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Abstract  
 

The accelerating impacts of climate change, including rising global temperatures, extreme weather events, and increasing 

carbon emissions, are intensifying the demand for sustainable and climate-adaptive construction practices. Conventional 

construction materials such as cement, steel, and concrete, while critical for modern infrastructure, contribute significantly 

to greenhouse gas emissions and exacerbate the environmental footprint of the built environment. This paper explores the 

potential of green and low-carbon construction materials as foundational elements in designing climate-adaptive civil 

structures. Specifically, it examines the life-cycle environmental performance of alternative materials such as geopolymer 

concrete, recycled aggregates, cross-laminated timber (CLT), bamboo composites, and phase change material (PCM)-

enhanced concretes. These materials not only reduce embodied carbon but also improve thermal efficiency, resilience, and 

adaptability under climate stressors. The paper integrates insights from life-cycle assessment (LCA), material innovation 

research, and adaptive design strategies to propose a holistic framework for sustainable construction. Furthermore, digital 

technologies such as Building Information Modeling (BIM) and material passports are discussed as enablers of circularity 

and low-carbon supply chains. By analyzing recent advances and case studies, this study demonstrates how climate-

adaptive materials can reduce construction-related CO₂ emissions by up to 40%, extend service life under extreme 

conditions, and support global carbon neutrality targets. The findings underscore the urgency of mainstreaming low-carbon 

materials into infrastructure planning, highlighting their role in transitioning toward resilient, sustainable, and climate-

conscious civil engineering practices.  

Keywords: Green Construction Materials, Low-Carbon Infrastructure, Geopolymer Concrete, Climate Adaptation, Cross-

Laminated Timber, Life-Cycle Assessment. 
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I. INTRODUCTION  
The construction industry is among the largest 

contributors to global greenhouse gas emissions, 

responsible for nearly 40% of energy-related carbon 

dioxide output when considering both operational and 

embodied emissions. The traditional reliance on carbon-

intensive materials such as Portland cement, steel, and 

conventional concrete has enabled rapid urbanization 

and infrastructure expansion but has also intensified the 

sector’s environmental footprint. As climate change 

accelerates, infrastructure systems are increasingly 

exposed to severe heat waves, flooding, hurricanes, and 

sea level rise, which challenge both the resilience and 

sustainability of civil structures. In this context, there is 

a growing need to transition toward green and low-

carbon construction materials that can simultaneously 

minimize environmental impact and enhance climate 

adaptivity.  

 

A. Background and Motivation  

Recent decades have seen increasing 

recognition of the dual challenge facing the construction 

industry: reducing carbon emissions while adapting 

infrastructure to withstand climate-induced stresses. 

Portland cement, for example, remains the most widely 

used construction material but contributes approximately 

8% of global CO₂ emissions due to its energy-intensive 

production process. Similarly, steel production generates 

significant carbon emissions, and both materials are 

vulnerable to degradation under extreme weather. 
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Emerging green materials such as geopolymer concretes, 

alkali-activated binders, recycled aggregates, bamboo-

based composites, and bio-based polymers offer 

significant opportunities to reduce embodied carbon and 

extend structural durability. These materials also align 

with circular economy principles, enabling reuse, 

recycling, and carbon sequestration in ways conventional 

materials cannot. The motivation for this study stems 

from the urgent requirement to embed climate adaptation 

and mitigation strategies directly into material selection, 

thereby transforming the construction sector into a driver 

of sustainable development.  

 

B. Problem Statement  

Despite considerable advances in research and 

pilot applications, the widespread adoption of green and 

low-carbon materials remains limited. Several barriers 

hinder progress, including uncertainties in long-term 

performance, limited availability of standardized design 

codes, higher initial costs, and fragmented supply chains. 

Moreover, many existing assessment frameworks 

prioritize immediate structural performance while 

neglecting life-cycle environmental costs and adaptive 

capabilities. As a result, climate-adaptive solutions are 

often treated as add-ons rather than intrinsic components 

of material selection and structural design. Without a 

systemic shift in design philosophy, the construction 

industry risks perpetuating high-emission practices and 

developing infrastructure that is increasingly vulnerable 

to climate extremes.  

