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In the UK, an estimated 4
million sets of utility service
infrastructures, in addition to
the ground (or geotechnical
infrastructure) that supports
them and the overlying road
structure (surface transport
infrastructure), are damaged
annually.
This
is
an
inevitable consequence of
the intimate co-location of
these infrastructures and the
routine use of trenching
when undertaking the repair,
maintenance, rehabilitation
and
replacement of a
buried utility (pipeline or
cable): the ground displaces
causing physical changes to
the ground’s properties and,
combined with the cut
through the bound layers,
the overlying road structure.
It can thus be contended
that a utility service buried in
the ground and a road
structure that overlies it are
to some degree controlled
by the ground. As such, the
interdependencies between
these three infrastructures
(geotechnical infrastructure,
buried utility infrastructure
and
surface
transport
infrastructure)
should be
considered when designing
streetworks. Moreover, the
condition of these three
infrastructures should be
assessed holistically, and
the results presented in a
common
framework,
to
inform decision making.

Introduction
ATU — An Integrated Performance Model of
City Infrastructures is a multi-disciplinary
research project that aims to prove the concept
of a single integrated knowledge-based
framework to inform streetworks activities
related to subsurface utility and surface
transport infrastructures, informed by the results
from a multi-sensor device for remote asset
condition monitoring.
ATU sets out to assess the interdependencies
between utility-ground-transport infrastructures,
as a complete system, in terms of their structural
competency, which is informed by their current
condition, and thereby infer their likely
performance in the future. The project builds on
the many achievements of Mapping the
Underworld (MTU), which aimed to advance
sensor technologies and their application for
locating and mapping buried utilities, by
adjusting the focus of the sensors to reveal the
assets’ condition . ATU, a consortium including
the British Geological Survey (BGS) and URS, is
supported by 57 project partners and aims to
deliver outcomes relevant to all streetworks
stakeholders.
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Figure 1 shows an overview of some of
the ATU work streams, highlighting an
integrated assessment approach. The
interdependent
relationships
between
these infrastructures are often complex
and poorly understood. Surface transport
infrastructures are supported by the
ground and provides a convenient public
pathway for the colocation of buried utility
infrastructures. Installation or maintenance
of one infrastructure will have some effect
on the others and this combines with the
influences of deterioration / degradation.

Figure 1: Overview of the ATU Technical Work Streams

The aim of the ATU project is to create novel sensor technologies, which when combined and intelligently fused
with information on the ground, existing owner records and deterioration models, will inform streetworks
practitioners of the condition of the ground, road surface and buried services. Hence, the likely consequences of
any construction / maintenance operation in the street will be apparent, making the best option evident.
There are 5 core objectives within the ATU research project:
1.

To investigate how near-surface geophysical technologies, individually and in combination, can be used to remotely
assess the condition of the three integrated infrastructures. The technologies will be physically collocated, and the
obtained data will be intelligently fused.

2.

To develop in-pipe devices to complement surface devices, both to work independently and in conjunction with surface
technologies. The data will be fused with outcomes from the geophysical surveys deployed on the surface .

3.

To develop an intelligent decision support system (DSS) for informed infrastructure management, incorporating
deterioration models, existing assets data and findings from surveys undertaken using the developed technologies.

4.

To develop a sustainability cost model to establish the impact of alternative engineering interventions dependent on
different infrastructure conditions, as determined by the DSS.

5.

To influence the development of codes of practice, standards and training materials related to the above, both to improve
streetworks practices and to inform future regulation.

The ATU team consists of 22 investigators, 14 Research Fellows and 10 PhD students, drawn from 6 universities
(Birmingham, Bath, Newcastle, Leeds, Sheffield, Southampton), the British Geological Survey and URS.
The programme for ATU will be delivered by 8 work streams (showing work stream leads):
WS1 Project Management, Impact Delivery—Codes of Practice, Standards, Training and Policy Guidance (Chris Rogers
and Nicole Metje)
WS2 Vibro-Acoustics (Emiliano Rustighi and Jen Muggleton)
WS3 Broadband Electromagnetics
WS3a

Passive Electromagnetic Technologies (Steve Swingler)

WS3b

High-Frequency Electromagnetism and Ground Penetrating Radar (Steve Pennock)

WS3c

Non-Contact Electrical Resistivity Techniques (Phil Atkins)

WS4 The Geotechnical Infrastructure and Surface (Road) Transport Infrastructure
WS4a

Geotechnical Infrastructure, Including Climate Change Effects (David Chapman and Stephanie
Glendinning)

WS4b

Road Infrastructure (Alexander Royal)

WS5 Buried Utility Infrastructure—Robotic In-Pipe Technologies (Joby Boxall)
WS6 Technology and Data Integration (Phil Atkins and Tony Cohn)
WS7 Intelligent Decision Support System (Tony Cohn and David Chapman)
WS8 Sustainability Costing Model (Ian Jefferson and Stephanie Glendinning)

WS 1 — Impact Delivery

WS 3a — Passive Electromagnetics

Chris Rogers, Nicole Metje, Barry Clarke, Unyime John,
Mark Hamilton.

