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and Asia.
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He is a Senior Geotechnical Engineer at Arup, 

specializing in integrated design for complex 

infrastructure across US, Europe and LatAm.



Agenda

• Ground risks in urban settings

• Understanding ground condition & development history

• How 3D modeling can help

• Asset management in tunnels and underground infrastructure



Ground risks in urban settings 



What are the Ground Risks?

Ground Collapse / Sinkhole

Damage to Utility & Structure

Flooding



Understanding ground condition & 
development history



Complex Underground…

‘Underground New York’

Life Magazine (Nov 7, 1949)



Desk Study is critical…

Geologic Map Topographical Map Construction Drawing / Sketch

Groundwater Table Map Coastline & Elevation Changes (1609 to Present) 

Ground Model 



How 3D ground model can help



The problem

Cost & Time

Data collection is 

often manual and 

tedious

Assurance

Collection can be 

unreliable and 

difficult to audit 

with consistent 

descriptions

Data interpretation 

and sharing

Interpretation of 

large amounts of 

data can lead to 

misinterpretation. 

Sharing data 

instantly is not 

practicable



The solution

Cost & Time Assurance Data interpretation 

and sharing

Digital data 

collection

Structured ground data 

collection and 

consistent replicability

Automated log 

production

Automated log 

production and seamless 

quality assurance of 

ground data 

Automated GI 

interpretation

Automated log 

production and seamless 

quality assurance of GI 

data and structured 

database storage



End-to-end GI data collection to 
interpretation and visualization 

Digital data 

collection

Automated log 

production

Automated GI 

interpretation

Seamless Data Compilation

Data Collection App including

• Existing desk study information for 

easy cross reference on site

• Daily field report on progress and 

site observation

• Field logging app for soil and rock 

description during ground 

investigation

Standardized Data Schema & 

Format

Logs production are compatible with

• Local code requirements to soil & 

rock classification (e.g. NYCBC)

• Geotechnical Data Schema for data 

sharing (e.g. DIGGS & AGS)

Streamline Data Process & 

Visualization

Geotechnical Interpretation 

• Streamline data processing and 

plotting for geotechnical 

interpretation

• User friendly interface

3D Ground Model

• Visualize ground condition and 

developments incorporating all 

existing and project specific data



Standardized data collection
Digital data 

collection

Automated log 

production

Automated GI 

interpretation

Daily field report automatization Field logging app



Standardized data collection
Digital data 

collection

Automated log 

production

Automated GI 

interpretation

Automated log production



Standardized data collection
Digital data 

collection

Automated log 

production

Automated GI 

interpretation

3D Ground Model Visualization

Automated GI 

interpretation

3D Ground Model including 

underground assets and 

proposed alignments



Asset management in tunnels and 
underground infrastructure



The problem

Cost & Time

Visual inspection 

and its reporting is 

costly and slow

Health & Safety

Data capture is 

manual and access 

constrained

Assurance

Interpretation is 

unreliable and 

difficult to audit 

with missed 

incidents

Quality Control

Visual inspection 

is inconsistent, 

poorly recorded 

and difficult to 

audit



The solution

Cost & Time Health & Safety Assurance Quality Control

Automated Inspection
Automatic 

defect detection

Immersive

Visualisation

Drones + Hi-Resolution photography: 

• Capture data at speed and automation to 

accelerate processing, visualisation and 

interpretation

• Reduces the need for person-access and asset 

downtime

Identification of issues 

and change 

automatically detected 

with machine learning

360-degree immersive 

imagery provides a data 

baseline and irrefutable 

record of condition over 

time



End-to-end automated inspection for asset 
management

Automated

Inspection

Automatic Defect 

Detection

Immersive 

Visualisation

Survey, Specification and Build

• UAV (Drones), UGV (e.g. robot dog)

• Mobile: maintenance vehicle integrated 

/ bespoke loco mounted

• Fixed: Integrated onto fixed 

infrastructure e.g. maintenance rails

AI and Machine Learning

• Defects detection (e.g. water ingress, 

spalling, cracking)

• Change detection (e.g. temporal 

progression and defect growth)

• Inventorying: (e.g. FLS signage, MEP 

equipment cataloguing)

User Interface

• Collaborative decision-making cloud 

platform

• Intuitive virtual walkthroughs 

and ML indicators

• User defined analytics, risk scoring 

and automated reporting



Small Diameter Tunnels

Bespoke modular data capturing system

Large Diameter Tunnels

Shaft and other assets

Automated

Inspection

Automatic 

Defect 

Detection

Immersive 

Visualisation



Machine Learning-powered condition assessment
Automated

Inspection

Automatic 

Defect 

Detection

Immersive 

Visualisation

© Arup© Arup

Defect Detection in Tunnels



Machine Learning-powered condition assessment
Automated

Inspection

Automatic 

Defect 

Detection

Immersive 

Visualisation

© Arup

Crack Detection – Dam Tower



Intuitive dashboarding for asset management

The data is visualised in a 

web-based dashboard. 

Easy to interpret visuals 

accurately describe the 

asset conditions. 

Automated reporting is 

also available to match 

the client’s standards.

© Arup

https://www.arup.com/services/digital-solutions-and-tools/loupe-360/

Automated

Inspection

Automatic 

Defect 

Detection

Immersive 

Visualisation



Use cases

• Impartial assessment of tunnel's condition before handover.

• The initial inspection serves as the baseline for future change detection 
analysis

During construction handover

• Change detection.

• Strategic inspection and maintenance planning.

• Data driven expenditure optimisation.

As part of operational phase asset management

• Comprehensive before-and-after comparisons depicting any alterations 
or damages incurred during construction periods. 

• Ultimately, the benefits of continuous visual inspection lie in its ability to 
act as an indispensable guardian, preserving the longevity and 
functionality of tunnels amidst the dynamic challenges posed by 
neighbouring construction endeavours.

Asset protection role from nearby construction



Concluding Remarks



Unifying Data Approach 

Planning Design Construction Operation

Existing Data 

Collection

• Desk Study Data

• Field Inspection Data

Ground Model & 

Interpretation

• Ground Investigation 

Data

• Existing Condition 

Monitoring Data

• Geotechnical 

Interpretation 

Information

• Design Information

Construction Model

• Construction Data

• Construction Ground 

Condition Data

• Construction 

Instrumentation & 

Monitoring Data

• As-built Information

Asset Management & 

Maintenance

• Asset Inventory

• Routine Operational Data

• Maintenance Inspection 

Data

Unifying data architecture – cross lifecycle & discipline





Contact us

Wylie Tsang

Wylie.Tsang@arup.com

Francesc Mirada

Francesc.Mirada@arup.com
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