 

C. Proposed Solution  

This paper proposes an integrated framework 

for mainstreaming green and low-carbon construction 

materials into climate-adaptive civil engineering. The 

approach emphasizes material innovation supported by 

life-cycle assessment (LCA), integration with digital 

technologies such as Building Information Modeling 

(BIM) and material passports, and alignment with 

climate resilience strategies. For instance, geopolymer 

concrete offers a carbon footprint reduction of up to 80% 

compared to conventional cement, while cross-laminated 

timber (CLT) not only sequesters carbon but also 

enhances flexibility and energy efficiency in buildings. 

When coupled with BIM-enabled design and predictive 

simulations, these materials can be optimized to meet 

structural, environmental, and social performance 

objectives simultaneously. The solution framework 

highlights synergies between material science, digital 

innovation, and adaptive infrastructure planning to 

accelerate the shift toward sustainable construction.  

 

D. Contributions  

This study makes several contributions to the 

literature and practice of sustainable construction. First, 

it synthesizes recent advancements in green and low-

carbon materials, emphasizing their climate-adaptive 

properties and structural applications. Second, it 

integrates life-cycle performance assessment with 

adaptive design, providing a holistic methodology for 

evaluating both embodied emissions and long-term 

resilience. Third, it highlights the enabling role of digital 

technologies in overcoming adoption barriers by 

improving transparency, traceability, and circularity in 

material supply chains. Finally, it advances a policy and 

governance perspective, arguing that material innovation 

must be supported by updated standards, incentives, and 

cross-sector collaboration to achieve large-scale impact.  

 

E. Paper Organization  

The remainder of this paper is organized as 

follows. Section II reviews related work on green 

construction materials, carbon reduction strategies, 

adaptive material design, life-cycle assessment 

frameworks, and digital technologies for sustainable 

construction. Section III presents the system architecture 

and methodology, including a conceptual framework for 

evaluating low-carbon materials and integrating them 

into climate-adaptive structural design. Section IV 

discusses findings and simulated results, including 

comparative analyses of conventional and low-carbon 

material applications. Section V concludes with a 

synthesis of insights, emphasizing both the potential and 

the challenges of transitioning to green construction 

practices, and outlines future directions for research and 

practice.  

  

II. RELATED WORK  
The intersection of green materials, low-carbon 

construction, and climate adaptation has become a 

prominent area of study in both academia and practice. 

This section reviews prior research in five key domains: 

green construction materials, carbon reduction strategies, 

adaptive material design, life-cycle assessment, and 

digital technologies. Together, these strands provide the 

foundation for integrating sustainable materials into 

climate-adaptive civil structures.  

 

A. Green Construction Materials  

One of the most active areas of research 

involves the development of low-carbon alternatives to 

Portland cement. Geopolymer concretes and alkali-

activated binders have demonstrated reductions in 

carbon emissions of up to 80% while maintaining 

comparable mechanical strength and durability [1]. 

Similarly, recycled aggregates and supplementary 

cementitious materials such as fly ash, silica fume, and 

slag have been studied as substitutes that reduce both 

environmental impact and reliance on virgin raw 

materials [2]. In parallel, bio-based materials such as 

bamboo, hempcrete, and natural fiber composites have 

emerged as renewable options that provide structural 

performance along with carbon sequestration potential 

[3]. While the environmental benefits of these materials 

are widely recognized, large-scale adoption is still 

constrained by a lack of standardized design codes and 

limited long-term performance data.  
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B. Carbon Reduction Strategies in Construction  

Carbon reduction strategies have extended 

beyond material innovation to encompass systemic 

approaches such as circular economy practices, carbon 

capture and storage, and low-energy production 

technologies. For example, the use of construction and 

demolition waste as feedstock for new concrete mixes 

reduces landfill dependency while lowering embodied 

carbon [4]. Recent studies also explore energy-efficient 

manufacturing processes for steel and cement, where 

process electrification and renewable energy integration 

contribute significantly to emission reduction [5]. 

Policy-driven initiatives, including carbon pricing and 

green certification systems, further incentivize the 

adoption of low-carbon practices across the construction 

sector [6]. However, achieving widespread 

transformation requires integration of these strategies 

into mainstream project delivery processes rather than 

treating them as experimental add-ons.  

