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I formed Cassidy Forsythe in July 2014 after
spending 5 years with Parsons Brinckerhoff. The
company was formed with the intention of providing
the best highway design and 3d modelling services
to Local Authorities, Consultants, Architects and
Contractors.

I have over 35 years experience in highway design,
having worked for numerous Local Authorities and
Consulting Engineers.

We have extensive experience in the design of
highway schemes, including feasibility studies,
preliminary and detailed design, contract
preparation and construction supervision.

We offer a wide range of Highway Detailed Design
Services from the design of major bypasses to
signalised junctions and small improvement schemes,
including footway schemes, junction re-alignments
and roundabout designs for new developments.

We can also provide an earthworks modelling
solution, including the calculation of quantities
from the model to allow for accurate costings to
be generated.

We aim to provide our clients with the highest
standard of engineering consultancy services.

We are firm believers in the power of 3d modelling
and we believe that you should not be thinking in 3d
– you should be viewing in 3d. In other words, why
should you have to think what something looks like
in 3d from a 2d drawing when you could simply model
it in 3d and then view it from any angle you like. 

I personally take highway designers and train them in
the use of the latest highway design and 3d modelling
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software, so that we have staff who are extremely
competent and professional. We can provide a 3d
model of your design or we can design your scheme
for you to DMRB standards or your adopted standards.

By working closely with our clients and other
organisations we ensure that you receive the
design you expect, in an agreed timescales to
agreed standards.

Since July 2014 we have provided services to
Tata Steel Projects, Aecom, Capita, Amey and
Balfour Beatty.

The services provided to these clients included:

• Earthworks modelling for a new biomass facility.

• Horizontal and Vertical alignment design at Botley
Road in Oxford.

• Roundabout designs for North Tyneside Council.

• Modelling of drainage and services for clash
detection purposes.

• Tuition to client’s staff in the use of Openroads, 3d
modelling and earthworks modelling.

• Visualisation of proposed designs including creating
a film of the view from the upper deck of a bus.

Mentoring services were provided to Aecom, who
had already started using Openroads, however were
not using the software to it’s full potential. We
mentored their staff in setting up their projects and
their systems so that all of their staff were working
to the same standards and were making the best
use of the software.

Services provided for Capita included providing 3d
modelling of new junctions and roundabouts in the
North Tyneside area.

Amey used Cassidy Forsythe to provide the services
of an NEC3 Project Manager for a bridge demolition
and replacement scheme in Biggleswade. These
services included agreeing compensation events,
monitoring the programme and processing monthly
valuations.

Work currently being carried out for Balfour Beatty
includes creating 3d models of the client’s highway
and bridge design, re-design of various portions of
the client’s design to improve buildability and creation
of earthworks models to allow for improvements in
the earthworks balance.

The following pages show some case studies which
demonstrate our capabilities and beliefs.

Martin Young
Director
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Originally, the BIM acronym stood for Building
Information Modelling as the process is widely used
within the building and architectural world, however
for the Infrastructure world the acronym has been
renamed as Better Information Management, which
is a better way of describing what BIM is all about.

The BIM revolution has arisen because the industry
has realised that it does not manage its construction
and asset information effectively, and does not
make best use of emerging technologies that have
been adopted by other industries.

In 2011 the UK Government published its
Construction Strategy, which called for a profound
change in the relationship between public authorities
and the construction industry, to ensure that the
Government consistently obtains a good deal and
that the country has the social and economic
infrastructure it needs for the long-term. In the
wake of the Global Financial Crisis, the strategy set
out the levers for achieving savings of at least 20%
on typical capital expenditure costs and delivering
higher quality built assets.

single source of truth
Everybody within the project team, including the
client and any sub-consultants need to be using
exactly the same data.

You may think you already do this, but you may be
innocently working in a silo.

Do you produce your models and drawings on
your own servers and then upload them to a
collaboration site ?

If you do you are already missing the single source
of truth – you will definitely have different versions
on your server compared to the ones on the
collaboration site.

