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Abstract: This paper will present a comprehensive review of recent advancements in deep learning-based models for image-based
transportation infrastructure monitoring. It will critically examine existing approaches, including Convolutional Neural Networks
(CNNs), Region-Based CNN (R-CNN), You Only Look Once (YOLO), U-Net, Efficient Net, Vision Transformers, transfer
learning techniques, and hybrid deep learning architectures that will have been applied for detecting cracks, potholes, corrosion
and other structural defects. The review will evaluate these models based on their detection accuracy, computational efficiency
and robustness under varying environmental conditions, scalability, and suitability for real-time deployment. Furthermore, the
study will identify significant research challenges, including limited availability of annotated datasets, poor model generalization
across diverse infrastructure types, high computational complexity, environmental variability, and insufficient integration of

multimodal sensing technologies.
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Introduction: Transportation infrastructure will continue to
play a fundamental role in supporting economic growth, public
safety, and sustainable urban development. However, the
increasing complexity and aging of transportation assets,
including roads, bridges, tunnels, and railways, will necessitate
the development of intelligent monitoring systems capable of
detecting defects accurately efficiently.
Conventional inspection methods will remain limited due to
their dependence on manual assessment, high operational costs,
time-consuming procedures, and susceptibility to human error.
Consequently, image-based monitoring integrated with deep
learning techniques will be expected to transform infrastructure

structural and

inspection by enabling automated, accurate, and real-time
defect transportation
properly and effectively helps to ensure public safety,
efforts, long-term
sustainability. Among conventional inspection methods are

detection Monitoring infrastructure

maximise maintenance and allow
manual surveys and sensor-based systems. They require a lot of
time, are labour-intensive, and are prone to human error.
Recent developments in computer vision and deep learning
have presented automated, scalable, accurate solutions via the
analysis of image and video data, therefore transforming the
field of infrastructure monitoring. Roads, bridges, railroads,
and tunnels all fall prey to structural breakdowns, corrosion,
and potholes. Finding these issues before they become more
severe helps to reduce the effect of any hazards and save
restoration costs. Image-based monitoring systems powered by
deep learning models provide a fresh and maybe valuable
approach for this. By use of high-resolution images captured by
drones, smart phones, and fixed cameras, these systems are
able to identify, classify, and forecast infrastructure issues with

a great degree of precision.

Deep learning models, particularly convolutional neural
networks (CNNs), have demonstrated exceptional performance
in tasks such as object detection, image segmentation, and
pattern When applied to transportation

infrastructure monitoring, these models can process vast

recognition.

amounts of visual data, learning complex patterns indicative of

Furthermore, advances in transfer
learning, generative adversarial networks (GANs), and hybrid
architectures have enhanced the robustness and adaptability of
these across diverse infrastructure types and
environmental conditions. This study aims to explore the
development and optimization of deep learning-based CNN

model  for

structural anomalies.

systems

image-based  transportation  infrastructure
monitoring. The research focuses on identifying critical
challenges, such as data variability, computational efficiency,
and model generalization, while proposing innovative solutions
to address them. By leveraging cutting-edge techniques in deep
learning, the study seeks to contribute to the advancement of
automated infrastructure monitoring, ultimately improving the
safety, reliability, and sustainability of transportation networks.
Transportation infrastructure, including roads, bridges,
railways, and tunnels, plays a vital role in supporting economic
growth, ensuring public safety, and maintaining societal
connectivity. However, the constant exposure to environmental
stressors, increasing traffic loads, and natural aging processes
make infrastructure vulnerable to defects such as cracks,
corrosion, and structural failures. Monitoring and maintaining
such infrastructure are essential to prevent catastrophic failures,
reduce repair costs, and ensure uninterrupted operation.
Traditional inspection methods, often relying on manual
surveys and sensor-based techniques, are not only labor-
intensive and time-consuming but also prone to human error
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and subjectivity. The advent of automated, image-based
monitoring systems has offered a transformative approach,
leveraging high-resolution images captured through drones,
mobile devices, or fixed cameras. These systems can efficiently
process visual data to detect and classify defects, enabling
more accurate and timely decision-making. However,
achieving robust and scalable automation in this domain
requires advanced techniques like deep learning, which have
shown significant promise in revolutionizing image analysis
tasks across various fields.

