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1. INTRODUCTION 

The UK’s highway infrastructure is one of the most valuable assets owned by the public sector. The 

networks efficient running has the success of national and local economies as well as the quality of life 

of the general public depends on it.  In order to ensure Britain’s road network continues to move with 

its ever increasing number of users is requiring maintenance and improvements of the highest standard. 

Increasing scrutiny over the cost of maintenance along with increasing pressure from Government and 

the public for transparency over the network has made a strong case for more efficient management of 

the asset. This shall be achieved through the use of modern technologies that enable tight control over 

departmental/public spending. Better management of information could allow for life cycle management 

of Strategic road network (SRN) asset data and predictive analytics. 

 

Strategic road network (SRN) is the largest piece of infrastructure in the country, connecting the vast 

majority of towns and cities within the United Kingdom. Mainly consisting of motorways and ‘A’ roads, 

the SRN is vital to the productivity of our economy, allowing commuters to travel safely and businesses 

to transport goods and provide a service. It carries a third of all traffic and two thirds of all freight, 

importance of SRN to the national economy cannot be underestimated. Data required for smooth 

operation of Highways could be split into various categories including: 

a) Traffic volume, town speed, journey time  

b) Roadway data such as road surface condition, temperature, wind speed, noise ,road marking, 

message signs, road surface markings, traffic junctions infrastructure, bridges on the network  

c) Road edge data such as hard shoulders, curbs, gutters, driveways, inlets, sidewalks  

d) Roadside data such as ditches, storm water management infrastructure, vegetation, 

topographical information  

Staff from different departments and organizations are involved in collection and maintenance of this 

data including Engineering, Traffic Management, maintenance and specialist service providers. Absence 

of an integrated approach to data management often leads to absence of an inventory of key assets and 

condition assessment, leading to maintenance operations which are often sub-optimal. 

The most optimal data management strategy must begin from early road scheme design stage. In recent 
years, there has been tremendous growth in methods of handling engineering design information, 
evolving beyond CAD designs to 3D Parametric modelling/Building Information Modelling (BIM) enabled 
integrated digital design models. However, as highlighted by Steel et al (2012), 2D AutoCAD/Micro 
station based hardcopy sign off files are still most commonly used method of disseminating engineering 
drawings. Data included within these drawings include plan layouts (e.g. road layout, drainage, structure, 
signage, electrical, communications, etc.), 2D Views (e.g. profile, elevation, cross section) and non-
graphical data (e.g. co-ordinate geometry, templates, networks). Data embedded in 2D drawings, such 
as survey data, sub-structure design data, location/survey data, could effectively be used to support 

“Primary role of Highways England is to deliver a better 

service for road users and to support a growing economy.” 

(Highways England, 2014) 



asset management. However, effective utilisation of this data will require a consistent approach in 
design, construction and asset management. Reliance on traditional processes often based around of 
exchange of 2D drawings leads to critical infrastructure data buried in piles of drawings, which can only 
be interpreted by human visual recognition, for scaling and approximate distance measurement, limiting 
information utility and processing capabilities. While prevalent sign-off contractual processes signify need 
for hardcopy signed off drawings, there is lack of appreciation of benefits interoperable digital data could 
bring into design, construction and lifecycle management of assets.   
 
The UK Government Construction Strategy (2011) has outlined the requirement to have all projects using 

collaborative 3D BIM by 2016 (BIM Task Group, 2013a). Major infrastructure clients are required to meet 

such targets. In addition, Highways Administration authorities are under pressure to reduce congestion, 

improve network safety, and improve environmental outcomes. This report reviews the value that can 

be generated through integrated life cycle data management of data as enabled by BIM (Fig 1). It is 

argued that data from the design and construction phases of projects can be used to inform asset 

registers from an earlier point in time. This information, including models, can be used to plan 

management and maintenance schedules. Moreover, it can also be integrated with data generated from 

numerous other sensors to develop a better picture of network condition & operations and support key 

decision making.  

  

FIGURE 1:  BIM  RELEVANCE FOR HIGHWAYS DESIGN,  CONSTRUCTION AND MAINTENANCE  



 
 

2. HE Business Plan, Key operational metrics and Need for Effective Life Cycle Data Management 

 

Launched in April 2015 Highways England, formerly the Highways Agency, has long term funding to 

improve, maintain and operate the A roads and motorways of England. In the first five years alone the 

organization will invest £11 billion in A roads and motorways to tackle congestion, improve safety and 

boost capacity1. Working closely with the department for transport (DFT) and with a long term 

investment of £11bn of capital spending, its key challenge is to maintain, operate and improve over 4000 

miles of strategic road network (SRN). The Performance Specification of the “Road Investment Strategy: 

2015 to 2020” published by Department for Transport2 details eight performance targets against which 

HE is monitored. Within each area, there are key performance indicators and targets identified as 

highlighted in Figure 2 & 3. Life cycle data management could provide Highways England data agility 

and could enable them to meet the ever-increasing demands on the road network. 

 

FIGURE 2:  HIGHWAYS ENGLAND PERFORMANCE SPECIFICATIONS3  

                                                           
1 (Highways England, 2015) 
2 https://www.gov.uk/government/collections/road-investment-strategy  
3 https://www.gov.uk/government/publications/highways-england-strategic-business-plan-2015-to-2020  

“Primary role of Highways England is to deliver a better 

service for road users and to support a growing economy.” 

(Highways England, 2014) 

https://www.gov.uk/government/collections/road-investment-strategy
https://www.gov.uk/government/publications/highways-england-strategic-business-plan-2015-to-2020


 

 

FIGURE 3:  HIGHWAYS ENGLAND KPIS 

 
 
3. Research Approach  

 

A literature review was initially conducted to systematically gather information to identify and 

understand the problem domain. This includes through understanding of BIM as a collaborative 

platform, which promotes efficient method of information management throughout the asset lifecycle. 

Data management applications in other industries were also reviewed. Interviews were held with 

asset owners and contractors involved in Highways maintenance to develop a better understanding 

of key challenges. 15 interviews were conducted in a semi-structured manner, each lasting 

approximately an hour. Interviews were done to understand challenges in BIM Implementation on 

transportation infrastructure projects. Also, two industry workshops were organized. Each workshop 

involved over 50 participants and focus of each workshop was to understand BIM implementation 

challenges within Highways development projects. The overall understanding lead to drawing up user 

needs, gathering system requirements and eventually a system architecture design. This iterative 

process was supported by a series of semi-structured interviews with industry experts. 

 
 
 
 
 



 
 
 
4. Summary of Key Report Findings   

 

Figure 4 below presents key recommendations, which are further elaborated upon in following 

Sections.  

 

 

 

FIGURE 4:  KEY REPORT FINDINGS&RECOMMENDATIONS  

 

 

 

 

 

 

 

 

 



 

 

4.1. Recommendation: Need for Highways England to Recognise the Strategic Significance of BIM  

 

 

 

 

 

 

                FIGURE 5:  KEY RECOMMENDATIONS  

 

 

Summary of key findings from Interview is as below.  

• GIS and Health & Safety information is not stored adequately. 

• USB sticks are being used for data handover which cause data losses during the handover 

process 

• Received GIS information is not compatible with a 3D based model – there is very little 

interoperability between the 3D model and BIM 

• Data collected through project life cycle is not sufficiently used in decision making during 

operations and maintenance stages. 

• Most of the risk register is being done manually in spread sheets – not well integrated 

with BIM Interfaces 

• Lack of client led specifications. It will be useful to spell out Highways England Employers 

Information Requirements 

• Lack of training and skills within Highways England supply chain for BIM, its standards 

and level of details creates problems. 

• Lack of forward thinking in terms of asset maintenance and operations stages. 

• Reliance on paper based document exchanges 



• Information Databases are still in its infancy stages  

• Lack of global standardization  

• Update takes huge amount of time, leading to misinterpretation of data, approvals cannot 

be made based on these standards 

• Lack of specifications and ever changing specifications, taking take too much time  

• Designers and clients should be involved in the project process from the beginning. 

• Lack of coordination among stakeholders, there should be liaison between designers and 

contractors. 

• There is huge amounts of data losses for the as-built data handover, IAM-IS database is 

out of date. 

• Approval for the materials is time consuming and duplicates the work, a standardization 

should be done, and resolving any comment can take up to 4 weeks or so. 

• Lack of client led specifications leading to scope creep - Scope creep on the designer and 

contractor work share. 

• Information is not easy to find when required on site, which leads to huge amounts of 

time loss and money. 

• Handover process are unorganized, and is done by local agreement with the maintainer. 

This leads to inconsistent data. In absence of any client–led specifications, there is no 

consistent flow of work. 

• Misinterpretation of CDM regulations by client  

• Current PDF specification for delivery of as built data is not good enough as it is not 

machine readable. Therefore, in order to gather the information of certain assets (e.g. 

drainage information), manual search is required, which is often time consuming and 

leads to inconsistent information, lacks accuracy and leads to safety risks. 

• Different use of forms, formats and software leads to information losses and unreliable 

database. There is a need for integrated technology, as the three engines of CAD, GIS 

and HE specifications are not linked together to facilitate finding the information as and 

when required. 