Everybody needs to be working on a sophisticated
file collaboration site such as Bentley Projectwise,
which can handle all files including documents and
model files. Projectwise checks out files to the user
and locks the checked-out files so that nobody else
can access them until they are checked in – so a real
single source of truth.

3d modelling
If you are already producing 3d models you probably
think you are doing okay, however you also need
to think about the further BIM processes such as
4d, 5d and 6d.

Does your software allow you to attach intelligent
data to elements in your model or can you create
IFCs from your model, allowing you to transfer

ABOUT BIM AND OPENROADS

4



your model to another software package which will
allow you to attribute the elements ?

If it doesn’t then your software package isn’t really
suitable for the whole BIM process and you need to
think about changing your software package.

4d schedule simulation
4d schedule simulation is the intelligent linking of
individual 3d CAD components or assemblies with
time or schedule-related information and is
invaluable as tool for seeing what is being built at
any particular time on your programme. It also
shows if you have missed any work activities from
your programme and it will highlight any clashes
between built work and elements still to be built.

With any 4d scheduling software you need to be
able to associate an element in your model with a
work activity on your programme.

If you don’t have suitable elements in your 3d model
and you only have 3d lines then you can’t do 4d
schedule simulation from your model.

5d cost estimation
5d cost estimation is about being able to extract
usable information from the elements in your 3d
model which you can export to a spreadsheet,
allowing you to instantly calculate the costs of the
elements in your project.

If you don’t have elements in your model and you
only have 3d lines then you won’t be able to do this.

Also, if your software isn’t capable of exporting the
data from your 3d model then it isn’t BIM compliant.

The pictures below show a typical road model
designed using string modelling and the same piece
of road designed using the Openroads tools.
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MXRoad has been the industry standard highway
design software since the 1980’s when it was
known as MOSS.

At this time the software was written in the Fortran
computer language, which was acceptable at the
time it was written, however it does not allow the
requirements of BIM Level 2 to be achieved.

The software used to be run on computers like the
one shown below.

Nobody is still using a computer like this, however
there are lots of people who are still using the
software created at the same time. So why do your
designers want to write input files which were
designed to run on computers like the one shown ?

To use MOSS in the early eighties you had to write
an input file, run it and then come back the
following day to see if it had worked.

Unfortunately, many highway designers have held
on to this way of working and won’t move on. One
of the problems with 3d models created using this
way of working is that it isn’t suitable for BIM and
isn’t BIM compliant in any way.

One of the basic ideas of BIM is that you can
attribute data to the elements you design, so that
the information can be harvested at a later date.
This is impossible with a 3d model created using
MXRoad (formerly MOSS) string modelling tools.

Bentley Systems, who are the current owners of
MX, realised this and have completely rewritten
the software using modern computer language
and called the new package Openroads.

Models created using the Openroads technology
allow elements to be attributed with data which
can be harvested at a later date. Openroads also
remembers your design information and retains it
on the drawing for design checking purposes.

The latest version of the software is called the
Openroads Designer Connect Edition and does
not allow you to write input files.

Bentley have eventually removed the link to the
past and produced a modern software package
which is fit for purpose.

So, you may have designers who are very proficient
in creating highway designs to DMRB standards
however they need to be re-trained to use the latest
software.

We have been using MXRoad since the 1980’s in
it’s previous guise of MOSS and we have become
the industry leaders in using the Openroads tools.

HOW DOES MXROAD AND THE OPENROADS
TOOLS ENABLE THE BIM PROCESSES
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The Openroads tools allow us create 3d models
using geometry to the DMRB standards with
information attributed to elements such as pavement
layers which can then be extracted directly from the
model, which is one of the requirements of BIM
Level 2, as seen in the graphic above. This process is
commonly known as 5d cost estimation.