Role of Deep Learning in transportations & infrastructure
monitoring:

A game-changer in the transportation sector, deep learning
offers novel approaches to pressing issues including traffic
optimisation, infrastructure management, autonomous vehicles,
and safety enhancement. Its ability to effectively and very
accurately manage and interpret massive amounts of data is
crucial for the modernisation of transport
Infrastructure monitoring has seen a significant uptake of deep

systems.

learning models, such as CNNss, to assess visual and audio data
for structural defects such as cracks, potholes, corrosion, and
the like in roadways, bridges, and tunnels. In addition to
improving accuracy, these models automate the detection
process, which substantially reduces the need for human
labour. By enabling early detection of problems, deep learning
helps to prevent catastrophic failures, which contributes to
proactive maintenance and cost savings. For optimal traffic
management and real-time forecasting, deep learning is a must-
have tool for controlling congestion. To improve traffic flow,
RNNs and LSTM networks examine both past and present
traffic data, spot patterns, and make recommendations based on
those findings. Commute times are reduced, environmental
effect is mitigated, and petrol consumption is reduced as a
result. The development of fully autonomous vehicles is largely
attributable to advancements in deep learning technology. To
accomplish tasks like object recognition, lane detection, and
decision-making, self-driving systems use models like CNNs
and Transformer topologies. These models integrate
information from several sensors, including cameras and
LiDAR, to ensure the safe navigation of vehicles in difficult
environments. By facilitating advancements in vehicle-to-
(V2I) (V2V)
communication, deep learning bolsters the integration of
intelligent transport systems. Transportation safety is further
enhanced by deep learning's enhancements to ADAS, or
advanced driver assistance systems. To reduce the likelihood of
accidents, these systems monitor driver actions, detect potential
dangers, and provide alerts or suggestions for safety
improvements based on deep learning. Pedestrian recognition

infrastructure and vehicle-to-vehicle

and accident prevention are two applications that highlight its
significance in creating safer streets. Transportation is being
revolutionised by deep learning, which enables automation,
increases efficiency, and improves safety. Its incorporation into
transport networks is paving the way for smarter, more reliable

transportation solutions that can keep up with the demands of
modern life.

Its advanced methods of detecting, assessing, and predicting
structural issues in crucial buildings, bridges, tunnels, and
highways, deep learning has become an integral part of
infrastructure monitoring. The conventional ways of inspecting
infrastructure, which often rely on basic sensor data or manual
inspections, are laborious, error-prone, and not scalable. To get
over these limitations, deep learning automates and improves
the monitoring process using techniques of pattern recognition
and complicated image analysis. Deep learning is essential for
infrastructure monitoring tasks like defect detection.
Convolutional neural networks (CNNs) have shown decent
performance in detecting fractures, corrosion, and spalling in
materials captured in high-resolution images or videos. The
models' ability to analyse spatial and textural properties allows
them to pinpoint and detect defects, significantly enhancing the
precision of inspections. Engineers and decision-makers may
get extensive visual information thanks to advanced models
that also enable fault zone segmentation.
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Fig 1 Deep learning-based Infrastructure monitoring

Deep learning not only helps with issue identification but also
with failure prediction by analysing historical data, which is
why it is so useful for predictive maintenance. Using RNNs
and LSTM networks, we assess temporal data, such ambient
conditions and sensor readings, to determine when and where
maintenance is likely to be required. Administration of the
infrastructure may then prioritise the allocation of resources
and take measures to mitigate risk. Also, deep learning makes
structural health monitoring better with the use of IoT sensors
and drones. For instance, drones equipped with cameras
provide aerial views of vast infrastructure, which are then
analysed using deep learning algorithms to detect structural
flaws or environmental impacts. Automated solutions like this
can reduce the need for human inspectors in hazardous or
inconveniently located areas. Integrating data from several
sources, such as vibration analysis, acoustic sensors, and
thermal imaging, multi-modal deep learning models are also
being used to provide a comprehensive understanding of the
structure's health. These approaches provide consistent
assessments even under challenging environmental conditions
by cross-evaluating data from many modalities, which
increases monitoring accuracy. Infrastructure monitoring is
being revolutionised by deep learning, which combines multi-
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modal data processing, automates issue diagnosis, and allows
predictive maintenance. Its implementation ensures better
sustainability, cost-effectiveness, and safety in managing
critical infrastructure systems, making it an essential tool for
modern engineering and urban planning.

