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This paper explores the use of wireless open-source sensor technology to monitor concrete and 

environmental parameters in energy-efficient, resilient, and sustainable construction. Accurate 

monitoring of structural and environmental conditions is essential to optimize building 

performance. The proposed system employs low-cost, wireless sensors with NodeMCU 

ESP8266 WiFi modules to gather real-time data on concrete properties, including temperature 

and humidity, during the casting and curing stages, along with other environmental factors 

affecting the structure. By integrating open-source technology, the system provides a cost-

effective solution for continuous monitoring, enabling early detection of issues such as 

material degradation or energy inefficiencies. This paper discusses the design, implementation, 

and benefits of the system, highlighting its role in improving building durability and reducing 

environmental impact. The results demonstrate the effectiveness of this approach in supporting 

sustainable construction practices and enhancing building resilience. 

K e y w o r d s :  Sustainable building, structural health monitoring, energy efficiency, resilient 

construction, Internet of Things.  

   

1. Introduction 

Concrete remains a foundational material in the construction sector, widely valued for its mechanical strength, durability, 

and adaptability across various structural applications. However, during its early-age phase, concrete is highly responsive 

to environmental influences such as temperature, humidity, wind, and solar radiation, which directly impact cement 

hydration a process crucial for the development of mechanical properties like compressive and tensile strength, stiffness, 

and cracking resistance (Hosseinzadehfard and Mobaraki 2024). These environmental factors can significantly affect 

the long-term structural performance and durability of concrete in both cast-in-place and precast applications (Garijo et 

al. 2025). 

In its fresh state, concrete exhibits important mechanical-related properties such as workability, uniformity, and 

compactability, all of which influence the quality and structural integrity of the hardened material. Research has long 

sought to improve these early-age characteristics through optimized mix designs, admixtures, and curing conditions (De 

La Rosa et al. 2025). Recent advancements have enabled real-time and in-situ monitoring of key physical and mechanical 

parameters through the deployment of embedded sensors and data acquisition systems (Zanon et al. 2025), allowing on-

site adaptation to ensure improved performance and quality control (De La Rosa et al. 2025). 

Sensor technologies have evolved considerably over the past decades, transforming from basic electrical resistance 

sensors (Ahmad et al. 2019; Bucher et al. 2021) to more sophisticated methods such as ultrasonic wave analysis, 

electromagnetic field sensing, and acoustic emission techniques (Chakraborty and Katunin 2019; Mobaraki et al. 2021a). 

Cutting-edge developments have introduced fiber optic, piezoelectric, and magnetostrictive sensors 

(LECHOWSKA/AGNIESZKA et al. 2014), capable of measuring critical mechanical responses including stress, strain, 

cracking activity, and temperature gradients within concrete. Among these, piezoelectric sensors have gained notable 
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attention due to their high sensitivity, small size, and ability to function as both actuators and sensors, making them ideal 

for structural health monitoring applications (Mobaraki et al. 2021b). 

Innovative studies have explored novel sensor materials and smart composites, including cement-based carbon nanotube 

systems for capturing dynamic responses and intelligent piezoelectric arrays for monitoring mechanical stress and 

damage evolution (Sabato et al. 2016; Mobaraki et al. 2019). Reviews on piezoresistive cementitious sensors further 

emphasize how variations in conductive fillers and fabrication methods can influence the sensitivity and repeatability of 

mechanical property measurements (Porras Soriano et al. 2021). These multifunctional sensors are increasingly 

recognized for their potential to simultaneously track stress, strain, crack formation, temperature, and moisture, all of 

which are critical for evaluating structural performance and enhancing the sustainability of concrete infrastructures 

(Larson et al. 2012; Mobaraki and Vaghefi 2024). 