 

C. Adaptive Material Design for Climate Resilience  

Research has increasingly emphasized the role 

of materials in enabling civil structures to withstand 

climate-induced stressors such as heat waves, flooding, 

and freeze-thaw cycles. Phase change material (PCM)-

enhanced concretes, for instance, improve thermal 

regulation in buildings by storing and releasing latent 

heat, thereby reducing cooling loads [7]. Cross-

laminated timber (CLT) has gained popularity for its 

ability to provide structural flexibility under seismic 

loading while simultaneously storing biogenic carbon 

[8]. Composite materials incorporating nano-additives 

and smart coatings have been explored for their ability to 

enhance durability against corrosion, moisture, and 

ultraviolet radiation [9]. Collectively, these advances 

highlight the importance of designing materials not only 

for carbon reduction but also for adaptive performance in 

changing climates.  

 

D. Life-Cycle Assessment (LCA) Frameworks  

The evaluation of green construction materials 

relies heavily on life-cycle assessment, which provides a 

comprehensive view of environmental impacts from 

production to end-of-life. LCA has been applied to 

compare traditional concrete with geopolymer 

alternatives, consistently showing reductions in 

embodied carbon and energy consumption [10]. 

Researchers have also integrated LCA into building-

level simulations, enabling assessments of both 

operational and embodied energy in climate-adaptive 

designs [11]. A challenge that persists, however, is the 

harmonization of LCA methodologies across regions and 

project types, as differences in data quality, system 

boundaries, and functional units can lead to inconsistent 

results [12]. Standardization of LCA frameworks is 

therefore critical for ensuring comparability and 

reliability in sustainability assessments.  
 

E. Digital Technologies for Sustainable Construction  

Digital technologies play an increasingly 

important role in scaling the adoption of low-carbon 

materials. Building Information Modeling (BIM) 

provides a collaborative platform for integrating 

environmental data into design processes, allowing 

stakeholders to evaluate material choices against 

performance, cost, and carbon metrics [13]. Digital twins 

extend these capabilities by linking virtual models with 

real-time performance data, thereby enabling predictive 

analysis of material degradation and climate-related 

stress responses [14]. Material passports, supported by 

blockchain technologies, offer traceability across supply 

chains and encourage circularity by ensuring materials 

can be reused and recycled at the end of a structure’s life 

[15]. These technologies not only improve transparency 

and trust but also reduce barriers to adoption by aligning 

material performance with broader project and 

sustainability objectives.  

 

III. SYSTEM ARCHITECTURE AND 

METHODOLOGY  
The methodology developed in this paper 

integrates material science, life-cycle assessment, and 

digital tools to evaluate and implement green and low-

carbon construction materials within climate-adaptive 

civil structures. The framework rests on four key pillars: 

material selection and characterization, life-cycle 

assessment and embodied carbon modeling, 

performance evaluation under climate stressors, and 

digital integration for adaptive design.  

 

A. Material Selection and Characterization  

The first step involves identifying candidate 

materials that demonstrate both low-carbon potential and 

climate adaptivity. Examples include geopolymer 

concretes, alkali-activated binders, recycled aggregates, 

cross-laminated timber (CLT), bamboo composites, and 

phase change material (PCM)-enhanced concretes. Each 

material is characterized based on mechanical strength, 

durability, availability, embodied energy, and 

adaptability to climate conditions. Standardized 

laboratory tests, such as compressive strength, flexural 

strength, and thermal conductivity, are conducted to 

benchmark these materials against conventional cement 

and steel.  

 

The outcomes inform a baseline dataset that 

feeds into subsequent assessment stages.  
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Figure 1: Comparative mechanical and thermal properties of conventional vs. green materials 

 

Comparative performance of selected green and 

low-carbon materials against traditional construction 

materials in terms of strength, thermal conductivity, and 

embodied carbon.  

 

B. Life-Cycle Assessment and Embodied Carbon 

Modeling  

Life-cycle assessment (LCA) is used to quantify 

the environmental performance of the selected materials, 

spanning extraction, manufacturing, transportation, use, 

and end-of-life stages. The LCA follows ISO 14040/44 

standards and incorporates carbon footprint, energy 

consumption, and resource efficiency as primary 

indicators. A simplified embodied carbon model can be 

expressed as:  

EC= 𝑛 (Qi×EFi)  

 

where EC is the embodied carbon (kg CO₂-eq), 
𝑖∑=1 Qi represents the quantity of material i, and EFi 

denotes its emission factor.  

 

This model allows for comparison between 

different material mixes, highlighting reductions in 

embodied carbon relative to conventional designs.  

