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Dear Readers 

The first article of this issue brings information about the utilization of 3D and BIM tools in road 

and rail projects for the Western Program Alliance in Australia. The article was prepared by 

John-Legge Wilkinson, Arup – WPA. 

In the second article of this issue, Alejandro Palpan and Sandra Vega – TSC Innovation Peru - 

present a use case of the construction phase of the Ovalo Monitor Bridge project located in the 

city of Lima, in which the Virtual Design and Construction (VDC) methodology was effectively 

implemented. 

Muhammad Fawad and Marek Salamak of the Silesian University of Technology, Poland 

describe the utilization of VR/MR technology which was used for the assessment of bridge 

concepts in Poland.  

BIM-based bridge maintenance system in Korea is discussed in the next article. The system has 

been established and operated to manage maintenance information such as bridge information, 

inspection history information, and retrofit necessary for bridge maintenance.  

The article is followed by the Interview with Professor Chang-Su Shim from Korean University 

Chung-Ang.  

Allplan Bridge has been recently updated; the article prepared by ALLPLAN describes the 

possibility to create girder bridges with ease.  

The last article of this issue was prepared by Giordano Riello, Nplus; he introduces the Vittorio 

SHM system.  

I would like to thank all people and companies that have been cooperating on this issue and 

helping me to put it together; big thanks to all members of the Editorial Board for reviewing the 

articles and their cooperation, and to Sandra Komar (WSP USA) who helped with the final 

language check of the articles.  

We would also like to thank our partners for their support. 

On the  following pages, you can also find more information about both our magazines e-mosty 

& e-BrIM and also our Partnership Offer. I can also prepare a tailor-made partnership plan for 

you and your company; we will be happy to welcome you as our partner.  

We are already working on the next issue of e-BrIM which will be released on 20 October. We 

welcome your articles for this edition, with an extended deadline of 20 September, and we also 

already accept articles for any of the 2023 editions. 

The next issue of the e-mosty magazine will be published on 20 June and will be dedicated to 

the 1915 Çanakkale Bridge in Turkey. 

 

 

 

Magdaléna Sobotková 

Chief Editor  

https://www.linkedin.com/in/magdaléna-sobotková-960aaa10a/
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The magazine e-BrIM is an international, interactive, peer-

reviewed magazine about bridge information modelling. 

 

It is published at www.e-brim.com and can be read free        

of charge (open access) with the possibility to subscribe.  

 

It is typically published three times a year:                               

20 February, 20 May and 20 October. 

The magazines stay available online                                        

on our website as pdf. 

 

 The magazine brings original articles about bridge digital 

technology from early planning till operation and 

maintenance, theoretical and practical innovations, Case 

Studies and much more from around the world.            

Its electronic form enables the publishing of high-quality 

photos, videos, drawings, 3D models, links, etc.  

 

We aim to include all important and technical information,     

to share theory and practice, knowledge and experience     

and at the same time, to show the grace and beauty             

of the structures.  

 

We are happy to provide media support for important BIM 

and bridge conferences, educational activities, charitable 

projects, books, etc. 

 

Our Editorial Board comprises BIM and bridge experts       

and engineers from academic, research and business 

environments and the bridge industry. 

 

The readers are mainly bridge leaders, project owners,               

bridge managers and inspectors, bridge engineers              

and designers, contractors, BIM experts and managers, 

university lecturers and students, or people                          

who just love bridges.  
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INTERNATIONAL ONLINE PEER-REVIEWED MAGAZINE ABOUT BRIDGE INFORMATION MODELLING 

In August 2021 we established a new magazine, e-BrIM, 

which focuses on Bridge Information Modelling. Its first 

regular issue was released on 20 February 2022.             

The September 2021 edition of e-mosty was                    

also a “zero” edition of e-BrIM.                     

We follow the concept of the e-mosty magazine; e-BrIM      

is also an international, peer-reviewed magazine with open 

access and the possibility to subscribe.  

Our plan is to publish it three times a year (20 February,  

20 May and 20 October); we believe that with the current 

development of BIM, there will be plenty of interesting and 

useful content to share. 

Let us introduce and welcome our Editorial Board 

Members. Thank you all for accepting our invitation. 

We all do our best to prepare technical, educational and 

informative content for our readers. 

We would like to invite you to contribute with your articles 

to this newly established magazine e-BrIM: 

 

CALL FOR PAPERS 

     20 October 2022 Edition: 

     Deadline for first drafts: 20 September 2022 

(please contact us to confirm and reserve space for your article) 

20 February 2023 Edition: 

     Deadline for first drafts: 20 November 2022 

 

The text shall be in MS Word, 3 – 5 pages plus relevant images, 

drawings, 3D models, links and videos and shall be sent                     

to our email address. You may also send an abstract before starting 

work on the article or contact us to discuss other options.  

All abstracts and articles will be peer-reviewed and also subject         

to approval by the Editorial Board. 

 

EDITORIAL BOARD 

Antonio Caballero, MSc PhD 

Chief Technology Officer, 

Screening Eagle 

Technologies, Switzerland 

 

 

Vanja Samec, MSc PhD 

Independent Bridge & BIM 

Consultant 

Chair of IABSE Task Group 

5.6 “BIM in Structure 

Management” 

 

Marek Salamak, PhD DSc 

CEng 

Associate Professor, 

Faculty of Civil Engineering, 

Silesian University of 

Technology, Poland 

 

심창수 Chang-Su Shim, 

Prof. Dr. 

Professor, School of Civil 

and Environmental 

Engineering, Chung-Ang 

University, South Korea 

Vice Chair of IABSE Task 

Group 5.6 “BIM in 

Structure Management” 

 

 

 

 

 

 

 

 

 

READ OUR FIRST REGULAR ISSUE: 

https://e-brim.com/e-brim-caissons-for-bridges-a-zero-edition-of-e-brim-together-with-e-mosty-magazine/
https://e-brim.com/contact/
https://e-brim.com/contact/
http://www.e-brim.com
https://e-brim.com/editorial-board/
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ABOUT BRIDGES 

  

OUR PARTNERS 

The magazine e-mosty (“e-bridges”)                            

is an international, interactive,  

peer-reviewed magazine about bridges. 

 

It is published at www.e-mosty.cz and can be read 

free of charge (open access)                                   

with the possibility to subscribe.  

 

It is published quarterly: 20 March, 20 June,             

20 September and 20 December. 

The magazines stay available online                          

on our website as pdf. 

 

 The magazine brings original articles about bridges 

and bridge engineers from around the world.           

Its electronic form enables the publishing                  

of high-quality photos, videos, drawings, links, etc.  

 

We aim to include all important and technical 

information and show the grace and beauty               

of the structures.  

 

We are happy to provide media support for important 

bridge conferences, educational activities, charitable 

projects, books, etc. 

 

Our Editorial Board comprises bridge engineers       

and experts mainly from the UK, US and Australia. 

 

The readers are mainly bridge engineers, designers,  

  constructors and managers of construction 

companies, university lecturers and students,            

or people who just love bridges.  
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with e-BrIM and e-mosty magazines. 
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 Your logo on all pages of the magazine website. 

 1-page interactive presentation of your company in every 

issue which we can help you prepare (free of charge). 

 Your logo and /or the name of your company on every 

publication and output we release. 

 Continuous promotion of your company and projects               

on our social media. 

 Publication of one technical article during the year              

(which we can help you prepare). 

 

The Partnership can be arranged for either magazine separately,         

or for both magazines – for a discounted price. 

 

Both the price and the extent of cooperation are fully negotiable. 

 

Please contact us for more details and partnership arrangement. 
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DIGITAL AND 3D BIM TOOLS FOR THE 

DESIGN AND DELIVERY OF MAJOR RAIL 

AND ROAD BRIDGE PROJECTS 

John Legge-Wilkinson, Arup 

Western Program Alliance 

INTRODUCTION 

Arup have been taking advantage of advanced 

digital and 3D BIM tools for the design and delivery 

of major building and infrastructure projects for 

more than 20 years. 

Two of the first projects to use a parametric tool 

and process within Arup were the double-helix 

pedestrian bridge at Marina Bay in Singapore 

(2005), see Figures 1 and 2, and the combined 

cable-stay tensegrity pedestrian Kurilpa Bridge in 

Brisbane (2008), see Figures 3 and 4. 

Both projects used parametric tool Bentley GC 

(GenerativeComponents) and BIM modelling tool 

Bentley AECOSim (OpenBuildings Designer) 

through the design and delivery stages with the 

parametric model linked to the analysis model, and 

the 3D BIM design model provided to the fabricator 

to assist with the shop detailing and fabrication 

process. 

Over the years Arup have continued to search for 

new ways to adapt, refine, and improve this 

workflow with the same outcome and benefits in 

mind; to streamline the design to construction 

process, creating and adding more value to our 

projects for the benefit of our clients and partners. 

  

Figures 1 and 2: Marina Bay Bridge, Singapore (2007). Bentley GC (GenerativeComponents) 3D model 
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Figures 3 and 4: Kurilpa Bridge, Brisbane (2008). Bentley FC (GenerativeComponents) 3D model 

 

CHANGING BUSINESS AS USUAL 

In 2017 Arup chose to adopt and use the 

parametric tool Grasshopper with structural BIM 

modelling tool Tekla for the design and delivery of 

our major rail and road bridge projects. 

This included the work being undertaken with the 

Western Program Alliance which was established 

in 2017 as part of the Victorian Governments Level 

Crossing Removal Project (LXRP) which was 

established by the Victorian State Government to 

oversee one of the largest rail infrastructure 

projects in the state’s history.  

Central to the project is the elimination of 85 level 

crossings across metropolitan Melbourne by 2025; 

in addition to other rail network upgrades such as 

new train stations, track duplication, and train 

stabling yards. 

The Western Program Alliance (WPA) is a joint 

venture between contractors McConnell Dowell, 

design joint venture partners Arup and Mott 

MacDonald, and local rail authorities LXRP, V/Line, 

and MTM (Metro Trains Melbourne).  

Architectural firms DCM and Hassell provide urban 

design and landscaping design for the Alliance. 

The team at WPA have successfully designed and 

delivered 9 major road and rail bridge level 

crossing removal projects over the past five years, 

see Figure 5, with two more level crossing removal 

projects under design and development, and more 

projects expected to follow in future years. 

WHY PARAMETRIC? 

Design is an iterative process. Nothing is ever 

designed nor modelled just the once. 

Parametric tools allow the design team to adapt 

and respond more quickly to all the iterations and 

changes that happen throughout the natural 

lifecycle of any design process. 

Parametric scripts are a graphical version of 

coding/programming that capture the relationship 

between design elements and geometry, and any 

other constraints that can be determined or driven 

by certain “parameters” or “variables”. 

It is this relationship and parameters that allow the 

script to adapt to any design changes or variations 

– whether this be a change in rail or road 

alignment, change to span lengths or supports, pile 

embedment lengths, or any other design change 

or iteration that can be represented in a logical 

algorithm. 

These scripts enable the project team to quickly 

generate a 3D BIM model from the very start of a 

project – allowing this model to be taken all the 

way from concept design through to final design 

and on to construction. 
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Figure 5: Overview of the Western Program Alliance Level Crossing Removal Projects (2017 – 2022) 

Parametric tools can be used at all stages of a 

project, from concept studies and optioneering, to 

detailed design and optimisation, and through to 

construction models and documentation. 

This enables the design team and stakeholders to 

take advantage of having a BIM model from the 

very start of any project helping to identify and 

resolve any issues from such an early stage in the 

design process. 