Literature review

Deep learning-based image monitoring for transport
infrastructure has lately gained a lot of attention with the
promise of more exact and efficient infrastructure management
and maintenance. Many studies have focused on many different
spheres of this technology.

Mani et al. (2024) provide an FPGA-based emergency vehicle
categorisation system to help to enhance sustainable
transportation infrastructure management. With an eye towards
high accuracy and real-time performance, the system's main
objective is to help emergency response systems identify
emergency vehicles inside transportation networks. Using
FPGA technology, the researchers ensured the system could
casily manage significant installations. The study emphasises
the need of adding modern technologies into transportation
systems to improve sustainability and response times.
Emergency vehicle identification determines the efficiency of
transportation networks, hence our FPGA-based technology
significantly helps in this regard.

Hou et al. (2023) study the use of a lightweight transfer
learning approach to the problem of vision-based image
monitoring-based transport infrastructure monitoring. The
paper proposes a method to effectively monitor the condition
and performance of transport networks by use of a transfer
learning framework including pre-trained deep learning
models. The lightweight architecture of the system allows real-
time processing, therefore enabling applications in large-scale
transportation systems with limited computer resources. The
work helps to build smart transport systems by suggesting a
medium ground between operational efficiency and great
accuracy.

In this 2021 review Hou et al. examine how methods for
intrusive sensing, image processing, and machine learning are
being used for pavement monitoring. Emphasising the
applications and challenges of these technologies in
transportation infrastructure monitoring, this paper provides an
overview of current advancements in the field. The authors
review many machine learning models that have showed
promise in assessing pavement conditions. This research offers
a comprehensive resource for both academics and practitioners
so that they may better monitor and preserve transport
infrastructure utilising modern technologies.

Hu et al. (2021) presented a method for surface fracture
analysis in transportation infrastructure predicated on machine
vision. Using high-resolution road surface images and image
processing techniques, they developed a means to locate and
examine fractures likely to cause structural damage. The
authors demonstrate that the approach is a useful instrument for
infrastructure management as it helps to raise the efficiency

and accuracy of fracture detection. This study emphasises the
need of modern image analysis techniques in the maintenance
of transport systems and the prevention of long-term structural
damage.

Xie et al. evaluate in their 2021 work the efficiency of
innovative deep learning methods for ITS surveillance. This
work explores traffic condition monitoring,
identification, and safety improvement using computer vision
and deep learning techniques. The authors evaluate numerous
techniques, including object recognition and traffic flow
analysis, to ascertain which ones fit best in certain ITS settings.
This exhaustive study emphasises how deep learning may
enhance ITS capacity, therefore confirming its importance as a
fundamental tool for handling transportation infrastructure.
Byun et al. (2021) examine UAV images' potential for traffic
monitoring on roadways by use of deep learning networks for
image interpretation. The study reveals how UAVs with
cameras can capture data from above, therefore offering a fresh
perspective on traffic congestion and flow using a bird's-eye

anomaly

view of traffic. The authors use deep learning techniques to
UAV images to provide a rather effective approach for real-
time traffic monitoring. One of the many advantages of this
approach is that it lets one avoid needless ground equipment in
monitoring large areas, hence lowering deployment costs .
Problem Statement

Transport infrastructure has to be properly run and maintained
if we are to ensure public safety, economic growth, and social
development. Still, the traditional methods of infrastructure
monitoring—manual inspections and sensor-based systems—
are sluggish, error-prone, and ineffective. These techniques'
inability to spot early signs of structural degradation could lead
to delayed maintenance, more repair expenses, and catastrophic
failures. Rising automated image-based monitoring systems,
which employ visual data to assess and find flaws, provide one
practical solution. Still, present solutions have some significant
challenges including:

e Data variability: Consistent fault diagnosis is difficult
as ambient conditions such lighting, weather, and
occlusions may vary infrastructure pictures.

e  Scalability issues: Processing vast amounts of real-
time data gathered from mobile devices, fixed

that is, using advanced
computational techniques requires scalability.

cameras, and drones

e Model generalization: Deep learning models trained
on certain datasets may not always perform as
predicted when applied types of
infrastructure or scenarios never seen before.

to various

e Integration challenges: Current methods cannot
combine multi-modal data (e.g., thermal, auditory, and
visual) in order to assess structural health fully.

