Geotechnical monitoring
Data-driven solutions to mitigate risk in ground engineering
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Overview
A trusted brand and international partner

James Fisher Strainstall (JF Strainstall) is a world leader in the
development of innovative monitoring solutions to enhance the
safety and performance of your assets. This organisation has a
cross-disciplinary team of experts with over 50 years’ experience
in construction and infrastructure management.
JF Strainstall supports complex infrastructure projects throughout the asset lifecycle, from baseline materials and foundation testing,
to the design and installation of long term monitoring solutions and periodic structural investigation. Cutting-edge data management
capability assists asset owners and operators to make timely and cost-effective decisions throughout an asset’s lifespan.
Expanding on our traditional operations, JF Strainstall boasts an international presence with locations across the UK, Ireland, the
Middle East and Malaysia. We can also draw upon the signiﬁcant resources of the wider James Fisher group to offer a truly global
service and an unrivalled ability to meet the constantly developing needs of the markets in which we work.

Specialist monitoring and testing equipment
We design and manufacture our own range of specialist foundation testing equipment, wireless technology and sensors in-house,
driving innovative and cost-effective solutions to deliver improved operational performance for our customers worldwide.

Committed to quality and safety
JF Strainstall is committed to delivering high quality solutions throughout all of its operations. We ensure best practice and
compliance with industry regulations, as evidenced through our industry accreditations and memberships. We are committed to
delivering the highest standards.

W: www.jf-strainstall.com

E: enquiries@jf-strainstall.com

Reliable information to reduce risk in construction and maintenance
Heterogeneous or problematic ground conditions can cause unpredictable behaviour with devastating consequences for the
construction of new infrastructure and the maintenance of existing assets. It is impossible to predict with absolute certainty
the response of the ground to changes in load or environmental conditions. Construction and maintenance of assets relies on
instrumentation to validate the designer’s predictions and to adapt procedures to control movements. Reliable and actionable
data is a powerful tool to reduce risk and when used correctly, can provide cost savings.

From design to completion
JF Strainstall applies state-of-the-art monitoring technology to safeguard critical infrastructure against ground-borne risks. We
support clients across all sectors by scoping, designing, installing and maintaining monitoring systems to mitigate risk to their assets.
Our team of experts are completely impartial to instrument manufacturers. They apply their knowledge to integrate any sensor type
into the data acquisition system, meaning we can provide a solution to any requirement. Furthermore, with our in-house design
and build facilities, we are able to develop bespoke systems with improved capabilities over available technology. We are the first
instrumentation and monitoring contractor to host sensor data in true real time via our SAMS™ platform, which allows sensor data
to be analysed and displayed within seconds, not minutes; critical for applications where time is of the essence.

Scoping and design

Assembly

Installation

Monitoring

Data Management

With diverse applications ranging from ageing infrastructure and heritage sites to emblematic modern buildings and strategic
infrastructure, JF Strainstall implements robust, cost-effective and targeted turnkey solutions to empower informed decision-making.

Sectors we support:
Transport and infrastructure

Water

•

Highways and rail

•

Dams

•

Airports

•

Harbours and coastal defences

•

Tunnels

•

Drainage and flooding

•

Bridges

•

Scour and erosion

Buildings and construction

Energy and mining

•

Underground basements

•

Renewable energy

•

High-rise buildings

•

Open cast / underground mines

•

Heritage

•

Pipelines, storage and processing facilities

T: +44 (0) 1761 408 950
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Our experience in instrumentation will help
protect your assets from ground-borne risks

Slope monitoring solutions
Natural slopes, man-made embankments and cuttings are all prone to movement under the influence of gravity,
erosion and environmental conditions. Movements can occur at any time, but due to the interaction between

groundwater and soil, these are often more pronounced during periods of heavy rainfall and extreme weather

events. Earthwork failure can manifest itself in many ways, often being detected due to damage to neighbouring
roads, railways, retaining walls or buildings. A gradual movement of a slope will cause cracking to the road

surface, tilt of retaining walls and misalignment of railway tracks to become evident over time. In the worst cases,
sudden landslips can cause obstruction to roads and railways, causing road traffic accidents, derailments or
building collapses.