One key advantage and benefit of using a 

parametric approach is that the scripts can be re-

used, adapted, and refined to suit any changes or 

variations required from project to project. 

CHOSEN PARAMETRIC AND BIM MODELLING 

SOFTWARE – GRASSHOPPER AND TEKLA 

Grasshopper is a parametric tool of choice for 

Architects and Engineers with adoption in Arup 

growing substantially since being first used on 

structural projects from 2009. 

Tekla is an advanced 3D structural BIM modelling 

and fabrication tool that has been used extensively 

within the building and construction industry since 

the late 1980´s with Arup adopting Tekla for major 

building and infrastructure projects since the late 

1990’s with the Swiss Re (2000) and City Hall 

(2000) buildings in London some early project 

examples.   

Use of Tekla allows the design team to create 

data-rich BIM models that also contain 3D 

steelwork connections and 3D rebar modelling. 

This provides the design team with the ability to 

resolve any design or congestion issues before 

going to site and fabrication, leading to a reduction 

in RFI’s (Request for Information), and helping to 

de-risk the fabrication and construction process. 

BIM data and attributes defined by the client and 

contractor have been embedded within the Tekla 

models allowing the teams at McConnell Dowell to 

extract quantities and costs, and to support their 

4D and construction planning works. 
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Figure 6: Rail Bridge at Abbotts Road (2019). Completed Bridge 

 
Abbotts Road Bridge 

The second project delivered as part of the 

Western Program Alliance was a 15-span 410m 

long rail bridge over Abbotts Road in Dandenong, 

with 150m long dual L-shaped retaining wall 

approach structures at each end of the bridge, see 

Figure 6. 

Design for the rail bridge began in early 2018 with 

construction completed and the rail line open and 

operating in early 2019. 

The joint design team Arup and Mott McDonald 

used parametric and modelling tools Grasshopper 

and Tekla to create a 3D model for the rail bridge, 

as well as for the retaining wall approach structures 

at each end, see Figures 7 and 8. 

The parametric model and bridge geometry were 

linked to the rail alignment, as well as to the existing 

and final design surfaces.  

 
 

Figure 7: Rail Bridge and retaining walls at Abbotts Road (2018). 

Grasshopper Script and Tekla 3D model 

 

Figure 8: Rail Bridge at Abbotts Road (2018). 

3D federated model 
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Figure 9: Rail Bridge at Abbotts Road (2018). Tekla 3D rebar model 

 

This meant that any changes and iterations to the 

rail alignment were easily accommodated by the 

design team using the parametric tools and 

processes and were quickly reflected and updated 

in the model and drawings. 

Design of the L-shaped retaining walls went 

through many design iterations with the length of 

the wall, structural profile, and thickness of the 

precast panels not finalised until well after the 

design process had started.  

The use of parametric tools and processes 

provided the design and modelling teams with the 

ability to adapt quickly to these changes enabling 

the design team to meet project and construction 

deadlines. 

Key data for parts of the parametric model were 

driven through excel including bridge span lengths, 

number of spans, precast retaining wall panel 

types, panel lengths, and number of precast 

panels. 

All drawings and design documentation were 

generated from the 3D model, with geometric data 

extracted from the parametric model used for 

schedules provided in the construction 

documentation including pier and column heights, 

bearing set-out, bearing taper plate thicknesses, 

and precast retaining wall dimensions.  

3D rebar models were produced for all major 

structural items including pile caps, piers, 

crossheads, girders, and precast L-shaped 

retaining wall panels, see Figure 9.  

The 3D rebar models were used to resolve 

congestion and constructability issues prior to 

hand over to the site and construction teams. 
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Figure 10: Road Bridge at Aviation Road (2019). Completed Bridge 

 Aviation Road Bridge 

The third project delivered as part of the Western 

Program Alliance was a dual span road bridge over 

the railway line adjacent Aircraft Station at 

Laverton, see Figure 10. 

Design for the road bridge began in 2018 with 

construction completed and the road open in 

2019. 

The joint design team Arup and Mott McDonald 

used parametric and modelling tools Grasshopper 

 

and Tekla to create a 3D model for the road 

bridge, see Figures 11 and 12. 

The geometry of the bridge structure was a great 

challenge for our team, and a good test of the 

capabilities of the parametric process and the tools 

that were used. 

The road alignment over the bridge contained both 

a vertical and horizontal curve, as well as a varying 

cross-fall that reverses along the length of the 

bridge. 

 

Figure 11: Road Bridge at Aviation Road (2018). 

Grasshopper Script and Tekla 3D model 

 

Figure 12: Road Bridge at Aviation Road (2019). 

3D federated model 
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Inputs for the parametric model included the road 

alignment, existing rail alignment, existing and final 

design surfaces. The use of the parametric model 

allowed the design team the flexibility to deal with 

any design changes and iterations in the road 

geometry generating greater efficiencies and 

saving modelling and documentation time 

compared to more traditional methods. 

Geometric data extracted from the parametric 

model was used to create schedules provided in 

construction documentation including bearing set-

out and bearing taper plate thicknesses. 

The parametric tools were used to generate a 

“heat map” indicating the variation in bridge deck 

thickness across the bridge. This tool was used by 

the design team to optimise the bridge girder levels 

and reduce the overall deck thickness required. 

The parametric model was used from concept 

design all the way through to construction allowing 

the design team to take advantage of having a 

model from such an early stage in a project, with 

the 3D model used for internal, stakeholder and 

client reviews, as well as being used by the 

construction team at McConnell Dowell to produce 

a 4D timeline model that was linked to the 

construction program. 

Parametric and 3D modelling tools were also used 

for the off-structure barriers and precast panel 

reinforced soil retaining walls for the ramps leading 

up to the main road bridge on each side of the 

railway line. 

The use of the parametric model allowed the 

design team with the ability to deal more easily with 

changes in the road and ramp alignment and the 

complex curves and geometry of the retaining 

walls that were tightly constrained by site 

boundaries and existing conditions. 

FURTHER USAGE OF SCRIPTS 

Parametric scripts can be thought of as a graphical 

based version of computer coding or programming 

that allow and enable the scripts to be re-used 

from project to project. 

The design team at WPA have been able to adapt, 

tweak, and evolve the first two scripts used for the 

rail and road bridges at Abbotts Road and Aviation 

Road to suit the geometry, nuances, and variations 

required for subsequent rail bridges at Werribee, 

Abbotts Road V2, Greens Road, and Mt Derrimut 

Road; and for the road bridges at Cherry Street, 

Old Geelong Road, and Ferguson Street, see 

Figure 13. 

 

Figure 13: Level Crossing Removal Projects at Western Program Alliance (2017 – 2022). 3D model and project images 
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The scripts also laid the foundation for the 

parametric scripts used for the steel truss bridge at 

Eumemmerring Creek (Cranbourne Line Upgrade), 

and the steel pedestrian bridge at Old Geelong 

Road, with each project adopting the same 

parametric and modelling tools and processes. 

Use of parametric scripts is not limited to major 

road or rail bridge structures only.  

Our team have adopted the same tools and 

processes for 1500m of bored pile or soil nail 

shotcrete retaining walls designed and constructed 

as part of the Ferguson Street level crossing 

removal project, see Figure 14. 

Parametric scripts and BIM models have also been 

created and used for other types of ancillary 

structures such as post and panel retaining walls, 

culvert structures, and for rail and road 

infrastructure assets such as overhead wire and 

signal gantries, signal masts, and road signage 

gantries and structures, see Figure 15. 

  

Figure 14: Piled retaining wall at Ferguson Street (2020) Figure 15: 3D models for Rail and Road Infrastructure 

generated using parametric scripts 

 

Figure 16: Rail Bridge at Kororoit Creek Road. 3D federated model 

 

Figure 17: Rail Bridge at Kororoit Creek Road (2018). 

Bridge in Operation 

  

 

IMPORTANCE OF 3D REINFORCEMENT 

MODELS 

Use and adoption of 3D rebar models by design 

and construction teams are becoming more 

prevalent for major building and infrastructure 

projects. 

3D rebar models were first prepared and used by 

the design team at WPA for the precast piers and 

crossheads for the 10 span 270m long dual rail 

bridge over Kororoit Creek Road in Altona which 

was the first project delivered as part of the 

Western Program Alliance. 

Design for the rail bridge began in 2017 with 

construction completed and the rail line open in 

2018, see Figures 16 and 17. 

The construction program for these items was 

accelerated due to a change in project and 

procurement deadlines, with the 3D rebar models 

created to reduce the risk and time required for the 
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Figure 18: Rail Bridge at Kororoit Creek Road (2018).  Tekla 3D rebar model and construction rebar cages 

 

shop detailing and bar scheduling as per normal 

procurement processes. 

Modelling the 3D rebar during the design phase 

resolved all congestion and constructability issues 

prior to hand over to the precast supplier, leading 

to a greater reduction in the number of RFI’s 

(Request for Information) that would normally be 

raised for such complicated elements and 

components, see Figure 18. 

3D models were exchanged between the 

designers and the precast supplier Westkon 

enabling a quick turn-around in bar scheduling for 

the precast items. 

Virtual tools were used to compare the fabricators 

model against the design model enabling a quick 

turn-around in the review, checking and approval 

process helping to streamline and accelerate the 

fabrication and construction process to meet the 

tight construction deadlines. 

3D rebar models have been generated by the 

design team for subsequent projects on the 

alliance, proving beneficial in resolving congestion 

and design issues prior to documentation, bar 

scheduling, and handover to the site and 

construction teams, see Figures 19 and 20. 

The 3D rebar models have also been used by the 

design team to verify quantities at the procurement 

stage, providing the construction team with more 

accurate and reliable data when reviewing actual 

rebar quantities used by their suppliers on a 

project. 

 

 

 

“This was a great job by all involved – credit 

needs to be paid to the designers for their 

work, getting the design and modelling to   

a point where only minor issues were 

outstanding when handed to ACR for rebar 

scheduling.” 

“This was one of the biggest risks to the 

procurement of the precast and had the 

significant potential to delay the project.” 

Matt Raworth, Senior Project Engineer, 

McConnell Dowell 
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Figure 19: Tekla 3D rebar model – Bridge Abutment 

at Mt Derrimut Road (2022) 

 

 

 

Figure 20: Tekla 3D rebar model – 

Bridge deck slab and diaphragm 

beams at Old Geelong Road (2020) 

 

EFFECTIVE COMMUNICATION  

If a picture tells a thousand words – how much 

value does a model bring?  

As much as we like to think that we are in the 

design business – we really are in the 

communication business.  

Our role as designers is to communicate our 

design with the construction and site teams. 

BIM models allow our teams to communicate more 

effectively with the construction, fabrication, and 

site teams – rendering drawings irrelevant and 

helping to de-risk the construction process. 

The BIM models can be passed on to the steelwork 

and precast fabricators, and other supply chains 

for the preparation of fabrication shop drawings or 

other construction purposes. 

This improved communication leads to a reduction 

in RFI’s (Request for Information), helping to 

streamline and accelerate the shop drawing and 

review process. 

Two recent projects delivered as part of the 

Western Program Alliance highlight the benefit of 

these processes using a model-based approach 

and mindset - the steel truss rail bridge at 

Eumemmerring Creek, and the pedestrian bridge 

at Hoppers Creek Station. 

Eumemmerring Creek Bridge 

Eumemmerring Creek Bridge is a 63m steel truss 

bridge that spans Eumemmerring Creek. As part of 

the works to upgrade the Cranbourne line, the 

Level Crossing Removal Project (LXRP) is 

duplicating eight kilometres of track and 

duplicating two rail bridges, including the bridge at 

Eumemmerring Creek, see Figure 21. 