Given these constraints, it is abundantly evident that a smart,
dependable, and extensible system is needed to swiftly analyse
various visual input, adapt to different situations, and provide
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exact, up-to-date information on the health of transportation
infrastructure. This research aims to tackle these challenges by
developing deep learning models specifically for monitoring
transport infrastructure using photos, therefore using deep
learning. The proposed approach will transform infrastructure
monitoring techniques by increasing the accuracy of fault
identification, generalising models better, and enabling
predictive maintenance so creating transport systems that are
safer, more dependable, and environmentally friendly.
Objectives of Research

There are following research objectives:

1. To study existing researches related to deep learning
models for transportation infrastructure monitoring
through images.

2. To consider the factors that are influencing such as
data quality, image resolution, environmental
variables, model architecture, and computational
resources in case of relevant work

3. To propose hybrid Deep learning model to resolve the
issues faced in conventional research related to image-
based transportation infrastructure monitoring

4. To make comparative analysis of key performance
elements, such as detection accuracy, scalability,
computational efficiency, and robustness in case of
deep learning-based image-based infrastructure
monitoring for conventional and proposed work.

Research Methodology

The research methodology for this study on deep learning-
based models for image-based transportation infrastructure
monitoring follows a structured approach, combining
theoretical analysis, development, and empirical
evaluation to achieve the objectives. The methodology includes
the following key stages:

1. Literature Review: The first step involves an in-depth
review of existing research related to deep learning techniques
applied in infrastructure monitoring, with a particular focus on
transportation systems. This includes an exploration of existing
models, their strengths, limitations, and the challenges
encountered in real-world applications. The review will also

model

cover advancements in image processing techniques, defect
detection methods, and predictive maintenance models.

2. Data Collection and Preprocessing: To develop and train
deep learning models, high-quality image and video data of
transportation infrastructure (e.g., roads, bridges, tunnels) will
be collected. This may involve data sourced from publicly
available datasets or partnerships with relevant authorities. The
data will include images captured under various environmental
conditions  (lighting, weather) to
Preprocessing steps such as  image
augmentation, and annotation will be performed to prepare the
dataset for training.

3. Model Development: The research will explore the use of
CNNs and other deep learning techniques to detect and classify
defects in infrastructure. This step will include:

ensure  diversity.

normalization,

o Development of a baseline model using standard deep
learning architectures to detect common defects such
as cracks, potholes, and corrosion.

e Proposing novel or hybrid models, combining
multiple deep learning approaches or integrating
multi-modal data (e.g., visual, thermal, and acoustic)
for improved accuracy and robustness.

e Optimization of model parameters through
hyperparameter tuning to improve model performance
in terms of detection accuracy, computational
efficiency, and generalization across different
infrastructure types.

4. Model Training and Evaluation: The models will be
trained using the preprocessed dataset, and performance will be
evaluated using common metrics such as accuracy, precision,
recall, F1 score, and intersection over union (IoU). The models
will be tested on a separate validation set to ensure
generalizability. Comparative analysis will be carried out
between the baseline and proposed models to evaluate
improvements in defect detection capabilities.

5. Predictive Maintenance Integration:
also explore the integration of predictive maintenance
capabilities into the models. This will involve training the
model to recognize patterns that may indicate impending
structural failures, using historical data and real-time
monitoring information. The models will be assessed on their
ability to forecast potential defects and optimize maintenance
schedules, minimizing the risk of infrastructure failure.

6. Comparative Analysis: A detailed comparative analysis

The research will

will be conducted between traditional deep learning models
and the proposed hybrid models, focusing on key performance
elements such as:

e Detection accuracy for various types of defects.

e Scalability and computational efficiency.

e  Ability to handle diverse environmental conditions.

e  Effectiveness in predictive maintenance.
7. Implementation and Deployment (Optional): If feasible,
the research may include a practical implementation phase
where the developed models are tested on real-world
infrastructure data. This will involve deploying the model in a
controlled environment to monitor infrastructure in real time,
gathering feedback on performance, and iterating on the model
for further optimization.
8. Results Analysis and Recommendations: The final step
analyzing the results, identifying areas for
improvement, and offering recommendations for future
research and potential real-world applications of the developed
models. The research findings will be aimed at enhancing
infrastructure monitoring practices, improving safety, reducing

involves

maintenance costs, and contributing to the development of
smarter, more sustainable transportation systems.
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Fig 2: Proposed Research Methodology

