
Driving change in delivery of rail projects
Digital Engineering is the collaborative way of working to create, manage 

and utilise data across the entire lifecycle of a physical asset. It enables an 

integrated data rich virtual Building Information Model (BIM) to be built using 

new and captured data that allows our clients and project teams to make more 

valuable and considered decisions.

Digital 
Engineering
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The rapid emergence of new hardware, software, 
data collection and data analytics, combined with 
the increasing skill of engineers in areas such 
as automation and coding, is fuelling a ‘digital 
revolution’ within rail design and construction.

The new technologies and processes behind the digital 
revolution are driving significant improvements and 
efficiencies throughout the entire asset lifecycle, ranging 
from improved design coordination, design production 
efficiencies and construction surety through to better 
asset knowledge and management.

GHD is embracing the shift to digital delivery and leading 
the way in the application and development of digital tools 
by embedding these within our engineering workflows. 

This is driving significant improvements in project delivery, 
supporting accelerated schedules and challenging 
budgets. Allowing for enhanced integration and 
organisation of information, the application of digital tools 
and practices has changed the dynamics of how we do 
things every day.

Digital Engineering enables:

•  Integration

•  Collaboration

•  Automation

•  Visualisation

•  Mobility
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Increasingly more clients are specifying deliverables 
utilising BIM and digital management processes.

Our rail design teams, in conjunction with industry 
stakeholders, have recognised the opportunity that technology 
such as:

•  Geographic Information Systems (GIS)

•  Building Information Modelling (BIM)

•  Analytics

•  Coding

•  Automation 

and other data collection methods have to enhance the 
content, delivery and quality of design documentation. This 
is transforming the way in which design documentation and 
data is provided to the constructor and asset owner, ultimately 
affording efficiencies in project delivery and asset maintenance.

The surge in BIM has revolutionised our ability to control 
scope, time and cost, all of which affect successful project 
delivery within complex rail projects. The capacity to 
consolidate data and work in a real-time federated design 
environment significantly reduces duplication and clashes 
during design development. Common data environments 
and cloud based storage is becoming an integral part of the 
design, construction and operational phases of rail projects.
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GHD’s recent design work on the Forrestfield-
Airport Link (FAL) project for Salini Impregilo - NRW 
JV and the Public Transport Authority in Western 
Australia, the Sydney Metro and Sydney Light 
Rail project is evidence of how digital application 
is driving opportunity, change and significant 
advantage across the industry.

BIM has considerable relevance in rail, explains Martin 
Harle, GHD Rail Design Lead on FAL, where BIM is an 
integral part of project delivery and a client requirement. 
“Clients and contractors strive for cost reduction and a 
‘right first time’ design, therefore the need for accurate, 
clash-free design models is essential without being 
cost intensive to produce,” says Martin. As such, the 
automation of design outputs for coordination and clash 
detection becomes critical.

Automation

“We are able to automate clash checks across multiple 
complex disciplines, highlighting design coordination 
issues in real time,” says Martin. “It helps to pre-empt and 
resolve potential construction problems during the design 
process, rather than dealing with unexpected issues as 
they occur on site.

The adoption of automation and digital engineering has 
significantly reduced the labour required to produce 
design data, assess design compliance and safety risks, 
whilst providing our client with a compliant product.”

Proven 
results

 05 Forrestfield-Airport Link: Manheim cross passage model

04 Catenary for Forrestfield-Airport Link:  
Digital Engineering used in Safety-in-Design

3 | Digital Engineering - Driving change in rail delivery 

04

05



Proven 
results
Integration  

“GHD is now modelling to geometrically accurate component 
level for disciplines which would traditionally not have been 
required to do so, such as Overhead Line Equipment and rail 
infrastructure,” adds Martin.

“In addition to the usual clash detection investigations between 
disciplines such as structures and building services, our 
advanced modelling processes now allow us to investigate and 
document other areas such as passing clearances between 
lineside components and rolling stock kinematic envelopes, 
over multiple kilometres in a matter of seconds.

Collaboration

We are also able to place infrastructure such as signals and 
operational signage and verify driver line of sight compliance in 
the 3D environment, prior to construction.”

“At handover, where the right asset information is crucial, BIM 
provides a link between construction- centric information and 
asset-centric information for continued efficiency. 

This will drive new forms of optimisation in rail,” says Daniel 
Moodie, GHD’s Rail BIM Lead. “While 3D design has been 
around for a long time, new ideas and technologies behind 
BIM are creating an additional layer of value.”

Visualisation

Virtual representation also helps navigate complex decision 
making throughout the design and construction stages. The 
use of a ‘digital twin’ on the Sydney Light Rail project helped 
the client get a better coordinated end product as they are able 
to see an exact replica of something in the physical world. This 
increased site visibility - providing a holistic view of operations 
and a better appreciation of the spatial requirements needed 
when in operation.

Mobility 

GHDWoodhead delivered the architectural design for all 
three FAL stations and the complex ancillary buildings, 
namely egress shafts and portals. As part of GHD’s delivery 
framework, Navisworks was used to combine multiple models 
and software platforms. ”We were able to progress design 
decisions collectively.” said Ricardo Kiperman, Studio Director 
GHDWoodhead WA.