The project is being delivered by the Western 

Program Alliance, a joint venture between 

contractors McConnell Dowell, design joint venture 

partners Arup and Mott MacDonald, and local rail 

authorities LXRP and MTM.  

Architectural firms DCM and Hassell provided 

urban design and landscaping design for the 

project.  

Thornton Engineering were engaged as steel 

fabricators for the project. Protection of the creek’s 

ecosystem was a major focus for the design and 

construction teams.  

The final design meant that no foundations nor 

piers were needed to be dug into the waterway, 

and that no modifications were needed to be made 

to the existing single-track bridge. 

Parametric and modelling tools Grasshopper and 

Tekla were used from the very start of the project, 

from concept design all the way through to 

construction, see Figure 22. 
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Figure 21: Steel Truss Rail Bridge at Eumemmerring Creek (2021). Project images 

 

 

Figure 22: Eumemmerring Creek (2020). Development of the design - Grasshopper and Tekla 
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The use of a parametric model and process 

provided the design team with the ability to explore 

and adapt to the many changes and iterations in 

the bridge and truss geometry that happened 

throughout the different stages of the design 

process. 

This also allowed the design team to take 

advantage of having a data-rich BIM model at all 

stages of the project. 

Additional data and attributes were added to the 

BIM model to suit the construction team's 

specifications and requirements. This assisted the 

construction team with quantity take-off, 

estimating, and costing as well as supporting the 

use of the model for 4D planning and temporary 

works. 

All the steelwork connections were fully detailed 

and complete in the design model, with the 

connections driven through the parametric 

process.  

This gave the design engineers the ability to define 

the structural connections in the model using excel 

helping to streamline the communication between 

 

Figure 23: Eumemmerring Creek (2020). Grasshopper and Tekla 3D steelwork connections 

the design engineer and the technician responsible 

for the detail in the model, see Figure 23. 

3D rebar models were created for all the concrete 

elements of the bridge, including foundations, 

abutments, and precast deck planks.  

This allowed the design team to resolve any clash 

or congestion issues before handover to the 

construction team, see Figure 24. 

 

Figure 24: Eumemmerring Creek (2020). Tekla 3D rebar model 
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Figure 25: Eumemmerring Creek (2020). 

Virtual shop drawing review 

 

This was especially critical for the interface 

between the precast deck planks and the bridge 

steelwork.  

Modelling of the rebar ensured that there were no 

clashes between the dowel bars that protruded 

from the end of adjacent precast panels and the 

shear studs located at insitu stitch locations. 

The design team took advantage of having a fully 

detailed BIM model in Tekla creating quantity take-

offs at all major milestones.  

This allowed the designers to better understand 

the implications of any design changes, as well as 

provide the design team with the ability to cross-

check against the fabricators and supply chain 

models and data. 

The Tekla design model was provided to the 

contractor and fabricator to help and assist with 

the shop detailing process. 

The main benefit of this approach is that providing 

a fully detailed and complete 3D model is a more 

efficient and effective means of communication 

between the design team and the fabrication team, 

rendering any drawings irrelevant and not required. 

This led to a reduction in the number of RFI’s with 

no RFI’s raised that were related to geometry, 

inconsistency, or a lack of completeness in the 

detail provided in the model. 

The design model was shared with the fabricator 

who also used Tekla, resulting in zero loss of data 

or integrity when sharing models between the 

design and fabrication teams. 

The shop drawing and review process was able to 

be streamlined, with the fabricators model 

compared against the design model using virtual 

tools to check all items, including geometry, 

member sizes, plate thickness, and bolts, see 

Figure 25. 

The contractor McConnell Dowell used the design 

model for temporary works, and 4D planning of the 

construction sequence. 

The temporary works team created their own 3D 

model allowing all parties to share models helping 

to improve communication and coordination 

between the design, construction, and fabrication 

teams. 

The bridge needed to be launched in place across 

the creek from one side to the other due to site 

constraints and the need to reduce the impact on 

the sensitive environment and creek ecosystem. 

Use of 4D planning modelling and virtual tools 

allowed the construction and engineering teams at 

McConnell Dowell to review the construction and 

launching sequence of the bridge in a “virtual dress 

rehearsal” helping to identify and resolve any 

design or construction issues before the actual 

launch of the bridge taking place, see Figure 26. 

Concept design for the steel truss bridge at 

Eumemmerring Creek began in June 2019 with 

detailed and final design undertaken in 2020. 

The steel truss bridge at Eumemmerring Creek 

was successfully launched into place in May 2021 

with the project completed early in 2022. 
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Figure 26: Eumemmerring Creek (2021). 4D planning with virtual construction sequence modelling, and temporary construction works 

 

 

Figure 27: Pedestrian Bridge at Hoppers Creek Station (2020). 

Tekla 3D Model 

 

Figure 28: Pedestrian Bridge at Hoppers Creek Station (2022). 

Completed Bridge 

 

 

Pedestrian Bridge at Hoppers Crossing Station 

The pedestrian bridge over Old Geelong Road at 

Hoppers Crossing Station followed a very similar 

workflow and process to the steel truss bridge at 

Eumemmerring Creek. 

The project included a 50m steel vierendeel steel 

truss bridge, two abutment structures, three lifts, 

three stairs with roof canopies, and a covered 

elevated walkway connecting the new bridge with 

the existing station, see Figures 27 and 28. 

The project is being delivered by the Western 

Program Alliance, a joint venture between 

contractors McConnell Dowell, design joint venture 

partners Arup and Mott MacDonald, and local rail 

authorities LXRP and MTM. Architectural firms 

DCM and Hassell provide urban design and 

landscaping design for the project. 

Haywards Engineering and MacFab Engineering 

were engaged as steel fabricators for the project. 

The design for the bridge and project was taken 

from concept design all the way through to 

fabrication and construction using parametric and 

modelling tools Grasshopper and Tekla.  

3D steelwork connections were included in the 

model as part of the design process, enabling 
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Figure 29: Pedestrian Bridge at Hoppers Creek Station (2021). 

4D planning with virtual construction rehearsal                           

for installation of main bridge and lifts 

 

Figure 30: Pedestrian Bridge at Hoppers Creek Station (2021). 

Installation of the Bridge 

better communication and coordination between 

the design engineers and the architects, allowing 

critical connections to be resolved to the 

satisfaction of all parties. 

The Tekla model was provided to the fabricator for 

completion of shop drawings, with review of the 

fabricators model undertaken using virtual tools 

helping to assist and expedite the review and shop 

drawing approval process. 

The construction team used the design model for 

4D planning and temporary works, which proved 

critical as the main bridge truss was assembled 

offline on site and lifted into place in one piece, see 

Figure 30. 

The lifts and stair roofs were also pre-assembled 

and lifted into place as complete units. 

Use of 4D planning modelling and virtual tools 

allowed the construction and engineering teams at 

McConnell Dowell to review the construction and 

lifting sequences of the main bridge and lifts in a 

“virtual dress rehearsal” helping to identify and 

resolve any construction or logistical issues before 

the actual lift of the bridge and other items taking 

place, see Figure 29. 

Detailed design for the Pedestrian Bridge began in 

February 2020 – with piling works for the lifts and 

abutments beginning later that year in November. 

The main bridge truss weighing 250t was lifted into 

place by a 650t crawler crane in August 2021. 

Major structural works for the project were 

completed in early 2022 with the pedestrian bridge 

opened to the public in February 2022. 

SUMMARY 

The success of using advanced digital tools and 

processes to design and deliver the bridges at 

Eumemmerring Creek, and Hoppers Crossing 

Station are both great examples of how BIM 

models and processes can support and enable 

greater communication and collaboration between 

all parties on a project helping to streamline and 

improve the design and construction process 

reducing risk and saving time in the delivery 

programme. 

The design and construction teams at the Western 

Program Alliance have been really pleased with the 

growth and development made in the use of 

parametric and BIM tools to help streamline and 

deliver more efficiently multiple rail and road 

projects over the past five years. 

 

 

 

 

 

 

 

Photos Credit:   

Arup / Western Program Alliance / Misheye 

Arup - 1, 3, 4          Darren Soh – 2                     

Western Program Alliance - 5, 7-16, 18-29        

Misheye - 6, 13, 17, 18, 21, 28, 30 
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BIM ENGINEERING AND VDC MANAGEMENT 

TO INDUSTRIALIZE THE CONSTRUCTION        

OF THE OVALO MONITOR BRIDGE, PERU 

 

 

Alejandro Palpan, Bridge Project Coordinator, TSC Innovation, Peru 

Sandra Vega, VDC Manager, TSC Innovation, Peru 

 

 

Figure 1: Ovalo Monitor Bridge, Lima, Peru 

 

 
INTRODUCTION 

The construction industry is going through a 

marked revolution in digital transformation and the 

use of information technologies to improve 

decision-making.  

The increase in the level of industrialization in 

projects allows substantial improvements in the 

productivity of the construction sector.  

The following article represents a use case of the 

construction phase of the Ovalo Monitor Bridge 

project located in the city of Lima - Peru, in which 

the Virtual Design and Construction (VDC) 

methodology was effectively implemented to 

accomplish the objectives of the project and the 

client, thus achieving a significant reduction in the 

construction timeline.  

Starting from a strategy to improve constructability 

and structural industrialization, a high-detailed BIM 

Engineering was developed for production.  

It was made accessible for all stakeholders, which 

allowed an agile online connection of the project 

information with the production chain - generating 

multiple benefits for the client, contractor and 

supplier.    

At the same time, a production process was 

defined that raised the level of industrialization of 

reinforcing steel through a system of prefabricated 

elements of reinforcing cages, which represented a 

key item for improving cycle times and on-site 

performance. 
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PROJECT DESCRIPTION 

The project has a projection of approximately 

2.2km in length. It includes an overpass consisting 

of a reinforced concrete vehicular bridge with a 

length of 870m.  

It presents a complex configuration of road design 

with straight and curved sections. The 

substructure is composed of 2 abutments and 21 

piles, the superstructure is a continuous 

prestressed concrete box section deck. 

This bridge connects two of the busiest districts of 

the capital and its purpose is to reduce high traffic 

congestion, improve the urban image of the area 

and benefit more than 500,000 citizens of the city.  

DESCRIPTION OF THE PROBLEM 

Since the construction site is located in a central 

and heavily trafficked area, it is not possible to 

carry out the work on-site over a longer period of 

time.  

The Lima Municipality plans to reduce 85% of 

traffic when the bridge is put into operation; 

therefore, it is of great importance to complete the 

works on the bridge as soon as possible. 

The client faced the challenge of executing the 

structure as efficiently as possible. However, they 

found that: 

 the basic engineering (technical dossier) 

provided for various deficiencies and low 

constructability, 

 the reinforcing steel was highly complex due to 

the particular geometry of the bridge, 

 the terrain offered very little space for the 

storage of materials, 

 the work plan provided for a traditional 

construction method (i.e., no industrialized 

design) 

which resulted in excessive planning times that 

subsequently led to low productivity during 

erection. 

In turn, high demand for the labor required for the 

on-site execution process was estimated. 

VDC IMPLEMENTATION 

Virtual Design and Construction (VDC), is a project 

management methodology that consists of the use 

of multidisciplinary virtual models and product, 

CLIENT:  EMAPE – MUNICIPALIDAD DE LIMA 

BUILDER:    INCOT 

REBAR SUPPLIER:   ACEROS AREQUIPA 

BIM ENGINEERING:   TSC INNOVATION 

TOTAL CONCRETE:      9,400 M3 

TOTAL REBAR:               2,250 TONS 

TIME CONSTRUCTION:  280 DAYS 

 

 

Figure 2: Construction of the Ovalo Monitor Bridge 

organization and process diagrams in design 

and/or construction projects to achieve 

quantifiable objectives for the project and client. 