Steve Swingler, Demetres Evagorou.

The impact delivery and project management work stream
replicates the methodology from MTU, for example
maintaining and expanding the stakeholder network
developed in MTU to produce a similar level of engagement
and outreach. The outcomes and impacts (MTU →ATU) are
being disseminated to relevant UK and international technical
and standards committees associated with utility
management and streetworks practice.

WS 2 — Vibro-Acoustics
Jen Muggleton, Emiliano Rustighi, Gao Yan, Michele Iodice.
This WS aims to develop novel vibro-acoustic methodologies
to assess the condition of buried utility, geotechnical and
surface transport infrastructures. The methodology adopted
encompasses innovative technologies for:

This WS aims to use airborne methods to detect partial
discharges (PD) in high voltage underground cables and their
accessories. PD activity is closely related to the electrical
degradation within the cable system, and accurate detection
and characterisation will provide non-invasive information on
the asset condition. The methodology will involve
experimentation to optimise detection frequencies and
provide input data to coupler modeling studies (see Figure 3
for PD and typical oscilloscope measurement). Propagation
of PD in soils will also be assessed,. The validity of the
experimental process will be determined in the laboratory
using scale models and using field trials.
Partial Discharge (PD)

1. Pipe Excitation: extending location technologies
developed in MTU to provide data on pipe condition.
2. Ground Excitation: using shear wave techniques, the
point measurement method and surface wave propagation
to assess the condition of the three infrastructures
3. Tree Excitation: attempting to locate and map tree
roots by adapting the pipe excitation method (see Figure 2
for trial on a tree stump).
4. Characterisation of Soil Properties: developing
techniques to measure near-surface wave speeds, within
the ground and near surface, to infer soil properties.

Figure 3: PD and typical oscilloscope measurement

WS 3b — High Frequency EM & GPR
Steve Pennock, Hugo Jenks.
The high frequency electromagnetics and ground penetrating
radar WS aims to research and develop signal processing
strategies to improve GPR image formation and allow
condition assessment of infrastructures. This will be used to
assess the condition of buried utilities, road infrastructures
(see Figure 4 for wedge antenna design for crack detection in
roads) and the geotechnical infrastructure. The methodology
also encompasses: exploitation of signals of opportunity;
lateral propagation of GPR signals; and use of timesynchronised area scanning.
Side view

Top view

Figure 2: Vibro-acoustic testing of a tree stump for
tree root location and mapping

Figure 4: Wedge antenna for crack detection in roads

WS 3C — Non-Contact Electrical Resistivity

The approach taken in WS4 includes:

Phil Atkins, Farzad Hayati.

1. Integration of BGS 3D ground models into ATU’s DSS.

This WS aims to determine the electromagnetic state of the
buried utility infrastructure, geotechnical and surface
transport infrastructures in order to infer their condition, as
well as tree root location. The methodology includes:

2. Identification of mechanisms for geotechnical
infrastructure performance assessment.

1. Electrical resistivity mapping: using fixed injection
bipoles in a frequency-diversity mode, and a small mobile
dipole (see Figure 5) to measure the electric field.
2. Determination of deep cracks within road slabs:
assessing material continuity, hence cracking in roads.
3. Distributed current injection electrode using tree
roots: assessing the feasibility of detecting tree roots
location and extent using non-contact techniques.

3. Creating models for road infrastructure performance.
4. Establishing the influences of climate change on
geotechnical and road infrastructures.
5. Integration of ATU outcomes into BGS 3D models.
6. ATU field trials to assess performance.
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Figure 6: (A) - simulation of road cracking and water
infiltration, and (B) - trenching through a pavement

WS 5 — Buried Utility Infrastructure
Joby Boxall, Richard Collins, Rob Dwyer-Joyce, Tony Dodd,
Sean Anderson, Robin Mills, Juanjuan Zhu, Mark Ke Ma.
Figure 5: Mobile dipole taking measurements

WS 4 — Geotechnical and Road Infrastructures
David Chapman, Alexander Royal, Stephanie Glendinning,
Paul Hughes, Chris Rogers, Unyime John, Giulio Curioni,
Ross Stirling, David Gunn, Ben Dashwood, Anna Faroqy,
staff from URS.
This WS aims to assess the scope of using near-surface
geophysics to determine the condition of the geotechnical
infrastructure and surface transport (road) infrastructure.