This methodology integrates both theoretical and practical
approaches, ensuring that the proposed deep learning models
are not only innovative but also applicable in real-world
transportation infrastructure monitoring.
Scope of Research
The primary focus of this study is on creating and evaluating
models for transport infrastructure monitoring using images
and deep learning. The project's goal is to find out how to
automate the process of finding and classifying problems with
tunnels, bridges, and roads using state-of-the-art deep learning
techniques including hybrid models using CNN. To provide a
comprehensive view of infrastructure health, the research will
address important issues such as generalising models to
different types of infrastructure, dealing with variations in
environmental conditions, and integrating multi-modal data
sources. The project will focus on enhancing the accuracy and
scalability of defect detection systems while addressing
processing efficiency, which is crucial for real-time monitoring
in large-scale infrastructure networks. In order to optimise
maintenance plans, the scope will also include proposing new
approaches to predictive maintenance and applying deep
learning models to detect potential infrastructure concerns.
This study will have relevance to smart city initiatives and the
greater transportation sector as a whole since it aims to provide
automated solutions for infrastructure monitoring that are
scalable, economical, and efficient. Better, more efficient, and
longer-lasting transportation networks will be possible thanks
to this study's findings, which will improve infrastructure
management practices.
8. References
1. P. Mani, P. R. G. Komarasamy, N. Rajamanickam, M.
Shorfuzzaman, and W. M. Abdelfattah, “Enhancing
Sustainable Transportation Infrastructure Management: A
High-Accuracy, FPGA-Based System for Emergency
Vehicle Classification,” Sustainability, vol. 16, no. 16.
MDPI AG, p. 6917, Aug. 12, 2024. doi:
10.3390/su16166917.

114

2.

10.

11.

Y. Hou, H. Shi, N. Chen, Z. Liu, H. Wei and Q. Han,

"Vision Image  Monitoring on  Transportation
Infrastructures: A Lightweight Transfer Learning
Approach," in/EEE  Transactions on Intelligent

Transportation Systems, vol. 24, no. 11, pp. 12888-12899,
Nov. 2023, doi: 10.1109/T1TS.2022.3150536.

Y. Hou et al., “The State-of-the-Art Review on
Applications of Intrusive Sensing, Image Processing
Techniques, and Machine Learning Methods in Pavement
Monitoring and Analysis,” Engineering, vol. 7, no. 6.
Elsevier BV, pp. 845-856, Jun. 2021. doi:
10.1016/j.eng.2020.07.030.

J. Chung and K. Sohn, "Image-Based Learning to
Measure Traffic Density Using a Deep Convolutional
Neural Network," in I[EEE Transactions on Intelligent
Transportation Systems, vol. 19, no. 5, pp. 1670-1675,
May 2018, doi: 10.1109/TITS.2017.2732029.

X. W. Ye, T. Jin, and C. B. Yun, “A review on deep
learning-based structural health monitoring of civil
infrastructures,” Smart Structures and Systems, vol. 24,
no. 5, pp- 567-585, Nov. 2019, doi:
10.12989/8SS.2019.24.5.567.

X. Zhao, S. Li, H. Su, L. Zhou, and K. J. Loh, “Image-
Based Comprehensive Maintenance and Inspection
Method for Bridges Using Deep Learning,” Volume 2:
Mechanics and Behavior of Active Materials; Structural
Health Monitoring; Bioinspired Smart Materials and
Systems; Energy Harvesting; Emerging Technologies.
American Society of Mechanical Engineers, Sep. 10,
2018. doi: 10.1115/smasis2018-8268.

B. F. Spencer Jr., V. Hoskere, and Y. Narazaki, “Advances
in Computer Vision-Based Civil Infrastructure Inspection
and Monitoring,” Engineering, vol. 5, no. 2. Elsevier BV,
pp. 199-222, Apr. 2019. doi: 10.1016/j.eng.2018.11.030.
W. Hu et al, “Machine vision-based surface crack
analysis for transportation infrastructure,” Automation in
Construction, vol. 132. Elsevier BV, p. 103973, Dec.
2021. doi: 10.1016/j.autcon.2021.103973.