• GIS and CAD files in the IAM-IS database are numerous and there is a need for reducing 

the numbers. 

• Use of different technical language between designer, constructors and operations teams.  

• Asset information is often poor, fragmented and cannot be relied upon decision making. 

• There is huge amounts of data degradation in the handover stage as the information is 

gathered by the maintainer. 

• Data requirements are not clearly defined in the beginning of the project. 

 

In light of some of the above-mentioned challenges, it is important that Highways England, as a 

major client organization, identify its information requirements for Asset Maintenance and 

Operations and develop an integration strategy to ensure data add value to its daily operations. 

At present, clients often maintain and operates asset, without a having enough knowledge on 

asset condition and understanding of assets that have been built previously. Traditional 

approaches to data handover present many difficulties, including failed opportunities to optimize 

performance and life spans of assets. While the value of capturing accurate data is starting to be 

realized, it is important for captured data to be retained, enhanced and accessible at handover 

stage. Various research studies indicate that inefficiency costs resulting from inadequate 

interoperability between various legacy software systems and poor transfer of data and 

information from design to construction stage into operations, runs into billions of pounds. In the 



near future, the highways network will face increasing pressures and impacts from a range of 

issues including changing weather patterns, population growth, capacity constraints, shortages 

of land and capital, rapidly changing technologies surpassing the pace of new infrastructure 

development. New concepts and emerging technologies and emerging solutions shall provide a 

better understanding in the medium to long term challenges and maintenance of current 

construction infrastructure. 

Aforementioned problems clearly indicate that Highways England needs to initiate a BIM based 

digital handover guide of different highways assets with respect to data requirements, data 

responsibility, level of detail and data formats. The formed guideline should hold a project-life 

cycle view clearly defining the responsibilities of each project phase. BIM provides a systematic 

approach to collate design, construction and product specifications data in a single model. 

Numerous potential benefits can be offered by the effective information management. Capturing 

up to date, accurate information means the works will be done in a waste reduced manner, 

information is accurate, up to date and easily accessible so that ,it can inform maintenance 

strategy over the asset life. Taking a road surfacing example, looking at what the road was 

constructed of, how it was repaired, how long it took to construct , what materials were used, 

what the cost was, capturing potential reasons for degradation (i.e. weather, increased traffic 

flow, environmental changes) a valuable knowledge base that can be taken into account on 

future projects. Accurate information can be fed into electronic collaborative workspaces 

(common data environment) allowing Highways England and their supply chain to work together 

more efficiently. Developments in cloud computing and intelligent design modelling using BIM, 

further allows for seamless integration of asset information from diverse sources into a single 

source, to support operations and future planning. 

 

Utilization of interoperable systems and standards are crucial for data continuity updating across 

the whole life-cycle of the main structures, formats and uses in the delivery of projects differ 

from those used in asset management. Existing processes involve data submittals using variety 

of formats including CAD drawings, PDFs and Excel spreadsheets. It has to be noted that 

employing BIM alone will not work but increased effort to involve operations teams in the early 

stages of projects will be vital. In addition, there needs to be a handover process to check 

whether quality data audit is being handed over. 

The initial findings suggest that, although there are some initiatives to BIM based handover 

islands within some specific projects, there should be systematic BIM guideline available for 

practitioners to adopt in their handover processes in the future. Initial requirements for this 

handover guide were determined as a detailed map of the as-is handover process with respective 

information flows and a comprehensive requirement analysis. 



 

 

 

 

 

 Creating a single design/construction information repository 
 Reducing  waste in information handling  
 Ensuring information is up to date and accessible via Cloud/mobile interfaces  
 Better understanding engagement among the various work activities  
 Better planning outcomes 

 
The following sections delve into issue of tackling aforementioned challenges in more detail.  
 
 

1. ACCURATE AS-BUILT DATA CAPTURE FOR VISIBLE ASSETS – Case Study A556  
 

To enable data usage within Operations and Maintenance stage, it is important that accurate as-built 

records of existing assets are maintained. Bridge structures are a very important component of any 

Highways scheme. However, current quality assessment and as-built red line based data capture 

processes are time consuming and less accurate.  To address the problems, this research presents 

automated assessment procedures using terrestrial laser scanning. Field process started by visiting the 

construction sites to select suitable structures for scanning. Subsequently, two bridge structures were 

selected considering their accessibility and work progress. In this report, bridge structures are referred 

as Bridge 1 and Bridge 2, which are explained in succeeding subsections. The proposed research 

facilitates scanning of highways structure at early stages that ultimately reduces the possibility of any 

defects or discrepancies in later stages.     

Case Study Bridge 1  
 

For the first case study, Bridge 1 was considered for scanning as most of the structural work was 

completed and backfilling was being carried out behind wing walls, which is shown in the following Figure 

1. The purpose was to scan the structure from different accessible points to get a detailed 3D scan 

model, and compare it to the design model for any discrepancies and defects. However, site photos 

clearly show that the access was limited to the longitudinal and under-bridge sections, as backfilling was 

“BIM will integrate the construction process and, therefore, 

the construction industry. But it will also have many additional 

benefits for the nation. It will enable intelligent decisions 

about construction methodology, safer working 

arrangements, greater energy efficiency leading to carbon 

reductions and a critical focus on the whole life performance 

of facilities (or assets). Of even greater importance are the 

benefits for the economy that will accrue from better buildings 

and infrastructure delivered by the construction industry.”   

Graham Watts, CEO, Construction Industry Council  



an obstruction behind the transverse section around the structure. The time required for a single scan 

depends on the horizontal and vertical resolution angles (which may be referred as scan view), and the 

quality of resolution.   

  

 

 

FIGURE1,  BRIDGE 1:  WORK IN PROGRESS   

 

Six stations, at random locations (which is referred as standard scanning in this case), were set to scan 

the bridge. In standard scanning, scanning can be performed without selecting specific targets and later 

data can be registered by using cloud-to-cloud registration. In cloud to cloud registration, to get a full 

3D scan of any object, scan from one station is manually overlapped with scans at common surfaces. 

From all the stations, a 360˚ scan was performed, which captured 48789588 points. The survey layout 

is shown in Figure 2.   

 

  

FIGURE 2  ,BRIDGE 1:  SURVEY LAYOUT  

The purpose of the survey was to scan the structure and later register all the scan using a cloud to cloud 

registration.  Figure 3 shows unregistered and registered scans respectively. In left hand side figure, 

cloud data from all the scan stations is shown, which is also called unregistered data. To register the 

cloud, cloud-to-cloud registration method was used, which brought intersected clouds together to obtain 

one complete registered model. The registered model (on right) shows a complete 3D scan model of the 

structure. 



 

  

FIGURE3,  SCANS OF BRIDGE 1:  LEFT UNREGISTERED;  RIGHT REGISTERED    

Captured 3D cloud scans were registered and unified to get one single file of the whole structure. In 

further processing, all unnecessary points were deleted to get a clean point cloud model for 

inspection.  Cleaned file of the Bridge 1 is shown in Figure 4, and the data report is presented in Table 

1.  

 

  

FIGURE4,BRIDGE 1:  CLEANED FILE   

 

TABLE1  :POINT CLOUD DATA REPORT  

Scan Group  Overlap*100   <6mm  Balance*100  

Bridge1_000  0.131159  0.981693  0.405006  

Bridge1_001  0.202957  0.967659  0.480118  

Bridge_002  0.244556  0.967321  0.702040  

Bridge_003  0.202199  0.993148  0.579874  

Bridge_004  0.245752  0.994195  0.584357  

Bridge1_005  0.137631  0.968948  0.700264  

    



 

The first column represents the scan stations from 0 to 5. 0, in this case is the first scan station. The 

second column is showing the percentage of overlapping clouds. The table also shows that the figure 

registered point cloud is not perfectly balanced, however within acceptable limit, considering the average 

of 97% of the data, which is within <6mm of error limit.  For comparison purposes, a software that 

supports both BIM CAD file as well as point clouds is required. This can be done in Hexagon’s 

3DReshapper, Autodesk Revit, CAD, Navisworks or ArchiCAD. Models are opened in the BIM software as 

shown in Figure 5. In addition, local grid terrain can also be seen in the left Figure 5 (left), which also 

represents local grid. Besides, it is clear that there are not any wing walls installed to the bridge in 3D 

design, though, they can be seen on the 2D drawing, underneath.   

 

  

FIGURE5,  BRIDGE 1:  DESIGNED (LEFT)  AND AS-BUILT (RIGHT)  

Following the opening of design project, both models were overlaid manually, as shown in Figure 

below. 

 

 

  

FIGURE6,  BRIDGE 1:  DESIGN VS.  AS-BUILT   

On the left hand side, Figure 6 is clearly showing that the point cloud wing walls are attached to the 

design model, and are at the right position, however, by examining the models from top view (right 

hand side of the Figure 6), there is a clear difference in designed and installed geometry, which implies 

they are not placed as designed. Now, this will also raise a question on the main structure that whether 

it also has any discrepancies or not. Therefore, observing Figure 6, it can be seen that the cloud data 

merges with the design model, however, for certainty, a closer look is required. For instance, more 

detailed inspection can be the performed by comparing the measurements of different components. 