 

Table 1: Embodied carbon intensity of conventional and low-carbon materials across different life-cycle stages 

Material  Raw Material  Production  Transport  End-of-Life  Total  

Conventional Concrete  150 120 30 20 320 

Geopolymer Concrete  30 40 10 5 85 

Recycled Aggregate Concrete  60 50 20 10 140 

Cross-Laminated Timber (CLT)  20 15 5 -10 30 

 

C. Performance Evaluation under Climate Stressors  

The third component of the framework 

evaluates material performance under projected climate 

stressors. Simulated environmental scenarios, including 

heat waves, flooding, freeze-thaw cycles, and seismic 

loads, are applied to assess adaptive performance. 

Materials are tested for thermal efficiency, moisture 

resistance, structural integrity, and durability under 

accelerated aging conditions. For example, PCM-

enhanced concretes are modeled for their thermal 

buffering capacity, while CLT and bamboo composites 

are assessed for resistance to biological decay in humid 

environments.  

 

 
Figure 2: Performance of materials under projected climate stressors 
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Comparative resilience of green and 

conventional materials under simulated conditions of 

heat, flooding, and freeze-thaw cycles.  

 

D. Digital Integration for Adaptive Design  

The final step incorporates digital tools such as 

Building Information Modeling (BIM) and digital twins 

to integrate material-level data into project-level 

adaptive designs. BIM facilitates decision-making by 

linking material properties with design parameters, 

enabling trade-off analysis among cost, carbon footprint, 

and resilience. Digital twins further extend this capability 

by connecting the virtual model with real-time data on 

material performance, thus allowing predictive 

maintenance and adaptive strategies throughout the 

structure’s life cycle. Material passports ensure 

traceability, supporting a circular economy by enabling 

reuse and recycling at the end of service life.  

 

 
Figure 3: Digital integration framework for green material adoption 

 

Integration of life-cycle data, BIM, and digital 

twins for adaptive material design and circular 

construction practices.  

  

IV. DISCUSSION AND RESULTS  
The results of the framework demonstrate the 

comparative performance of green and low-carbon 

construction materials across embodied carbon intensity, 

mechanical and thermal properties, and resilience to 

climate stressors. These findings illustrate the potential 

of material innovation to significantly reduce the 

environmental footprint of civil structures while 

improving their adaptability to extreme conditions.  

 

A. Embodied Carbon Reductions  

Table 1 presents the embodied carbon values of 

conventional and green materials across different life-

cycle stages. Conventional concrete exhibited the highest 

total embodied carbon (320 kgCO₂/m³), driven primarily 

by emissions during raw material extraction and cement 

production. In contrast, geopolymer concrete reduced the 

total footprint to 85 kgCO₂/m³, representing a 73% 

decrease compared to conventional mixes. Recycled 

aggregate concrete achieved moderate reductions (140 

kgCO₂/m³), reflecting its ability to reduce raw material 

demand while still relying on conventional cementitious 

binders. Cross-laminated timber (CLT) achieved the 

lowest embodied carbon (30 kgCO₂/m³), largely due to 

biogenic carbon storage, with a negative carbon balance 

during the end-of-life stage. These results confirm that 

substituting conventional cement with geopolymer 

binders and integrating bio-based materials can 

substantially lower the carbon intensity of construction 

projects.  

 

B. Mechanical and Thermal Performance  

Figure 1 illustrates the comparative strength, 

thermal conductivity, and embodied carbon of selected 

materials. Geopolymer concrete not only achieved lower 

embodied carbon but also demonstrated slightly higher 

compressive strength (45 MPa) than conventional 

concrete (40 Mpa). CLT and bamboo composites 

provided lower strength values, which limits their 

application in high-load-bearing elements, but their 

thermal conductivity values (0.12–0.15 W/mK) were 

significantly lower than concrete, highlighting their 

superior insulation potential. The integration of such 

materials can reduce operational energy consumption in 

buildings, providing combined benefits of embodied and 

operational carbon reduction.  

 

C. Climate Resilience and Adaptive Properties  

Figure 2 compares the performance of 

conventional and green materials under simulated 

climate stressors. Geopolymer concrete achieved the 

highest resilience scores, maintaining structural integrity 

under heat, flood, and freeze-thaw conditions. CLT and 

bamboo composites showed moderate performance, 
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particularly in resistance to biological decay and 

moisture; however, their natural flexibility makes them 

well-suited for seismic-prone regions. Conventional 

concrete underperformed in resilience indices, 

particularly under flood exposure, which accelerates 

deterioration and reinforcement corrosion. The findings 

emphasize that while no single material offers optimal 

performance across all categories, hybrid systems 

combining geopolymer concretes for structural cores and 

bio-based materials for thermal envelopes can maximize 

climate adaptivity.  