06 and 07 Sydney Light 
Rail Maintenance Building:                                                                               

‘Digital Twin’ enables better performance and 
control of infrastructure assets.
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Everybody
benefits

Constructor

A  fully coordinated, design allows the constructor to 
plan and simulate construction methods and logistics, 
resulting in less re-work on site and therefore less 
construction delay. 

It is essential that the modelling inputs and techniques, 
and subsequent outputs, reflect the project scope and 
end user requirements. As clients continue improving 
specifying and procuring their full lifecycle data 
requirements, further value and benefits will be derived 
from their asset portfolios.

Supplier

The increased accuracy of the input data and geometry 
means that design models can also be visualised and 
printed in 3D to improve stakeholder engagement 
- suppliers can better understand concepts and 
contractors can use it to optimise costs.

Digital Engineering enables:

•  Less rework

•  Increased accuracy

•  Asset data capture

•  Continuity of asset records
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Everybody
benefits
Owner

“It ensures everyone is on a common platform, reducing 
confusion and providing absolute design clarity previously 
only achieved through thousands of design drawings, 
over an extensive time period,” says Daniel.

“Digital Engineering is helping us test new options, 
enabling discovery of the most efficient blend of cost and 
asset performance,” he added. 

Digital techniques benefit the continuity of asset 
records. Accurate data is directly transferable into asset 
management and associated systems.

Operator

“Another benefit rail operators have is the provision of 
a detailed model of their asset without having to go on 
site,” says Adam Favaloro, GHD Digital Engineering Lead 
on aspects of Central Station Upgrade. He believes this 
level of detail can further drive off-site manufacturing in 
the future. For example, activities such as equipment 
tagging in the digital model can save hours of searching 
when equipment upgrades come about. 

“It ensures everyone is on a common 
platform, reducing confusion and providing 
absolute design clarity previously only 
achieved through thousands of design 
drawings, over an extensive time period.”

Daniel Moodie                                                         
Rail BIM Lead                                                                    
Forrestfield-Airport Link
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is enabling a more 
collaborative way of 
delivering assets.



Improved workflows for Forrestfield-Airport 
Link
Scale of challenge 

• One Swan River crossing

• Twin tunnels 8 km long

• Tunnel excavation dia. 7,020 mm

• Tunnel internal dia. 6,170 mm

• Three new stations

• Two portal buildings and dive structures

• 12 concrete lined cross passages

• Three emergency egress 
cylindrical shafts

• Over 20 km of permanent way

• All rail systems, telecommunications signaling an 
traction power

• OLE (catenary and conductor rail)

• MEP installations

• 54,000 concrete lining segments

• 875,000 m3 of excavation

• 160,000 m3 of concrete

• Four years to design and construct

• 10 years of operational maintenance

AUD 
1.86B

Automated Key Learnings

Rail Track & OLE 1152 Hours

20 km in permanent way, 8 km twin tunnels,
3 stations, 12 cross passages 3 egress shafts designed, 
coordinated and modelled

updates to PIM saving 1440 
hours annually

featured in Rail Industry Safety and 
Standards Board DE Code of practice

designed and modelled 
8.5 times faster than 
traditional processes

saved annually 
automating 180 
Navisworks Exports

90%
of deliverables produced 

directly from the BIMs
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GHD as the lead design consultant of the Salini Impregilo - NRW Joint Venture and the Public Transport Authority 
has provided engineering design and coordination services for the Forrestfield-Airport Link in Western Australia.



Enhanced design and construction sequencing         
for Sydney Metro

Sydney Metro

Sydney Metro is Australia’s biggest public transport project featuring world 
class technology to create high capacity turn up and go rail services in Sydney, 
Australia.

Central Station Metro

• Excavation and construction of the new underground Sydney Metro platforms 

• Construction of Central Walk - a new 19-metre wide underground concourse 
from Chalmers Street

• An upgrade to the Northern Concourse

• Installation of new escalators and lifts directly to platforms 12 to 23

Sydenham Station and Junction

• New station entrances at Burrows Road and Railway Parade

• New concourse over the station with lifts and stairs to each platform, 
including the two new Sydney Metro platforms

• Platforms 1 and 2 converted to Sydney Metro standards including platform 
screen doors and new canopies

• Easy interchange for passengers between Sydney Trains and Sydney Metro 
services

• Improved interchange for bus customers

Use of Digital Engineering

• Enhanced design through federation and coordination of 3D models

• Improved documentation derived directly from native 3D models

• Definition of assets using uniclass 2015

• Construction sequencing through WBS attribute being assigned to modelled 
elements

GHD as part of the AGJV (Aurecon/GHD) design joint venture has provided 
engineering design as the principal engineer to Laing O’Rourke for the design 
and construction of the Central Station Metro, part of Sydney Metro City & 
Southwest.

“There are foundational elements that 
you need to get right in the model. Poor 

integration of BIM in the early stages can 
waste a lot of time.”

