Critical Analysis: The methodologies employed in the studies were critically analyzed, considering factors 

such as sample preparation, testing conditions, and the reproducibility of results. This analysis helped 

identify gaps in the existing research and areas for future investigation [7, 9]. 

VI. Conclusion: The final step involved summarizing the key findings from the literature review and 

discussing the broader implications of enhanced electrical conductivity in graphene-modified concrete. It 

was highlighted how these advancements could lead to the development of smart infrastructure solutions, 

improve structural health monitoring, and enhance durability against environmental challenges [9, 11]. 
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Through this systematic approach, a clear and concise overview of the current state of research on graphene-

enhanced concrete was aimed to be provided, elucidating the significant benefits associated with its increased 

electrical conductivity and the opportunities for future applications. 
 

4. CHEMICAL STRUCTURE OF GRAPHENE 

 

Graphene is a single layer of carbon atoms arranged in a two-dimensional hexagonal lattice, with each 

carbon atom sp² hybridized to form three strong covalent bonds (figure 1). The fourth electron of each carbon 

atom contributes to a delocalized electron cloud, leading to remarkable properties such as high tensile strength 

(approximately 130 GPa), exceptional electrical conductivity (up to 10,000 S/m), and excellent thermal 

conductivity (around 5000 W/mK). These unique characteristics stem from the two-dimensional structure and 

strong covalent bonding within the lattice. Graphene can be produced through various methods, including 

mechanical exfoliation, chemical vapor deposition (CVD), liquid-phase exfoliation, and chemical reduction of 

graphene oxide. Each production method has its advantages and limitations, influencing the quality, yield, and 

scalability of graphene production. The chosen method significantly impacts the performance of graphene 

when incorporated into concrete, making it essential for researchers and manufacturers to carefully consider 

their approach to optimizing graphene's application in construction materials [12, 13]. 
 

 
Fig. 1.  Carbon atoms layer created graphene 

 

5. HOW GRAPHENE INCREASES THE ELECTRICAL CONDUCTIVITY OF CONCRETE 

 

The addition of graphene to concrete significantly increases its electrical conductivity due to several 

factors [13]: 

• Formation of Conductive Networks: When graphene is incorporated into concrete, its high aspect 

ratio (the ratio of length to width) allows it to form a network of interconnected sheets within the 

concrete matrix. These networks create conductive pathways that facilitate the movement of charge 

carriers (electrons). 

• Percolation Threshold: The electrical conductivity of composite materials, such as graphene-

enhanced concrete, is influenced by the percolation threshold—the point at which a sufficient amount 

of conductive filler forms a continuous path throughout the matrix. Research indicates that even small 

amounts of graphene can lead to significant improvements in conductivity once this threshold is met. 

• Reduction of Resistivity: Graphene can reduce the resistivity of concrete by providing additional 

pathways for electron flow. This is particularly effective at low loadings of graphene, where the 

structure of the material allows for better interconnection of the graphene sheets. 
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• Electrochemical Properties: The presence of graphene can also enhance the electrochemical 

properties of concrete, making it beneficial for applications such as cathodic protection against 

corrosion. 

 

 

6. APPLICATIONS OF GRAPHENE-CONTAINING CONCRETE 

 
Considering the numerous advantages and potential applications of incorporating graphene into concrete, 

Figure 2 highlights some of the most significant and notable uses of graphene-enhanced concrete. These 

applications, which span a range of fields from structural engineering to sustainability, are discussed in detail 

in the following sections.  
 

 
Fig. 2.  The most significant applications of graphene-containing concrete 
 

 

6.1 Detection of Stress Changes and Microcracks  

The ability to detect stress changes and microcracks in concrete structures is crucial for maintaining the 

integrity of sensitive infrastructure such as bridges, dams, and power plants. The incorporation of graphene 

into concrete enables the development of self-sensing concrete, where changes in electrical conductivity can 

indicate stress variations and the formation of microcracks. According to research by Ashraf et al. [14], 

graphene-enhanced concrete exhibits a significant relationship between electrical conductivity and mechanical 

stress. When stress is applied to the concrete, the conductive pathways formed by graphene are altered, 

resulting in measurable changes in conductivity. This phenomenon allows for the early detection of 

microcracks before they propagate, providing critical information for structural health monitoring. The authors 

demonstrated that by embedding graphene-based sensors within the concrete matrix, real-time monitoring of 

stress and crack formation could be achieved. This capability not only enhances safety but also reduces 

maintenance costs by enabling timely interventions to prevent catastrophic failures. The integration of 

graphene into concrete has paved the way for the development of "smart concrete," capable of monitoring its 

structural health and responding to environmental changes. The electrical conductivity of graphene-enhanced 

concrete enables the implementation of sensors within the concrete matrix, allowing for real-time monitoring 

of stress, strain, and temperature. 