A. Adams, A. M. Abu-Mahfouz and G. P. Hancke,
"Machine Learning - Imaging Applications in Transport
Systems: A Review," 2023 International Conference on
Electrical,  Computer and  Energy  Technologies
(ICECET), Cape Town, South Africa, 2023, pp. 1-7, doi:
10.1109/ICECET58911.2023.10389341.

L. Yang, R. Muresan, A. Al-Dweik and L. J.
Hadjileontiadis, "Image-Based Visibility Estimation
Algorithm for Intelligent Transportation Systems,"
in [EEE Access, vol. 6, pp. 76728-76740, 2018, doi:
10.1109/ACCESS.2018.2884225.

X. Sui, Z. Leng, and S. Wang, “Machine learning-based
detection of transportation infrastructure internal defects
using ground-penetrating radar: a state-of-the-art review,”
Intelligent Transportation Infrastructure, vol. 2. Oxford
University Press (OUP), 2023. doi: 10.1093/iti/liad004.



J

Nt

12.

13.

14.

15.

16.

"-_"f!t:\:.f!"';]agannath University Journal of Research and Review (JUJRR), Volume No. 02, Issue No. 02 (July, 2026)

ISSN: 3049-1290

J. Xie et al., "Deep Learning-Based Computer Vision for
Surveillance in ITS: Evaluation of State-of-the-Art
Methods," in/EEE  Transactions on Vehicular
Technology, vol. 70, no. 4, pp. 3027-3042, April 2021,
doi: 10.1109/TVT.2021.3065250.

S. Byun, 1.-K. Shin, J. Moon, J. Kang, and S.-I. Choi,
“Road Traffic Monitoring from UAV Images Using Deep
Learning Networks,” Remote Sensing, vol. 13, no. 20.
MDPI AG, p. 4027, Oct. 09, 2021. doi:
10.3390/rs13204027.

K. Gopalakrishnan, “Deep Learning in Data-Driven
Pavement Image Analysis and Automated Distress
Detection: A Review,” Data, vol. 3, no. 3. MDPI AG, p.
28, Jul. 24, 2018. doi: 10.3390/data3030028.

H. Inam, N. U. Islam, M. U. Akram, and F. Ullah, “Smart
and Automated Infrastructure Management: A Deep
Learning Approach for Crack Detection in Bridge
Images,” Sustainability, vol. 15, no. 3. MDPI AG, p.
1866, Jan. 18, 2023. doi: 10.3390/su15031866.

W. LIU and G. CHEN, “Towards Optimal Image
Processing-based of Things Monitoring
Approaches for Sustainable Cities,” International Journal
of Advanced Computer Science and Applications, vol. 15,
no. 5. The Science and Information Organization, 2024.
doi: 10.14569/ijacsa.2024.01505115.

Internet

115

17.

18.

19.

20.

Y. Lu, S. Wang, S. Fan, J. Lu, P. Li, and P. Tang, “Image-
based 3D reconstruction for Multi-Scale civil and
infrastructure Projects: A review from 2012 to 2022 with
new perspective from deep learning methods,” Advanced
Engineering Informatics, vol. 59. Elsevier BV, p. 102268,
Jan. 2024. doi: 10.1016/j.a2€1.2023.102268.

Q. Mei, M. Giil, and N. Shirzad-Ghaleroudkhani,
“Towards smart cities: crowdsensing-based monitoring of
transportation infrastructure using in-traffic vehicles,”
Journal of Civil Structural Health Monitoring, vol. 10, no.
4. Springer Science and Business Media LLC, pp. 653—
665, Jun. 01, 2020. doi: 10.1007/s13349-020-00411-6.

J. Jang, M. Shin, S. Lim, J. Park, J. Kim, and J. Paik,
“Intelligent Image-Based Railway Inspection System
Using Deep Learning-Based Object Detection and Weber
Contrast-Based Image Comparison,” Sensors, vol. 19, no.
21. MDPI AG, p. 4738, Oct. 31, 2019. doi:
10.3390/s19214738.

K. Dick, L. Russell, Y. Souley Dosso, F. Kwamena, and J.
R. Green, “Deep Learning for Critical Infrastructure
Resilience,” Journal of Infrastructure Systems, vol. 25,
no. 2. American Society of Civil Engineers (ASCE), Jun.
2019. doi: 10.1061/(asce)is.1943-555x.0000477.