Figure 7 is presenting the comparison between designed and as-built components of the bridge. 



 

 

FIGURE7,  BRIDGE 1:  DESIGNED COMPONENTS (LEFT);  AS-BUILT COMPONENTS (RIGHT)  

 

From Figure 7 (left), Pier to abutment distance and foundation to pier cap distance was measured, 

which were 15.500 and 6.888 meters, respectively. While, its counterpart as-built components are also 

shown in Figure 7 (right). The measurements of as-built beams and pier are 15.502 and 6.874 meters, 

respectively. In sum, the measurements of different components are given in Table 2.  

TABLE2,  BRIDGE:  DESIGN VS .  AS-BUILT  

Component  Designed (mm)  As-Built (mm)  

Pier  6888  6874  

Beam (cc)  15500  15502  

Pier Diaphragm  2801  2798  

Parapet  1000  1004  

  

The data in the table 2 shows the variance between values. However, Pier height difference was 14 mm, 

which is out of tolerance limit (6mm). The possible factors to cause this difference could be the contained 

rain water under the bridge and soil bedding on the foundations, which obstructed the laser to measure 

the exact height level of structural component. Furthermore, wing walls are also deflected, and the built 

walls do not overlay with their designed counterparts.    

Case Study Bridge 2  
 

Millington bridge was the second structure selected that had free access and completed structural 

components. The structure can be seen in the Figure 8. The main structure was completed however, 

wing walls were not installed. On the day of scanning, scaffolding had been removed and bridge was 

then accessible for scanning from underneath.   

 



  

FIGURE8  BRIDGE 2:  SCAFFOLDING REMOVAL  

  

The purpose of this scan was not only inspecting the structure for any discrepancies but also geo-

reference it on the local grid for its geographical location accuracy. Though, only two points are required 

for geo-referencing, the site has four controlled points around the structure. High definition surveying 

(HDS) targets were set over the local controlled points and equipment was placed at various locations, 

accounting the maximum targets to be sighted from each scan station. Survey layout of targets and 

stations, site map are shown in Figure 9&10. Furthermore, default origin can also be seen in Figure, 

which has x=y=z=0 coordinates at Station 001.  

 

  

FIGURE9,  BRIDGE 2:  SURVEY LAYOUT  

As it can be seen from the layout and site map that six stations were set to scan the bridge. Two 

underneath and four around the Bridge. Moreover, all the scan stations are within close range of the 

bridge.  As targets were set over controlled points, three or more targets were scanned from all scanning 

stations, mutually which makes registration easier and also provides more accurate scans, and less 

processing time. In addition, higher number of targets scans from stations provides more cohesion to 

the point clouds while registering and reliability on automatic scanning process, which uses targets as 

common points. BM01, BM02, BM03 and  



  

   FIGURE10,  BRIDGE 2:  SITE MAP  

 

 

BM04 are the four controlled points and their locations can be seen on site map. In addition, different 

colors show point clouds captured from different station locations. Table 3 is showing the results from 

target registration with respect to controlled targets/Constraints. Constraints IDs, in this case targets 

(column 1), are showing their respective commonness scan stations (column 2 and 3). The errors are 

the differences are scans coordinates that may have occurred during the scanning process. In this case, 

minimum error is zero millimeters and maximum is 8 millimeters. Higher or ambiguous errors can be 

turned off to achieve better alignment, and as a result more accuracy. Furthermore, when two point 

clouds are unified or  

 

TABLE3  BRIDGE:  CONTROLLED POINT TARGETS/CONSTRAINTS AND POINT CLOUD DATA REPORT  

  

 

joined together, depending on the level of scan accuracy, they might not fit 100% always, therefore 

there are possibility of error occurrence or existence. Nevertheless, the error should not exceed the 

allowed or acceptable limit. In this case, higher accuracy is not required, hence, up to 8 mm is accepted. 

In support, the error factor can be varied depending on the level of accuracy and detailed required by 



each project.   

After registration and eliminating the noise, the final step was to geo-reference the structure. Two points 

BM01 and BM02 were used to serve the purpose. The used coordinates are shown in Table 4. These 

coordinate are the local grid points, which was established by the surveyors  

TABLE4  CONTROL POINTS '  COORDINATES   

Point ID  Northing (m)  Easting (m)  Elevation (m)  

BM01  27452.812  595641.644  53.685  

BM02  27444.934  595598.458  54.425  

 

for the project. Whereas, BM03 and BM04 were calculated by the software and given in Table below.   

 

TABLE5  COORDINATES OF UNKNOWN CONTROL POINTS   

Point ID  Northing (m)  Easting (m)  Elevation (m)  

BM03  27482.350  595572.244  54.187  

BM04  27509.058  595607.553  52.327  

  

The visual proof is the survey layout for geo-referenced cloud data, which is shown in Figure 11. 

Comparison is made with Figure 11, it can be seen that the origin has moved away from Scan Station001 

to an unknown reference location. Although, geo-referencing has relocated the   

 

  

FIGURE 11,  BRIDGE 2:  GEO-REFERENCED LAYOUT  

origin, however, the validity of the operation is not assured hitherto. Further inspection of the point cloud 

is required. For further inspection, point cloud was imported and appended to its counterpart design in 

BIM environment.  The design 13a and as-built 13b models are shown in Figure 12.   



  

 

  

FIGURE12,BRIDGE 2:  DESIGN MODEL (LEFT),  AS-BUILT (RIGHT)  

 

 

The final view of the 3D models shows that both models appended and overlaid perfectly, hence, geo-

referencing coordinates are accurate and the undertaken survey is also a success. However, for further 

revisit is deemed a success different structural components were needed to be observed closely like 

Bridge 1.   

 

 

(a)                                                                                  (b) 

FIGURE13,  BRIDGE 2:  AS-BUILT VS.  DESIGN  

The inspection can be done by looking closely in clash detection mode. In Figure 13b the model shows 

that the point cloud model has a wider abutment compared to the design model. Similarly, showing 

differences, for example, height of parapet, and pier caps were also found. A summary of the comparison 

between designed & as-built components is given is Table 6. 

 

 

 

 

.  

 



TABLE 6,  BRIDGE:  DESIGN VS.  AS-BUILT  

Component  Designed (mm)  As-Built (mm)  

Abutment Width  12365  12672  

Bridge Length  15500  15502  

Abutment 

Diaphragm  

2000  1500  

Parapet  1000  1790  

Pier Cap  2815  3000  

  

The data shows that there is no significant difference in bridge length. While, all other components differ 

by a significant amount. Abutment diaphragm is 500 millimeters shorter than designed, while, parapet, 

abutment width and pier cap are larger in measurements than their designed models. As a consequence, 

the total cost of the structure is likely to be more than planned due to additional amount of material. 

Apart from these case studies, Millington retaining wall and underpass were also scanned using 

controlled point surveying method. However, the comparison couldn’t be done due to unavailability of 

designs and coordinated. The scanned structures are shown in figures 14 & 15. 

 

FIGURE14:  M ILLINGTON WALL 

 

 

FIGURE15:  UNDERPASS 

 



As mentioned earlier, the comparison could not be done for the structures.  However, in general, 

undertaken research highlighted the issues and recommended early monitoring practice using laser 

surveying, which, ultimately can help to avoid similar issue in future. Also, following workflow is 

suggested for accurate as-built data capture.  

 

FIGURE16:  PROCESS MAP 
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2. ACCURATE AS-BUILT DATA CAPTURE OF BURIED ASSETS – Case Study Manchester Smart Motorways 

 

Case Study:  MSM Laser Scanning Trial for Section 4 Drainage Survey 

Introduction 

The available information for existing drainage within the MSM scheme was not sufficiently complete or 

accurate to generate clash detection models or trace drainage runs. Additional surveys were undertaken 

during both the design and construction phases, these were time consuming and required repeated visits 

to areas. The biggest lesson learnt from Sections 1, 3 & 5 of the Scheme was the need for better existing 

asset information, especially drainage. 

It is not possible to manually measure manhole chamber details without accessing manholes accurately 

using conventional tape measurements. An innovative proposal was therefore put forward to utilize laser 

scanning equipment to fully scan each manhole. This would provide an accurate 3d model of each 

manhole describing shaft position, chamber position, pipe layout and inverts in relation to the site survey 

control grid which can therefore be directly integrated into the design BIM 3D model. 

Additional information can be also extracted from scanned data such as offset of chamber to cover, 

chamber and shaft joint location, pipe offsets to chamber and orientation of ladder rungs should this be 

required. All data is recorded in a single visit to site, with no need for repeat visits where such additional 

information may be required. 

Therefore, a trial was set up to evaluate the practicalities and efficiencies of laser scanning drainage 

manholes in relation to traditional manual methods. 

Laser Scanning Trial  

In order to carry out the laser scanning trial, Balfour Beatty Major Projects Laser Scanning team attended 

site on for one day to carry out the task. 