Initially, it was necessary to analyze and map the 

process to identify the main restrictions and key 

factors to optimize the construction process. 

Reinforcing steel was identified as one of the most 

incidental and restrictive items. 

The main strategy to meet the objectives was to 

improve production management by defining an 

optimal process which required the 

industrialization of the project.  

For this purpose, various optimization analyses 

were carried out to configure and assemble the 

various construction parts through a system of 

prefabricated reinforcing cages (PRC) in each 

component of the project (Footings, Piles, Head 
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Figure 4: Simplified Initial process without VDC 

 

 

 

Figure 5:  Proposed Process with VDC  

 

 

Figure 3: Prefabricated reinforcing Cage (PRC) 

Beams, Deck, etc.) to achieve a substantial 

improvement in assembly time and productivity on 

site, Figure 3. 

This was done using a VDC implementation 

framework, Figure 5, which had as main objectives 

the effective reduction of the project duration and 

the completion of the work by April 2022. 

In addition, the following objectives were defined 

for each component: Building Information 

Modelling (BIM), Project Production Management 

(PPM) and Integrated Concurrent Engineering 

(ICE).  

As a result, a VDC implementation framework was 

created that represents the development of a 

highly accurate BIM engineering that is 

constructible, industrializable, and that addresses 

the key construction variables of the construction 

process.  

This is done through an effective process that links 

the information from the model to the production 

chain and efficiently engages stakeholders through 

ICE sessions and defines controllable factors and 

production metrics that enable better decision 

making during construction through proper 

monitoring. 
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Figure 6: VDC Framework proposed for the Ovalo Monitor Bridge project  

 

 
Figure 7: Bridge Information Modelling 

 

Bridge Information Modelling (BrIM) 

The development of the BIM model integrates 

multiple disciplines through software such as Tekla 

Structures, Rhinoceros, Grasshopper, and others, 

Figure 7. 

We can generate a parametric model that 

optimizes modelling time and allows flexibility in the 

face of future design changes.  

Additionally, the model allows for evaluating 

possible pre-assembled structures, performing a 

constructability analysis and simulating the 

construction using BIM 4D developed in Synchro 

Pro software.  

Tekla, in turn, enabled the modelling of rebars at 

the LOD 400  level  which  allowed the creation of 

Click on the image to open it 

in a higher resolution 

 

https://e-brim.com/wp-content/uploads/Figure-7-Ovalo-Bridge-BIM.png
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Figure 8: BIM design, fabrication and assembly of PRC 

 

 

Figure 9: ICE, agenda and minutes of commitments 

a bending list for the automated manufacture of 

dimensioned rebar by the supplier Aceros 

Arequipa.  

Stakeholders also have access to a shared data 

environment, Trimble Connect. This platform 

allows viewing and managing the entire project: 

topography, control points, structures, fixtures, 

post-tensioning, etc.  

The BIM elements have attributes that allow better 

online control of the project and ensure the 

traceability of the information in the different stages 

of the process. 

Project Production Management (PPM) 

As part of the PPM, several maps of the process 

were created with stakeholders to define the key 

factors for implementation.  

The industrialization of the bridge was the most 

important aspect. 75% of the bridge was pre-

assembled in a workshop outside the plant - a very 

ambitious goal based on modularization and 

optimization analysis of the construction process.  

Several proposals have been made to improve the 

design that contemplates the use of shop-

produced elements (PRC) to improve on-site 

performance. 

Integrated Concurrent Engineering (ICE) 

The ICE sessions had the dynamic participation of 

the stakeholders, Figure 9.  

A record of all participants was maintained and 

linked to the minutes of the ICE sessions, showing 

the participants, the agenda, and the percentage 

of commitments agreed upon for each meeting. 

 

Figure 10: Use of BIM (LOD 400) in the production process 
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Table 1: Metrics (MP) & Controllable Factors (FC) 

 

 

Table 2: Tracking of Metrics & Controllable Factors 

 

The use of information technologies was key to 

integrating those interested in the development of 

the project.  

A shared data environment (Trimble Connect) as 

an information repository enabled the integration of 

those stakeholders, speeding up the processing of 

RFIs, queries and the validation of improvement 

proposals, and helped visualize the model and 

construction simulations. 

Metrics and Controllable Factors 

Following the objectives presented in the VDC 

framework, production metrics (PM) and 

controllable factors (CF) were proposed to monitor 

the implementation of the VDC, Table 1.  

The results include a period from May 2021 to 

February 2022 (9 months) during which a 

continuous analysis of each project was carried out 

to obtain more precise data and improve decision-

making during the implementation process. 

Table 2 shows the most representative metrics and 

the objective of the client and the project, as well 

as a follow-up to each control milestone defined 

during implementation (six milestones); which 

allowed observing, analyzing, and predicting 

project behavior. 

CONCLUSION 

The results showed that the VDC methodology in 

conjunction with industrialization brings time-saving 

benefits to a construction project; as was the case 

in the case study, the Ovalo Monitor Bridge in 

Lima, Peru.  

The execution time was reduced by 15%; the 

saving of time in the assembly and installation of 

rebars through the use of PRC elements was 30%. 

The percentages of 85% and 40% for the 

substructure and superstructure, respectively, 

generated an overall 72% industrialization of 

rebars, practically achieving the proposed target.  

Developing the level of industrialization necessary 

to achieve the objectives demanded a lot of effort 

from stakeholders, because of the complexity of 

the rebar configuration, which complicates 

modulation, transportation, and assembly.  

However, the objectives were achieved due to the 

participation of the main actors in the ICE sessions 

to propose constructability improvements and to 

analyze, together with various assembly experts, 

the best construction option with the use of PRC 

elements. 

The BIM model integrated into the VDC framework 

allowed the development of flexibility in changes 

and precision of individual bridge components for 

later fabrication and assembly.  

The elements were 100% pre-assembled from the 

information in the BIM model, with no rework.  
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Figure 11: PRC with QA/QC 

(BIM augmented reality) 

This also helped stakeholders to better understand 

what was to be prefabricated and assembled on 

site. 

The industry is facing a great opportunity to take a 

leap that will lead to an unprecedented reduction in 

deadlines and costs.  

The increase in the percentage of industrially 

manufactured components, supported by the use 

of modern management methodologies, allows 

deviations from construction to be 

analyzed/predicted/corrected through online 

monitoring of the status of prefabricated 

components in the workshop, BIM models and 

data captured in the field. 
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CASE STUDY OF USING VR/MR 

TECHNOLOGY FOR THE ASSESSMENT      

OF THE BRIDGE CONCEPTS – PART 1 

 

 
Muhammad Fawad1, Marek Salamak2,  

Silesian University of Technology, Poland 

iktor Rybus, BIM Coordinator, PORR/PNC 

 
INTRODUCTION 

Before the last decade, the concept of virtual 

reality (VR) was primarily a science fiction domain, 

and a matter of showcase at computer exhibitions. 

It attracted crowds with the promise of exciting 

experiences that were to occur after wearing VR 

goggles.  

The dynamic development of this technology and 

the exponential progress of computing power 

make it more and more common, and new 

concepts and solutions are emerging that allow 

users to explore different areas of the real and 

virtual world continuum [1], Figure 1. 

The most famous of these technologies is VR. The 

user is fully immersed in a virtual space, which 

forces the senses to think that you are in another 

environment than the real world.  

When using the display mounted on the head, the 

user can experience the computer-generated 

world of images and sounds, and can manipulate 

objects and move around with tactile controllers.  

AR superimposes digital information on elements of 

the real world. Reality enlarged keeps the real 

world in the spotlight but enriches it with other 

digital details, creating new layers of perception 

and complementing reality or surroundings [2].  

 

Figure 1: The real and virtual world continuum 
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Figure 2: Smart devices used for the implementation of MR and VR 

 

The development of graphics capabilities and 

processor performance in mobile devices has 

made AR a standard option for the new 

smartphone models [3]. 

In addition, the concept of MR (Mixed Reality) has 

also appeared. According to Paul Milgram [4], the 

area between the two extremes in which both real 

and virtual worlds are mixed is called mixed reality. 

It consists of both augmented realities, in which 

virtual elements enrich reality, and augmented 

virtuality, where reality can complement virtual 

objects.  

Unfortunately, application producers and hardware 

vendors use slogans to promote their products not 

very consistently, which has caused some 

confusion among the recipients of these 

technologies [5].  

The main gadgets which are currently in use for 

the implementation of AR, VR and MR include e. g. 

Microsoft HoloLens, Trimble Site Vision and Oculus 

Quest, Figure 2.  

This article is the first part of a series, focusing on 

the field applications of these smart devices. In this 

part, the authors are only implementing the use of 

AR for the assessment of bridge concepts.  

The second part of this series will further discuss 

the use of MR for a similar example. 

The success of futuristic Bridge Information 

Modelling (BrIM) for bridges mainly depends on 

their visualization performance.  

The bridge construction industry has been 

revolutionized by the applications of VR [5].  

Starting from the concept design, virtual models 

take over and provide an interactive environment 

where stakeholders feel like they are using their 

models in reality.  

By providing this interactive platform, it allows the 

users to see the different stages of model 

development, real-time execution of construction 

stages, management and collaboration during 

construction,  visualization  of  the final  model  

after construction, and the effective use of the 

facility [7].  

This way, it not only reduces the suppositions 

involved in the construction of bridges but also 

allows different points of view to conclude the final 

model that can be visualized on a real scale with 

real scenarios [8]. 

Considering the benefits of VR technology, the 

bridge team of the Silesian University of 

Technology successfully executed a research and 

commercial project in collaboration with CADmost 

company.  

The said project is the subject of this article, in 

which BrIM models of a future bridge are 

presented in a VR environment using Oculus 

Quest2 headset and a comparison of different 

variants is carried out in a virtual environment. 

Different models in the virtual world were 

presented to the clients and a final selection is 

made for the construction of a future bridge. 

 



   
 

2/2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Location and placement map of the bridge 

 

THE BRIDGE CONCEPTS 

The subject bridge of this article is in the South-

East of Poland in a small town over the San River. 

The location map and its planned dimensions are 

shown in Figure 3.  

The bridge will be the only way to cross this river 

and will provide access to the other river bank.  

Being close to a famous museum and city castle, 

the bridge will also be an attraction for tourists, so 

authorities are highly concerned about its 

aesthetics.  

Therefore, special consideration is given to its 

visualization against the canopy of mountains.  

Designers prepared three different variants and 

authorities have to select one of them. It was hard 

to imagine which variant will be most suitable and 

will add beauty to the town.  

Thanks to the applications of VR and MR, this 

purpose can be fulfilled with the visualization of the 

bridge true to scale.  

The authors prepared the BrIM models of this 

bridge and presented all of them using the VR 

application with all the details of the future bridge. 

Three different variants are shown in Figure 4 on 

the following page. 

Eventually, it was decided to reject variant 1 in the 

initial assessment due to the high complexity of the 

geometry of the steel pylon. The assessment 

described below was done for variants 2 and 3. 

VR TOOLS AND SOFTWARE USED 

A large number of VR devices and softwares are 

available in the market that facilitates the VR-based 

visualization of BrIM models. In this research 

Oculus Quest 2 headset (OQ), supplemented with 

a prospect iris VR application is used.  

OQ is a highly user-friendly and smart device that 

provides a high-resolution interface in VR.  