Adam Favaloro

Digital Engineering Lead on Sydney Metro 
Central Station project
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Digital mindsets:
Worldwide trend

09 and 10 Forrestfield-Airport Link: Main concourse Airport 
Central Station– artist impression

Gradually, each project is stepping up the level 
of BIM required. It makes sense to approach 
large infrastructure construction holistically. In 
a broader context, major rail is keeping pace by 
increased value achieved via digital disruption. 

“Our adoption of a ‘Digital Engineering mindset’ and 
our ongoing digital upskilling has become part of how 
we do business,” says Mikel Alonso, GHD Market 
Leader Transportation, Australia. “However, ultimately 
the best outcomes occur when our people engage 
and develop a digital strategy for the project, by 
collaborating with our clients as a key step during a 
project set-up.” 

“Rail infrastructure is complex, with better data our 
models are getting more sophisticated with added 
benefits for every project,” adds Mikel. 

GHD is rapidly adopting and developing the 
technology as an everyday tool for integration within 
business-as-usual design delivery. This has helped 
drive innovation in rail to better manage projects and 
achieve enhanced value for money across the project. 
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11 Redcliffe Station, Forrestfield-Airport Link: 
Artist impression

Australian industry
response

Promoting the use of Digital Engineering within the 
rail industry is underway. Major industry body, the 
Rail Industry Safety and Standards Board (RISSB) 
recognises the significance of data and information 
management throughout the lifecycle of rail 
infrastructure assets. 

With Digital Engineering as the enabler, RISSB’s vision 
is to ‘modernise how the rail industry design, develops, 
delivers, operates and sustains rail infrastructure to provide 
the maximum benefit to the asset owner.’ GHD played 
a critical role in providing direction and guidance for the 
Digital Engineering Code of Practice which will be applied 
nationally.

“By adopting Digital Engineering processes, increasing the 
accuracy of information and automating the data exchange 
processes, we can improve safety, reduce risk, achieve 
greater cost certainty and improved sustainability,” says 
Belinda Thompson, GHD BIM Lead – Western Australia, 
who co-authored the Code. “The RISSB standards will 
encourage industry adoption of current and emerging 
technologies and processes leading to better, more 
consistent outcomes on a national scale.”  

“By adopting Digital Engineering processes, 
increasing the accuracy of information and 
automating the data exchange processes, 
we can improve safety, reduce risk, achieve 
greater cost certainty and improved 
sustainability.” 

Belinda Thompson

BIM Lead                                                               
Western Australia
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GHD is responding to the rapid emergence 
of new technologies and data collection 
methods within rail design and construction 
by helping clients:
• Develop strategies and options to implement Digital Engineering 

(DE) and BIM across asset lifecycles and into organisations 

• Define, procure, manage and gain insights from asset data 

• Integrate DE / BIM into projects, asset operations and digital 
twins 

• Utilise parametric modelling, automation, optimisation, 3D 
modelling and 4D sequencing 

• Develop and deliver DE/BIM training to projects and organisations

For more detail visit www.ghd.com/DigitalEngineering
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GHD is ready to deliver a range of services 
in the context of  Digital Engineering
Our range of Digital Engineering Services 

• BIM Planning and Management

• Technical Coordination / Digital Design 

Management

• 3D Modelling 

• Coordinated Design and Construction 

Documentation

• Digital Design Options 

• Building Performance Analysis 

• Material Scheduling and Quantification

• 3D Content Creation

• Computational Design (Dynamo)

• Process Automation (coding and scripting)

• Visualisation and Animation 

• Clash Detection and Constructabilty 

• Model Quality Audits 

• Contract / BIM Compliance and Data Gap 

anaylsis

• Project Specific Software training and Education  

• Analytical Modelling

• Value Engineering / Lean Design Solutions 

• Data Capture

• GIS Management 

• DCM/BIM Management 

• 3D Modelling 

• As Built Construction Documentation

• Virtual Construction Sequencing 

• Visual Method Statements 

• Digital Logistic Plans

• Process Automation (coding and Scripting) 

• Visualisation and Simulation 

• Commercial Monitoring 

• Technical Advisor

• Review / Surveillance / Audit

• Standards Development

• Cyber Security

• Progress Tracking

• Material Tracking

• Software / Application Creation

• Stakeholder and Public Engagement 

• Systems Engineering 

• Digital Prototyping 

• Integrated Systems Management  

• Digital Quality Assurance

• AIM Management 

• Maintenance / update of AIM Models  

• Property Fit-out Design 

• Life Cycle Cost Calculations 

• Energy Performance Monitoring 

• Property Lease Management 

• Building Management Systems Monitoring 

• Access Control Management 

• Tenant Management 

• Room Scheduling Marketing 

• Stakeholder Engagement 

• Operation Manuals 

• Digitally Enabled Operational Readiness

• Intelligent Asset Management

• Asset Performance Optimisation 

• Operational Digital Twin Services

• Asset Upgrade or Expansion Optioneering

• Asset Re-purposing Options and Execution

Building Information Management (LOD300)                     
Design Phase

Digital Construction Managment (LOD400)                     
Construction Phase

Asset Information Managment (LOD500)                     
Facilities and Asset Management

Digital Engineering Life Cycle (DE / BIM Consulting)
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