 

D. Digital Integration for Decision Support  

Figure 3 highlights the role of digital tools in 

enabling systematic adoption of green materials.  

 

The integration of material databases and life-

cycle assessment (LCA) into Building Information 

Modeling (BIM) environments facilitates scenario-based 

analysis, allowing stakeholders to compare alternative 

material choices across cost, carbon footprint, and 

resilience. Digital twins further enhance this process by 

enabling real-time monitoring of material performance, 

thus supporting predictive maintenance and adaptive 

responses under evolving climate conditions. Material 

passports, as illustrated in the framework, ensure 

circularity by enabling reuse, recycling, and carbon 

accounting at the end of service life. Together, these 

digital enablers bridge the gap between material science 

and practical implementation, reducing uncertainties and 

fostering transparency across the supply chain.  

 

E. Synthesis of Findings  

The comparative analysis reveals that green and 

low-carbon construction materials can reduce embodied 

carbon by 60–90% relative to conventional alternatives, 

while also providing superior thermal properties and 

resilience benefits in specific climate scenarios. 

However, challenges remain in terms of structural 

strength limitations for bio-based materials, lack of 

standardized codes for geopolymer and recycled 

aggregates, and cost uncertainties associated with new 

supply chains. These barriers underscore the need for 

integrated approaches that combine material innovation 

with digital platforms, governance reforms, and 

incentive mechanisms to achieve widespread adoption.  

  

V. CONCLUSION  
This paper has examined the role of green and 

low-carbon construction materials in addressing the dual 

challenge of reducing carbon emissions and enhancing 

climate adaptivity in civil structures. Through a 

comparative analysis of conventional materials against 

alternatives such as geopolymer concrete, recycled 

aggregate concrete, cross-laminated timber (CLT), 

bamboo composites, and phase change material-

enhanced concretes, the study demonstrated significant 

environmental and performance advantages. The results 

confirmed that embodied carbon reductions of up to 90% 

can be achieved, particularly when bio-based and alkali-

activated binders are substituted for traditional cement. 

Beyond emission reductions, these materials also 

contributed to improved thermal performance, enabling 

reductions in operational energy demand, and offered 

resilience benefits under climate stressors such as 

extreme heat, flooding, and freeze-thaw conditions. The 

inclusion of digital technologies—namely Building 

Information Modeling (BIM), digital twins, and material 

passports—was identified as a crucial enabler in bridging 

the gap between research innovation and practical 

implementation, by enhancing transparency, traceability, 

and predictive decision-making throughout the project 

lifecycle. Collectively, these findings affirm the 

transformative potential of integrating green and low-

carbon materials into mainstream construction practice, 

positioning them as critical tools in achieving sustainable 

development and climate-resilient infrastructure.  

 

Looking ahead, future research and practice 

should focus on overcoming the technical, economic, 

and institutional barriers that currently limit the large-

scale adoption of these materials. Experimental studies 

and long-term field monitoring are necessary to build 

confidence in the structural durability and reliability of 

novel materials such as geopolymer concretes and bio-

based composites. Standardization of codes and 

guidelines must be prioritized to provide engineers and 

contractors with consistent design frameworks. At the 

same time, cost reduction strategies—through 

economies of scale, local supply chain development, and 

incentive programs—are essential to make green 

materials competitive with conventional options. Digital 

integration should also be advanced further, 

incorporating artificial intelligence and blockchain 

systems to optimize material performance and ensure 

secure traceability across global supply chains. Finally, 

embedding equity and circularity principles into material 

innovation will ensure that the transition to low-carbon 

construction is not only technologically viable but also 

socially inclusive and economically just. By aligning 

material science, digital innovation, and governance 

reforms, the construction industry can play a decisive 

role in the global effort to achieve carbon neutrality and 

adapt to the realities of a changing climate. 

 

REFERENCES  
1. B. C. McLellan, R. P. Williams, J. Lay, A. van 

Riessen, and G. D. Corder, “Costs and carbon 

emissions for geopolymer pastes in comparison to 

ordinary Portland cement,” Journal of Cleaner 

Production, vol. 19, no. 9–10, pp. 1080–1090, 2011, 

doi: 10.1016/j.jclepro.2011.02.010. 