With the growing push for digital transformation in construction, the integration of Internet of Things (IoT) technologies, 

machine learning, and artificial intelligence has opened new opportunities for intelligent infrastructure monitoring. These 

approaches enable real-time data acquisition, automated analysis, and predictive maintenance strategies, thereby 

supporting data-driven decision-making in the field (Vaghefi and Mobaraki 2021). 

Despite these technological advances, challenges remain. The high cost, complexity, and durability concerns of 

specialized sensing equipment continue to limit their widespread implementation in typical construction settings [22]. 

In response, recent efforts have focused on the development of low-cost, wireless, and open-source sensor solutions that 

can deliver reliable data at a fraction of the cost. For example, sensors embedded with Bluetooth and Wi-Fi 

communication modules have shown effectiveness in monitoring concrete strength development and reducing energy 

consumption in wireless systems (Ahmad Nia and Atun 2016; Amen et al. 2023). Furthermore, affordable 

microcontroller platforms, such as Arduino, have been successfully utilized in diverse applications including concrete 

curing control (VALIPOUR et al. 2019), corrosion detection , and temperature and humidity monitoring (Mobaraki et 

al. 2022b). 

The integration of these systems with cloud-based platforms and mobile applications further enhances their utility. Data 

collected from wireless nodes can be uploaded, analyzed, and visualized remotely, enabling engineers to monitor 

concrete strength gain, curing conditions, or stress evolution without being on-site. These platforms can also be linked 

with machine learning algorithms to predict performance trends and generate alerts when deviations occur. In parallel, 

integration with Building Information Modeling (BIM) (Mobaraki et al. 2023a) systems allows sensor data to be 

contextualized within a digital twin of the structure, supporting more informed decision-making across the lifecycle of 

the building (Vaghefi and Mobaraki 2021; Muhy Al-Din et al. 2023). 

Moreover, open-source monitoring systems align closely with sustainable construction principles. By enabling early 

detection of flaws or curing issues, they reduce the likelihood of defects, overdesign, or material wastage. Their 

modularity and reusability also contribute to lower environmental impact compared to traditional systems. In precast 

and in-situ applications, these systems can help optimize resource allocation, ensure structural quality, and support 

certification for green building standards such as LEED or BREEAM (Wang et al. 2019; Mobaraki et al. 2022a). 

Despite these advantages, challenges remain. Ensuring long-term durability of low-cost sensors in aggressive 

environments, maintaining data accuracy, and protecting against cybersecurity threats in IoT-based systems are all areas 

requiring further research and innovation. Within this framework, the present study introduces a wireless, open-source 

monitoring system designed to track the mechanical behavior of concrete during early-age and hardening stages. The 

system is built around NodeMCU ESP8266 and cost-efficient sensors, with a focus on capturing key variables such as 

temperature, humidity, and potentially stress and strain, to support the real-time evaluation of strength development and 

structural integrity (Cheddadi et al. 2020; Mobaraki et al. 2023b). Tailored specifically for sustainable construction 

practices, the proposed platform aims to improve material efficiency, reduce waste, and enhance quality assurance in 

both precast and in-situ concrete elements, particularly under challenging environmental or production conditions 

(Mobaraki et al. 2025). 

 

2. Test description 

To evaluate the performance of the proposed wireless sensor system for monitoring concrete mechanical properties, a 

laboratory-scale experiment was conducted using a standard concrete specimen. The objective of this test was to validate 

the functionality, stability, and data transmission capacity of the selected temperature and humidity sensors, as well as 

their ability to monitor critical environmental conditions during the 28-day curing period. 

Figure 1 presents the process of concrete sample preparation. The specimen was cast using a conventional concrete mix 

commonly used in structural applications, and its dimensions were chosen in accordance with standard practices for 

material testing. During the casting process, the selected DS18B20 waterproof temperature sensors were embedded at 

different depths within the concrete to monitor the internal and surface temperature evolution throughout the curing 

phase (Mobaraki and Vehbi 2022).  
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Figure 1. Preparation of concrete specimen in the laboratory. 