The Openroads tools also allow us to carry out
scheduling of the model, which means that the
programme can be aligned with the 3d model
allowing us to create an animation showing the
construction sequence of each element. This is an
invaluable aid in demonstrating how the scheme is
built and what is built at each stage of the programme.
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An isometric view of the revised vertical alignment

A closer isometric view of the bridge showing the available clearance

An isometric view of the redesigned junction near the bridge, clearly showing all of the new pavement layers



The Wyvern Way project, which was due to be
constructed by Galliford Try, was a project to
convert an existing roundabout to a signalised
crossroads. A screenshot of the existing junction
(from Google) is shown above.

Cassidy Forsythe were approached by Galliford Try
to create a 3d model for them from a design already
carried out by the Employer.

It was apparent that the design had been carried out
using 3d design software, however Galliford Try had
not been given a 3d model. They were only given
2d plans and long sections which were not much
use to them as some of the long sections did not
even include proposed levels, even though the
channels had obviously been designed and had
geometry attached to them.

A screenshot of the general layout plan provided to
Galliford Try can be seen in Fig. 1 below. The design
provided consisted of differences in levels at various
locations.

Galliford Try were also supplied with long sections
as shown in Fig. 2.

As can be seen, proposed levels were not provided,
however the geometry information was provided
and a 2d cad drawing was supplied. This allowed us
to measure from the cad drawing to determine
some of the proposed levels. Using these levels and
the vertical geometry information provided allowed
us to create horizontal and vertical alignments in
our new 3d model. Once we had created all of the
alignments using the Bentley Openroads tools we
were able to apply surface templates to the road
terrain models, allowing us to create the various
pavement layers. We also added kerbs to the
alignments where appropriate.

A screen shot of our final model is shown in Fig. 3.

The 3d model we supplied allowed Galliford Try to
get an appreciation of level differences, earthworks
slopes and general construction issues.

Case study:
Wyvern Way, Derby for Galliford Try
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Cassidy Forsythe were asked to design the
Weetslade Lane Improvement in North Tyneside by
Capita. Part of this scheme included a re-design of
the existing junction shown above.

North Tyneside Council requested that this junction
was re-designed as a signalised junction.

We designed the junction using the Bentley
Openroads tools (Fig. 1), which allowed us to model
everything in 3d, including pavement layers, traffic
signals, pedestrian guardrails, kerbs and drainage.

An aerial view of the re-designed junction is shown
above.

Photograph of the as-built junction from Google are
shown above.

Case study:
A1056 Weetslade Lane Junction, North Tyneside

Fig. 1

Fig. 3

Fig. 2



The A420 Botley Road in Oxford in one of the main
roads through Oxford and passes underneath a
railway bridge near the railway station. The road is
on a downhill gradient with a sag curve underneath
the railway bridge, however the clearance beneath
the bridge is limited, meaning that the local bus
company has to run a fleet of specially lowered
buses to enable them to pass under the bridge.

We were asked to create a new, lowered vertical
alignment which would allow the bus company to
run normal double decker buses underneath the
bridge with sufficient clearance.

We also had to demonstrate that normal sized
buses could pass under the bridge once the vertical
alignment had been lowered.

We designed a new vertical alignment and created a
3d model using MXRoad and the Openroads tools.

We then added an accurate, fully scaled 3d model
of a normal sized double decker bus to the model
and created an animation of the bus to demonstrate
that the bus could easily pass under the bridge on
our new vertical alignment.

By creating this model it allowed us to show the
bus partially underneath the bridge, allowing us to
measure the clearance from the top of the bus.

To further demonstrate the clearance beneath the
top of the bus and the underside of the bridge we

attached a camera to the 3d model of the bus and
provided a film of the bus passing under the bridge
from the perspective of somebody sitting on the
top deck of the bridge.

The 3d model and the film allowed us to gain
approval for the scheme with the client having full
confidence in our design.

We also had to redesign the junction on the
approach to the bridge, as the vertical alignment
had been lowered, together with the associated
footpaths and street furniture.