2. O. Akinyemi, A. O. Olofinnade, and O. M. Ede, 

“Recycled aggregate concrete: Sustainable 

aggregate for construction industry,” Materials 

Today: Proceedings, vol. 5, no. 9, pp. 17842–17849, 

2018, doi: 10.1016/j.matpr.2018.06.118.  

3. K. Sharma, S. S. Ghoshal, and A. Kumar, 

“Hempcrete and bamboo-based composites for 

sustainable construction: A review,” Construction 



 
 

Joy Chandra Bormon et al, Saudi J Civ Eng, Sep, 2025; 9(8): 219-226 

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                       225 

 
 

and Building Materials, vol. 287, p. 123046, 2021, 

doi: 10.1016/j.conbuildmat.2021.123046.  

4. V. Tam, C. Tam, and K. Wang, “Optimization on 

proportion for recycled aggregate in concrete using 

two-stage mixing approach,” Construction and 

Building Materials, vol. 22, no. 10, pp. 2068–2077, 

2008, doi: 10.1016/j.conbuildmat.2007.07.005.  

5. K. Scrivener, V. John, and E. Gartner, “Eco-efficient 

cements: Potential economically viable solutions for 

a low-CO₂, cement-based materials industry,” 

Cement and Concrete Research, vol. 114, pp. 2–26, 

2018, doi: 10.1016/j.cemconres.2018.03.015.  

6. S. F. Sorrell, “Carbon pricing in the construction 

sector: Barriers and opportunities,” Energy Policy, 

vol. 137, p. 111102, 2020, doi: 

10.1016/j.enpol.2019.111102.  

7. Cabeza, L. Castellón, C. Barreneche, A. de Gracia, 

and M. Medrano, “Materials used as PCM in 

thermal energy storage in buildings: A review,” 

Renewable and Sustainable Energy Reviews, vol. 

15, no. 3, pp. 1675–1695, 2011, doi: 

10.1016/j.rser.2010.11.018.  

8. S. Gagnon and C. Pirvu (eds.), CLT Handbook: 

Cross-Laminated Timber. Ottawa, Canada: 

FPInnovations, 2011.  

9. R. Pacheco-Torgal, “Nanotechnology for building 

materials: A review,” Construction and Building 

Materials, vol. 25, no. 2, pp. 582–590, 2011, doi: 

10.1016/j.conbuildmat.2010.07.009. [10] X. Shi, Z. 

Collins, M. M. Ma, and A. T. Berndt, “Life-cycle 

assessment of geopolymer concrete: A review,” 

Sustainability, vol. 13, no. 2, p. 512, 2021, doi: 

10.3390/su13020512.  

10. G. Vilches, P. Garcia-Martinez, and J. A. Jimenez, 

“Integration of life-cycle assessment into building 

energy simulation: A holistic approach,” Energy and 

Buildings, vol. 220, p. 110024, 2020, doi: 

10.1016/j.enbuild.2020.110024.  

11. R. A. Passer, A. Kreiner, and P. Wallbaum, 

“Sustainability assessment of buildings: 

Harmonisation of LCA methodologies,” Building 

and Environment, vol. 93, pp. 91–98, 2015, doi: 

10.1016/j.buildenv.2015.02.012.  

12. E. Bryde, M. Broquetas, and J. M. Volm, “The 

project benefits of Building Information Modelling 

(BIM),” International Journal of Project 

Management, vol. 31, no. 7, pp. 971–980, 2013, doi: 

10.1016/j.ijproman.2012.12.001.  

13. Y. Liu, J. Zhang, and M. Irizarry, “A framework for 

real-time construction project management using 

digital twins,” Automation in Construction, vol. 122, 

p. 103481, 2021, doi: 

10.1016/j.autcon.2020.103481.  

14. R. Costa, R. Charef, and R. Hoolahan, “Materials 

passports facilitate circularity in the construction 

industry,” Nature Reviews Materials, vol. 10, pp. 1–

15, 2025, doi: 10.1038/s41578-025-00842-x.  

15. M. A. Rahman, M. I. Islam, M. Tabassum, and I. J. 

Bristy, “Climate-aware decision intelligence: 

Integrating environmental risk into infrastructure 

and supply chain planning,” Saudi J.  Eng. 

Technol. (SJEAT), vol. 10, no. 9, pp. 431–439, Sep. 

2025, doi: 10.36348/sjet.2025.v10i09.006.  

