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 About the AI models, data-driven type especially

AI in Civil Engineering

Training
Well-Trained

Model

Nonlinear
Fitting 

End-to-End
Learning

Data Direct 
Inference

Less Experiential 
Assumption

Offline
Inference

 Digital Twins of Structures

AI in Civil Engineering

Real-world structure 

Digital Reconstruction

Geometry
Material

Testbed:
What-If Scenario
Reliability 
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 Get geometry 

Lidar

Photogrammetry 

AI in Civil Engineering

 Dealing with the inaccessible regions 

AI in Civil Engineering
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 Understand the components 

 Generate data to train models for civil structures

Hard to collect real-world data

No good pre-trained models  

AI in Civil Engineering

 Material 

AI in Civil Engineering

Automatic Model Calibration Intelligent Model Fusion
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 Material 

AI in Civil Engineering

 Material 

AI in Civil Engineering
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AI in Civil Engineering
What is digital twin?

Descriptive Twin Informative Twin Predictive Twin Comprehensive Twin Autonomous Twin

CAD Models 

BIM Models 

Design Documents

Advanced BIM 
Models

Structural Health 
Monitoring 

Sensory Data Input

Advanced Digital 
Twin Models 

Simple 
Prediction Tasks 

Simple Computing 
Models

Machine 
Learning-Based 

Surrogate Models 

High-Fidelity 
Twin Models 

Comprehensive 
Models & 

Computational Power 

Advanced AI 
Applications

Fully Automated 
Model 

Self-Evolution

Present Future 

 A Preliminary Study of Bridge Digital Twin Framework

AI in Civil Engineering
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 Why do we want to use UAV for the seismic risk assessment

Easy to deploy for regular and post-disaster inspections.

Accurate data for Missing shop drawings or as-built structures.

Rapid data acquisition 

 Integrated into a general framework for seismic risk assessment  

Vision-Based Seismic Risk Assessment

Vision-Based Seismic Risk Assessment

Data Acquisition 

Information Extraction Quantification

Decision-Making
Hidden Variables

Deep learning 
empowered 

model 
completion  

CNN-based 
segmentation and 

Dimension Extraction 

Structural 
Identification using 

PINN 

- Statistical methods 
- Numerical simulations

- Machine learning 
models

LLM agents
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Vision-Based Seismic Risk Assessment

Vision-Based Seismic Risk Assessment

𝐷௣ =
(𝑅 + 𝐷௦) ȉ 𝑆௪

𝐹𝐿
ȉ (1 − 𝑂𝑉)

Sensor width

Focal length 
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𝐻ఊ = (𝑅 + 𝐷௦ + 𝐷௕) ȉ tanγ

𝐻௩ =
(𝑅 + 𝐷௦)

𝐹𝐿
ȉ (1 − 𝑂𝑉)

𝐷௣ =
(𝑅 + 𝐷௦) ȉ 𝑆௪

𝐹𝐿
ȉ (1 − 𝑂𝑉)

Vision-Based Seismic Risk Assessment

Vision-Based Seismic Risk Assessment
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Algin Images

Structure-From-Motion

Multi-View Stereo 

Machine Learning-
based Segmentation 
and Classification 

Define Keypoints in 
Images 

Camera Positions & 
Sparse Point Cloud 

Dense Point Cloud

Vision-Based Seismic Risk Assessment
3D Reconstruction

Vision-Based Seismic Risk Assessment
3D Reconstruction
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Vision-Based Seismic Risk Assessment
3D Reconstruction

Vision-Based Seismic Risk Assessment
3D Reconstruction
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Using analytical models to calculate load capacity and 
demand

Hidden 
Variables: Variables Recommended 

Range

Thickness of flange and web 0.2-0.4 m

Longitudinal reinforcement geometrical 
ratio

0.25-1.25%

Transverse reinforcement geometrical 
ratio

0.04-0.16%

Axial load ratio 1-5%

Strength of concrete 20-50 MPa

Strength of reinforcement steel 400-600 MPa

Vision-Based Seismic Risk Assessment

Vision-Based Seismic Risk Assessment

Monte Carlo simulation to account for 
the uncertainties  

Distribution representation of capacity-to-demand ratio  
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Data-driven Seismic Fragility Curve 

Data-Driven Model Decision MakingModel 
Interpretation 

Data-driven Seismic Fragility Curve 

Dataset of 
displacement 
capacity 
distributions 

𝜇௑ and 𝐶𝑜𝑉

𝜇௑ and 𝐶𝑝𝑉

𝜇௑ and 𝐶𝑜𝑉

…
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Data-driven Seismic Fragility Curve 

Data-driven Seismic Fragility Curve 

  
a. Mean drift ratio in the DLS (  ) b. CoV of drift ratio in the DLS (    ) 

  
c. Mean drift ratio in the ULS (  )  d. CoV of drift ratio in the ULS (    ) 

a. Mean drift ratio for DLS b. CoV of drift ratio for DLS

d. CoV of drift ratio for ULSc. Mean drift ratio for ULS
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Photogrammetry CFD 

Photogrammetry CFD 

A general setup for a boundary-fitted CFD analysis

Basic Requirements: 
- A CAD file of the structure geometry is 

required 
- Need clean features to make the boundary-

fitted mesh 

Limits: 
- Time-consuming and labor-intensive model-

preparing process
- Hard to get up-to-date CAD files and 

geometry information   
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Photogrammetry CFD 

Photogrammetry CFD 
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Photogrammetry CFD 

Photogrammetry CFD 
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Photogrammetry CFD 

Photogrammetry CFD 
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 The final target is obtaining the mechanical behaviors (distortion and stress)

of the specimen

 Combination of neural network and commercial software (Abaqus)

Another Interesting Example

Another Interesting Example

Coordinates

Temperature 
Sequence

FEM (Abaqus)

Data-driven part: 
Temperature field 

reconstructionCoordinates

Physics-driven part: 
Mechanical Behavior 

Simulation 
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Another Interesting Example

~ 2.4 million cells (Several Days)

Another Interesting Example
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Another Interesting Example

Coupling-Driven Pure Physics-driven

 AI applications in Civil Engineering are promising  

 Computer vision methods can be useful for constructing the models of structures in the 
digital realm

 More developments for applications are expected in the future 

 Although we have made some exciting progress, the AI application in Civil Engineering is 
still at a relatively early stage. 

Conclusion
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Conclusion

Data
Sufficient amount and good quality 

Selected Machine Learning Models 

AI Applications Now… He can dribble, 
jump shots, layup

In five years…  hard to 
guard him in 1 on 1 game 

His Training Data
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Thank You!