 

Figure 2 shows the prepared low-cost IoT monitoring system. TECNOIOT capacitive soil moisture sensors were 

installed at strategic positions to assess changes in internal humidity levels, which are closely related to hydration 

progress and the mechanical development of the concrete. Both types of sensors were connected to an Arduino-based 

microcontroller platform, which served as the central unit for data acquisition, signal processing, and wireless 

communication. The microcontroller was programmed to collect readings at regular time intervals and upload the data 

in real time to an IoT cloud platform via Wi-Fi. This setup enabled continuous monitoring without manual intervention 

and provided a live data stream accessible from any internet-connected device. 

The 28-day monitoring campaign was designed to capture the complete early-age development of the concrete, including 

the initial hydration reactions, temperature peaks associated with exothermic cement reactions, and gradual stabilization 

of moisture levels as the concrete hardened. The use of real-time monitoring allowed for the identification of temperature 

and humidity trends that could influence cracking risk, strength development, or curing effectiveness. 

This experimental setup demonstrated the feasibility of using low-cost, open-source sensor technology for continuous, 

remote monitoring of concrete curing in line with sustainable construction practices. The system's modularity also allows 

for adaptation to full-scale structural elements and field conditions in future implementations. 

 

  
Figure 2. Preparation and installation of low-cost IoT monitoring system. 

 

3. Results and discussion 

The evolution of internal humidity during the 28-day curing period is illustrated in Figure 3, based on continuous 

measurements from two embedded TECNOIOT capacitive soil moisture sensors installed within the concrete specimen. 

Over the test period, a total of 4,239 data points were recorded, providing high-resolution insight into the moisture 

dynamics of the concrete matrix. At the start of the monitoring campaign, humidity readings from both sensors were 

consistently near 100%, reflecting the fully saturated condition of the freshly cast concrete (Mobaraki and Vaghefi 2015). 

As hydration progressed and water was consumed in chemical reactions and gradually evaporated from the surface, a 

steady decline in internal humidity was observed. By the end of the 28-day period, humidity values had decreased to 

approximately 48%, indicating substantial moisture loss. This trend is consistent with the expected behavior of concrete 

during curing, where internal moisture content diminishes as the material hardens and its capillary porosity changes. 

The graph also demonstrates a strong alignment between the two sensors, with minimal divergence throughout the 

monitoring period. This suggests that the sensors maintained stable performance, and the placement strategy achieved 

consistent exposure to representative regions of the specimen. The gradual slope in the humidity reduction curve rather 

than abrupt changes indicates a controlled and uninterrupted curing process, with no external disturbances such as 

excessive drying, cracking, or water intrusion. 

The ability to continuously monitor internal humidity in real time provides valuable data for assessing curing 

effectiveness, predicting early-age mechanical performance, and optimizing sustainability in concrete production.  
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Figure 3. Variation of humidity during 28 days of monitoring captured by 2 copies of the sensors. 

 

The temperature monitoring data collected over a 28-day period from two sensors placed inside the concrete specimen 

provides a comprehensive view of the thermal behavior within the material (Figure 4). A total of 4239 data points were 

recorded, with the minimum temperature reaching 15.29°C and the maximum temperature rising to 23.24°C. These 

temperature variations reflect the dynamic changes in the concrete specimen, influenced by both environmental 

conditions and the intrinsic properties of the cementitious materials used in the mix. 

Figure 4 the temperature evolution over the 28-day period reveals significant daily fluctuations, which are characteristic 

of concrete's thermal behavior. Concrete, due to its high thermal mass, absorbs heat during the day and gradually releases 

it at night, resulting in cyclic temperature changes. The recorded data shows a steady increase and subsequent 

stabilization of temperature, which aligns with typical thermal patterns observed in curing concrete. The overall 

temperature fluctuation, from 15.29°C to 23.24°C, is moderate, indicating that the specimen has a relatively stable 

thermal profile during the monitoring period. 