A section eight manholes was selected between Junctions 18 & 17 on the B carriageway, all manholes 

were located either within the hard shoulder or soft verge area, all protected from live traffic with 

Varioguard and no other works were being carried out in the area. 

Two survey control nails had been established and surveyed by GPS at each manhole location to provide 

reference to site control network. 

The trial was carried out using Balfour Beatty’s Leica P40 laser scanner mounted on an inverted tripod 

arrangement to allow it to be lowered into the manholes. (Fig1.) 

A total of three scans were carried out at each manhole location, one above ground to establish reference 

to survey control, one scan at Biscuit level, and one scan as low as possible within manhole. 

All 8 manholes selected for the trial were surveyed within the 4 hour window allocated (estimated at 

30mins per manhole). And all data recorded. 

The time taken to carry out the site laser scanning is equivalent to time it would take to carry out manual 

measurements on each manhole, however a much fuller and accurate model can be generated from the 

scan data. 



 

FIGURE1  (A)(B)  LASER SCANNER SET UP ABOVE GROUND ON INVERTED TRIPOD ,  IMAGES COURTESY OF BALFOUR BEATTY  

 

 

FIGURE1  (C)  LASER SCANNER LOWERED INTO MANHOLE,  IMAGE COURTESY OF BALFOUR BEATTY 

 

 

FIGURE2:   SCREENSHOT OF CAPTURED DATA ,IMAGE COURTESY OF BALFOUR BEATTY 

 



 

FIGURE3  (A),  (B):  PRELIMINARY DATA EXTRACTION,  MANHOLE NO:  6  SHOWING DIAMETERS,  INVERT LEVELS . 

 

Conclusion 

The section four 3D models developed by the researcher did not include buried existing assets, and 

therefore there is a risk of clashes between the existing assets and new assets. The lessons learned from 

Sections 1, 3, and 5 is that these clashes will occur and lead to delay and disruption to the programme 

of Balfour Beatty. 

The risk can be minimised by investing a Laser survey and integrating the results into the model, and 

designing out any clashes. 

Laser Scanning Main Works on site  

Due to inclement weather conditions scanning was interrupted for 2 days due to water ingress into the 

scanning equipment causing the scanner to malfunction. Therefore a replacement scanner was supplied 

and scanning continued. This highlighted the issue where using scanning equipment inverted for survey 

of manholes, the equipment is not fully waterproof and precautions must be taken to ensure the 

equipment is guarded against water ingress. 

Processing  

The raw scan data was registered and returned to the site team as .DOT files.  This process took 10 

days to complete. This work was not being carried out full time. The scanning team engaged in other 

activities during this period. After that essential training was undertaken in order to prepare the 3D 

models. 

Essential Training and 3D modelling  

Once the data was received in .DOT format, the researcher used software to create a 3D model of each 

manhole.  This can then be appended into the designer’s model for clash checking. The software used 

for the modelling was Bentley Microstation with the additional TopoDot® application installed. Before 

commencing the modelling process essential training was undertaken.(Fig4A,B,C) The process of 

modelling each manhole took as little as 20 minutes once a routine is established and the method 

practiced.  Extra time should be allowed if additional data is required to be created from the model. 



 

FIGURE 4(A)(B)(C)  :  IMAGES SHOWING BENTLEY M ICROSTATION ,TOPODOT®  APPLICATION TRAINING &  3D  MODEL CREATION FROM POINT CLOUDS  

 

The main benefit of utilizing this method for capturing existing drainage assets is that during one survey 

the entire manhole chamber is captured and the data is available forever.  There is never any need to 

revisit site to collect missed measurements as they can simply be taken from the model. 

Importance of Using 3d Laser Scanning for manholes 

•It is impossible to manually measure manhole chamber without accessing manholes accurately using 

conventional tape measurements  

•Using 3d laser scanning made it possible to access the manhole chamber and provided accurate 3d 

model of each manhole describing shaft position, chamber position, pipe layout and inverts in relation 

to the site survey control grid which can therefore be directly integrated into the design BIM 3d 

model. 

•Additional information can be also extracted from scanned data such as offset of chamber to cover, 

chamber and shaft joint location, pipe offsets to chamber and orientation of ladder rungs should this 

be required. All data is recorded in a single visit to site, with no need for repeat visits where such 

additional information may be required. (Balfour Beatty, 2016) 

 
1.1. Recommendation: Need for Highways England and its Supply Chain to address Skills Shortage Issues  
 

 

One key challenge faced by Highways England and its supply chain is addressing the skills deficit within 

the infrastructure sector. “Improving the UK’s productivity is a vital element of the government’s Long-

Term Economic Plan. High-quality infrastructure boosts productivity and competitiveness, allowing 

businesses to grow and enabling them to reach suppliers, deepen labor and product markets, collaborate 

and innovate and attract inward investment…Infrastructure is critical in determining citizens’ quality of 

life. Through taken for granted when it works well, you will hear about it when it doesn’t! Skilled people 

are therefore crucial to the vitality not only of infrastructure organizations, but in a very real sense to 

the vitality of the nation itself” (HM Treasury, 2014). The skills deficit causes a number of issues: 

 

 

 

 



 

1. Higher Project Costs – Due to the lack of good engineers the businesses will need to make higher 
profits in other areas to cover the losses made from unproductive workers. Companies need to 
also allow for wage inflation. 

2. Delays to Projects – Due to the lack of coordination and planning the benefits reaped from the 
best use of available resources are often lost.  

3. Damage to the UK Economy – If the UK is seen as a country with substandard infrastructure the 
worlds few on the country will go down and the economy will be negatively impacted. If 
engineers has increased skill levels it would give the UK the upper hand for improved engineering 
works in the future. 

4. Bad Decision Making/Poorer Economy – Jobs must be given to the right people to ensure that 
they are able to do the job. Early involvement of the correct people will reduce the number of 
problems further down the line. 

5. Reliance on imported skills / loss of intellectual property – Workers from other countries may be 
required to fill the gap; this is made difficult by current legislation. More investment is required 
into apprentices and graduates to ensure that their skills and knowledge are not lost. 

6. Stifling Innovation – The Company building the infrastructure must ensure that they are able to 
use any innovations from their supply chain and allow them to be implemented. 

7. Safety impact-Increasing defects ,and lean wastes. 
 
 

BIM is able to assist in the problem by allowing the company carrying out the works to be involved from 

the project from an early stage and have access to the works required; this will allow them to employ 

staff with the correct skill set to competently carry out the works. BIM also shows the progress being 

made in what areas so will make it obvious to see where the workforce skills are lacking and give the 

contractor the opportunity to rectify this before the issue becomes a major problem. BIM is known for 

its vast benefits to the construction market, which are easily transferable into the infrastructure market; 

for this benefits BIM must be utilized. 

1.2. Recommendation: Need for Highways England to Adopt Innovative Approaches to Asset Management 
in Compliance with its License Requirements  

 
 

In April 2015, the Secretary of State for Transport issued statutory directions and guidance as part of 
Highways England License4. The document contains various requirements, acting as a guidelines to 
improve the processes. The issued document point out couple of major factors concerning the asset 
management. Key excerpts from the document, related to Asset Management include: 

 The License holder is required to develop and maintain high quality of information concerning 
the assets held, operated and managed. The information must be readily accessible. 

 The License holder is required to provide, maintain and execute an asset management strategy 
and policy. The License holder's Delivery Plan must contain strategy, illustrating best approach 
to manage the assets lifecycle and maintaining a registry of condition and inventory of its assets. 

 Complying with the previous requirements the License holder must take up a long term approach 
to asset management, consistent with ISO55000 standards.  

 The License holder must provide data or information in such form and manner and at such times 
as the Highways Monitor may reasonably specify in guidelines to the License holder. 

 Data or information on performance of the License holder's network, assets or the movements 
and characteristics of traffic on the network  

                                                           
4 http://gov.uk/strategic-highways-licence 



 The License holder must provide data or information on its performance in complying with and/or 
delivering the requirements of the Road Investment Strategy, Strategic Business Plan, Delivery 
Plan and License, as required by the Highways Monitor. 

 Whole Life-cycle approach to asset management and maintaining a registry of its asset inventory 
and condition 

 When presented with a significant choice between bearing short-term costs and increasing long-
term costs, appraise the different options in line with relevant government policy and guidance 
to determine which represents the best overall value for money  

 

 
                 FIGURE:  NEED FOR EFFECTIVE ASSET MANAGEMENT BASED ON DFT  HIGHWAYS ENGLAND L ICENSE REQUIREMENT  

The sheer quantity of assets owned by Highways England (see Figure below) gives an indication of 
the level of maintenance required. Assets owned by Highways England include Carriageways, 
Footways, Bridges & Structures, Lighting, Traffic signals, Signs, Barriers and street furniture, Drainage 
and Green assets (trees, verges, landscaping). Asset Information Model need to account for and 
collaborate such diverse assets, giving a clear indication of what infrastructure assets Highways 
England possess, location and their perform levels. 
   

 



            FIGURE:  ASSETS OWNED BY HIGHWAYS ENGLAND  

 

1.3. Recommendation: Effectively Leveraging BIM and Asset Management Integration to enable corporate 
knowledge management  

 

The Government Construction Strategy, 2011 outlined the requirement to have all projects using 

collaborative 3D BIM by 2016. Highways England and its supply chain is required to meet that target. 