JF Strainstall designs and installs early warning systems to notify asset owners
of ground movements, allowing them to take preventative actions –
which can include carrying out emergency inspections,
implementing temporary speed restrictions
or closing road lines and evacuating buildings.
We develop systems using a range of
technologies to monitor:
•

Depth of slip plane

•

Lateral movement at surface

•

Settlement / heave

•

Rainfall

•

Groundwater level / pressure

•

Load in soil nails and retaining walls

•

Tilt of surface / retaining walls

W: www.jf-strainstall.com
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Rockfall monitoring solutions
The sudden nature of rock failure makes it difficult to monitor any precursory movement in order to anticipate
potential failure. At the earliest, any movement will be detected at the very moment the rock fails, possibly

obstructing a road or railway. In these cases, time is of the essence and any early warning systems must allow data
to be processed and transmitted in real time as signallers or highways agency control rooms will need to respond
within seconds of any incident occurring.

JF Strainstall has designed systems to provide an early warning of failure of rock slopes and cliff faces, which are
known to pose a risk. These systems utilise load sensors within rockfall mesh and netting.
They are linked to the appropriate network rail signalling centre or highways control
room to alert them when rockfalls have occurred and allow necessary action
to be taken. This allows temporary speed restrictions or line / lane closures
to be implemented only when there is a measurable risk to traffic,
as opposed to blanket restrictions.

T: +44 (0) 1761 408 950
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Ground settlement monitoring solutions
Whatever the cause, differential settlement can have a damaging impact on structures, and infrastructure.
JF Strainstall employs monitoring systems to settlement of the ground and structures. Techniques are applied to measure
settlement and heave at surface and of deep-seated sensors.
Typical sensors for settlement include:
•

Extensometers

•

Liquid level settlement gauges

•

Horizontal in place inclinometers /
shape accel. arrays

•

Automated total stations

•

Settlement plates
and rods

W: www.jf-strainstall.com
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Tunnel monitoring solutions
Whether for a new tunnel construction project or an existing operational asset, instrumentation is crucial for
ensuring the integrity and safety of subsurface structures.
For new projects, geotechnical ground instrumentation is used to confirm the construction against design. Measurement
of ground movements during tunnel construction allows settlements to be compared to predictions and, where threshold
conditions occur, action to be taken. For existing tunnels, monitoring is typically carried out to ensure the tunnel or its
surrounding geological conditions are not adversely affected by nearby construction works, such as piling, adjacent
construction, demolition or tunnelling.
Typical measurements taken include:
•

Ground movements or settlement

•

Settlement of above-ground or

7

8

underground structures
•

Groundwater level / pressure

•

Tunnel convergence / deformation

•

Crack propagation and growth

•

Load, stress and strain

9

3

3

5

12
11

Rate of corrosion in
6

reinforced concrete
tunnel lining
•

10

1

in tunnel lining
•

3

4

2

Load in rock bolts
and soil nails
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Bridges and viaducts
Providing the backbone of many road and rail networks, the monitoring of bridges and viaducts is crucial to ensuring
both continued through-life operational availability and the proactive planning of maintenance and renewal

campaigns. For legacy structures, systems are installed to monitor known areas of weakness to ensure that
conditions do not deteriorate and that any repairs carried out are fully effective. For new infrastructure,
a more strategic approach is adopted as part of a full structural health monitoring solution.

JF Strainstall’s bespoke solutions can be applied at any stage of an asset’s operational lifespan for short or long-term monitoring
and encompass a wide variety of technologies to provide comprehensive insight into a structure’s condition.
Typical measurements taken include:
•

Crack or joint displacement monitoring

•

Deflection monitoring

•

Weather monitoring

•

Strike monitoring and prevention

•

Load testing
5

The JF Strainstall team can complete

10

a full-bridge appraisal to gauge overall
interest for remedial works, and identify
the most appropriate monitoring solution
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for the structure.
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BridgeStrike™
Bridge strikes cause severe disruption, closing roads and rail lines, leading to significant cost delays and congestion.
Our BridgeStrike™ monitoring solution has been devised to be cost effective for widespread installation, without

compromising on accuracy and performance. The system provides an effective and reliable means to monitor bridges
remotely, offering 24/7 surveillance and instant notification when a strike occurs. Additionally, it allows image capture
to identify vehicle owners and enable cost to be recovered.