Portland cement's components Alite (C3S), Belite (C2S), Celite (C3A), and Ferrite (C4AF) have a direct influence on the 

heat generation and thermal behavior during hydration. These components contribute differently to the temperature 

variations observed in the concrete specimen over the 28-day period: 

Alite is the primary contributor to the early exothermic heat of hydration. In the initial stages of hydration, Alite reacts 

with water to generate significant heat, which is reflected in the initial rise in temperature. This is expected to manifest 

in the graph as a sharp increase in temperature in the first few days, corresponding with the rapid hydration of Alite. 

While Belite contributes to hydration over a more extended period, it generates less heat compared to Alite. The slower 

release of heat from Belite is likely to be observed as a more gradual increase in temperature following the initial peak, 

as the cement continues to hydrate over time. Celite also contributes to early hydration heat, especially in the first few 

days. Its exothermic reaction may lead to an additional temperature rise, particularly during the first 24-48 hours of 

hydration. If the graph shows a pronounced early peak, this could be attributed to the reaction of Celite in the early 

stages. The Ferrite component of Portland cement contributes to a slower, more sustained hydration process, resulting 

in a more gradual and sustained heat release over time. This can lead to minor temperature increases towards the latter 

stages of the 28-day period, as the hydration process continues to progress. 

The overall temperature behavior observed in the concrete specimen is influenced by the combined effect of these cement 

components. The early temperature rise, particularly in the first few days, is largely driven by the exothermic reactions 

of Alite and Celite. As the hydration process continues, the heat release becomes more gradual, with Belite and Ferrite 

contributing to the sustained temperature changes. This results in the observed temperature fluctuations throughout the 

28-day period, with an initial sharp rise followed by a more moderate and steady change. The temperature profile 

observed in the concrete specimen also reflects the curing and hydration process. During the initial days, the heat of 

hydration is most intense, leading to rapid temperature increases. However, as the hydration slows after the first week, 

the temperature stabilizes and fluctuates within a narrower range. These temperature changes are critical for 

understanding the curing process and the material's thermal performance, providing insights into the kinetics of hydration 

and the long-term behavior of the concrete. 

In summary, the temperature data collected over the 28-day period highlights the interplay between environmental 

factors and the cementitious materials' properties. The combined effects of Alite, Belite, Celite, and Ferrite in the 

Portland cement mix influence the temperature trends, which reflect the ongoing hydration process. The results offer 

valuable insights into the thermal behavior of the concrete, which is essential for optimizing curing conditions and 

understanding the material's overall performance. 
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Figure 4. Variation of temperature during 28 days of monitoring captured by 2 copies of the sensors. 

 

4. Conclusions 

This study has successfully demonstrated the use of a low-cost temperature and humidity monitoring system for tracking 

the thermal and environmental behavior of concrete specimens over a 28-day curing period. With a total of 4239 data 

points collected, the system captured temperature fluctuations ranging from a minimum of 15.29°C to a maximum of 

23.24°C. These recorded temperature changes provide valuable insights into the hydration process of concrete, reflecting 

the expected thermal dynamics influenced by the exothermic reactions of Portland cement components such as Alite 

(C3S), Belite (C2S), Celite (C3A), and Ferrite (C4AF). 

The temperature trends observed in the data align with the expected phases of cement hydration. Initially, the system 

recorded a rapid increase in temperature, corresponding to the early exothermic reactions of Alite and Celite. These 

components are primarily responsible for the heat released during the first stages of hydration. As the hydration process 

continued, the temperature rise slowed, reflecting the slower reactions of Belite and Ferrite, which contribute to a more 

gradual and sustained heat release. The gradual temperature stabilization over the 28 days suggests that the hydration 

process was progressing as anticipated, with no anomalies in the expected behavior of the cement. 