Effectively leveraging data/information within BIM could be used to drive anticipated savings and 

efficiencies.  

Effective information management, as enabled by BIM and Asset Management, could offer numerous 

potential benefits to Highways England. Firstly, simply capturing up to date, accurate information means 

the work that follows will be of value with waste reduced; information is accurate, up to date and 

accessible. Taking a road surfacing example, looking at what the road is constructed of, how was it 

repaired, how long did it take, what materials were used, what was the cost, capturing potential reasons 

for degradation (i.e. weather, increased traffic flow) is a valuable knowledge base that can be taken into 

account on future projects. Accurate information can be fed into electronic collaborative workspaces 

allowing HE and their supply chain to work together more efficiently. Developments in cloud computing 

and intelligent design modelling using Building Information Modelling, further allows for seamless 

integration of asset information from diverse sources into a single source, to support operations and 

future planning. 

In order to realize the potential of BIM for asset management, it is important that policies are 

developed that look at BIM and Asset Management together as one entity. This requires 

Highways England providing a common framework for the development of the two practices. Addressing 

asset management and BIM as separate entities negates the advantages found in an integrated 

approach.  Ensuring an Information Management Process is in place to enable data within the Common 

Data Environment to be readily available for the management of assets is key to achieving this.   

Highways England must ensure the importance of effective life cycle data collection and analysis as 

enabled via BIM and Asset Management framework, is communicated throughout the organization and 

its supply chain, to move towards a culture that understands and appreciates the importance of effective 

information management. This may involve a radical shift towards use of more integrated processes and 

technologies. Staff concerns with regards to process change must be adequately addressed. 

Furthermore, it is necessary that staff are trained in use of new processes and understand the potential 

BIM-integrated asset management approaches do offer. This could be supported by development of 

detailed BIM guidelines and process maps, similar to those developed by other client organizations (e.g. 

PSU BIM guidelines for owners5). Introducing BIM standards will ensure HE can apply BIM across all of 

its projects and assets consistently.  

 

Given multidisciplinary and cross functional nature of Life Cycle asset management, necessitates 

enhancing staff ability to work within multidisciplinary teams, where they are open to new 

learnings, methodologies and approaches shared by people from different backgrounds. Key to the 

success of the team is it’s the ability to integrate and interpret these factors into the decision making 

progress. A mix of thinking and practical skills must be underpinned by relevant knowledge and 

understanding of the activity being carried out within the collaborative environment. Furthermore, strict 

methods and processes for the exchange and sharing of data must be created, installed and adhered to 

                                                           
5 http://bim.psu.edu/Owner/default.aspx  

http://bim.psu.edu/Owner/default.aspx


during BIM implementation to ensure the prevention of information degradation of the data delivered to 

the project.  

 

A report6 commissioned by UK Department for Business, Innovation and Skills and the Cabinet office in 

2008 suggested that extending the use of BIM to all major projects could result in savings of 

between £1 billion and £2.5 billion per annum within the construction phase alone. As initial 

construction costs usually only account for a fraction of the costs over the projects life cycle (over an 

average 30 year period), the potential savings on post construction phase through the implementation 

of BIM can be huge. It is evident that there are overriding benefits to be realized in the implementation 

of BIM for asset management within the Highways England and its supply chain. Better design co-

ordination, improved clarity through 3D modelling and use of consistent information exchange framework 

with supply chain, will enable long term cost savings to be realized. However, the importance of providing 

a collaborative environment towards as well as within BIM, cannot be stressed enough.   

 

1.4. Need for a Clear Definition of Highways England Asset Information Model (AIM)  

 

Highways England business plan highlight the need to move away from the reactive ‘find and fix’ short 
term maintenance methods to invest more in immediate improvements to avoid incurring future costs. 
Given launch of Highways England new operational metrics and in light of Government April 2016 BIM 
Level 2 Maturity mandate, Highways England need to clearly define what constitutes its mission critical 
knowledge and Asset Information Model (Common Data Environment in BIM Lingo). This will provide 
Highways England an opportunity to integrate its operational metrics/License requirements/stakeholder 
expectations with its Asset management/engineering/regulatory practices. For instance, given renewed 
focus on Road User Satisfaction and Environmental Impact reduction, it may be time to revisit how Asset 
Management serves Highways England key operational metrics and in the process defining crisp  

Asset Information Model, so that Highways England and its supply chain could focus in right direction. 
This view is supported by similar views in literature (e.g. Thorpe, 19987).  

                                                           
6 UK Department of Business, Innovation and Skills (BIS) and the Cabinet Office – Life cycle approach to BIM  

7 Thorp, J. “The Information Paradox — Realizing the Business Benefits of Information Technology”, McGraw-Hill, 

Toronto, Canada, 1998.  

“One of the key enablers of our new approach will be a 

comprehensive asset data information system (the Integrated 

Asset Management Information System, or IAMIS). This will be 

introduced in stages over the next five years, adding one asset 

type after another as we gather improved data and the 

associated sub-systems come online”  

 Highways England Delivery Plan 2015-2020 



 

 
FIGURE:  CLEAR DEFINITION OF WHAT CONSTITUTES HIGHWAYS ENGLAND CRITICAL KNOWLEDGE WILL HELP DIRECT ORGANISATION IN RIGHT DIRECTION  

 

Highways England Asset Information Model could help answer some of the key questions such as: 

 

 What comprises Highways England Asset Information Model and how does it link its operational 
metrics with its engineering/regulatory practices;  

 How Highways England intends to leverage value from the data in its Asset Information Model;  

 How Highways England intends to maximise benefits from various asset classes;  



 

 

 

 What are Highways England Employer Information Requirements (EIR) (as required  as part of 
Government Level 2 BIM Mandate) and how supply chain provide this information; 

 How Highways England intends to use its Asset data to deliver better service;  

 How issues related to capability and governance will be addressed as part of Asset Data 
management;   

 How to integrated legacy Asset Management Systems currently in use by Highways England into 
a single information model.  

 How asset data will be used to measure performance against operational metrics in short, 
medium and long term.  

 How a single source Asset Information Model could help streamline diverse business operations.  

 How AIM could help optimize investments, and minimize life-cycle costs. 

 

 

 

 

FIGURE:  KEY REFLECTIVE QUESTIONS TO CONSIDER IN ORDER TO ENSURE CORPORATE DATA DRIVE EFFICIENCIES.   



  

      FIGURE:  A  FRAMEWORK TO MAP AN ORGANIZATION MISSION CRITICAL KNOWLEDGE
8 

 

 

 

 

 

                                                           
8 MacMillan, I  (2015) “Managing Mission Critical Knowledge”, Harvard Business Review, Jan-Feb 2015 

 “Organizations hastily adopt new technology without 

undertaking a rigorous review and questioning process, until a 

cost overrun or a problem during implementation arises. Thus, 

a rigorous questioning process is critical to eliminating issues 

associated with ‘Silver Bullet Thinking’ (i.e. benefits will 

automatically happen) and the ‘Red Queen Syndrome’ (i.e. 

consistent financial investment in technology with no 

significant benefits).  

(Thorpe, 1998) 

 



1.5. Recognising and Addressing Waste Resulting from Information Losses at Scheme Handover 

 

 

 

One key area within which Highways England can become more efficient in its processes is through 

systematic data collection and addressing data degradation issues particularly at handover stages. During 

interviews with Highways England and Tier 1 suppliers, quality of data on Highways England operational 

assets was called into question. BIM provides a systematic approach to collate design, construction and 

product specifications data in a single information model.  

 

While the value of capturing accurate data is starting to be realized, it is important for captured data to 

be retained, enhanced and accessible at handover stage. Various research studies indicate that 

inefficiency costs resulting from inadequate interoperability between various legacy software systems 

and poor transfer of data and information from design and construction stage into operations, runs into 

billions of pounds. This highlights the need for client organizations to spell out clearly their information 

needs and develop an integration strategy to ensure data adds value to their daily operations. As a 

consequence, clients often maintain and operates asset, without a sufficient knowledge and 

understanding of assets that have been built. Traditional approaches to data handover present many 

difficulties, including failed opportunities to optimize performance and life spans of assets.  

 

 

“One of the main area, in which Highways England is lacking 

significantly, is the quality of data we hold on our current 

operational assets”   

                (Highways England Staff) 

“Unfortunately, in most cases, the data that has been passed 

to and from Highways England, is incorrect. This leaves no 

other choice for Highways England contractors, but to put 

cones on the road, investigate the assets and compile their 

own information. To effectively manage an asset the most 

import component is data - as without it you have to start 

from scratch and gather all the data for the second time, 

which is obviously waste”. 