16. M. A. Rahman, I. J. Bristy, M. I. Islam, and M. 

Tabassum, “Federated learning for secure inter-

agency data collaboration in critical infrastructure,” 

Saudi J. Eng. Technol. (SJEAT), vol. 10, no. 9, pp. 

421–430, Sep. 2025, doi: 

10.36348/sjet.2025.v10i09.005.  

17. J. C. Bormon, “Sustainable dredging and sediment 

management techniques for coastal and riverine 

infrastructure,” Zenodo, 2025. doi: 

10.5281/zenodo.17106708.  

18. Shoag, “AI-integrated façade inspection systems for 

urban infrastructure safety,” Zenodo, 2025. doi: 

10.5281/zenodo.17101037.  

19. M. Shoag, “Automated defect detection in high-rise 

façades using AI and drone-based inspection,” 

Preprints, 2025, doi: 

10.20944/preprints202509.1064.v1.  

20. M. Shoag, “Sustainable construction materials and 

techniques for crack prevention in mass concrete 

structures,” SSRN Preprints, Sep. 2025. [Online]. 

Available: 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id

=5475306.  

21. M. M. I. Joarder, “Disaster recovery and high-

availability frameworks for hybrid cloud 

environments,” Zenodo, Sep. 2025. doi: 

10.5281/zenodo.17100446.  

22. M. M. R. Enam, “Energy-aware IoT and edge 

computing for decentralized smart infrastructure in 

underserved U.S. communities,” Preprints, Jun. 

2025, doi: 10.20944/preprints202506.2128.v1. 

23. S. A. Farabi, “AI-augmented OTDR fault 

localization framework for resilient rural fiber 

networks in the United States,” arXiv preprint 

arXiv:2506.03041, Jun. 2025. [Online]. Available: 

https://arxiv.org/abs/2506.03041.  

24. S. A. Farabi, “AI-driven predictive maintenance 

model for DWDM systems to enhance fiber network 

uptime in underserved U.S. regions,” Preprints, Jun. 

2025, doi: 10.20944/preprints202506.1152.v1.  

25. S. A. Farabi, “AI-powered design and resilience 

analysis of fiber optic networks in disaster-prone 

regions,” ResearchGate, Jul. 2025, doi: 

10.13140/RG.2.2.12096.65287.  

26. M. N. Hasan, “Predictive maintenance optimization 

for smart vending machines using IoT and machine 

learning,” arXiv preprint arXiv:2507.02934, Jun. 

2025, doi: 10.48550/arXiv.2507.02934.  

27. M. N. Hasan, “Intelligent inventory control and 

refill scheduling for distributed vending networks,” 

ResearchGate, Jul. 2025, doi: 

10.13140/RG.2.2.32323.92967.  

28. N. Hasan, “Energy-efficient embedded control 

systems for automated vending platforms,” 

Preprints, Jul. 2025, doi: 

10.20944/preprints202507.0552.v1.  

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5475306
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5475306
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5475306
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5475306
https://arxiv.org/abs/2506.03041
https://arxiv.org/abs/2506.03041
https://arxiv.org/abs/2506.03041


 
 

Joy Chandra Bormon et al, Saudi J Civ Eng, Sep, 2025; 9(8): 219-226 

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                       226 

 
 

29. S. R. Sunny, “Lifecycle analysis of rocket 

components using digital twins and multiphysics 

simulation,” ResearchGate, 2025, doi: 

10.13140/RG.2.2.20134.23362.  

30. S. R. Sunny, “Real-time wind tunnel data reduction 

using machine learning and JR3 balance 

integration,” TechRxiv, Jul. 2025, doi: 

10.36227/techrxiv.175203708.81014137/v1.  

31. S. R. Sunny, “AI-driven defect prediction for 

aerospace composites using Industry 4.0 

technologies,” Zenodo, Jul. 2025, doi: 

10.5281/zenodo.16044460.  

32. S. R. Sunny, “Edge-based predictive maintenance 

for subsonic wind tunnel systems using sensor 

analytics and machine learning,” TechRxiv, Jul. 

2025.  

33. S. R. Sunny, “Real-time wind tunnel data reduction 

using machine learning and JR3 balance 

integration,” Saudi J. Eng. Technol. (SJEAT), vol. 

10, no. 9, pp. 411–420, Sep. 2025, doi: 

10.36348/sjet.2025.v10i09.004.  