In addition to the temperature data, humidity was also monitored throughout the curing process. The humidity levels 

inside the concrete specimen played a crucial role in the hydration process, as they directly impact the availability of 

water required for the ongoing chemical reactions. A consistent level of humidity is necessary to maintain adequate 

hydration, especially in the early stages when the cement’s hydration reactions are most vigorous. The humidity data 

indicated fluctuations consistent with the ambient environmental conditions, which can impact the rate of moisture 

evaporation from the concrete surface. The interplay between temperature and humidity in this system is important 

because it reflects the micro-environment inside the concrete and helps in understanding the efficiency of hydration over 

time. 

The combination of temperature and humidity data provides a more complete picture of the curing process, allowing for 

a deeper understanding of the material’s behavior and the factors that influence its strength development. For example, 

when temperature increases, it often correlates with a decrease in humidity as moisture evaporates, which can slow down 

hydration if not adequately controlled. By monitoring both variables, this low-cost system enables real-time insights into 

the hydration kinetics and the environmental conditions affecting the concrete. 

The low-cost monitoring system proved to be effective not only in tracking temperature changes but also in capturing 

the environmental conditions that influence the hydration process. This dual monitoring capability is essential for 

assessing the curing performance and optimizing the curing conditions for improved concrete quality. The ability to 

continuously monitor temperature and humidity provides valuable data for researchers and engineers, facilitating better 

control over concrete curing processes and leading to higher quality and more durable concrete structures. 

In conclusion, the developed low-cost monitoring system has successfully captured the expected chemical reactions and 

environmental conditions during the 28-day curing period of the concrete specimen. The temperature and humidity data 

confirmed that the hydration process proceeded as expected, providing further validation for the reliability of the system. 

This research underscores the potential of affordable, IoT-based monitoring systems to enhance the understanding and 

control of concrete curing, offering an invaluable tool for both research and practical applications in construction, 

materials science, and the optimization of concrete curing methods. 

 

Acknowledgements 

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit 

sectors. 

 

Conflict of Interests 

The Author(s) declare(s) that there is no conflict of interest. 

10

12

14

16

18

20

22

24

26

1
1

6
4

3
2

7
4

9
0

6
5

3
8

1
6

9
7

9
1

1
4

2
1

3
0

5
1

4
6

8
1

6
3

1
1

7
9

4
1

9
5

7
2

1
2

0
2

2
8

3
2

4
4

6
2

6
0

9
2

7
7

2
2

9
3

5
3

0
9

8
3

2
6

1
3

4
2

4
3

5
8

7
3

7
5

0
3

9
1

3
4

0
7

6
4

2
3

9

Te
m

p
er

at
u

re
 (

C
)

Measurements

Sensor 1 Sensor 2



ICCAUA Proceedings Journal, Volume 8 (December 2025), Pages 1595–1601 

1600 

 

References 

Ahmad Nia, H., & Atun, R. A. (2016). Aesthetic design thinking model for urban environments: A survey based on a 

review of the literature. Urban Design International, 21, 195–212. https://doi.org/10.1057/udi.2015.25 

Ahmad, S., Mohaisen, K. O., Adekunle, S. K., & others. (2019). Influence of admixing natural pozzolan as partial 

replacement of cement and microsilica in UHPC mixtures. Construction and Building Materials, 198, 437–444. 

https://doi.org/10.1016/j.conbuildmat.2018.11.260 

Bucher, R., Cyr, M., & Escadeillas, G. (2021). Performance-based evaluation of flash-metakaolin as cement 

replacement in marine structures – Case of chloride migration and corrosion. Construction and Building Materials, 

267, Article 120926. https://doi.org/10.1016/j.conbuildmat.2020.120926 

Chakraborty, J., & Katunin, A. (2019). Detection of structural changes in concrete using embedded ultrasonic sensors 

based on autoregressive model. Diagnostyka, 20, 103–110. https://doi.org/10.29354/diag/100448 