 Highways England Tier 1 Contractors  



 

FIGURE:  REDUCING DATA LOSSES AT HANDOVER STAGES USING STANDARDIZED WORKFLOWS  

 

1.6. RECOMMENDATION – NEED FOR HIGHWAYS ENGLAND TO DEVELOP ADVANCED CAPABILITY TO 
UNDERTAKE BETTER TRADE-OFF ANALYSIS USING INTEGRATED MANAGEMENT OF ASSET DATA  
 

In an era of austerity and funding constraints, HE need to develop better decision support tools to allow 

for better trade-off analysis between single asset (e.g. Bridges, pavement, signage) or cross-assets for 

better understanding on the network. Such trade-off analysis could be done on a slide scale of 10% or 

20% increments (across single asset class e.g. road pavement or across cross assets). This could provide 

useful tool to explore various optimization opportunities and could be used as basis of collaborative 

planning sessions to optimize outcome of investment decisions.  

 

 

 

 

 

 

 

 

 

“Nowadays people know the price of everything and the value 

of nothing” [(Oscar Wilde, 1891)] 



 

 

 

 

Given a wide range of KPIs as set out in Highways England business plan, there are wide areas of 

investment. Traditionally pavement renewal and bridges have been key priority areas of spending. 

However, capturing accurate condition data and subsequent trade-off analysis will ensure justification of 

spend. For instance, if pavement is in fair condition, with no cracking or weather related concerns, 

undertaking resurfacing is a waste and could negatively impact on other KPIs (e.g. network flow, road 

user satisfaction).  

Such a trade-off approach to Investment Vs Benefits could be used at a strategic level for system wide 

analysis (e.g. Average pavement condition in Area 10 & 14 is expected to be...) or at a granular level as 

a tactical tool at project and operational level (e.g. which projects to take forward in 2016). Such 

approaches are data driven and are supported by a robust decision making process. Such an approach 

may require moving from single asset focus to a network based approach. Single asset class focus (e.g. 

Bridges, Pavement renewal) could potentially lead to "silos", limiting interaction between other asset 

classes.  In contrast, a network based approach will involve optimization across all asset classes. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 
                           FIGURE:  TRADE OFF APPROACH TO INVESTMENT VS BENEFITS  

 

 
 

“Only a fool makes the same mistake twice; the wise learn 

from mistakes made by others”  

 Otto von Bismarck  



 

FIGURE:  HANDLING INFORMATION HANDOVER CHALLENGE  

 

Use of Interoperable systems and standards are crucial for data continuity across the life-cycle as the 

main data structures, formats and uses in the delivery of projects differ from those used in asset or 

facilities management. Existing processes involve data submittals using variety of formats including CAD 

Drawings, PDFs and Excel spreadsheets. It has to be noted that employing BIM alone will not work but 

an increased effort to involve the operations teams in early stages of projects will help. In addition there 

needs to be a handover process to check whether quality data is being handed over. More importantly 

Highways England need to constantly foster skills to use and update project data in operations. This 

could mean maintenance staff could effectively pull up the model on iPad and be on site with all the 

information they need to locate and correct the issue. This could prevent network downtime. Time and 



cost savings through systematic data collecting, reducing waste in existing processes and providing 

precisely detailed accurate information to operational staff could be invaluable to Highways England.  

 

FIGURE:  KEY STEPS TO ENSURE LIFE CYCLE INFORMATION FLOW  

 

Hardin & Mccool9 highlights that as project lifecycle progresses, challenges originating from data not 

being properly updated and the growth of physical data become greater. This section looks at data 

degradation challenges and potential ways to address this, for example, by applying standards such as 

PAS 1192:3.  

 

                                                           
9 Hardin, B and Mccool, D (2015). “BIM and Construction Management: Proven tools, methods and workflows”, John 

Wiley and Sons.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Technology Review  

2.1. PAS 1192:3 Specs  
 

PAS 1192:3 is a specification that has been set, to sit alongside PAS 1192:2, its purpose is to provide a 

structure for information management through the whole life cycle of asset management. PAS 1192:3 

looks at the assets at operational level by creating an asset information model. To use the model, the 

‘asset owning organization’ must identify their assets and numerous pieces of information about those 

assets to enable creation of the asset information model. A key element of this standard discusses 

information being available, transferable and having integrity. It includes how a Project Information 

Model (PIM) is transferred to become an Asset Management Model (AIM) .10 This is an important step 

in the project lifecycle, as the user of the information changes meaning information should be mature 

enough for the purpose. 

 

 

FIGURE:  AS INFORMATION ARTEFACT GROW THROUGH PROJECT LIFE CYCLE STAGE,  MORE EFFORT IS REQUIRED TO 

MAINTAIN THE DATA AND MORE TIME CONSUMING TO ACCESS IT10 



 

 

FIGURE:  PAS  1192:3  SPECIFICATION DOCUMENT 11
 (BSI,  2015) 

 

2.2. Government Soft Landings (GSL) Policy 
 

Another way to enable whole life cycle information management and prevent information losses at 

scheme handover stage is to use the GSL Policy. Created in 2012, it sought to align design and 

construction better with operation and asset management.  The client is involved from an early stage, 

engaging with design and construction teams to identify their requirements and expectations at the end 

of the process.10 HE needs to ensure it is capturing all the information it requires, and it engages with 

its stakeholders, in order to be able to meet their expectations as the network operates. As it currently 

seeks to update its asset management policies it may not be able to initially implement a PAS 1192:3 

model but it can certainly begin to adopt aspects of Government Soft Landings practices, such a 

stakeholder engagement to inform information requirements and ensure smooth delivery. GSL makes 

information available to client prior to the handover so that they understand asset before they are tasked 

with operating it and work together with client team in optimizing asset performance.   

 

 



 

FIG:  GOVERNMENT SOFT-LANDING FRAMEWORK
10 

 

Soft landing framework and PAS 1192:3 standards provide structures, which can inevitably help 

Highways England and its supply chain deliver more efficient information as they are supported by a 

formal process. In order for these processes to be effective, early and active client engagement and 

support is essential. Teams involved need to have a clear understanding of Asset Information Model 

required to effectively operate and manage assets. Information in the final models will naturally mature 

through the design and construction process provided the teams maintain it throughout, so it is effective 

and ready to use at the point of handover. These processes should enable project team to compile and 

transition project information for handover in a manner that flows, which can only benefit them and their 

client. 

Operation and Maintenance manuals submitted at the conclusion of projects can sometimes be late, 

incomplete or be submitted as volumes of paper where information is difficult to find and keep updated. 

Utilization of BIM in this area allows the information that has been collated, either through using PAS 

1192:3 asset management model or Government Soft Landings, means there is a greater chance of 

usable information being ready for handover to the user/operator of the road network, at the completion 

of the project. This will also help ensure Highways England license requirement of asset data being 

“readily accessible”.  

 

 

 

 

 



2.3. Common Data Environment:   
 

 

With the HM Government’s BIM level 2 implementation mandate by 2016, the BIM Task Group is pushing 

on the use of “Common Data Environment” (CDE). CDE is defined as a “single source of information for 

the project, used to collect, manage and distribute documentation, the graphical model and non-

graphical data to the whole project team”. This collaboration of data helps to minimize risks and it avoids 

mistakes/duplication. Creation of a CDE is also recognized in the PAS 1192:2 framework where cloud 

based sharing uses an accessible project server or piece of software to store and share the data, creating 

a shared knowledge resource. Implementing a Common Data Environment across all Highways England 

schemes will ensure that there is consistency in the manner in which assets are constructed and 

information is shared. Consistent data from multiple projects could enable easier access to information 

and cross comparisons between different schemes/asset classes. 

 
 
 
3. BIM Case Studies 

3.1. Manchester Smart Motorways 

Scope of the Work 

 

The Department for Transport (DfT) is introducing significant improvements across key parts of the UK 

road network. “Hard Shoulder Running’ is an initiative involving using the hard shoulder as an extra lane 

to improve journey times. Deploying this on the M60 and M62 motorways around Manchester are two 

priority schemes, with improved capacity on the M60 as the third planned initiative. The Manchester 

Smart Motorways (MSM) scheme aims to improve the M60, Junctions 8 to 18 and M62, Junctions 19 to 

20 to the north and to the west of Manchester, linking Merseyside and Greater Manchester with Yorkshire 

and the Humber, to be completed by autumn 2017 (Highways England, 2014) Highways England has 

initiated the MSM scheme, with over 700 people, including on-site and office staff. 

The scheme (DfT ,2013), covers a corridor of 27 km, to reduce the daily journey time of 180,000 road 

user with 2, 3 and 4 lanes carriageways. The construction value is £208.3 million, and involves using a 

combination of Controlled Motorway (CM), and Smart Motorway All Lanes Running (SM-ALR). 

http://www.designingbuildings.co.uk/wiki/Project_team


 

FIGURE:  MSM  SCHEME LOCATION  

 
 

Background of the main Contract for MSM Scheme 

 

Highways England adopted the Collaborative Design Framework (CDF), for this scheme, where they will 

promote collaboration between the various different parties, Highways England awarded the contract for 

Balfour Beatty, and to make the collaboration arrangement works, Balfour Beatty contracted the whole 

work to MSM-JV, which comprises three groups: 4 Delivery Partners (Balfour Beatty, Carillion, Costain 

and the MB-JV which is a joint venture between BAM Nuttall and Morgan Sindall), the  Designers (Halcrow 

and Hyder) and the client Assurance (Faith & Gould) appointed by the client. 