 

6.2 Prevention of Corrosion of Rebars with Cathodic Protection   

Corrosion of steel reinforcement bars (rebars) is a significant issue that affects the durability and longevity 

of concrete structures. The use of graphene in concrete can enhance its electrical conductivity, making it 

feasible to implement cathodic protection techniques more effectively. In a study by Sharma et al. [15], the 

authors explored the effectiveness of graphene-modified concrete in providing cathodic protection to rebars. 

The increased conductivity of graphene-enhanced concrete allows for better distribution of the protective 

current, which can inhibit the electrochemical processes responsible for corrosion. The study showed that 

concrete with graphene exhibited lower corrosion rates in rebars compared to traditional concrete, thus 

extending the service life of the structure. The findings suggest that by integrating graphene into concrete, 
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engineers can develop more resilient structures that are less prone to corrosion, ultimately leading to reduced 

maintenance costs and enhanced safety. Figure 3 shows cathodic protection process. 

 

 
Fig. 3.  Cathodic erosion (a), Cathodic protection (b) 
 

6.3 Reduction of Thermal Stress and Cracking  

Thermal stress is a common issue in concrete, often leading to cracking and structural damage. The 

incorporation of graphene into concrete can promote uniform heat distribution, thereby minimizing thermal 

gradients and the associated stresses. Research conducted by Jing et al. [16] highlighted the role of graphene 

in improving the thermal conductivity of concrete. The study demonstrated that graphene-enhanced concrete 

exhibited more uniform temperature distribution under heating conditions, which resulted in reduced thermal 

stress. The authors found that concrete containing graphene could withstand greater temperature fluctuations 

without developing cracks, thereby enhancing its durability. By mitigating thermal stress, graphene-modified 

concrete can be particularly beneficial in environments subjected to extreme temperatures, helping to maintain 

the structural integrity of pavements and other concrete elements. 

 

6.4 Detection of Weight and Passing Traffic in Smart Transportation  

The integration of graphene into concrete also facilitates the development of smart transportation systems 

capable of detecting weight and monitoring passing traffic. The enhanced electrical conductivity of graphene-

modified concrete allows for the incorporation of embedded sensors that can monitor vehicle loads and traffic 

patterns in real time. A study by Likhitruangsilp et al. [17] explored the application of graphene-enhanced 

concrete in smart roadways. The researchers developed a system where embedded sensors detected changes in 

electrical conductivity due to the weight of vehicles passing overhead. This information can be used for traffic 

management, road maintenance scheduling, and improving overall transportation efficiency. The ability to 

monitor traffic in real time not only enhances road safety but also contributes to more efficient infrastructure 

management, reducing congestion and optimizing resource allocation. 

 

6.5 Heat Generation for Snow and Ice Melting  

One of the practical benefits of enhancing the electrical conductivity of concrete with graphene is its 

application in melting snow and ice on pavement surfaces. The conductivity of graphene-modified concrete 

allows for the efficient generation of heat when an electric current is applied, providing a sustainable solution 

for maintaining safe road conditions in winter. Research by Jayasooriya et al. [18] demonstrated that graphene-

enhanced concrete could achieve significant temperature increases when subjected to an electric current. The 

study found that concrete with optimal graphene content could effectively melt snow and ice, reducing the need 

for traditional chemical de-icing agents. This innovative application not only improves road safety but also 

reduces environmental impact by minimizing the use of harmful de-icing chemicals, making it a sustainable 

solution for winter maintenance. 

 

6.6 Compatibility with IoT and AI for Smart Infrastructure  

The incorporation of graphene in concrete aligns well with the advancement of smart infrastructure 

technologies, including the Internet of Things (IoT) and artificial intelligence (AI). The enhanced electrical 

conductivity of graphene-modified concrete enables the seamless integration of smart sensors connected to IoT 

networks. A comprehensive study by We et al. [6] discussed the potential of graphene-enhanced concrete in 

developing smart infrastructure systems. The authors emphasized that the ability to monitor concrete 

properties, such as stress, temperature, and moisture content, in real time through embedded sensors can 
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significantly improve maintenance strategies and operational efficiency. Furthermore, integrating AI 

algorithms with data collected from these sensors can facilitate predictive maintenance, allowing for proactive 

measures to be taken before potential issues arise. This synergy between graphene-enhanced concrete and smart 

technologies can lead to the development of resilient, adaptive infrastructure capable of responding 

dynamically to changing environmental conditions and usage patterns. 