Cheddadi, Y., Cheddadi, H., Cheddadi, F., & others. (2020). Design and implementation of an intelligent low-cost IoT 

solution for energy monitoring of photovoltaic stations. SN Applied Sciences, 2, Article 2997. 

https://doi.org/10.1007/s42452-020-2997-4 

De La Rosa, Á., Ruiz, G., & Carmona, J. R. (2025). Modelling the flexural behaviour of concrete sections with 

longitudinal reinforcement and steel fibres using fracture mechanics concepts. Engineering Fracture Mechanics, 

318, Article 110918. https://doi.org/10.1016/j.engfracmech.2025.110918 

Garijo, L., De La Rosa, Á., & Ruiz, G. (2025). New mix design methodology for natural hydraulic lime concrete based 

on consistency and compressive strength. International Journal of Architectural Heritage. 

https://doi.org/10.1080/15583058.2025.2466692 

Hosseinzadehfard, E., & Mobaraki, B. (2024). Investigating concrete durability: The impact of natural pozzolan as a 

partial substitute for microsilica in concrete mixtures. Construction and Building Materials, 419, Article 135491. 

https://doi.org/10.1016/j.conbuildmat.2024.135491 

Larson, E., Froehlich, J., Campbell, T., & others. (2012). Disaggregated water sensing from a single, pressure-based 

sensor: An extended analysis of HydroSense using staged experiments. Pervasive and Mobile Computing, 8, 82–

102. https://doi.org/10.1016/j.pmcj.2010.08.008 

Lechowska, A., Schnotale, J., Fedorczak-Cisak, M., & Paszkowski, M. (2014). Measurement of thermal transmittance 

of multi-layer glazing with ultrathin internal glass partitions. Czasopismo Techniczne, 273–279. 

https://doi.org/10.4467/2353737XCT.14.247.3335 

Mobaraki, A., & Vehbi, B. O. (2022). A conceptual model for assessing the relationship between urban morphology 

and sustainable urban form. Sustainability, 14, Article 2884. https://doi.org/10.3390/su14052884 

Mobaraki, A., Nikoofam, M., & Mobaraki, B. (2025). The nexus of morphology and sustainable urban form parameters 

as a common basis for evaluating sustainability in urban form. Sustainability. 

Mobaraki, B., Castilla Pascual, F. J., Lozano-Galant, J. A., & others. (2023a). In situ U-value measurement of building 

envelopes through continuous low-cost monitoring. Case Studies in Thermal Engineering, 43, Article 102778. 

https://doi.org/10.1016/j.csite.2023.102778 

Mobaraki, B., Komarizadehasl, S., Castilla Pascual, F. J., & others. (2022a). A novel data acquisition system for 

obtaining thermal parameters of building envelopes. Buildings, 12, Article 670. 

https://doi.org/10.3390/buildings12050670 

Mobaraki, B., Komarizadehasl, S., Castilla Pascual, F. J., & Lozano-Galant, J. A. (2022b). Application of low-cost 

sensors for accurate ambient temperature monitoring. Buildings, 12, Article 1411. 

Mobaraki, B., Lozano-Galant, F., Soriano, R. P., & Pascual, F. J. C. (2021a). Application of low-cost sensors for 

building monitoring: A systematic literature review. Buildings, 11, Article 80336. 

https://doi.org/10.3390/buildings11080336 

Mobaraki, B., Ma, H., Lozano-Galant, J. A., & Turmo, J. (2021b). Structural health monitoring of 2D plane structures. 

Applied Sciences, 11, Article 2000. https://doi.org/10.3390/app11052000 

Mobaraki, B., Pascual Castilla, F. J., Martínez, A., & others. (2023b). Studying the impacts of test condition and 

nonoptimal positioning of the sensors on the accuracy of the in-situ U-value measurement. Heliyon, 9, Article 

e17282. https://doi.org/10.1016/j.heliyon.2023.e17282 

Mobaraki, B., Vaghefi, M. (2024). The effect of protective barriers on the dynamic response of underground structures. 

