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Objectives and Outcomes
Geotechnical and Road Infrastructures
•

For the geotechnical infrastructure (i.e. the ground) and
surface transport infrastructure to investigate how near
surface geophysics and associated technologies can be used
to assess remotely the condition of these infrastructures
 Improved method of linking geophysical to
geotechnical parameters
 Demonstrator trials for understanding the
influence of water and trenching on infrastructure
 The critical importance of taking an holistic view of
infrastructure and appropriate monitoring

Objectives and Outcomes
Non-contact electrical resistivity techniques plus…
•

Techniques for shallow condition assessment, particularly
the condition asphalt layers
 We have detected cracks and measured surface
roughness in asphalt
 We have measured moisture content is the
asphalt layer
 ‘Perhaps’ we have developed a very simple, low-cost,
hand-held instrument that can measure surface
roughness and moisture retention...
 We have developed smaller mobile low-frequency
sensors

Objectives and Outcomes
Electromagnetic condition monitoring
‘GPR’ monitoring of asset condition
Corrosion around iron pipes
 Corrosion can reduce visibility of cast iron pipes by
a factor of 1000
Void Detection
 High frequency shows voids, voids can mask targets,
but is ground dependent
Use of passive signals of opportunity to assess conductive
sheaths
 Frequency responses indicate degradation
mechanisms
Transmission line scanning
 Scanning identifies position and types of degradation

Objectives and Outcomes (cont’d)
Vibro-Acoustics
• To use a pipe vibration method to assess the condition of
buried pipework
 proved feasibility (numerically, experimentally)
• To investigate a variety of ground excitation methods to
interrogate both the ground and the buried infrastructure
 1) new method for measuring near surface wavespeed
2) new method to assess crack presence
3) new method to locate cracks
• To explore a tree excitation method to determine the
location of tree roots in order to identify areas of pipe
network at risk of damage
 Feasibility proven on an artificial root (lab + field)
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The importance of changes in condition
The key is to integrate change in condition to
help decision making…
Social Infrastructure

The importance of the ground
Road collapse due
to a leaking pipe.

Infrastructure failure
due to saturated ground
following heavy rainfall.

• The interaction between
the ground and water can
cause the ground and the
overlying infrastructure
to fail.

The importance of the ground

• Some 4 million road structures are
damaged each year in the UK due
to streetworks.
• Interventions such as trenching
deteriorate the conditions of the
road, often due to poor
consideration of the ground.

Main objectives

1. Advance fundamental research onto relating
geophysical and geotechnical soil properties
through controlled laboratory experiments.
2. Develop field test sites to investigate:
- the interaction between water changes and
the ground
- a road subjected to trenching and
interaction with the ground

Sensing techniques

Geophysical techniques could be used to measure or
estimate (i.e. assess) the properties of the ground
and to help develop dynamic ground models.
Methods used in ATU:
• Time Domain Reflectometry (TDR) [point
measurements]
• Electrical Resistivity Tomography (ERT) [larger
scale spatial measurements]
• Multi-channel Analysis of Surface Waves
(MASW) [larger scale spatial measurements]

Relating geophysical and geotechnical soil properties
- Improved TDR method

• TDR can be extended to measure soil density in addition
to water content (both volumetric and gravimetric) after
soil-specific calibration
• Extensive laboratory testing has improved this method
• Soil density and water content can
both be related to soil strength
and degree of soil saturation

The degree of saturation can be
used to send early warnings
signalling worsening soil conditions

Blagdon trial – monitoring a leaking pipe
• In collaboration with Bristol
Water, a leaking pipe was
used to saturate the soil
during controlled experiments
and the ground monitored
with buried TDR sensors, ERT
and MASW.
MASW

TDR
ERT

Please note that some of the slides showing results
from this work have been removed as it has yet to be
published.

Blagdon trial – monitoring a leaking pipe
• Water content approached saturation during the leak tests
indicating potentially significant loss in strength.
• Density and water content measured by TDR can be converted
to values of degree of saturation.
• A trigger system can
be used to send early
warnings based on
predefined parameter
thresholds.
• TDR measurements
can be scaled up if
combined with ERT.

UoB trial – relating deterioration to trenching practice
Aim: to investigate changes in the road and trench backfill
properties in relation to weather and traffic loading by means of
non-invasive techniques and intrusive sensors.

Trench 2
Good quality
Trench 1
Poor quality

Poor joints

Please note that some of the slides showing results
from this work have been removed as it has yet to be
published.

Hydro-mechanical soil deterioration
mechanisms
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• Cracking (at micro and macro scale) is
a significant factor in deterioration
• Soil water retention curves shift with
time (/drying-wetting cycles) causing a
loss of suction at the same water
contents
• Soil (shear) strength reduces with
cycles of wetting and drying due to
loss of suction
 Progressive loss of ability to
support buried and paved
infrastructure.

Summary
• Shallow geophysics and associated sensing techniques have been
successfully used in the laboratory and in field test site to assess
We now have improved
changes in the conditions of the ground.

understanding of
geophysical /geotechnical
• Further
improvements of the relationship between geophysical and
relationships
geotechnical
properties allow us to better measure and assess the
We have demonstrated
ground and to create more accurate ‘dynamic’
ground models at site
in controlled trials
scale.

changes in ground
properties are key to
• Field testing has demonstrated that the interaction between the
infrastructure life

infrastructure (e.g. pipes and roads) and the ground is fundamental
forAn
theholistic
life of approach
the infrastructure.
is

critical…appropriate
• Formonitoring
a better ismanagement,
an holistic approach is required for
crucial

dealing with roads, buried utilities and also the ground, which
ultimately links everything together…
…more (and ‘appropriate’) monitoring is crucial