Its interface is very similar to cellular devices 

provided with the app store, having more than 100 

VR apps.  

Users can have the access to any Wi-Fi server and 

connect to the project cloud.  

Further, it has the benefit of screen recording and 

casting, which helps to cast the screen for other 

members of the project team.  
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Figure 4: Drawing of bridge concepts 

 

128 GB storage of the device provides the 

possibility of a large database inside the device.  

To utilize the advantages of this device Prospect 

IRIS VR application is used to visualize the BrIM 

models of the bridge.  

This application provides the possibility of creating 

a database of different projects in its cloud.  

Stakeholders and team members can be added as 

a collaborator in each project which enables them 

to see project models and launch online meetings 

any time through their own headsets, even 

remotely.  

Besides this, it also provides the possibility of guest 

participants in a virtual meeting which can be 

joined by using a 6-digit code provided by the 

meeting host.  

Guests can interact in the meeting exactly the 

same way as different collaborators can.  

In this way, people using the OQ or just the online 

prospect application can connect to the meeting 

remotely.  

The interface of this application allows different 

functions where you can see the details of each 

and every element of the model.  

Besides this, you have the possibility of taking 

pictures, Figure 6c, while working in VR and can 

save them to your database.  

It also provides the possibility of adding different 

viewpoints at different locations of the model so 

that the model can be visualized with different 

views.  

The unique functionality of this application allows 

the setting of day and night modes to visualize the 

models with daylight and dark at night.  

The model can be set to the street view where you 

can walk along with the model, move up down and 

can reach every single part of your model with real 

scale visibility.  

Different functions of this application and project 

database are shown in Figure 5. 
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Figure 5: Project database with different functions of IRIS VR app 

 

THE ASSESSMENT PROCESS IN A VR 

ENVIRONMENT 

BrIM and IFC models can be uploaded directly to 

the project database. BrIM models can be 

uploaded using the plugins in the Autodesk Revit 

or any other software while the IFC model can be 

uploaded using the project upload tab.  

Uploaded models can be launched in OQ to 

access the model details. Models can be rotated 

and moved to 360° in VR space.  

Using the joystick of the right controller street view 

can be activated where the left controller will act as 

a project menu bar, Figure 5b.  

This menu offers project detailing, setting, VR 

meeting, a bird eye view and a close option. Using 

the right controller, the user can switch to any of 

these options.  

Major working of the model can be accessed using 

the project detail option, where all other details 

mentioned in section 3 are available.  

Figure 5a shows the database of all the variants of 

the subject bridge.  

During the meeting with the client, both the 

variants were launched one by one and the VR 

meeting was carried out using the 2 OQ headsets 

one for the client and one for designer 

representatives, Figure 6.  

All the details along with the visibility from different 

points were shown using the joysticks of both 

controllers.  

Variant 2 includes the arch model, whereas variant 

3 is a cable-stayed model having 60 m high pylons.  

The VR demonstration of both models was well 

presented by moving into the street view. 

It implemented both the models as per the true 

scale of the bridge, so every structural element 

was visualized with its true scale and full structural 

details.  

A comparison of both of these variants with street 

view and a bird eye is shown in Figure 7. 
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Figure 6: VR tests with VR collaboration of designers and client representatives 

 

 

Figure 7: Comparison of the two variants 
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CONCLUSION 

This article provides a case study for the 

assessment of bridge concepts in the VR domain 

using Oculus Quest-2 device supplemented with a 

prospect iris VR application.  

Research work is intended for a field project 

associated with the selection of concept design for 

a future bridge in the eastern part of Poland over 

the San River.  

Out of 3 variants prepared by the designer, only 2 

variants were selected to be presented to 

authorities for the final selection of the bridge 

model.  

Both of these variants were uploaded to the 

database of the iris VR cloud where models can be 

launched in VR.  

Launching the model can offer the visualization of 

the model at a real scale using the street view 

option.  

In this way, details of each and every structural 

element were shown to the stakeholder in the VR 

domain by conducting a VR meeting in the iris VR 

cloud.  

After carrying out the analysis of both models in 

VR, stakeholders decided to go for variant 3 

(cable-stayed bridge) as a final design, as the 

selected variant offers esthetics and beauty to the 

surrounding terrain and tourist attraction around 

the bridge location.  

Thus, the applications of VR are well implemented 

in this article for the selection of the future bridge 

model.  

On one side VR can show the full structure at the 

real scale and on the other side, it provides all the 

necessary details with true visualization of each 

and every structural element.  
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BIM-BASED BRIDGE MAINTENANCE SYSTEM 

 

JeongHwan Jang, Ph.D,, President, TM E&C Co. Ltd. 

HyungSoo Jang, Deputy manager, TM E&C Co. Ltd. 

GiTae Roh, Ph.D Candidate, Chung-Ang University 

  

Figure 1: Bridge inspection for a cable-stayed bridge 

 

 
BMS IN KOREA 

In order to ensure the safety and usability of 

domestic bridges, the condition of bridges is 

identified through regular and irregular inspections, 

and continuous maintenance activities such as 

repair and strengthening are carried out.  

Bridge Management System (BMS) has been 

established and operated to manage maintenance 

information such as bridge information, inspection 

history information, and retrofit necessary for 

bridge maintenance.  

BMS supports decision-making so that the bridge 

can be efficiently maintained by computerizing 

various data necessary for bridge maintenance. 

BMS consists of an operation and management 

program and an inspection program.  

It is configured to store information in a data server 

and exchange information. 

The structure is defined and managed in units of 

location and members according to the 

characteristics of the cable bridge. In addition, 

functions are configured to suit bridge 

maintenance tasks such as bridge information, 

damage information, inspection plan, inspected 

damages, and maintenance records.  

Visual inspectors record the type and quantity of 

damage in the inspection drawing or on a tablet. 

Damage information recorded in the inspection 

drawing is managed as a computer-aided design 

(CAD) drawing.  

The domestic bridge BMS operating environment 

is mainly built on the basis of Client-Server.  

Cable bridges are managed on a local basis and it 

is required to upload key information to the FMS 

(Facility Management System) operated by the 

government. 
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Figure 2: Configuration of the BMS operation 

IMPLEMENTATION OF BIM FOR A NEW BMS 

For existing bridges, algorithm-based modelling 

was developed to generate each component of a 

bridge.  

Since the positions of stiffening girders, pylons, 

and cables are dependently determined by the 

bridge alignment, the alignment and constraints 

between members are included in the algorithm 

simultaneously.  

A model inventory system is defined based on the 

master-slave relationship between the alignment 

and the member, which is the cornerstone of the 

linear-based model.  

After the position of each member and its 

alignment is determined from the bridge alignment, 

the cross-sectional shape of the members is 

constrained to the alignment.  

Finally, the 3D-based alignment and the 2D plane 

are combined to create a 3D bridge model.  

The BIM-based bridge maintenance system 

manages information generated during the bridge's 

life cycle.  

The digital models are linked to the data after 

model transfer to a new BMS.  

Among the information generated in the design or 

construction stage, the data necessary for 

maintenance is classified by member unit and the 

linked information with the 3D model.  

The associated information may be divided into 

attribute information and file information.  
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Figure 3: Data and Algorithm-based 3D modelling. Click on the image to open it in a higher resolution 

 

 

Figure 4: New BMS using BIM models. Click on the image to open it in a higher resolution 

 

Attribute information is input in text form as basic 

information for each member, and file information 

is information that can be viewed in connection 

with each member in file forms, such as reports 

and drawings.  

Maintenance information generated according to 

maintenance work may be systematically managed 

in connection with a 3D model.  

Each information can be managed in connection 

with a 3D model, and information can be 

systematically managed and visualized so that 

users can easily use the information.  

The BIM-based bridge maintenance system 

consists of an on-site inspection program and an 

information management program. The operating 

environment of the system is Client-Server-based.  

https://e-brim.com/wp-content/uploads/Figure-3-scaled.jpg
https://e-brim.com/wp-content/uploads/Figure-4.png
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Figure 5: System configuration of the BMS. Click on the image to open it in a higher resolution 

 

 
The on-site inspection program is a program that 

inputs information obtained through visual 

inspections.  

The function consists of inspection status, 

inspection, upload, and QR code. It is possible to 

check the current inspection plan in the inspection 

status.  

The inspector checks the status of the inspection 

in a chart and table.  

For on-site inspections, inspection information may 

be input on Tablet and PC. 

It is possible to select the 3D model inspection 

surface and enter inspection information.  

 

Figure 6: Damage records on a 3D model 

https://e-brim.com/wp-content/uploads/Figure-5.png
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When the input is completed, a damage marker is 

displayed on the surface of the 3D model as shown 

in Figure 6. 

Damage information may be recorded including 

damage type, damage volume, inspection photo, 

inspection image, and inspector opinion.  

Damage information input to the surface of the 3D 

model is managed in connection with the damage 

marker.  

Using a tablet, necessary information such as 

inspection manuals, drawings, and inspection 

history can be checked immediately on the site. 

Inspection information can be transmitted from the 

Internet or through an internal computer network in 

real-time to the office.  

Depending on the inspection conditions of the 

bridge structure, there are cases where the on-site 

inspection must be manually recorded using the 

inspection sheet.  

In this case, inspection information is input from 

the PC field inspection program in the office. By 

executing the QR code function, a 3D model can 

be found by scanning the QR code attached to the 

structure.  

 
Figure 7: Functions of the Management program 

 

The information management program is a 

program that allows you to inquire and manage 

design and construction information, inspection 

and maintenance information, and data of the 

linkage system necessary for the maintenance of 

the structure in connection with the 3D model. 

The functional configuration consists of bridge 

information management, damage type 

management, inspection plan management, 

maintenance information inquiry, damage volume 

calculation, status evaluation management, repair 

reinforcement management, and linked data 

inquiry.  

Bridge information management is a function of 

managing information generated in the design, 

construction, and maintenance stages.  

Attribute information and file-type Archive 

information are defined and managed in units of 3D 

models.  

For example, the cable attribute information 

includes a cable type, the number of strands of 

cable wires, and tensile strength. Archive 

information includes cable drawings and cable 

inspection manuals.  
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Figure 8: Bridge information management. Click on the image to open it in a higher resolution 

 

 Damage type management is a function of 

managing the types of damage that may occur for 

each member.  

It is possible to add new damage types and 

manage damage marker images for each damage 

type.  

Inspection plan management can easily identify the 

ongoing inspection status in the form of charts and 

tables after establishing an inspection plan that is 

conducted regularly and irregularly. 

 

Figure 9: Statistical information inquiry. Click on the image to open it in a higher resolution 

 

https://e-brim.com/wp-content/uploads/Figure-8.png
https://e-brim.com/wp-content/uploads/Figure-9.png
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Figure 10: Bridge condition evaluation. Click on the image to open it in a higher resolution 

 

 

Maintenance information inquiry comprehensively 

includes information necessary for maintenance, 

such as bridge information and inspection history 

information, and information generated during 

maintenance work.  

Statistical information is provided to determine the 

status of occurrence by type of damage.  

The amount of damage is calculated according to 

conditions such as member and type of damage. 

The condition assessment function is a function for 

visually expressing the current and past bridge 

conditions using a 3D model.  

The status grades of the bridge are classified into 

five categories and expressed in colours.  

In Korea, a condition evaluation is conducted to 

determine the current status of the bridge based 

on the bridge inspection results.  

Data on repair and strengthening priority decision 

sets a repair retrofit method for each type of 

damage and manages related manuals, repair 

schedules, and results.  

The linked data inquiry function allows integrated 

inquiry of key data of other systems operating for 

bridge maintenance such as SHMS, weather, and 

WIM.  