 

FIGURE:  A  D IAGRAM FOR MSM  CONTRACT 

 

 



The influence of the late contractors' involvement  

 

The delivery partners in this project carried out all inspections and surveys, because when the project 

was awarded, the design was not complete, therefore client had to tender the project at a very early 

stage and gave a fixed price on that early staging of information, because there might be possible risk 

of pricing surcharge therefore, the delivery partners had to protect themselves with the auxiliary cost 

that was estimated to the target price. Moreover, in such contracts, the delivery partners cannot have 

any influence for the quality of the design. From their experience for constructability to cost or 

programming of the project, as the designers where on separate contract with Highways England. 

 

The Scheme's Common Data Environment  

 

The process of dealing with the project depends on Balfour Beatty Business Collaborator System (BC) as 

Common Data Environment (CDE) for the whole partners to work with it to manage the project 

information and data. The four partners, had to go on Balfour Beatty’s process and protocols, without 

any concern of training related people. While HE as the client should be playing the most important role 

in the construction process, did not emphasis the British Standard BS 1192:2007, by providing its own 

CDE. 

 

The adopted technology 

The designs, for MSM project, were generated in 2D, and the intention was to convert the 2D designs 

into 3D BIM Model, which then would be adapted for their record. Unfortunately, BIM Model was parked 

as design continued to evolve.  

 

The scheme adopted an effective strategy supplemented by 70 iPad devices to be used on site. This 

technology made the construction information available for teams electronically on site, which has a 

recognised impact minimising the travelling time between the site and the office as the team on-site was 

able to access the needed information and send it back using iPads. As stated by the active on-site users, 

this technology is dependent on internet accessibility on site. 

 

 

In those days, the level of interest and skills related to BIM 

implementation was not at the same level as today.2D CAD 

system was the adopted method to produce drawings in all 

similar projects. Therefore, BIM was now a part of the design 

brief in this project  

Balfour Beatty Design Staff  



 

 

Problems with the Design Deliverables  

 

MSM is facing four types of the eleven wastes, stated by Ningappa, 2011. [1] Overproduction regarding 

the production of design. [2] Correction or Defect waste, regarding the Non-Conformance Reports 

(NCR). [3] Confusion on site when there is missing information or incomplete information around 

certain detail for a specific work. [4] Waiting for material approval. 

Waste of  over production  

 

For the scheme the drawings were produced by 2D, not through the 3D BIM Model, much effort is 

wasted, by trying to interpret or integrate within the drawings and details, which sometimes, it  needs 

reworking that impact heavily on the efficiency and conflict of the design process. The problems in design 

deliverables are either too much or too little information to arrive to the specific work, or conflict of 

information between different designs on the same area.  

Highways point of  view  

 

Correction or Defect  waste  

 

HE’s database is not linked together between the three engines of CAD, GIS and information. Hence, a 

discrepancy of information, is most of the time the cause for rising a Non-Conformance Reports (NCRs) 

which have resulted when construction has not been carried out according to the applicable design 

details. For instance, one of the NCRs was towards building a concrete chamber in a different location 

because the engineers on site didn’t have the up to date drawings, on BC, to show the change of location 

for this chamber, where the change of location was updated only on the Mx Model, which gives the 3D 

coordination for lines and points on site, however this information is absent on CAD drawings. The 

engineers on site did not have access to the latest model, the chamber was built in different location 

few meters away.  

Projects for Highways England require to develop systems 

which support their own quality procedures and facilitate 

efficient review of the works and turnaround times for issues. 

A collection of facilities will be required as per Bentley 

ProjectWise App, to access the information of the projects, 

Autodesk Glue, to review the model in the field and GIS &SQL 

databases to control, manage and query the quality of 

information  

Highways England BIM Programme   



 

 

FIGURE:  SILOS OF 3  ENGINE OF TECHNOLOGY.   

Highways point of  view  

 

HE faces enormous problems in managing the data, due to: [1] varied legacy asset systems. [2] None 

of these systems are compatible to each other. [3] Data contained in them are duplicated, inconsistent, 

missing etc. Therefore, HE is looking at cooperating all of this in Integrated Asset Management 

Information System (IAM-IS), that is being used now in Crossrail London Project that will integrate 17+ 

asset systems into one single repository.  

 

FIGURE:  INTEGRATED TECHNOLOGY.  (SOURCE:  KEMP,  2013). 

 

In IAM-IS, CAD, BIM and GIS should be linked together which will limit the number of NCRs that is 

causing delay on site regarding the discrepancy of information between the three separate engines.  

 

 

 

 



 

 

 

INTEGRATED ASSET MANAGEMENT INFORMATION SYSTEM FOR HA. 

 

Confusion on site  

 

Most of the changes within the RFIs are not being updated on the original drawing or on BC, which may 

affect other works with different specialities. 

For instance, an RFI report has been raised stating:  "At the location of CCTV 16 (Ch. 23563) a clash 

has been detected between the pile and a 900mm drain (approx. 2.5m down). Due to the width at this 

location, a traditional base may be a possible solution_ please can you advise?" This change has never 

been updated on drawings.  

The surveys from previous HE schemes could have been maintained in order to fully cover the as built 

assets, however HE did not keep accurate information for “as-built” documents. Most probably, HE does 

not have a linked system where contractors can provide the client with their PIM, which contains 

information developed during the design and construction phase for previous schemes and refurbishment 

for highways as stated in PAS 1192:2, (2013). 

 

 

 

 

 



Highways point of  view   

 

Highways England is restricted from specifying a single product. However in this case, HE has to specify 

the performance. This means that the specifications in Highways England give the contractor the ability 

to use any product that meets those required performances. Therefore, if the contractor has any 

suggestions for different instalments for a specific work, or any requirement from the contractor to 

reduce the time needed for the completion of a certain work, they are free to propose any change. In 

this case Highways England would analyse the situation, and specify the risk associated with it and then 

draw the concerned benefits.  

 

Waiting time  

 

The problem here is that the detailed design stages are developing in parallel with the production of 

components in the manufacturing plant, which is related to the incomplete design when the process on 

site started in May 2014. Hence, this project was rushed to start, so the designers didn’t have time to 

review and approve processes of varying degrees of complexity, before they have been passed onwards 

to the next link in the supply chain. 

 

Highways point of  view  

 

 

 

 

 

 

 

 

 

 

 

As the client organization HE is responsible for setting the 

requirements, as HE is not a designer. However, it has been 

misinterpreted. 

 Highways England Staff  



 

The adopted Technology  

 

Even though with the adoption of good technology and 70 iPads on site for MSM project, but mostly 

emails are used, to exchange the queries regarding the RFIs which is against the industry collaboration 

standards, such as BS 1192:2007, which recommends to exchange information using a Common Data 

Environment (CDE) avoiding the ad-hoc exchange of information. The key problem with the existing 

Business Collaborator (BC) system, that it is neglecting the end user’s requirements. 

 

The designers from different expertise are not communicating to each other. Huddle meetings, as part 

of lean tools are very important tools to convey the daily goals established during the weekly meeting 

for the entire workforce. During these huddle meetings, all designers from different specialties can meet 

for 10 to 15 minutes every morning to check if there are any clashes between different designs and 

identify any issues that may need to be addressed for future works on site as well as being able to 

update all drawings for the purpose of well prepared for the handover. “The best solution is to automate 

the process by capturing it digitally in the beginning”. 

 

 

 

 

 

The best solution is to automate the process by capturing it 

digitally right in the beginning of the project. Therefore, there 

will not be thousands of PDF papers issued for construction, 

the CAD model will be handed to ICT group at the end of the 

scheme. No significant skills in AutoCAD will be required to 

operate the model and extract any information from it. 

 Balfour Beatty Design Management   

The scheme design management for MSM describes that 

there is huge loss of information for ‘as-built’ documents as 

the design team is overburden of work to update all the 

drawings.  

 Balfour Beatty Design Management   



 

 

GSL implementation 

The implementation of GSL (Government Soft Landings) in this scheme is not mature yet. Although there 

is an awareness about GSL at the managerial level, however, there is no implementation plan in place.  

Some few current adopted strategies match some of the GSL requirements but not in a structured 

method. For detailing, MSM team started to arrange regular meetings with Asset Support Contract 

Company which is part of Highways England to get their inputs and concerns related to any aspect of 

this project. These regular meetings started since the beginning of the design stage. Moreover, MSM 

team conducted a couple of workshops with Asset Support Contract team to explain what has been 

constructed so far and what are expected to be deliver by the end of the project. The workshops enabled 

teams from both organizations to discuss about any related issue, concerns, and to clarify many points 

related to the asset lifecycle.  Additionally, a visualized method will be in place, as MSM team will provide 

training to the operational team as per operation of different systems implemented in the project. These 

described adopted arrangements fall under some of the required points within the adoption of GSL. 

However, GSL adoption needs to be instructed and planned before the beginning of the project and 

many other essential points need to be implemented.  