This WS aims to develop a novel robotic tool containing
miniaturised sensors for in-pipe condition assessment
(Figure 7) and, looking beyond the pipe walls, assessment of
ground condition, and to evaluate existing deterioration
models for buried utilities. The methodology includes:
1. Robot and sensor design and build.
2. Signal processing for pipe inspection and
simultaneous location and mapping (SLAM).
3. Integration and signal processing trials.

This includes identification of performance parameters that
can be measured directly and indirectly, establishing their
relationship with deterioration mechanisms, and assessing
the ability of geophysics to provide a means of condition
assessment using field trials. This includes, for example,
determination of the effects of trenching on the ground and
different layers of a road pavement structure, cracking in the
bound layers of the road pavement (see Figure 6) and the
effects of leaks from buried utilities on the properties of the
ground.
Figure 7: In-pipe condition assessment

WS 6 — Technology and Data Integration
Phil Atkins, Anthony Cohn, Derek Magee, Qingxu Dou
This WS deploys similar trials support technology and
procedures across all the WSs collecting data. The
methodology includes:
1. Spatial sample and sensor integration. Time
synchronisation of multiple sensors is a surprisingly
difficult task, a single processor connected to multiple USB
connected sensors can experience several seconds time
difference between adjacent data streams. In those few
seconds the surveying vehicle may have moved several
metres and completely changed direction.

WS 7 — Intelligent Decision Support System
(ATU DSS)
Anthony Cohn, David Chapman, Helen Reeves
This WS aims to develop an intelligent platform to integrate
the data from the various geophysical surveys with existing
records (utilities, roads and BGS’ ground databases), and
incorporate deterioration models and the sustainability
framework outputs from WS8, to inform decision-making for
streetworks. This will exploit the outcomes from other WSs
and build an intelligent system to inform decision making for
streetworks. The methodology includes:
1. DSS Specification.

2. Spatial morphology. Quoting the dictionary definition of
attempting to understand the structure and character of
an area by examining the patterns of its component parts
and the process of its development.
3. High-level data integration. The lower levels of
integration attempt to combine disparate physical
properties such as acoustic impedances, electrical
permittivity and electrical conductivity, whilst the higher
levels attempt to combine more abstract information such
as 'common practice', 'gut-feelings' and utility records.
WS1: Management & Impact Dissemination
(Overarching)

WS3 - Sensors
(Condition
Assessment)

WS5: Robotics: In-pipe
Condition Assessments

WS2: Acoustics
(Condition
Assessment)

WS6: Technology
Integration

W4b: Road
Infrastructure

WS4a:
Geotechnical
Infrastructure
WS7: Decision
Support System

WS8: Sustainability Cost
Modeling

WS5- Part 2:
Condition Modeling
Intelligent and
Sustainable
Streetworks

2.

Ontology Construction.

3.

Deterioration Modeling.

4.

System Construction and Model Evaluation.

WS 8 — Sustainability Costing Model
Ian Jefferson, Stephanie
Unyime John, Aryan Hojjati.

Glendinning,

Chris

Rogers,

This WS will develop a sustainability cost model and
evaluation framework for streetworks, which incorporates
‘Futures’ scenarios and explores the implications of
‘Value vs Cost’ for delivery of streetworks, thus embracing
social and environmental costs and benefits alongside direct
and indirect cost implications. This will work alongside the
ATU DSS to inform streetworks decision making.
The methodology includes:
1.

Streetworks sustainability assessment framework.

2.

Development of economic, social and
environmental input parameters.

3.

Value versus cost assessments.

4.

Future-proofing investments.

5.

Visualisation, testing and evaluation.

Figure 8: ATU Integration Concept
ATU will seek to utilise to the full its extensive team of project partners and expert panellists, as well as the project’s steering
group, to test the outcomes from the project and their efficacy for improving the assessment and decision making process
during streetworks. The emphasis is on holistic condition assessments during streetworks, encompassing considerations of
the impact of and assessments for the interdependencies between infrastructures, as well as the possibilities for extending the
role of emote assessments of the condition of these infrastructures using shallow geophysical methods.
Please contact us if you are interested in finding out more about the project, or becoming a project partner.
For further information please see the Assessing the Underworld website:
Or contact Mark Hamilton, the ATU project manager email at: M.Hamilton.3@bham.ac.uk

http://assessingtheunderworld.org