The BIM-based bridge management system allows 

information to be systematically managed based 

on the 3D model.  

It can be applied not only to bridges, but also to the 

maintenance of overall facilities in society such as 

roads, tunnels, and buildings. 

 

 

 

 

 

https://e-brim.com/wp-content/uploads/Figure-10.png
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INTERVIEW  

WITH PROFESSOR CHANG-SU SHIM 
 

Vanja Samec 

As both our magazines, e-mosty and e-BrIM evolve 

around bridges, let me ask you about your 

relationship with bridges and how it started? 

I started my research career on connections for 

modular bridges at Seoul National University. For 

the experiments of new connections, it was difficult 

to explain my intention to fabricators by 2D 

drawings because they were not familiar with the 

connection and accurate geometry control.  

Before BIM was introduced to the construction 

industry, I met a specialist in PLM from the 

manufacturing industry and learnt CATIA for 

parametric modelling. After I got the new 

methodology, I was involved in the national R&D 

program on Virtual Design and Construction (VDC) 

for 5 years. Through the program, I developed 

several technologies and trained students.  

I especially like this approach to education and 

collaboration. The main use of BIM is to realize 

model-driven information delivery from design to 

maintenance.  

You are a lecturer at Chung-Ang University in 

Seoul and were President of the Korean Institute of 

BIM (KIBIM). Can you please explain the level of 

digitalization in the bridge industry and the 

adoption of BIM in Korea? 

We established the KIBIM after the national R&D 

on VDC. BIM was a newly introduced innovation in 

the Korean construction industry. Many 

researchers and practitioners agreed that BIM is 

not just a technology but a new process.  

For the building industry, it was relatively faster to 

implement BIM for design practices because 

private clients preferred the new way of 

communication.  

Bridges belong to public investment. Therefore, 

KIBIM focused on persuading public clients to 

adopt this new process. It took around 10 years to 

implement fully BIM-based design and construction 

in Korea.  

Recently, the Korean government officially leads 

the construction industry to digital transformation 

through BIM and smart construction technologies. 

Most pilot projects are for bridge construction 

projects.  

Official guidelines on BIM implementation for public 

construction projects were announced. However, 

consulting companies are struggling to satisfy the 

new requirements on BIM because they are not 

ready to train designers and prepare the necessary 

HW/SW environment. KIBIM and some universities 

are now offering BIM training programs for 

engineers. From this year, the Korean government 

will start BIM training for public clients.  

BIM is not actively utilized at the construction stage 

in Korea. Many project participants are not familiar 

with BIM-based collaboration. Only general 

contractors are trying to implement several 

technologies such as 4D, safety management and 

MG/MC. General contractors in Korea have good 

experience with BIM from their international 

projects which require BIM from the beginning of 

the projects. Some companies are trying to 

develop their own systems for digital 

transformation.  

A few years ago, the Korean government initiated a 

digital New-Deal program to digitalize 

infrastructures for better maintenance and 

services. Public agencies invested to digitalize 

existing infrastructures.  
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Existing facility management systems including 

bridge maintenance systems are expected to be 

changed by BIM-based information systems in 

near future.   

I think the digitalization of the bridge industry in 

Korea is at an early stage because information 

delivery is not systematically established yet. BIM 

needs to be officially adopted to replace current 

communication methods. We define the current 

status of BIM in Korea as Level-2 BIM. I am trying 

to improve the situation through research works 

such as DfMA, data-driven or model-driven design 

systems for bridges. Especially, prefabrication is an 

excellent strategy to be combined with BIM for 

bridges. 

In South Korea, there have been stunning bridge 

projects in the last twenty years. Have these been 

already designed in BIM technology? Perhaps you 

can choose your favourite one? 

For cable-supported bridges, we tried to implement 

BIM technology. Recently, we helped engineers to 

implement BIM practices in two bridge projects. 

The Godeok Bridge in Korea is one of the longest 

cable-stayed bridges with a concrete deck of high-

strength concrete. Several research outcomes 

were implemented. We contributed to the design 

review by digital models, common data 

environment, machine guidance, and XR 

visualization. After completion of the bridge, BIM-

based BMS will be developed using as-built 

models.  

The Canakkale Bridge in Turkey was completed by 

two Korean contractors. At the beginning of the 

project, we had some collaboration with the client. 

I visited the construction site to persuade 

engineers to apply BIM technologies, especially for 

design alternative checks and geometry control. 

Originally this project did not require BIM for the 

contractors, so we had some difficulty getting 

involved. We partially contributed by checking the 

constructability for the Korean contractors. 

We developed an algorithm for general bridge 

members for the Yi Sun-sin Bridge in Korea. We 

are now trying to build a digital Canakkale Bridge 

by modifying the algorithm. Digitalization of the 

stunning bridge project helps engineers to gain 

knowledge. We are also supporting a bridge 

project in Myanmar and waiting for a better 

situation to begin the construction.   

You are also a member of the IABSE Task Group 

“BIM in Structure Management”, focused on 

existing bridges and the connection of BMS with 

BIM. Can you please explain the situation about 

the challenging topic in Korea?  

We have tens of thousands bridges in Korea. Most 

bridges were constructed during 1980s to 1990s. 

National FMS accumulates data from maintenance 

tasks every two years. Public clients operate BMS 

to maintain their bridges. The main issue of the 

systems is the segmentation of data. The system 

stores data as files including 2D inspection 

drawings. We started to convert the existing huge 

information database. BIM is considered a platform 

to collect most information.  

3D digitalization of existing bridges is a challenging 

task for public owners. Most existing bridges have 

a long history of geometry changes such as repair 

and strengthening. Reverse engineering by 

scanning is an option to build 3D models but it 

takes too much time and cost. Therefore, we 

developed a different approach to generating 3D 

models through algorithmic modelling.  

Typical bridge models were defined and relevant 

data templates are used to generate the 3D 

models. The individual component of the bridge 

has a unique ID and is linked with relevant 

maintenance history data. Korea Expressway 

Corporation is now trying to implement this stand-

alone BIM-based BMS for their whole bridges.  

Data transfer is another big task because we have 

to verify the data before linking to the new BMS. 

Periodical maintenance tasks will have additional 

requirements to do this system.  

How does the bridge inspection work in Korea? 

Are there already any standards, which might be 

digitized and used in the BIM O&M phase? 

We have regular inspections for whole bridges 

every two years. Visual inspection is common 

practice but detailed inspection is sometimes 

required if we find serious damage. Every four 

years, assessment reports for a bridge are 

generated by consultants.  

Data for condition grades and repair planning are 

accumulated in a system such as BMS or FMS. 

Official inspection guidelines from a public agency 

are provided to inspectors.  
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We have standards for classification, damage 

quantification, condition grade, and safety 

assessment.   

The digitalization of infrastructures by the Korea 

Government pushes many public agencies to 

digitalize the accumulated data in the O&M phase. 

Seoul metropolitan also decided to digitalize bridge 

information and develop a new smart maintenance 

system, having a bridge crossing the Han River as 

the pilot project.  

Currently, you are also chairing a large research 

project on “Development of smart construction 

technology”, funded by the Korean government 

and in cooperation with the University of 

Cambridge. Can you perhaps briefly inform our 

readers about the goal of this project? 

Construction projects have complex organization 

and many individual participants including foreign 

workers. We expect that the Korean construction 

industry will seriously lack resources in the near 

future. Smart construction technology can improve 

productivity.  

Through the R&D program, around 150 teams are 

developing innovative technologies and processes 

for a better construction economy. Korea has an 

excellent research environment for ICT-related 

technologies.  

Smart construction technology needs connected 

working conditions. DNA (Data, Network, AI) is the 

keyword for innovation. The construction industry 

should be transformed into a new way of practice 

through this R&D program. Korean government 

provides a chance for transformation of individual 

participants and companies.  

I think there is no border between these 

technologies. Therefore, international collaboration 

is essential and I am happy to do research with UK 

researchers.  

What is the most personally satisfying project you 

have worked on? Why? 

I am a bridge engineer. A bridge means a passage 

over an obstacle. I did several long-term R&D 

projects for precast decks, modular bridges, ICT 

tech and smart construction technology.  

My domain knowledge is on the connection 

between different materials.  

When my research outcomes were implemented 

for bridge projects, it was exciting.  

The first bridge with full-depth precast decks was 

designed in R&D and the prefabricated bridge 

piers for a highway bridge were constructed 

recently.  

Through practice, the developed technology is 

becoming much better and I am also gaining 

valuable knowledge. This year, we will implement 

digital engineering models for DfMA of 

prefabricated bridges. With several contractors 

and fabricators, I want to find a better way of 

bridge construction. 

Can you comment on the changes in bridge 

technology over your career? What do you see has 

been the most significant technical advance? 

My major topic for graduate study was a steel-

concrete composite bridge. At the moment, new 

materials provided innovation in bridge design. 

High-performance concrete and steel initiated 

many new bridge types and lengthened bridge 

spans. Then, modular or prefabricated bridge 

members and systems were developed over many 

years.  

The Health Monitoring System provides us with 

valuable knowledge to understand the actual 

behaviour of bridges. Recent innovation is, of 

course, the digitalization of entire practices in 

bridge engineering.  

Digital fabrication and robotic construction can 

allow us much more innovative design of bridges.   

I expect data science will be the next big change in 

bridge technology.  

How do you see the development of BIM utilization 

in the bridge industry? 

I think we have to change the design practices. 

Design engineering is crucial for BIM 

implementation. We need new software and an in-

house modelling process for bridge design. DfMA 

(design for manufacturing and assembly) requires 

a designer much more information from fabrication 

and construction.  

However, the contribution of BIM for the design 

phase is quite difficult to quantify. BIM values need 

to be obtained from O&M. Accumulated data in 

digital models will provide more durable design 

alternatives.  
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Prof. Changsu Shim is a professor and researcher in the 

structural engineering field with more than twenty years 

of experience.  

He completed a Ph.D. on the serviceability of precast 

deck bridges in 2000. His early research was focused on 

connections. Now, his major research area is 

prefabricated bridges and BIM.  

After his Ph.D, he did research at the University of 

Warwick in the UK and the University of Wuppertal in 

Germany. In September 2002, he was appointed at the 

Chung-Ang University, Korea. He has published many 

journal papers, conference papers, research reports, 

books and has been involved in writing design codes. 

He has been actively involved in numerous professional 

associations, technical committees, and editorial and 

review boards. He was the president of the Korean 

Institute of BIM.   

 

 

 

 

 

 

How can it be used in O&M of bridges and their 

preservation? 

We have to establish a standard on as-built BIM 

deliverables for O&M phase. Existing bridges need 

a different approach. Most bridge owners require a 

stand-alone system that should be sustainable for 

long periods. In Korea, we are facing a problem of 

the rapid increase of deteriorated bridges.  

The government’s budget is not enough to replace 

the bridges when the expected service life has 

ended. For the reliable assessment of the bridge to 

lengthen the service life, we need quite well-

organized data during the whole life of the bridge.  

BIM can provide a data pipeline for engineers from 

the beginning to the end of the bridge’s life. We 

have to find a way to open the public data for 

researchers and engineers to find better solutions 

for safe and sustainable bridges. 

What advice would you give to young engineers 

starting their careers? 

This is a really big question for a professor in a 

university. We have lots of new technologies. From 

mathematics to bridge design codes, we have 

huge domain knowledge to learn.  

In my lecture, I explain the BIM approach as a 

passage to be a master engineer. Fragmented 

engineering technologies are connected by digital 

models and data. Young engineers are commonly 

familiar with the connected environment.  