Big data technology for proactive and actionable monitoring
At the core of most ground instrumentation and monitoring solutions provided by JF Strainstall – and a significant
added-value differentiator in comparison with many of our competitors – is the highly innovative Smart Asset
Management System, SAMS™.

SAMS™ is a world leading Internet of Things (IoT) solution that leverages the synergies between increasingly affordable and
high-quality sensors, together with real-time analytics including machine-learning, cluster-based computing, and data warehousing.
SAMS™ installations are fully scalable, enabling solutions to be configured by JF Strainstall depending on the precise needs of each
civil project, ranging from small legacy structures of concern up to and including strategic highway monitoring networks encompassing
multiple bridges, viaducts and tunnels. The underlying technology of SAMS™ is flexible too: at its core lies a web-based solution
comprising a technology stack of software for data storage and analysis operations.
Key benefits of the Smart Asset Management System™ include:
•

Sophisticated statistical analysis and machine learning provides opportunities to predict failures

•

Gives confidence to plan preventative maintenance

•

Allows faster reactions to maintenance requirements

•

Optimisation of repair and maintenance strategies

•

Reduced failures / increased safety / reduced costs / minimised downtime

For further information, request a copy of the SAMS™ product brochure.
T: +44 (0) 1761 408 950

James Fisher Strainstall / Geotechnical monitoring

Building and construction
Reliable data to make the right decisions

Deep excavations
In modern cities, construction of underground basements, car parks and stations requires deep excavation,
often within a constrained space with neighbouring structures, basements and infrastructure.

Contractors have an obligation to ensure that impact of their works does not damage adjacent assets as well as minimising health
and safety risk to construction operatives. Extensive monitoring around deep excavations has become standard practice on most
projects. A combination of manual and automated measurements is typically advised to provide the most effective monitoring
campaign. A monitoring installation can provide early warning notifications and regular reporting, allowing problems to be identified
and rectified before they develop into a serious threat.
Typical measurements taken include:
•

7

Movement in the ground and
diaphragm walls

8

•

Settlement in the adjacent ground

•

Water pressure in the adjacent ground

•

Stresses and loads in the excavation

9

1

4

braces or soil / rock nails
•

5

Movement of structures adjacent

11

6

4

to the excavation
•

Loads in props / struts and

5

5

diaphragm wall
3
2
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SAMS™ network

High-rise buildings
As our cities develop and with space for

Data acquisition and pre-processing system

construction available at a premium, the

Data is collected through a combination of wireless,

only way cities can grow is by going up.

static and dynamic data loggers and sent to SAMS™
for data conversion into engineering parameters.

A consequence of reaching ever higher is an
increased load on the ground and structural
elements, requiring deeper foundations and
detailed structural calculations. JF Strainstall
monitors ground movements, loads and
pressures in and around deep foundations

Continue monitoring

Calibration
of digital
twin based
on on-site
data

in order to assure performance and rectify
any construction defects to avoid problems
further down the line. We also install

Check against
design limits

structuralinstrumentation in high-rise buildings

Re-run updated digital
twin model for strength
and fatigue limits

to monitor movement of these against models.
Measurements taken include:
•

Bi-directional static load testing of
piles to measure frictional resistance

•

Vibration monitoring due to piling

•

Tilt of structures

operations and construction

•

Vibration due to earthquakes

Dams
Whether for hydroelectric schemes, mining operations, freshwater reservoirs or river catchment management,
dams are a critical element of the built environment.