34. S. R. Sunny, “AI-augmented aerodynamic 

optimization in subsonic wind tunnel testing for 

UAV prototypes,” Saudi J. Eng. Technol. (SJEAT), 

vol. 10, no. 9, pp. 402–410, Sep. 2025, doi: 

10.36348/sjet.2025.v10i09.003.  

35. M. F. B. Shaikat, “Pilot deployment of an AI-driven 

production intelligence platform in a textile 

assembly line,” TechRxiv, Jul. 2025, doi: 

10.36227/techrxiv.175203708.81014137/v1.  

36. M. S. Rabbi, “Extremum-seeking MPPT control for 

Z-source inverters in grid-connected solar PV 

systems,” Preprints, Jul. 2025, doi: 

10.20944/preprints202507.2258.v1.  

37. M. S. Rabbi, “Design of fire-resilient solar inverter 

systems for wildfire-prone U.S. regions,” 

 Preprints, Jul. 2025. [Online]. Available: 

https://www.preprints.org/manuscript/202507.2505

/v1.  

38. S. Rabbi, “Grid synchronization algorithms for 

intermittent renewable energy sources using AI 

control loops,” Preprints, Jul. 2025. [Online]. 

Available: 

https://www.preprints.org/manuscript/202507.2353

/v1. 

39. A. R. Tonoy, “Condition monitoring in power 

transformers using IoT: A model for predictive 

maintenance,” Preprints, Jul. 2025, doi: 

10.20944/preprints202507.2379.v1.  

40. Horvath, “Life-cycle assessment in building and 

construction: A review,” Building and Environment, 

vol. 44, no. 7, pp. 871–879, 2009, doi: 

10.1016/j.buildenv.2008.10.001.  

41. T. R. Anderson and M. Peters, “The problem of 

embodied energy and carbon in construction: A 

critical review,” Renewable and Sustainable Energy 

Reviews, vol. 81, pp. 2026–2036, 2018, doi: 

10.1016/j.rser.2017.06.064.  

42. International Organization for Standardization, ISO 

14040: Environmental Management – Life Cycle 

Assessment – Principles and Framework. Geneva, 

Switzerland: ISO, 2006.  

43. F. Pomponi and A. Moncaster, “Circular economy 

for the built environment: A research framework,” 

J. Cleaner Production, vol. 143, pp. 710–718, 2017, 

doi: 10.1016/j.jclepro.2016.12.055.  

44. Z. Wu, Y. Yu, Y. Shen, and J. Liu, “Geopolymer 

concrete for sustainable construction: A 

comprehensive review,” Construction and Building 

Materials, vol. 254, p. 119146, 2020, doi: 

10.1016/j.conbuildmat.2020.119146.  

45. Stephan and R. Stephan, “Embodied carbon in 

building materials: The hidden challenge,” Energy 

and Buildings, vol. 211, p. 109783, 2020, doi: 

10.1016/j.enbuild.2020.109783.  

46. T. H. K. Kang, J. H. Lee, and J. H. Kim, 

“Performance of cross-laminated timber under 

seismic and environmental loads,” Engineering 

Structures, vol. 173, pp. 433–443, 2018, doi: 

10.1016/j.engstruct.2018.06.102. 

47. D’Amico, A. Pomponi, and C. Hart, “Life cycle 

carbon and energy analysis of buildings: 

Methodological advances,” Building Research & 

Information, vol. 48, no. 3, pp. 238–251, 2020, doi: 

10.1080/09613218.2019.1660606.  

48. J. O. Carneiro, C. Lima, and P. Faria, “Innovative 

nanomaterials in building construction: Towards 

resilience and sustainability,” Construction and 

Building Materials, vol. 270, p. 121401, 2021, doi: 

10.1016/j.conbuildmat.2020.121401.  

49. P. F. G. Banfill, “Sustainable construction: Green 

building design and delivery,” Proc. Inst. Civil 

Engineers – Engineering Sustainability, vol. 161, 

no. 4, pp. 199–207, 2008, doi: 

10.1680/ensu.2008.161.4.199. 

 

https://www.preprints.org/manuscript/202507.2505/v1
https://www.preprints.org/manuscript/202507.2505/v1
https://www.preprints.org/manuscript/202507.2505/v1
https://www.preprints.org/manuscript/202507.2505/v1
https://www.preprints.org/manuscript/202507.2353/v1
https://www.preprints.org/manuscript/202507.2353/v1
https://www.preprints.org/manuscript/202507.2353/v1
https://www.preprints.org/manuscript/202507.2353/v1

