
 

Oakwood Engineering Solutions Limited 
3rd Floor Charles House, Albert Street, 
Eccles, Manchester M30 0PW, UK. 
Tel: +44 (0)161 787 9444 
www.oakwoodengineering.co.uk 

 

 
 

Registered in Cardiff Number: 7630932 ▪ VAT Registration Number: 114 0839 41 

                                                                                            

 
4D Model Case Study 

 

Project: Gravesend Station Remodelling 

 

 

 

15 Day Full Blockade: 22
nd

 December 

2013 to 6
th
 January 2014 



 

Oakwood Engineering Solutions Limited 
3rd Floor Charles House, Albert Street, 
Eccles, Manchester M30 0PW, UK. 
Tel: +44 (0)161 787 9444 
www.oakwoodengineering.co.uk 

 

 
 

Registered in Cardiff Number: 7630932 ▪ VAT Registration Number: 114 0839 41 

 
Gravesend Station 
 
Gravesend railway station serves the town of Gravesend in north Kent. The station is 24 
miles from London and the train services are operated by Southeastern Rail.  
 

 
 
The station is situated on a major commuter line into / out of London and the High speed 
HS1 services to London St Pancras International were introduced in December 2009. The 
station is now seen as a major interchange for metro and high speed services. There is 
also potential for the Crossrail project to be extended to Gravesend. 
 
The station’s remodelling will allow 12-car trains to stop at Gravesend which would provide 
up to 3,500 extra seats and more space for passengers. 
 
The Team 
 
Client: Network Rail   
 
Contractor: C Spencer Ltd 
 
4D Consultants: Oakwood Engineering / Schofield Lothian 
 

                      

http://en.wikipedia.org/wiki/Gravesend,_Kent
http://en.wikipedia.org/wiki/Kent
http://en.wikipedia.org/wiki/Southeastern_(train_operating_company)
http://en.wikipedia.org/wiki/HS1
http://en.wikipedia.org/wiki/London_St_Pancras_International
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Project Summary 

Scope of Works 

 Value: £19.137m 
 

 Remodel track layout throughout the station 
 

 Remodel signalling layout throughout the station 
 

 Construct a new Island Platform & Canopy 
 

 Extend existing Platforms 1 & 2 
 

 Remove the existing footbridge and water tower base (Pre-blockade works) 
 

 Construct a new AfA compliant footbridge with lifts serving all platforms (Partial pre-
blockade works) 
 

 Modular Control System (MCS inc TD & SPAD alarms) changes at Ashford IECC 
 

 Solid State Interlocking (SSI) changes (NG & NH) interlocking areas 
 

 Cab Secure Radio (CSR), GSM-R and ARS changes to reflect new layout 
 

 Interface with CTRL Route Control Centre System (RCCS) for services to HS1 
 

 Enhanced Station Systems (PA, CCTV, DOO, CISS etc.) 
 
Blockade Volumes 
 

 Total new track – 982m 
 

 Total new sleepers – 1060 
 

 Total new ballast - 5000m³ 
 

 Total conductor rail realigned – 400m 
 

 Total conductor rail renewed – 1463m 
 

 Total number of S&C - 1 Turnout (2254 Point No., CV Switch, IBCL, 
Concrete Layout) 
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 Total length platform extensions – 120m 
 

 Total length of new island platform – 275m 
 

 Total DOO cameras and screens: Recover 25 DOO Monitors and install 
 

 32 Monitors and Recover 13 Cameras and install 20 cameras 
 

 
 

Before 
 

 
 

After 
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Selection of 4D Modelling for Gravesend Station 
 
The project team felt a requirement to embrace new techniques given the complexity and 

high profile nature of the project. The emphasis and primary purpose of the 4D Virtual 

Construction Model was to de-risk the 15 Day Blockade in terms of construction/build as 

well as a tool to enhance the ‘standard‘ safety measures to protect the workforce. 

Scope of Works 
 
A joint venture team of Oakwood Engineering and Schofield Lothian were appointed to 
undertake the works. With only 2D data available, the following formed the scope of works: 
 

 Carry out detailed laser scan survey of the station to capture existing state: 
 

 
 

 Create 3D model from the laser scan data. 

 Source Lidar survey model of the Gravesend area: 
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 Produce accurate 3D models of all permanent works, temporary works, plant and 
logistics: 

 

 
 

 Integrate all 3D data with the P6 programme using Synchro Software: 
 

 
 

 Review 4D model and report conflicts. 
 