Thinking is much more important than calculations. 

I started BIM lectures instead of bridge design 

classes in 2011. Half of the lecture contents are on 

bridge design and the other half is on digital 

design, UAV scanning, 3D printing and simulation. 

Now, many companies want to recruit engineers 

who have experience in BIM or smart construction. 

Young engineers need to develop their careers 

considering the change of practice. Digital 

transformation is a big wave, so we have to ride on 

that wave.  

And my last question. What are your plans for the 

future? 

I am involved in the planning of a new national R&D 

on AI-based design technologies. BIM will 

accumulate data continuously.  

Private sectors cannot obtain accumulated data 

from public owners due to security issues. I want to 

do research on DfMA for prefabricated bridges 

using data science.  

Meaningful DfMA requires reliable data from public 

owners. The segmented private sector cannot 

accumulate the required data.  

 

 

 

FULL CV     

 

https://e-brim.com/wp-content/uploads/CSSHIM_CV_2022.pdf
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ENHANCED BIM APPROACH TO 

MODELLING PRECAST GIRDER BRIDGES 

 

 
Gregor Strekelj 

ALLPLAN 

 

 

Figure 1: Precast Girder Bridge ©iStock  

 

INTRODUCTION 

Bridges come in many types and shapes and are 

built with different methods.  

Some bridges require a different approach to 

modelling, as their geometry is only indirectly 

governed by the axis – such as precast girder 

bridges. 

Precast concrete bridges offer a range of benefits, 

so it is easy to see why, since the late 50’s, they 

are so common, especially for highway bridges. 

Precasting eliminates many onsite in-situ work 

processes and with this, it reduces construction 

time and costs and improves the quality of the 

products.  

It also enables construction companies to work on 

more projects simultaneously and there are 

minimal dependencies on weather conditions.  
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Figure 2: Girders are straight so their geometry is not directly impacted by the road or bridge axis.  ©ALLPLAN 

 

In addition, the use of precast components enables 

transport authorities to capitalize on the economy 

and high quality of prefabricated girders while 

minimizing the environmental impact and 

disruption to the local area during construction.  

While there are different types of precast girder 

bridges, they all have one thing in common – their 

component geometry.  

Girders are straight, which is why their geometry is 

not directly impacted by the road or bridge axis. 

This is also the case with respect to their final 

position on the bridge, which is dictated by the 

geometry of the supporting substructure. 

Allplan Bridge – a complete, integrated BIM 

solution for bridges – has been recently updated to 

address this need with new features that provide 

an updated modelling workflow so precast girder 

bridges can be created with ease.  

With just one bridge model, an entire BIM-

supported bridge design process can be carried 

out from within this parametric design solution.  

NEW MODELLING APPROACH  

Firstly, bridge axes need to be created or 

imported, and the cross-sectional geometry either 

designed or taken from a template.  

Then, the substructure – with or without 

foundations – can be generated, and the precast 

girder is positioned on top.  

For easy yet precise modelling of precast girders, a 

new element called Link Girder has been 

introduced.  

This is a parametric, linear, 3D element between 

two 3D points. These two reference points define 

the virtual and local axis which is used for the 

geometry calculation.  

Once this is set, it can be used for modelling 

tendons, defining the construction sequence, and 

even detailing, rebar modelling, and drawing 

production.  

Because it is parametric, it can be adjusted quickly 

and easily if there are any changes. 

Precast girder bridges often reuse girder shapes 

and lengths and to address this efficiently, a new 

feature called modular modelling has been 

developed. With this tool, as many templates as 

necessary can be generated, either for link girder 

elements or pier elements.  

Once a template is generated, it can be used in the 

3D model as many times as necessary simply by 

dragging and dropping it in. This way, girders can 

be generated rapidly, saving considerable time.  

Of course, the girder shape can be another hurdle. 

Either the girder section can vary along the length, 

the exact length of the girder may vary, or the 

substructure may be skewed, making it difficult to 

model the geometry precisely. 
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Figure 3: Any geometry of a pier, foundation and precast girder can be defined as a template. © ALLPLAN 

 

This is easily overcome by allowing the template 

length to be specified as the girder length or by 

using a virtual length until the girder is positioned 

on the substructure.  

Which solution to use depends on the bridge 

geometry and convenience.  

Where the girder section varies, there are now new 

station types – fixed stations – which enable the 

location where the girder section changes to be 

fixed.  

However, the final girder length can still be 

adjusted, and the fixed stations will remain in their 

specified positions.  

This significantly shortens the time required for 

modelling these types of girders. 

 

Figure 4: Allplan Bridge 3D Boolean operations are used to automatically fill the space between the girder and plate, using 

the shape of the haunch defined in the girder cross-section. ©ALLPLAN 
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CLOSING THE GAP 

The next step in the modelling process is to create 

a bridge deck by extruding a cross-section along 

the bridge axis.  

At this point, two bridge elements will have been 

generated – leaving a gap between the girders and 

plate.  

Filling this requires a haunch, but the 3D geometry 

for this is influenced by many constraints.  

The geometry of the deck slab and girder 

arrangement affects the haunch geometry and the 

thickness may vary along the bridge axis.  

The construction process and vertical deflections 

of the girders also influence the haunch shape.  

Solving this problem involves using 3D Boolean 

operations to create the haunch quickly and easily. 

All the parameters which govern the geometry are 

already defined.  

Therefore, the haunch just needs to be pre-defined 

in such a way that it intersects the deck plate and 

can be merged with it.  

To do this, a cross-section of the haunch is 

created, and then the software automatically 

calculates and generates the 3D form based on 

the other bridge parameters.  

With the main bridge elements modelled, other 

details – such as diaphragms, bearings, 

pavements, barriers, and others – can be easily 

created.  

They can be either modelled from scratch, inserted 

from a library, or created using customized 

intelligent objects.  

REBAR MODELLING 

If a template can be created for a girder, it would 

also make sense to prepare a template for the 

girder reinforcement.  

A reinforcement template for a girder – or another 

bridge element – can be easily created using a 

PythonPart. It can then be used multiple times in 

the same project or across projects, saving the 

engineers time.  

The template is parametric – just like the girder 

model – making the placement of reinforcement 

easier.  

Additionally, the reinforcement’s parameters can 

be linked with the girder model’s parameters.  

Therefore, adjusting the girder model will also 

change the reinforcement, creating an efficient and 

automated process.  

Defining rebar shapes, placing the bars, and 

introducing changes after the placement has 

traditionally made working with reinforcement 

challenging.  

However, the use of parametric reinforcement 

objects overcomes this issue.  

As a result, changing the rebar model is as easy as 

modifying a few parameters and watching the 

model update automatically. 

ACCELERATING DESIGN PROCESSES 

With this new modelling approach for precast 

girder bridges together with enhanced tools for 

optimized BIM workflows, engineers focus on what 

they do best: designing and building safe and 

attractive bridges. 

These new features result in an improved 

modelling approach specifically tailored for 

prefabricated girder bridges.  

The straightforward procedure accelerates the 

design process while enabling a precise model to 

be generated with ease.  

As prefabricated girder bridges are one of the most 

common bridge types used globally, the time – and 

therefore cost – savings can be significant. 

To learn more about modelling precast girder 

bridges, watch here:  

 

 

 

 

 

PRECAST GIRDER BRIDGE 

WORKFLOW 

https://www.allplan.com/workflows/precast-girder-bridge-workflow/
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INSPECTIONS OF BRIDGES WITH NPLUS 

 

 Giordano Riello, President, Nplus 

 

INTRODUCTION 

The average age of transport infrastructure in 

Europe is 20-50 years, meaning that maintenance 

and renovation works are critical. 

Europe is rich in historical landmarks and vital 

infrastructures (e.g. bridges, roads, railways), built 

to last from an average of 35 years to as long as 

100 years.  

However, the life expectancies of these assets – 

once they were built – were calculated based on 

predictions of the day, but they were not designed 

to meet today’s demands.  

Transport is vital to productivity and its users are 

expected to continue growing exponentially but 

roads are the single, most stressed infrastructure 

feature globally, as demand eternally exceeds 

capacity, especially in more urbanized areas. 

Since most of Europe’s infrastructure was built, 

innovations have made new structures safer, more 

efficient, and better for the environment. Due to the 

complexity of the infrastructure networks, not all 

structures have been upgraded to today’s 

standards. 

In Italy, under government guidelines, a bridge 

must be inspected at least once every year (some 

owners do it once a year and some 

concessionaires even three times a year). 

However, these are not yet mandatory regulations, 

we are waiting for regulation that has yet to come 

out. It is also expected that an official bridge 

inspecting entity shall be established.  

The collapse of the Morandi Bridge (officially 

Polcevera Viaduct) in Genoa on 14 August 2018 

has contributed to the situation and speeded up 

the effort. 

Structural Health Monitoring (SHM), the use of 

Bridge Management Systems (BMS), data 

management, data analytics and predictive 

maintenance have become increasingly important. 

Investment in SHM is inevitable. SHM technologies 

are a key tool that aids infrastructure businesses in 

mitigating risks and improving asset resilience, it 

can also help road managers in mitigating risks 

connected to structural failures, optimizing 

maintenance costs, and giving objective criteria for 

allocating financial resources. 

The Morandi Bridge tragedy has made 

stakeholders aware of the potential dangers 

caused by the lack of adequate monitoring 

systems in the infrastructure sector, leading to the 

development of the largest investment plan 

brought up in Italy to date to support the 

widespread deployment of SHM:  

• Since 2018, privately-owned highway 

concessionaires and ANAS (Italy’s National 

Autonomous Roads Corporation) have 

been obliged to develop their own Bridge 

Management Systems (“BMS”) under 

specific government guidelines: this 

requires that an SHM starts from the 

knowledge of the asset stock through its 

periodic inspection and collection of this 

data aimed to establish a comprehensive 

risk management framework.  

• As of 2022, also Italy’s local authorities will 

have to carry out this obligation (the 

legislation now requires Autostrade 

managers to equip themselves with a BMS. 

And soon this legislation will also become 

mandatory for others local roads). 
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The current process entails the inspections of 

bridges with sensors and other non-destructive 

tests leading to a list of critical structures that are 

profiled from a risk management perspective.  

Once the critical works are identified, these will be 

immediately subject to permanent SHM. After the 

first round of investments in the more critical 

works, permanent SHM will be applied to the 

structures with a lower level of risk. 

VITTORIO SHM SYSTEM  

Founded in 2013 by Giordano Riello, Carlo 

Ranalletta Felluga and Davide Ambrosio, Nplus 

(part of GRIG) is the leading company in Italy in the 

field of SHM technologies and services, and the 

only one active in the four main fields:  

• Hardware; 

• System integration;  

• Software (field manager, data analytics and 

Bridge Management System);  

• SHM Engineering Services (inspections, 

diagnostics and report). 

 

 

 

SOFTWARE  

Proprietary integrated platform: Nplus proprietary 

platform is a unique tool, providing a whole range 

of services in the SHM field. 

BMS: The Bridge Management System permits an 

integrated organization of inspections and a 

repository of infrastructure information. 

Device Management: Monitoring parameters 

control (activation, frequencies, full-scale, etc.), 

output definition and configuration. 

Data Analytics: Vittorio platform offers the 

possibility to perform statistical analysis on static 

monitoring data and superior analysis on dynamic 

monitoring through OMA. 

Alert Management: Both device management alert 

and structural alert through a statistical or preset 

threshold. 

Reporting: Vittorio Platform allows standard 

reporting on a single bridge or infrastructural stock. 