Challenges within the Handover phase 

In the MSM scheme, mostly emails are being used to exchange the queries regarding the RFIs that are 

not in line with the industry collaboration standards, such as BS 1192:2007.Recommendation is to 

exchange information using a Common Data Environment (CDE) avoiding the ad-hoc exchange of 

information. The key problem with the existing Business collaborator (BC) system is that, it is established 

in isolation with various range of functions that do not integrate with the established work practices in 

the industry,  as well as it is completely neglecting the end user’s requirements. 

The absence of BIM model, within this scheme, will enable the team to integrate all asset information 

such as equipment’s information, and maintenance information into central source of information 

manually. Another obstacle is that, not having a BIM model will lead to lack of production of Cobie 

spreadsheet for all project information by the end of the process. 

 

 

 

 

 

 

 

 

 
 
 



3.2. A556 Scheme (2014-2017) 

Scope of the Work 

 

The A556 scheme is a major connection between North Cheshire and South Manchester. It is located 

between Junction 19 of the M6, near Tabley/Knutsford, and Junction 7 of the M56 near Bowdon. This 

busy stretch of road will be upgraded from a single 4 lane carriageway, with some sections of dual 

carriageway, to a dual 2 all purpose (D2AP) carriageway.  Following the installation of a new dual 

carriageway, the existing route will be de-trunked and transformed into a single carriageway road. 

Construction of the scheme started on 10 November 2014 and works on the new road will continue until 

winter 2016-17. The completion of this scheme is expected to be in  summer 2017. 

 
 

 

A556  SCHEME LOCATION 

 

The influence of early contractors' involvement for A556 Scheme 

An Early Contractor Involvement (ECI) for the A556 Knutsford to Bowdon Improvement Scheme for the 

Highways Agency was awarded to Costain on the 17th January 2011.  In Phase 1a, Costain has supported 

the Highways Agency & Jacobs engineering in the Preliminary Design and Pre-Application Process. 

Costain’s role was to ensure that emerging design is constructible, affordable and can be delivered to 

the SR10 Programme requirements. As an integrated team, client, designer and contractor have been 

working together continuously, review the proposed design in 3D at the earliest possible point in the 

programme. 

 

The A556 Common Data Environment 

Bentley ProjectWise is being used as the primary collaboration and document management system, as 

well as it is used to store all project information and data from the beginning of phase 1B.  

By utilizing Bentley’s various possibilities of document management products, a smooth transition of 

information to the Highways Agency’s asset management systems will be made at the end of Stage 7. 



Subsequently, all team members received and are receiving access to and training in the use of 

ProjectWise software. Therefore, streamlined project collaboration and delivery will be maintained. 

Costain will produce a Master Information Delivery Index (MIDI). The latest will list both 2D Graphical 

and Non-Graphical deliverables and the 3D Graphical Models when they are programmed to be published 

for; Sharing (Review), Approval, Construction and As-Built as stated in BS 1192:1 standard published in 

2007. 

 

FIGURE:  A556  COMMON DATA ENVIRONMENT  

The adopted technology  

 

 A BIM model was achieved to develop the design stage and to produce fully coordinate drawings. Which 

enabled the project team to reduce any potential clashes during the construction phase and to simulate 

the construction phase to indicate any errors or problems before working on site. Improving road safety 

was also one of the benefits of producing a 3D BIM model as the design team was able to better 

understand the design, highlight any hazard, and modify any error during the design stage.  In addition, 

Cost information has been integrated into the 3D model and a 4D model was achieved. 

Mobile technology has been also implemented in this project. This technology strengthens the benefits 

of producing a BIM model and leveraged the information flow from and to site.  BIM to field application 

enabled a secure, accurate, efficient, and up-to-date information flow from office to site. A CDE platform 

was essential to maintain this high quality interactive connection between office and site. In addition, 

field to BIM application was in place to supply information from site to office. Field to BIM in this project 

was also adopted to digitise the QA process and make it smoother and faster. In details, field activities 

were all recorded using a special application called MobiCloud.  



 

THE RELATIONSHIP BETWEEN OFFICE AND SITE THROUGH A COMMON DATA ENVIRONMENT  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mobile devices allow greater accessibility for information and 

they increase time spent on site. However, for A556, the use of 

tablets has a painful birth. Disconnection of E-phones caused 

some issues. 

 Highways England BIM Management  



 

The Integrated Project Governance Team 

 

The integrated project team of A556 seeks to adopt Costain Integrated BIM Project (IBP) for 

Collaborative Business Relationships which including BS11000-1:2010. Collaborative working covers a 

spectrum of ways that two or more organisations can work together, from informal networks and 

alliances, through joint delivery of projects to full merger. Collaboration within the team is facilitated by 

the sharing of project information within Costain collaborative Common Data Environment (ProjectWise) 

among the offices. 

A group of BIM Governance and Guidance documents will be written documenting the standards, 

processes and technology implemented on the A556, as templates to be used for future projects to make 

use of BIM more efficient for future refurbishment of highways in the UK. 

 

The adopted process for handover: 

 

The project team has developed a BIM strategy and BIM execution plan (BEP), as the project was in the 

detailed design. This provided a good framework for all parties in the project to implement BIM. The 

BIM framework was based on BS700-4, BS1192:2007, PAS1192-2, and the CIC BIM Protocol. The team 

also planned to enable and achieve a digital handover database to be handed by the end of the project, 

this digital model is believed to provide a support for the Integrated Asset Management Information 

system (IAM_IS) during the operational phase. The BIM team defined the BIM objectives for the project 

and followed related policies to define their BEP. 

 

Templates for better BIM performance for HE projects 

 

According to  Macleamy’s Curve (Figure below), BIM does not save much time in comparison with the 

traditional work, however BIM is pushing the curve towards spending more time on design and less on 

documentation. In both curves there is a mountain of work to be done during the documentation phase, 

but BIM is still more efficient than 2D CAD.  The secret to achieve more success by using BIM is to have 

previous templates as lesson learned or standards across projects, and using data from project to project.  

 

FIGURE:  THE USE OF BIM  WITHOUT PREVIOUS TEM PLATES.  (SOURCE:  SHOEGNOME,  2015). 



 

 

 

HE should have templates from previous works and projects with information embedded in it, which will 

allow the project to work quickly in a clear environment. These templates should be incrementally built 

from project to another, as templating is not a do once exercise, it is something that needs cultivation 

maintenance and continuous work (Shoegnome, 2015). By applying lessons learned from previous 

projects, the outcome from BIM would be more noticed, and the ROI will be higher by developing new 

projects from previous experience within the same scheme. 

 

FIGURE:  THE USE OF BIM  WITH TEMPLATES.  (SOURCE:  SHOEGNOME,  2015). 

The transportation infrastructure continues to be aged and needs replacement, rehabilitation or 

upgrading, with minimal disruption to the community. Therefore, the design phase of a project should 

take its time and never be rushed because it poses a significant challenge among the coming forward 

phases especially for the tender documents and cost reimbursement contracts. Moreover, HE should 

spend more time on improving templates as works on highways won’t finish by only this project. In 

addition to templates that include lesson learned, HE should include within its projects training, software 

upgrades, research etc. to be able to influence and enhance projects on Highways, by building templates 

over time for better project deliverables. 

 

FIGURE:  TEMPLATES OVER T IME.  (SOURCE:  SHOEGNOME,  2015) 

 

 

 

 

 

 

 

 



 

 

 

3.3. Upgrade of M25 Orbital Motorway  
 

BIM is currently being implemented on wide range of Highways England schemes positively contributing 

workflows and processes along with bringing cost savings through the life cycle of the asset. The upgrade 

of the M25 orbital motorway in London was in time for the Olympics in 2012 used BIM to create 3D 

models of infrastructure above and below ground to an agreed level of detail. This information was 

required to enable the project to be delivered on a faster timescale than would typically be required for 

a scheme of this nature. With a number of stakeholders in the delivery team, the information model 

from each discipline were integrated through Autodesk Navisworks and provided an opportunity to 

undertake clash detection exercises which could then be resolved. The final BIM models were issued to 

the construction team to use on site, with three quarters of staff having access to these models to 

manipulate on a range of tasks including daily briefings and communicating design information. This 

project required programme certainty and its significant challenges involved in putting a lot more services 

in constrained spaces; the number of designers involved meant they could not have worked in isolation. 

Having gone from an initial will to create a constructible design that did not have clashes, the result was 

a vast amount of useful data that could be attributed to objects and have saved millions of pounds. 

(Burleigh, 201210) The noted success of the M25 project is the amount of usable information that was 

generated after the project. This information can be used in an operation and maintenance phase after 

construction having first found its origins in design. This formed a good example of use of BIM through 

the life cycle of a project and how teams have come together and collaborated successfully. The 

commercial benefit is the possible reduction of the life cycle cost of projects. The methods employed on 

this project has generated positive outcomes commercially for the industry. 

 

                                                           
10 Burleigh, S. (2012) Using Building Information Modelling (BIM) to widen the M25. [ONLINE]. Available at: 
https://www.ice.org.uk/disciplines-and- resources/case-studies/using- building-information- modelling-bim- 
to-widen [Accessed 15th July, 2016] 