The screenshots below show the partially created
model demonstrating that the bus can easily pass
under the bridge.

The screenshots also show the redesigned junction
on the approach to the bridge.

Case study:
Botley Road Bridge Oxford

A general view of the bridge showing the clearance

A dynamic section of the bridge cut at edge
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Cassidy Forsythe were asked to create a 3d model
of Rackheath bridge in order to demonstrate the
construction sequence to Network Rail. As a result,
it became apparent that the reinforced concrete
could not be constructed as designed by the client.

The problems found were as follows :

• Due to the length of the longitudinal bars it would
be extremely difficult to install them between
steel beams already installed

• Closed links would be impossible to install due to
the intermediate bracing between the beams

• Stirrup reinforcement clashed with the
intermediate bracing

These problems only became apparent once the 3d
model had been created and so avoided costly delays.

The following solutions were suggested to the client:

• Change the longitudinal reinforcement bars so
that the bars could be installed on the ground
before the steel beams are lifted into place

• Change the closed links to open U bars so that
they could be fixed after the intermediate bracing

• Move the stirrup reinforcement or move the
intermediate bracing away from the reinforced
concrete beam

These proposed changes would allow the majority
of the reinforcement to be installed on the ground,
reducing the inherent risk of installing reinforcement
at height, during a rail possession at night.

The problems highlighted by the 3d model can be
seen from the screenshots opposite.

If Balfour Beatty had attempted to construct the
bridge without the 3d modelling it would have been
impossible to fix the reinforcement as designed.

This would have led to wasted possessions including
costs for plant, people and materials, together with
delays to the programme.

Bearing in mind that a 1000t crane was intended to
be used for lifting the beams into place the costs for
the aborted work could easily be in the order of
£500,000.

Case study:
Rackheath Railway Bridge Reinforcement

3d model of preferred reinforcement showing
additional short straight bars

Diaphragm beam reinforcement with clashes 
with bracing
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Cassidy Forsythe were asked to model the proposed
bridges on the Norwich Northern Distributor Road
in order to determine whether there was sufficient
clearance between the proposed road design and
the bridge.

As the road and the bridge were modelled
independently checks were not carried out by the
respective designers to see if the bridge could
accommodate the road surfacing.

Once we had modelled the bridge and the road it
became apparent that there wasn’t enough level
difference between the proposed road levels and
the proposed beams to accommodate the road
surfacing and the deck, as shown above.

This problem was subsequently sent back to the
road designers who had to raise the vertical
alignment of the road to allow for the road
pavement layers and the deck construction.

This check was carried out before Balfour Beatty
started laying the new road construction, saving
significant costs in delays and wasted materials.

Case study:
Norwich Northern Distributor Road (NNDR) Bridges
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The Norwich Northern Distributor Road scheme
was designed with the earthworks in balance. The
original design was carried out by Norfolk County
Council using a LIDAR survey of the route in 2006.

Following contract award, a topographical survey of
the entire scheme was carried out (on foot, using
GPS rovers) which highlighted that the ground level
in the agricultural areas was approximately 160mm
lower than assumed.

During the ECI phase of the project, BB employed a
specialist consultant (Opsis) to produce the
earthworks schedule. This schedule was re-
calculated based on the latest OGL survey and it
resulted in a 254,000 cu.m general fill deficit. Based
on tender general fill import rates from the open
market, this would increase the cost of the works by
£7.62m if the Client had to import the fill.

To solve the problem a series of joint workshops
with the Client’s team were convened, at which
mitigation options were discussed. These included
enlarging drainage lagoons (25No on the scheme),
widening road cuttings, constructing bridge
embankments from a Class 1/2 ‘core’ with
landscaping fill on the flanks and reducing the back
slope on landscape bunds.

Cassidy Forsythe Ltd were contracted to carry out a
3d modelling exercise to identify areas where
additional volumes of general fill could be found and
to quantify the volumes of fill available associated
with each proposed change.