Careful management of these is necessary, as failure can have a devastating impact on local towns and infrastructure. For both
new and legacy structures and new civil engineering projects, we have wide-ranging experience of the geotechnical monitoring of
dams in all parts of the world.
JF Strainstall designs, installs and manages monitoring systems for installation during the construction phase, allowing us to embed
sensors within the structure to capture data during construction and future operation. We can retrofit instrumentation to existing
structures and replace obsolete instrumentation to recommission monitoring systems.
Typical measurements taken include:
•

Ground settlement and lateral movement

•

Groundwater pressure/level

•

Pressure between the dam and ground

•

Loads in rock or soil nails

•

Stresses inside the concrete

•

Water level, flow and quality

•

Tilt of structural concrete

•

Seismic vibrations

•

Corrosion of reinforced concrete

•

Temperature in concrete, steel and atmosphere

T: +44 (0) 1761 408 950
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Watercourses and drainage infrastructure
Drainage infrastructure plays an important role in asset management.
Effective drainage systems are designed to convey water away from buildings, roads and railways, avoiding accumulation
in natural low-points. Drainage assets are often overlooked, but lack of maintenance can lead to problems developing in
adjacent assets. Flooding causes erosion of the ground and consequent instability of embankments, retaining walls, roads
and railways. In some cases, high water pressure in clay soils can lead to instability, resulting in landslides. JF Strainstall
applies our knowledge of monitoring to help manage drainage infrastructure, advising asset owners when threshold
conditions are exceeded and allowing them to carry out targeted maintenance to avoid flooding and associated problems.
Typical measurements
taken include:
•

Water level

•

Flow rates

•

Level of silting

•

Rainfall

W: www.jf-strainstall.com
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Energy and mining - offshore structural and geotechnical monitoring
JF Strainstall has unrivalled experience and expertise in the provision of structural health monitoring solutions
for a wide range of offshore structures, ensuring safe asset operation, risk reduction and cost-effective
maintenance programmes.

As part of the James Fisher and Sons plc group of companies, JF Strainstall has access to a wide range of support services
including confined space support, diving and rope access teams and vessel support. Our focus is to meet the evolving needs of
the energy industries and deliver challenging projects using our industry capabilities and exceptional professional standards.

Open cast or underground mining
Ground movements are one of the most significant threats
to the safe operation of underground mines. Instability
caused by mining can lead to rock falls, tunnel collapses
and othercatastrophic events. In order to reduce these
risks, geotechnical engineers monitor ground movement
within mines, using networks of automated sensors and
contactless measurements.
Typical measurements taken include:
•

Rainfall

•

Groundwater pressure / level

•

Deep seated ground movements

•

Movement of ground surface

Integration of third party data
JF Strainstall’s systems are configured to interact with third party networks, feeding additional information into our analytical
tools and providing an additional layer of advanced early warning. Integrations include:
•

SCADA Data including wind velocity / direction

•

Flood Warning Data

•

River Level Data

•

Meteorological Data

T: +44 (0) 1761 408 950
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Case studies

Earthwork monitoring - Preston Western Distributer Road
When complete, the Preston Western Distributer Road will link Preston and southern Fylde to the
M55 motorway. The scheme involves the construction of two new roads including a 2.5-mile long
dual carriageway, a new motorway junction, four new bridges and two viaducts.
JF Strainstall was appointed as monitoring contractor for these works, with a scope including installation of 30 vibrating
wire piezometers, one in-place inclinometer and 24 settlement plates.
JF Strainstall identified the most cost-effective way of monitoring the sites is to use an installation of fully automated
systems using wireless technology.
Data is communicated from each instrument to the SAMS web platform, giving the following benefits to
the project:
•

Reduction in cost compared to manual methods

•

Decrease in risk to personnel by reduction in need for site labour

•

More reliable and robust data by eliminating human error factors

•

Easier to quantify cost, which remains unchanged even with programme delays or increased monitoring requirements

•

Immediate reporting of data avoids delay in detection of any issues and allows informed decisions

•

More frequent data allows better understanding of trends and ground behaviour to loading, allowing construction
programme to be accelerated where this is more favourable than predicted

Work began in December 2019 and is expected to be completed in late 2022.

W: www.jf-strainstall.com
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Railway flood monitoring systems - Wales
Britain’s railways face an ongoing challenge to cope with extreme weather events, which can cause
flooding of the railway, washout of trackbed / formation and movement of geotechnical assets such
as embankments, cuttings and retaining walls.
The effects of climate change compound this challenge. One-in-a-hundred-year events occurring ever more frequently,
often with catastrophic effects on the operation of the railways.