Buildings, 14, Article 3764. https://doi.org/10.3390/buildings14123764 

Mobaraki, B., Vaghefi, M. (2015). Numerical study of the depth and cross-sectional shape of tunnel under surface 

explosion. Tunnelling and Underground Space Technology, 47, 114–122. 

https://doi.org/10.1016/j.tust.2015.01.003 

Muhy Al-Din, S. S., Ahmad Nia, H., & Rahbarianyazd, R. (2023). Enhancing sustainability in building design: Hybrid 

approaches for evaluating the impact of building orientation on thermal comfort in semi-arid climates. 

Sustainability, 15, Article 15180. https://doi.org/10.3390/su152015180 

Porras Soriano, R., Mobaraki, B., Lozano-Galant, J. A., & others. (2021). New image recognition technique for intuitive 

understanding in class of the dynamic response of high-rise buildings. Sustainability, 13, Article 3695. 

https://doi.org/10.3390/su13073695 

Sabato, A., Feng, M. Q., Fukuda, Y., & others. (2016). A novel wireless accelerometer board for measuring low-

frequency and low-amplitude structural vibration. IEEE Sensors Journal, 16, 2942–2949. 

https://doi.org/10.1109/JSEN.2016.2522940 

https://doi.org/10.1057/udi.2015.25
https://doi.org/10.1016/j.conbuildmat.2018.11.260
https://doi.org/10.1016/j.conbuildmat.2020.120926
https://doi.org/10.29354/diag/100448
https://doi.org/10.1007/s42452-020-2997-4
https://doi.org/10.1016/j.engfracmech.2025.110918
https://doi.org/10.1080/15583058.2025.2466692
https://doi.org/10.1016/j.conbuildmat.2024.135491
https://doi.org/10.1016/j.pmcj.2010.08.008
https://doi.org/10.4467/2353737XCT.14.247.3335
https://doi.org/10.3390/su14052884
https://doi.org/10.1016/j.csite.2023.102778
https://doi.org/10.3390/buildings12050670
https://doi.org/10.3390/buildings11080336
https://doi.org/10.3390/app11052000
https://doi.org/10.1016/j.heliyon.2023.e17282
https://doi.org/10.3390/buildings14123764
https://doi.org/10.1016/j.tust.2015.01.003
https://doi.org/10.3390/su152015180
https://doi.org/10.3390/su13073695
https://doi.org/10.1109/JSEN.2016.2522940


ICCAUA Proceedings Journal, Volume 8 (December 2025), Pages 1595–1601 

1601 

Vaghefi, M., & Mobaraki, B. (2021). Evaluation of the effect of explosion on the concrete bridge deck using LS-DYNA. 

International Review of Civil Engineering, 12, 135. https://doi.org/10.15866/irece.v12i3.19941 

Valipour, E., Mobaraki, B., Nikoofam, M., & Tayyebisoudkolaei, S. (2019). Establishment of space syntax to read and 

analyse urban network: The case of study, Famagusta city of Cyprus. Journal of Contemporary Urban Affairs, 3, 

154–160. https://doi.org/10.25034/ijcua.2018.4692 

Wang, Y., Li, C. H., & Hu, Y. Z. (2019). 3D image visualisation of meso-structural changes in a bimsoil under uniaxial 

compression using X-ray computed tomography (CT). Engineering Geology, 248, 61–69. 

https://doi.org/10.1016/j.enggeo.2018.11.004 

Zanon, R., Schäfer, M., Paoletti, M., & others. (2025). Push-out tests on steel sections encased in steel fibre reinforced 

concrete. Steel Construction, 18, 38–51. https://doi.org/10.1002/stco.202400038 

 

 

https://doi.org/10.15866/irece.v12i3.19941
https://doi.org/10.25034/ijcua.2018.4692
https://doi.org/10.1016/j.enggeo.2018.11.004
https://doi.org/10.1002/stco.202400038