All proposed changes had to be referred to the
Client (for design review) and also Mott Macdonald
(the Client’s appointed Environment Manager) to
review and determine if they were ‘de-minimis’
changes against the DCO. Anything which wasn’t,
was discounted for programme reasons (6 month
lead time quoted for DCO changes, and possible
legal challenge).

A running total of the quantities was kept using a
simple Excel spreadsheet (additions / omissions vs
the Earthworks Schedule) and the exercise was
pursued until the majority of options had been
exhausted and the earthworks were back to near a
balance. This was a lot quicker than going back to
Opsis to produce a revised earthworks schedule
during the process.

In order to speed up the design process, we
incorporated the proposed changes into the Client’s
MX model and then we issued it to NCC for review
and acceptance (with a clear statement on design
liability). NCC then issued it back to Balfour Beatty
for construction, under an instruction.

This modelling exercise directly saved the project
approximately £7.5million.

Case study:
NNDR Earthworks Lack of Fill Material

Increasing the size of a drainage retention pond and
steepening embankment slopes

Lowering the cutting slopes to gain more fill material
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The Cromer Road interchange on the Norwich
Northern Distributor Road (NNDR) project involves
the construction of a new overbridge to take the
re-aligned A140 Cromer Road over the NNDR.

The A140 is one the primary traffic routes into
Norwich city centre.

The design of the new bridge placed it very close to
the edge of the existing Cromer Road and as such it
would need to be constructed whilst traffic was still
using the existing road.

Initial construction planning highlighted that
extensive temporary works would be required to
construct the bridge.

Initial feedback from the supply chain was that
these temporary works were envisaged to cost
approximately £500k.

In order to mitigate the potential cost and time
impacts on the project, BB proposed that the design
alignment of the new Cromer Road be amended to
move the new bridge further away from the existing
road.

By employing the services of Cassidy Forsythe Ltd
a specialist BIM Engineer was able to produce 
an integrated 3D model for the proposed road 
re-alignment and bridge repositioning.

This model included all relevant temporary and
permanent works items, including highway
alignment, utility diversions and earthworks slopes.

The model demonstrated that the road could be
realigned within the applicable highway design
standards, without necessitating a formal change to
the scheme DCO.

As a result of the bridge being repositioned, the
scope of the temporary works was significantly
reduced – as shown in the screenshot from the
model opposite.

The price of the revised sheet piles amounted to
£110k and programme savings in the region of 4
weeks were also achieved from the reduced
temporary works scope.

The difference in cost between the original
temporary works and the revised temporary works
has realised savings amounting to approximately
£400k.

These savings are directly attributable to the BIM
Engineer’s ability to create 3d models of the bridge
and challenge to design provided by the client.

The model was presented to the Client’s lead
designer, which he subsequently accepted and
incorporated into their overall model for the
NNDR scheme.

Case study:
A140 Cromer Road Bridge over the NNDR
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Cassidy Forsythe were asked to create 3d models of
the bridges on the Norwich Northern Distributor

Road by Balfour Beatty, who were only supplied
with 2d pdfs of the bridge reinforcement, as shown
below.

It can be seen that whilst the design was delivered
in the traditional way, with 2d drawings, a 3d model
would have been much more useful to find any
problems with the reinforcement and any steel
fixing problems. We used the 2d drawings, together
with the bar bending schedules to create 3d models
of the bridges at crucial interfaces, such as the deck
and the diaphragm and the beams and the deck.
Examples of these models are shown below.

The models we created allowed the steel fixers to
find problems that weren’t immediately obvious
from the 2d drawings and request changes in the
design to make the steel easier to fix.

Since we carried out the modelling exercise the
reinforcement for all of the bridges on the Norwich
Northern Distributor Road has been installed and
the concrete poured.

A few photographs of the reinforcement being fixed
are shown above, demonstration the complexity of
the reinforcement and the problems the steel fixers
faced.

Case study:
Bridge Reinforcement Modelling

Deck and Beam reinforcement at the central piers
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