 Facilitate model based project review meetings  
 

 Facilitate model based safety review meetings. 
 

 Maintain the 4D model in line with programme revisions. 
 

 Create snapshots / animations to inform project stakeholders, the train operating 
companies (TOC) and the public. 

 

 Provide onsite training to the project delivery team. 
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Verification & Viability of Build Schedule & Sequence 
 
A number of dynamic clashes were found during the review process and therefore any 
potential delay was mitigated. Below are some examples: 
 

 
 

1. Two engineering trains scheduled to be on the same track. 
 

 
 

2. Track to be repositioned using PEMs clashes with an engineering train. 
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3. New track alignment clashes with existing platform. 
 

 
 

4. An engineering train to be positioned on incomplete track. 
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4D Workshops 
 
‘Nuts & Bolts’ Construction Meetings: the 4D Model was utilised on a weekly basis as a 
central discussion tool in order to challenge/confirm the constructability of the scheme 
along with the logistics planning of the plant, materials and work gangs. 
 
An example of a build sequence clash is shown in the image below. The Cab Secure 
Radio Mast at Gravesend Station was only realised as an obstacle to the crane lifting plan 
late in September 13.  Although this was not a new obstacle it was not till the ‘craneage’ 
was modelled that the CSR mast was seen as being a ‘clash’ which significantly reduced 
the crane movements.  The CSR Mast removal was introduced into the 15 Day Blockade 
hour by hour programme as one of the first activities thus allowing the full crane 
movements to remain as per the original schedule.  
 

 
 

The Cab Secure Radio Mast would have hindered crane movements 
 
15 Day Blockade Workshop: the 4D Model was utilised within a number of workshops as 
the reference for the Forum to challenge the scheme assumptions, programme and safety 
regime.   
 
15 Day Hour x Hour Programme Walkthrough: the complete project delivery team 
(Network Rail, Spencer Rail & Southeastern Rail) of 70 members participated in a 
workshop where all disciplines recalled the hour by hour activities from memory over the 
15 Day Blockade. 
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An hour by hour walk through (as pictured above) was carried out with 70 team members 
in attendance.  
 

 
 

Planned v Actual – Steelwork to central platform delivered 36 hours early 
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The planned v actual snapshot highlights a programme inefficiency spotted during the hour 
by hour walk through. The central platform steelwork was programmed to arrive at site on 
the morning of the 26th December. However, the team pointed out that they were 
expecting this steelwork on the evening of the 27th December. After a thirty minute 
‘programming’ break, the updated P6 programme was synchronised with the 4D model 
and the correct sequence was in place. 
 
A further example of a programme logic error was found during a meeting just one week 
before the blockade. The model showed that the removal of the existing signal gantry, a 
critical path task, would take place in the afternoon of the 22nd December. Its removal 
should have been shown in the morning of the 22nd December. It transpired that the crane 
rigging times were not factored into the programme which would have added significant 
delay and knock on impact for the craneage. 
 

 
 

Removal of signal gantry was programmed 4 hours too late 
 
Given the impact of the engineering trains and cranes, the materials delivered by rail and 
road had to be re-scheduled where appropriate or re-sequenced to accommodate. 
 
The position and activities of the work gangs also underwent several iterations given the 
impact of the engineering trains, cranes and material deliveries. The programme was re-
scheduled where appropriate or the work activities were re-sequenced to accommodate. 
 
Safety Meetings 
 
15 Day Hour x Hour Safety Walkthrough: the project delivery team (Network Rail, Spencer 
Rail & Southeastern Rail) supplemented with additional H&S team members participated  
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in a workshop where the entire 15 days were analysed/scrutinised on an hour by hour and 
work zone basis in order to verify and/or modify the safety regime for the blockade. 
 
The 4D Model was used to have a full safety review which resulted in implementing 
addition safety staff and methodologies. ‘Safety zones’ were identified and ‘safety 
supervisors’ were appointed who were dedicated for each area.   
 
Other additional safety features were identified with appropriate solutions implemented. 
The snapshot below shows an example of this. Track realignment was taking place 
adjacent to platform demolition works. The use of PEMs requires exclusion zones so these 
works could not be carried out simultaneously. 
 

 
 

Exclusion zones were identified during safety meetings 
 
Signal Sighting 
 
The Project sighted an instance where the 4D Virtual Construction Model played a small 
but significant part in the form of ‘signal sighting’.  
 