 

6.7 Electromagnetic Shielding  

Graphene's exceptional electrical conductivity also makes it an ideal candidate for electromagnetic 

shielding applications. Concrete structures, such as telecommunications buildings and data centers, can benefit 

from the incorporation of graphene to create shielding against electromagnetic interference (EMI). In a study 

by Mu et al.  [13], the authors evaluated the electromagnetic shielding effectiveness of graphene-enhanced 

concrete. The results indicated that the incorporation of graphene significantly improved the shielding 

performance, achieving a reduction in electromagnetic radiation by up to 30 dB. This enhancement is vital for 

protecting sensitive electronic equipment and ensuring compliance with regulatory standards. 

 

6.8 Energy Harvesting  

The electrical conductivity of graphene-enhanced concrete also opens avenues for energy harvesting 

applications. The ability to conduct electricity allows for the integration of piezoelectric materials within the 

concrete matrix (figure 4), enabling the conversion of mechanical stress into electrical energy [19]. Research 

by Olule et al. [20] explored the potential for energy harvesting in graphene-modified concrete pavements 

subjected to vehicular loads. The study demonstrated that the incorporation of graphene enabled the generation 

of electrical energy through the piezoelectric effect, providing a sustainable energy source for roadway lighting 

and other applications. 

 
Fig. 4.  Energy harvesting by graphene concrete [19] 

7. RESULTS AND DISCUSSION 

 

Increasing the electrical conductivity of concrete presents a transformative opportunity for modern 

construction and infrastructure management. Traditionally, concrete has been recognized for its strength and 

durability, but its status as an insulator limits its versatility in various applications. By enhancing the electrical 

conductivity of concrete, we unlock new capabilities that can improve the efficiency and functionality of 

structures while simultaneously addressing pressing environmental concerns. One of the primary benefits of 

increasing the electrical conductivity of concrete is the potential for self-sensing capabilities. When concrete 

can conduct electricity, it can be embedded with sensors that monitor structural health in real time. This ability 

to continuously assess the integrity of a building or infrastructure allows for early detection of cracks, shifts, 

or other forms of deterioration. By identifying issues before they escalate, maintenance can be performed 

proactively, reducing the likelihood of catastrophic failures. This not only enhances safety but also extends the 

lifespan of structures, ultimately leading to fewer resources being consumed for repairs and replacements. 

Additionally, electrically conductive concrete can support the development of smart infrastructure. This 

involves integrating technologies that can communicate and respond to environmental conditions. For example, 

roads made from conductive concrete could feature embedded sensors that monitor traffic patterns and 
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conditions, like ice or water accumulation. This real-time data can be used to inform drivers or adjust traffic 

signals, improving road safety and efficiency. Moreover, conductive concrete could facilitate the creation of 

self-heating pavements, which can melt snow and ice during winter months. The reduction of ice accumulation 

would enhance safety for drivers and pedestrians alike, diminishing the need for chemical de-icing agents that 

can be harmful to the environment. Another significant advantage of increasing the electrical conductivity of 

concrete is the potential for energy harvesting and energy-efficient building designs. Conductive concrete could 

enable the integration of renewable energy systems directly into structures. For instance, solar panels could be 

connected to conductive concrete surfaces, allowing for energy capture and distribution across a building. This 

integration enhances the energy efficiency of buildings, potentially reducing reliance on fossil fuels and 

lowering carbon emissions. By creating structures that can generate and store their own energy, we take a 

considerable step toward sustainable urban development. 

The environmental benefits extend further when considering the impact on traditional construction 

practices. The production of concrete is a major source of greenhouse gas emissions, primarily due to the 

energy-intensive processes involved in cement manufacturing. By increasing the electrical conductivity of 

concrete, researchers have found that it may be possible to reduce the overall amount of cement needed in 

concrete formulations. This reduction leads to lower carbon footprints associated with construction projects. 

Moreover, enhancing concrete with conductive materials can improve its durability, decreasing the need for 

frequent repairs and replacements, which in turn conserves resources and minimizes waste. Furthermore, the 

use of conductive concrete can help in the development of smart grids and more efficient energy distribution 

systems. For instance, buildings constructed with conductive concrete can be designed to interact with smart 

grid technology, allowing for better energy management and consumption patterns. This interplay can 

contribute to a more resilient and sustainable energy infrastructure, reducing the strain on existing power grids 

and promoting the use of renewable energy sources. 

In summary, increasing the electrical conductivity of concrete provides a multitude of benefits that extend 

beyond mere construction improvements. By enabling self-sensing capabilities, supporting smart 

infrastructure, enhancing energy efficiency, and reducing the environmental impact of concrete production, 

conductive concrete represents a significant advancement in sustainable construction practices. The ability to 

create structures that not only serve their primary purpose but also contribute to a smarter, more sustainable 

urban environment could reshape our approach to building and infrastructure in the years to come. As we 

continue to address global challenges such as climate change and urbanization, the integration of conductive 

materials into concrete will play a crucial role in developing innovative solutions that benefit both society and 

the environment. 

