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Problem I - Methodology Digital Twin Development Structural Health Monitoring

conditions, leading to development of microcracks, typically; in the tensile section of the bridge health monitoring of concrete bridges. These technologies include Internet of Things (loT) Flnlte Element MOdeI
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(bottom side). These cracks lead the unwanted chemical compositions such chlorine and sulphate = for the structural performance, Terrestrial Laser Scanning (TLS) for point could of the Finite elerrlient modelling with reinforcement were developed ir_‘°|”di"_g the mc?del’s Va"‘_j‘"f'tion a nd DeCISIon Ma kl ng
penetrate through the cracks path and lead corrosion development and impact the structural structure and drones or images for 3D visualisation of the structural defects, laser t0 determine the structural performance of the concrete bridges in real time conditions.

integrity and potentially failure of the structure. Regular inspections for structural health monitoring = ultrasound for the corrosion detection and advanced camera for microcrack detection and  Attificial Intelligence will be used to determine the structural integrity and numerical analysis

are undertaken at certain time intervals through visual inspection or Non-Destructive-Tests (NDTs) 3D geometry evaluation. The data are wirelessly transferred to the digital platform and  ©f structural defects including the crack development and their locations. Dlglta| Platform
which limits the structural integrity during the unprecedented inspection and are based on human | integrated data from different technologies are then visualised and numerical analysis are FE model for concrete bridge FE model for concrete bridge A suitable digital olatf has b developed
intervention of inspection. The current inspection methods are undertaken by vehicular platform, developed by advancing fast FEM techniques. (Svdney, Australia) Melbourne. Australia thSlt“ avle |glha P al <t)lrm dast een geve opet
typically for large bridges, to inspect the bottom side of the bridge, shown in the diagram below. Environmental conditions : fr:mr?gfle'waezd i?\tr:;ratlcrem:he?na Vr;flfstuhr:n_‘rf_g _
However, this technique is expensive, unsafe and not sustainable. . . Drone . ’ High performance
Chemical Compositions: drone images. Then sends these data to the Storage
acid level, temperature, Capture surface desktop and the crack geometry, depth Low lat
sulphate and chlorine L_d_efecti_‘__ location are then evaluated by using the owlatency
v different artificial intelligence techniques. The Reliability
loT ‘ "@‘\ digital platform synchronises the receiving Synchronicity
0 | ....CT i data and the sending data real time. Scalability
Realtime ata
measurement TLS

from the structural
behaviour to

45. Trafflc Loadlng Digital 3D section of the two concrete bridges by using over 1.07million points obtained from
digital platform

: the Terrestrial Laser Scanning visualising all surfaces of the concrete bridges. The 3D StrUCturaI I-_Iealth Monlto_rlng
Causes dynamic impact ;¢ 3jisation demonstrates the surface defects which might not be detected by the FE model. Structural behaviour through the different
on concrete bridge These defects might come from the environmental impacts that causes the structural techniques is visualised through the desktop.
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deterioration of trafficking impacts such as the potholes or rutting. The |.1umerical analysis for. the struct.ural N RN "/"k
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This project aims to shift the current methods of Structural Health Monitoring (SHM) to a more
reliable, precise and sustainable method by advancing and integrating advanced technologies. Digital
Twin (DT) is the process of developing the digital replica of a physical structure and by using the
artificial intelligence (Al), a real time structural health monitoring can be achieved. Effectively, the
real time applied loadings and structural integrity including the crack development are visualised and
analysed simultaneously during the occurrence.

In this project two concrete bridges in Australia will be instrumented with wireless sensors and a

Automated and intelligent
Decision Making

, RGBD Automated decision making will determine
cemers the structural performance and the
remaining useful life of the structure based

Laboratory experiments investigating Laser dist.
J development of cracks and analysing the se™or
0 , geometry of these based on different advanced
| techniques such as RED-Blue-Green (RBG)
demonstrated the depth and crack path

’ 0 04 time (me) 0 1 geometry. These techniques are implemented th ¢ diti ¢ th :
on drone images and the effectively camera on. © curren conditions -0 € concrete
bridge. History of the data of the

complete digital twin for intelligent monitoring and maintenance of the bridges will be developed by installation on site. ' _ _ _

. : . : : . : . . maintenance and repairs coupled with the

integrating different techniques including the Terrestrial Laser Scanning, Drone images and laser _ _ _ _

ultrasound RGE Seoth T UNet N SP-Net ESA-Net o available methodologies of maintenance will
' ‘ o . ep (RGB) “Ne “Ne urs be used to determine the optimum decision

making in relation to the workability,

economy of the structures and the financial

aspects.

Final Decision Making

The intelligent decision making provides the most optimal decisions to be undertaken to maintain the
concrete bridge conditions. The type of the maintenances depends on the constraints such as the
financial aspects or the workability/accessibility. The asset owner can compare the constraints and the
optimum maintenance implementation on the concrete structure.

Conclusion

This research is in collaboration with four universities in Australia, Transportation authorities Australia
and a number of industry partners. The transitioning of this digital twin development has been
achieved by initially conducting a digital twin development for a laboratory scale bridge where the

technology development of the digital twin in real time has been achieved. The full complete digital
Laser UItrasound twin for concrete bridges is still under the development. Major field experiments such as taking drone
images, Terrestrial Laser Scanning and finite element model validation by using the dynamic tests have
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Advanced Technology

L _ Dynamic Test
Ob eCtlves Dynamic sensors placement on surface of

concrete bridge to obtained the dynamic
This research project shifts an important milestone towards the structural health monitoring of the P€haviour of the brid.g.e under trafficking. These
concrete bridges. The main objectives of this research includes: data are used for Finite Element Model (FEM)

- Sustainable method of structural health monitoring by meeting the triple bottom lines of Validation.

Laboratory experiments conducing the laser ultrasound determine the behaviour of

Sustaipability (smoother transportati_on for users, environmentally friendly and economical) | | .the structure at Iaborato.ry scale. The techl_nique determi.ne the structural beh_aviour been undertaken. The project is in progress for the full development of the digital twin in real time to
* User friendly for the asset owners to inspect the structural performance TLS ’ S Drone ) including the crack location and the conditions of the reinforcement. Site testing by monitor the structural health of concrete bridges in Australia.
* The defects identification are more reliable in comparison to the conventional methods of _ Advanced drone using the ultrasound technique determine the reinforcement conditions.
inspection. Terrestrial Laser _ _ :
. Thz monitoring is in real time that allows the asset owners to instantly identify signs of any Scanning operated images undertaken Laboratory xperlment using laser ultrasound Okaser Hltrasound waves from the testing Ac kn OWIed gement
defects and undertake actions of maintenance/repairs, and from different for the top, side and 05 Epodai
 Prolong the useful life of the concrete bridges location  including bottom side of the 0.4 Leseria R The authors would like to acknowledge the support from SmartCrete CRC on the project entitled
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'Digital twin of reinforced concrete infrastructure for intelligent asset management'. The project is led
by RMIT University and supported by local governments, several universities and industry partners,
including the Victoria State Government (Department of Transport and Planning), New South Wales
(Transport of New South Wales), Melbourne Water, Australia Curtin University, Western Sydney
University and the University of Technology Sydney, Beta International Associates, Upward Technology,
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