Damage to railway caused by flooding
To help Network Rail and Train Operating Companies (TOC’s) manage the
challenge of operating the railway safely, JF Strainstall has installed flood
monitoring systems on several flood-prone railway sites.
The systems detect changes in water level and anticipate the time at which flood
levels might be breached. They can also capture images, showing water levels,
build-up of debris and status of the lines. They give controllers access to near
real time information, avoiding the need to send teams out to inspect. Natural Resources Wales flood alerts are integrated into the
same system, allowing them to be placed into alert, ahead of detection of any rises in water level. Structural monitoring data is also
used to determine whether flood events have caused any displacement of track or bridge structures.

SAMS™ Flood Monitoring System
The systems allow Network Rail to inform TOC’s of closures ahead of time,
in turn enabling them to plan train movements and avoid vehicles being
stranded on the wrong side of a flooded section of line.
This not only saves money in compensation payments and disruption to
passengers, but also reduces risk by avoiding the need to send staff
out to assess flooded sites.

T: +44 (0) 1761 408 950
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Structural health monitoring - Queensferry Crossing
The Queensferry Crossing was built alongside the existing Forth Road Bridge and carries the M90
motorway across the Firth of Forth between Edinburgh and Fife. The 1.7-mile-long structure is the
longest three-tower, cable-stayed bridge in the world.
JF Strainstall designed and installed one of the most comprehensive structural health monitoring systems in the
world to monitor wind, load and bridge displacement in real-time. The system incorporates more than 2,000 sensors
(strain, acceleration, displacement and weather). Information is relayed by fibre optic networks to a central server, which
communicates this in real-time to the SAMS™ interface. Specialist systems are integrated into a single user interface
(GNSS, WIM, Corrosion).
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Structural health monitoring - Normandy Bridges (Pont de Normandie,
Pont Tancarville, Pont Grand Canal)
The Chambre de commerce et d’industrie Territoriale Seine
Estuaire (CCITSE) is responsible for the operation of three

major bridges in Normandy, including the Pont de Normandie
and the Pont de Tancarville. JF Strainstall was contracted
to replace, upgrade and integrate instrumentation on the

iconic structures (two cable-supported bridges and a rigid
steel-framed bridge).

Data from each bridge is managed using the SAMS™ cloud-based
solution, and provides automated and intelligent structural
health information.
Clément Fasquel, Head of Bridge Operations at Le Havre
Chamber of Commerce and Industry, gave high praise to the
project and all staff involved:

I would like to underline the impeccability of the standard delivered on the project and all the team
that worked on it. I would like to thank JF Strainstall and individually all those involved for your
attention to detail and the quality of customer service I received.

“

“

I had the pleasure to test James Fisher Strainstall’s Smart Asset Management System. Through
SAMS™ all of our questions were answered by JF Strainstall, giving us invaluable data.

SAMS™, a pioneering technology in France, has provided us with a solution to monitor all aspects
of the Pont de Normandie bridge adding great value to its construction and longevity.
Clément Fasquel, Head of Bridge Operations at Le Havre Chamber of Commerce and Industry

T: +44 (0) 1761 408 950

About JF Strainstall
James Fisher Strainstall (JF Strainstall) is a world leader in the development of innovative monitoring solutions to enhance the
safety and performance of your assets.
Drawing on more than 50 years’ experience, we develop and apply our innovative technology, including load, strain and stress
measuring techniques, within a wide range of sectors including marine, offshore, civil engineering, rail and aerospace.
In 2016, JF Strainstall celebrated 50 years at the forefront of developing innovative monitoring solutions for our customers.
We specialise in the design and manufacture of standard and bespoke load cells, strain gauges and integrated systems, which are
proven to perform year after year in hostile and hazardous environments.
Whether a project is large or small, we provide a range of services including hull stress monitoring, crane weighing and overload,
tendon and riser tension monitoring in TLPs.
Our instrumentation and software systems capture and analyse data on parameters such as strain, displacement, inclination,
temperature, vibration and water levels to provide asset owners and operators with a comprehensive and real-time overview of
events to realise optimum performance.
JF Strainstall has been part of James Fisher and Sons plc since 2006. James Fisher is a leading provider of specialist services to the
marine, oil and gas and other high assurance industries worldwide.
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