The lead up to the 15 Day Blockade included a number of weekend track possessions one 
being week 34 (16/17 Nov ‘13) when the new AfA Footbridge was being placed at the 
London End of the station.  A few days prior to this significant event and milestone, the 
signal sighting of NK438 (London End Up Main) was brought into question regarding the 
driver’s line of sight when the single span AfA Footbridge was in position.  This 
jeopardised the placement of the AfA Footbridge prior to the 15 Day Blockade. If indeed 
the signal sighting of NK438 was infringed the AfA Footbridge would have to be deferred 
to the beginning of the 15 Day Blockade which in turn would increase the work load during 
this period. 
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The 4D Model was used to provide evidence to the Signal Sighting Committee that the 
‘sighting’ of signal NK438 was not jeopardised with the AfA Footbridge span allowing the 
AfA Footbridge placement to proceed as planned during wk34. 
 

 
 

Signal NK438 could be sighted under the new footbridge 
 

Further uses 
 

 As a concise and easily visualised representation for inductions. One such meeting 
was held at the Town Hall to 450 people. 

 

 To present to Senior Management, Southeastern Rail Management, Dartford 
Maintenance Delivery Unit, Freight Operating Companies, Ashford Signalling 
Control Centre, Southeastern Train Driving Team, Eurostar and HS1. 

 

 To present to Kent County Council Road Management Team and Gravesham 
Borough Council. Road closures, car park closures and haulage plans were 
accepted on the first applications. 
 

 PR tool – an animation of the full works was created to be played on the platform 
information screens prior to the blockade and Southeastern Rail’s website. 
 

 As a central theme for circa 30 project review meetings and 12 meetings with the 
Station Manager/ staff. This allowed them to explain the impact and benefits of the 
blockade to the customers. 

 

 The model was used as an ‘Aid Memoir’ to brief workers at the start of their shift. 
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The Blockade 
 
Following a period of calm weather in December, the blockade was beset by gale force 
winds and heavy rain during the first three days. This resulted in an overall loss of 100 
hours. 
 
The 4D model was used as key tool to mitigate against this bad weather.  Segregated 
work zones were identified and the model helped recognise the ground works that could 
proceed with the high winds which ‘stopped the carnage’. The hours were steadily ‘pulled’ 
back (see images below) through re-scheduling – a process that was very efficient as all 
parties were aware of the work interfaces via the 4D Model. 
 

 
 

Planned – 27th December at 05.00 hours 
 

 
 

Actual – 27th December at 09.00 hours 
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Project Outcome 
 
Gravesend Station was completed on schedule with the first passenger train leaving the 
station at 04.33 hours on the 6th January 2014. Below is a summary of the blockade 
statistics: 
 

 2,500 crane lifts 
 

 900 people involved 
 

 92,000 working hours 
 

 789 Deliveries to site 
 

 No lost time injuries 
 

 No RIDDORs - Reporting of Injuries, Diseases and Dangerous Occurrences 
Regulations 
 

 No Lineside Neighbour Complaints 
 

The on time hand back ensured that the project did not suffer any penalty costs or overrun 
expense. Below is a summary of these potential costs: 
 

 Cancellation of trains - £1.35m / day 
 

 Maintaining / extending the rail replacement service - £125,000 / day 
 

 Cost to continue works - £150,000 / day 
 
Safety completion ensured that the project did not suffer any lost time as indicative figures 
show: 
 

 Site Investigation of minor injuries @ 3 hours 

  

 Site Investigation of ‘lost time’ RIDDOR @ 6 - 12 hours 

  

 Site Investigation of a major RIDDOR @ 24 hours 

  

 Site Investigation of a fatality – site close down 
 
Each of the above investigations will have associated costs along with reputational cost, 
programme costs and any potential litigation. 
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Conclusion 
 
The 4D model achieved its goal of de-risking the 15 day blockade by creating a 
collaborative environment and allowing the team to make proactive decisions. It was also 
pivotal in driving the remedial actions and ensuring on time completion.  
 
David Lindsay, Senior Project Manager for Network Rail, commented “We were successful 
in avoiding any delay in hand back through using the 4D Model”. 
 
A vote was conducted at a post blockade Steering Group Meeting on the usefulness of the 
4D model and whether the team would employ a 4D Model on the next project - there was 
an overwhelming vote of Yes! 