 

8. CONCLUSION 

 

The increase in electrical conductivity resulting from the incorporation of graphene into concrete presents 

a multitude of benefits across various domains. From enabling self-sensing capabilities and enhancing 

durability against corrosion to facilitating smart transportation systems and sustainable de-icing solutions, the 

implications of graphene-modified concrete are profound. As research continues to evolve, the potential 

applications of this innovative material will likely expand, paving the way for smarter, more resilient, and 

efficient infrastructure solutions that meet the demands of the future. The integration of graphene into concrete 

not only represents a significant advancement in materials science but also embodies a transformative approach 

to addressing contemporary challenges in construction and urban development. 

 

REFERENCES 

[1] Atashgah, K.M., The impact of materials cost on the weight of concrete buildings. 

[2] Hasehmpour, H., K. Mohammadi Atashgah, and M. Karbalaei Rezaei, An investigation into the role 

of nano-silica in improving strength of lightweight concrete. European Online Journal of Natural 

and Social Sciences, 2014. 3(4): p. pp. 1058-1067. 



 

https://cs.bcnf.ir Page 8 

[3] Li, H., G. Zhao, and H. Zhang, Recent Progress of Cement-Based Materials Modified by Graphene 

and Its Derivatives. Materials, 2023. 16(10): p. 3783. 

[4] Zhao, Y., et al., Study of mechanical properties and early-stage deformation properties of graphene-

modified cement-based materials. Construction and Building Materials, 2020. 257: p. 119498. 

[5] Wang, J., et al., Mechanical properties of graphene-reinforced reactive powder concrete at different 

strain rates. Journal of Materials Science, 2020. 55(8): p. 3369-3387. 

[6] Wei, X.-X., C. Pei, and J.-H. Zhu, Towards the large-scale application of graphene-modified 

cement-based composites: A comprehensive review. Construction and Building Materials, 2024. 

421: p. 135632. 

[7] Van Lange Paul, A., W.B. Liebrand, and W.H. AM, Introduction and literature review. Social 

dilemmas, 2015: p. 3-28. 

[8] Mohammadi Atashgah, K., et al., Developing a model for time-cost trade-off optimization problem 

considering overdraft issue in uncertain environments. Journal of Industrial and Systems 

Engineering, 2022. 14(3): p. 259-279. 

[9] Booth, A., et al., Systematic approaches to a successful literature review. 2021. 

[10] Atashgah, K.M., et al., A Development Model for Identifying the Uncertainty Sources and Their 

Impacts on Bridge Construction Projects. The Baltic Journal of Road and Bridge Engineering, 2023. 

18(1): p. 140-166. 

[11] Ghousi, R., M. Khanzadi, and K. Mohammadi Atashgah, A flexible method of building construction 

safety risk assessment and investigating financial aspects of safety program. International Journal 

of Optimization in Civil Engineering, 2018. 8(3): p. 433-452. 

[12] Schulte, J., et al., Graphene-reinforced cement composites for smart infrastructure systems. The 

Rise of Smart Cities, 2022: p. 79-114. 

[13] Mu, S., et al., Electrical, piezoresistive and electromagnetic properties of graphene reinforced 

cement composites: a review. Nanomaterials, 2021. 11(12): p. 3220. 

[14] Ashraf, S., S. Khan, and V.K. Oad, Microcracking monitoring and damage detection of graphene 

nanoplatelets-cement composites based on acoustic emission technology. Case Studies in 

Construction Materials, 2023. 18: p. e01844. 

[15] Sharma, N., et al., Evaluation of corrosion inhibition capability of graphene modified epoxy coatings 

on reinforcing bars in concrete. Construction and Building Materials, 2022. 322: p. 126495. 

[16] Jing, G., et al., Introducing reduced graphene oxide to enhance the thermal properties of cement 

composites. Cement and Concrete Composites, 2020. 109: p. 103559. 

[17] Deng, Z., et al., Multifunctional asphalt concrete pavement toward smart transport infrastructure: 

Design, performance and perspective. Composites Part B: Engineering, 2023: p. 110937. 

[18] Jayasooriya, D., P. Rajeev, and J. Sanjayan, Application of graphene-based nanomaterials as a 

reinforcement to concrete pavements. Sustainability, 2022. 14(18): p. 11282. 

[19] Ghosh, S., et al., Graphene enhanced thermoelectric properties of cement based composites for 

building energy harvesting. Energy and Buildings, 2019. 202: p. 109419. 

[20] Olule, L.J., Energy Harvesting Applications of Sustainable Structural Materials. Sustainable 

Structural Materials: From Fundamentals to Manufacturing, Properties and Applications, 2025: p. 

120. 

 

 


