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(0.0) Lock Wall Subsurface Inspection Radar

Presentation Outline:
[ u

O (1.0) Innovation Gaps in LWSSI
- (1.1) Dedicated SIR For LWSSI: LOCK-INSPECTOR*

(*) Work undertaken as part of the SIR development branch within £U-Horizon Furope Project ‘Climate resilient and
environmentally sustainable transport infrastructure, with a focus on m/cmd Warerways ( STAL), grant no. 101069838.

O (2.0) Sub-Systems Evolution & Refinement

- (2.1) Capability Study: Toul Lock (Moselle River, France)

- (2.2) Rebar Characterisation

QO (3.0) Future Developments?

e This project has received funding from the European Union's Horizon Europe travisions.eu (\
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(1.0) Innovation Gaps in Lock Wall Subsurface Inspection (LWSSI)

Improving EU Inland Waterway Resilience With Radar
[ 4

O Locks allow large vessels to traverse otherwise impassable gradients...
but are inherent network chokepoints.

O Resilience declines with structural fatigue - Void-washout begins behind lock walls...
- Danger! | Defect growth undetected - Wall collapse = Major disruption.

- Challenge | Europe’s Inland Waterway Transport (IWT) bodies must achieve
comprehensive LWSSI during scheduled maintenance drainage windows.

Q Keylnnovation Gaps [ How can we...

- Achieve maximal non-destructive LWSSI coverage & penetration? [G]]
- Exploit automation to minimise data acquisition runtime? [G2]
- Return more intuitive 3D visuals of void-washout defects? [G3]

Q Candidate LWSSI Technology = Subsurface Inspection Radar (SIR) [1]

- Suitability | Non-Destructive; Highly Penetrating;
Compactable; Automatable; 3D Profiling Capability; etc.
lan Thompson, BBC 2013,

X This project has received funding from the European Union's Horizon Europe
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(1.1) Dedicated SIR for LWSSI: LOCK-INSPECTOR

— Power Supply
)
Feedback Screen & oy
a | Project: ‘CRISTAL' [2] | SIR Branch. Control System ~
~
a Euromobilita SRO (Czech) and SME Feasibility Study Upper Dolly Rail
Phase 1 Project: Novel SIR to Inspect Tunnels and Tunnels Linings for improved (Supported by Mooring Posts) NS
maintenance. Tunnel (T) Vision; (grant no. 835567) (2019). :
GPR Probe y GNSS Antenna

O LOCK-INSPECTOR is the first dedicated SIR system for LWSSI: __
Positioning Motors =

Cable Umbilical

N Inspection Framework

- SIR probe coverage is maximised by a

[CT]. Lower Dolly Rail
(Levelled on Drained Lock Base)

- One-button’ profiling is facilitated by an
[G2].

- 3D feature visualisation is achieved by an
[G3].

X This project has received funding from the European Union's Horizon Europe
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(2.0) Sub-Systems Evolution & Refinement

Overview: Electrical, Mechanical & Data Processing Elements

Raw SIR Data Data Alignment
PSU > DCSV @ 3A
(Individual 2D Bscans)

(Single 3D Bscan Data Cube)

MASTER Controller
s

Position Automation |

3D Point Cloud
Conversion

Power Supply

NEMAA3 IP65 (x2-3)
(Closed-Loop | e.g. 12Nm ) PSU > DC 24V @ 104

GPo
Pi3 Model B (1GB RAM)
(+USB 3.2 Hub HAT)
CLB6T (x2-3)
(ClosdtLoop | NEMA34 Diver)
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| . \ (BPF, STOLT, CPM [3])
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PSU > AC 230V @ 50Kz
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(2.1) Capability Study: Toul Lock (Moselle River, France)

SIR Performance Investigation on Reinforced Concrete Walls

QO Rebar resonance can limit SIR penetration - Approximation required for a ‘typical’ lock wall.

O Challenge1- IWT bodies lack formal records of lock rebar geometry.

- We profile an in-service lock directly using a Proceq GP8000 SIR rebar profiler.
- Toul Lock | Constructed: 1969 | Reinforced Concrete | Chamber: ~ 170x15x10m

O Challenge 2 - The vertical lock wall is inaccessible whilst in-service.

- We can scan the lock top and infer geometry from above.
- This reasonably assumes rebar resembles a cubic lattice throughout.

Q Primary Objective:

- Todetermine rebar diameter, pitch and first-layer recess behind the vertical
contact surface of a ‘typical’ European lock wall by direct measurement.

Q Secondary Objective:

- Establish how the rebar in the authentic lock compares to rebar in our research
facility's test-wall section in Chesterfield (UK).

- Isourwall-section a reasonable analogue for future lock wall experimentation?

X This project has received funding from the European Union's Horizon Europe travisions.eu (\
S Research and Innovation Programme under grant agreement n° 101056931
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(2.2) Rebar Characterisation:

0.2m

0.4m
40 Test Wall | Diameter = 30mm | Pitch = 100mm | Recess = 20mm 02m 0.4m 0.6m 0.8m 1.0m
O Toul Lock | Diameter ~ 10mm | Pitch = 150mm | Recess ~ 30mm
O Upshot | Preliminary analysis > Test Wall is a viable Lock Wall analogue.
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(3.0) Future Developments?

Scope For Resilient IWT Infrastructure
G

Q Short Term | Finalise data processing workflow for hardware design freeze:

- Void-Washout Characterisation: Assess SIR performance with (i) no rebar;
(ii) ‘typical’ lock rebar; (iii) rebar suppression algorithms [4].

- Optimisation & System-Integration of 3D visualisation algorithms.

- Full Workflow Validation using (i) simulation & (ii) test-wall section (UK).

Q Long Term | Interfacing with new digital platforms for resilient infrastructure:

- Target: Develop SIR data exchange process to feed next-generation
Digital Twin Locks (DTL), in development for EU-Project CRISTAL.

- Interest: Subsurface condition data (i.e. SIR) hybridisation with surface
condition data (e.g. LIDAR) = Virtual Survey Environments.

- Ambition: Overlay SIR and DTL visualisations over working locks 2 An
Onsite Augmented Reality LWSSI Survey Dashboard for surveyors.

X This project has received funding from the European Union's Horizon Europe
S Research and Innovation Programme under grant agreement n° 101056931
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(4.0) Lock Wall Subsurface Inspection Radar

Presentation Summary:
[

Q LWSSIinforms targeted maintenance of high capacity locks on European Inland Waterways.

Q Technology innovation gaps identified for comprehensive & automated
profiling to localise lock wall void-washouts & inspect rebar geometry.

O LOCK-INSPECTOR: Dedicated SIR System under EU-Project CRISTAL development for effective LWSSI.
Q Electromechanical subsystem design facilitates automated positioning and measurement.

0 Data processing workflow to reconstruct accessible 3D visualisations of lock wall substructure.

Q Preliminary capability study at Toul Lock characterises rebar geometry and influence on SIR profiles.

O LOCK-INSPECTOR development on target to feed upcoming Digital Twin Locks,
with scope to increase European IWT network resilience by 2025.
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