 

 

Figure 1: The measuring device and its installation on a bridge 

HARDWARE 

Proprietary patented wired systems: Nplus 

proprietary measurement system Vittorio is 

specifically designed for massive installation of 

SHM field systems on bridges and it has proved its 

efficacy, performance and reliability. 

SHM complete range: Nplus SHM systems make 

possible a wide variety of different Structural 

Monitoring like dynamic monitoring, static 

monitoring, seismic monitoring, and high or low 

frequencies. 

Design-oriented: The system has been specifically 

designed and developed for the bridge structural 

monitoring with a multiplicity of specific custom 

solutions for easy installation and ongoing testing 

during this phase. 

Patented: Vittorio SHM System is patented and it 

has been validated by the main Italian Universities.  

Cost-effective: Custom solutions provide a high-

quality product with the best market prices. 
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ENGINEERING SERVICES 

Inspections: Nplus can support the Operation 

function through inspection strategies or by 

coordinating direct inspections of infrastructural 

stock. 

Monitoring strategies: Our experience permits us 

to adopt the correct strategy for monitoring a large 

infrastructural stock also through a risk 

management approach. 

SHM design: Nplus has directly designed several 

SHM systems with different technologies. 

BIM/FEM modelling: We constantly use BIM or 

FEM modelling for advanced structural analysis. 

Reporting: All the structural analyses could be 

reported to clients with detailed documentation 

including drawing, calculus and technical reports. 

Digital twinning: Through FEM calibration the 

model is matched with sensor measurement during 

load and dynamic tests to simulate a structural 

calculation to LSU/LSS and permit clients a fast 

transferability assessment. 

SOFTWARE DEVELOPMENT – SHM SOFTWARE 

PLATFORM VITTORIO 

Nplus is developing a proprietary software platform 

for multi-technology comprehensive management 

of SHM Systems, from device management to 

diagnostic support.  

VITTORIO platform will be open to any field 

technology and it is intended to be sold with SaaS 

for smaller administrations or to be custom 

deployed on-premise for a larger customer.   

VITTORIO platform is in the development stage 

and we expect the first delivery in the first half of 

2022. The software and algorithms are developed 

and tested by our partner Universities. 

The platform has three main functional modules 

and it is intended to interact with the client BMS or 

the Netkubed BMS: 

• FIELD MANAGER 

• DATA ANALYTICS AND 

ALARMS/THRESHOLDS MANAGEMENT 

• DIAGNOSTICS 

Figure 2: Dashboard showing inspections and maintenance 

Click on the image to open it in a higher resolution 

 

Figure 3: Modal Analysis SSI-COV                                           

Click on the image to open it in a higher resolution 

 

 

Figure 4: FEM model and measured modes 

 

https://e-brim.com/wp-content/uploads/Figure-2.png
https://e-brim.com/wp-content/uploads/Figure-3.png
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FIELD MANAGER 

The field Manager module is dedicated to devise 

management and general visualization of the 

status of SHM measurement systems. This module 

is open to third-party technologies.  

It offers: 

• Structure registry. 

• Parametric configuration of the geometry of 

the structure (sections, EJ…). 

• Configuration of sensors and devices, 

including a repository of device serials, device 

positioning, direction and orientation, measure 

parameters (i. e. resolution, sampling rate, 

number of acquired parameters), calibration 

data… 

• Raw data management (raw data format, 

frequency of writing data) and raw data file 

manager. 

• Local time scale DB. 

• Visualization of field systems, alarms and 

general device management. 

• Device self-diagnosis.  

 

DATA ANALYTICS 

The Data Analytics module is dedicated to data 

processing, data visualization and threshold/alarm 

management.  

The module has the following features: 

• Signal conditioning (filters, frequencies post 

processing…). 

• Algorithms for filtering environmental effects. 

• Operational Modal Analysis (OMA) for 

dynamic monitoring of the structure; for each 

structural subsystem (i.e. a Span) it can 

calculate the main modal parameters: 

frequencies, damping and modal shapes in a 

time frame (i.e. 1 hour). 

• Deflection calculation of a structural 

subsystem in a time frame in order to obtain 

the main displacement parameters of the 

elements (i.e. deflection). 

• Estimation of maximum and minimum bending. 

• Statistic analysis of 1st level (sensors data) and 

2nd level (correlation of parameters, i.e. 

deflection and maximum measured weight) to 

trace the standard behavior of the structure 

and drifting in a long time frame through 

control charts. 

• Visualization of sensors' time histories, OMA 

and control charts. 

 

  

Figure 5: Sensors results 

Click on the image to open it in a higher resolution 

 

 

Figure 6: Modal Analysis Control Chart – Anomalies Detection 

Click on the image to open it in a higher resolution 

 

https://e-brim.com/wp-content/uploads/Figure-5-1.png
https://e-brim.com/wp-content/uploads/Figure-6.png
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DATA ANALYTICS – THRESHOLDS AND 

ALARMS MANAGEMENT 

• Thresholds management through statistic 

analysis: the system self-determinates the 

thresholds through control charts. 

• Pre-determined thresholds: the system can 

manage manual determination of thresholds, 

i.e. the maximum acceptable deflection 

calculated in LSU; for these thresholds, it is 

necessary to have the structural design or a 

new FEM model. 

• Trigger management (i.e. seismic trigger). 

• Alarms are divided into three categories 

following the risk grade of the event. 

 Yellow: A remarkable event that did not 

have any effect on the structure (an 

extraordinary weight passage, a light 

earthquake, devices anomalies). 

 Orange: When some parameters overcome 

the statistic thresholds but are not 

overcoming the LSU thresholds (urgent 

inspection is needed). 

 Red: Severe change of the structural 

parameters, possibly damage (same day 

inspection, reduction of the usage or 

closing of the bridge), or a massive default 

of the measurement system (i. e. the 

system is down). 

 

 

DIAGNOSTICS 

SHM structural engineering services Nplus offers a 

variety of engineering services to give full support to 

the road managers. Most of the following features 

will be possible through automatic processing with 

the Vittorio Platform. 

• Simplified FEM model management: upload 

FEM models of the structure. 

• Preliminary self-digital twinning through FEM 

calibration: the assumed FEM model is matched 

with sensor measurement during load and 

dynamic tests; the system automatically 

proposes the new setup of the FEM model. 

• After the calibrated FEM model is validated, it is 

possible to simulate a structural calculation to 

LSU/LSS to assess the grade of the structure. 

• This auto-calibration will take place at any 

change of the structural behaviour to provide 

the asset managers with a fast state 

assessment. 

• Assessment of structural drifts. 

• Post-earthquakes assessments. 

• Automatic reports on SHM of the structure. 

 

 

Figure 7: Modal Control Charts: Threshold and Alarm Settings. Click on the image to open it in a higher resolution 

 

 

 

https://e-brim.com/wp-content/uploads/Figure-7.png
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CASE STUDIES 
 

TOANO VIADUCT IN TERNI ON SS675 

ANAS test viaduct for ICT tools, totally handled by Nplus 

 

 

SITUATION 

The bridge has a severe 

degradation caused by aging; 

furthermore, Terni in the ‘70s 

saw a large state investment in 

the steel industry, which 

increased the average weight of 

trucks.  

The citizens reported several 

times the fall of concrete and the 

Client has rated the structure as 

‘Problematic’ after inspections 

through its BMS. 

APPROACH 

Implementation of Vittorio SHM 

technologies for the dynamic 

monitoring of the bridge: the 

SHM project aims to have a full 

report on the structural health of 

the viaduct through its digital 

twin model and the permanent 

tracking of new anomalies of the 

bridge. 

 

RESULTS 

The Client is analyzing the data 

with its own software and it is 

using this SHM system for 

several tests; BIM and FEM 

models are in way of delivery.  

The Client is expecting to trace 

structural drifts and define a 

work frame for its restoration 

(periods and the intensity of the 

maintenance) after getting a full 

SHM report and all the data. 
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DOLO OVERPASS ON A4 HIGHWAY 

Complete Nplus PoC for the highway concessionaire CAV S.p.a. 

 

SITUATION 

The bridge was built before the 

obligation to use seismic code 

on structural designs in the area 

of Venice: because of that, the 

BMS rated the bridge as 

‘Problematic’.  

In consideration of the strategic 

value of the A4 highway, the 

Client has decided to develop 

SHM systems and services for all 

the non-seismic structures. 

APPROACH 

The Client has chosen 

Politecnico di Milano and Nplus 

to develop a Proof of Concept 

(PoC) on a complete SHM 

service on this structure. Nplus 

has carried on preliminary 

dynamic tests and PoliMi drafted 

and calibrated a FEM model. 

Nplus with PoliMi have designed 

the permanent system layout 

which was later installed. PoliMi 

started a one-year monitoring 

service; after this, the data 

analysis and diagnostics will be 

switched on Nplus Vittorio 

Platform. 

 

RESULTS 

This installation is a field test for 

the Client: they will test all the 

different SHM technologies and 

services and we are providing all 

the training and support to get 

more skills on SHM 

management, data analytics and 

datastream.  

The structure will be adapted in 

accordance with the seismic 

code in the next years and PoliMi 

will carry out research studies of 

the different structural behaviour 

before/after the restoration 

works. 
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CASALMAGGIORE BRIDGE ON SS343R IN PARMA OVER PO RIVER 

The longest SHM project in Italy 

 

SITUATION 

The bridge has a severe 

degradation caused by aging; 

this phenomenon was 

accelerated by a huge increase 

in traffic density and the weight 

of the trucks: there is a large 

steel coil factory nearby and 

trucks must pass the bridge to 

reach the highway.  

The restoration in 2018 only 

partially solved the risk of 

structural defaults. 

 

APPROACH 

Implementation of Vittorio SHM 

technologies for the static 

monitoring of the bridge and 

integration with a Weight in 

Motion system: the SHM project 

aims to forecast possible 

crackings on cantilevers and 

piers caps through crack meters 

and permanent static monitoring 

to track possible deformation 

anomalies of the spans with the 

correlation of inclinometer 

measures and weight in motion 

system.  

Wim is also used to track 

overweight trucks and send 

alerts to National Police. 

 

RESULTS 

The VMP messaging to drivers 

and periodic reports to the 

National police effectively 

decreased overweight passages 

by 40%; particularly some 

overnight passages were 

reported and sanctioned.  

The installation of the system 

delayed the investment for the 

full restoration of the bridge, 

however, we reported two spans 

with pronounced deformations 

(that are still safe). The Client 

has allocated maintenance costs 

for recovering only these two 

spans, improving safety with a 

reduction of CAPEX. 

 



Consequences of aged infrastructure  
and poor maintenance and lack of 
monitoring lead to disasters. 

SHM technologies are a key tool that aide 
infrastructure businesses in mitigating 
risks and improve asset resilience. 

SHM can help road operators in reduce 
liabilities connected to structural failures 

while optimizing maintenance costs, 
giving an objective criteria and timely 
input .

Nplus SHM is the only system specifically 
designed for infrastructures, covering  
the full range of structural monitoring. 

A unique software managing SHM from 
sensor management to data analytics.

www.nplus.it

A bridge to the future. 
Now.



 

 

 

PELJEŠAC BRIDGE, CROATIA 

 

 
Pipenbaher Consulting Engineers / PIPENBAHER INŽENIRJI d. o. o. 

Žolgarjeva  ulica 4a, 2310 Slovenska Bistrica, Slovenia   

 

mailto:pce@pce.si
https://www.linkedin.com/company/pipenbaher-consulting/
http://www.pipenbaher-consulting.com


We design and produce
formwork equipment
for in-place casting of bridges
N25 New Ross Bypass (Ireland)
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