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Politecnica Ingegneria ed Architettura
Politecnica is one of the top Italian firms providing integrated 

service in architecture, engineering and urban planning since 1972.

It is independent and fully controlled by its 45 cooperative 

associates, mainly engineers and architects, who have worked on 

projects in over 50 countries worldwide.

Politecnica, among the pioneering companies in designing by BIM 

(Building Information Modelling), provides services ISO 9001 

Quality System and ISO 14001, 45001 certified, is credited with the 

Legality Rating highest score, is member of Green Building Council 

and promotes the best practices for environmental sustainability in 

compliance with LEED protocols. Moreover, many associates in 

Politecnica are certified with Envision and qualify for Project 

Management Professional.

The companies

SierraSoft
SierraSoft is a company that creates and markets BIM software 

solutions for the surveying, infrastructure design and construction 

industries.

SierraSoft products are available in several languages (Italian, 

English, German, Spanish, Portuguese, French, etc.), they include 

the main international standards and have been adapted to comply 

with the specific requirements of several countries (Italy, USA, 

Germany, Spain, Portugal, France, etc.). 

SierraSoft products are used in more than 15 countries by 

surveyors, architects, engineers, engineering companies, 

architecture companies, construction companies, research 

institutes, public bodies. 
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The beginning



The project between Politecnica and SierraSoft was born within the BuildingSMART Italy 

working group:

“IFC Road Italy working group to verify the IFC4x3 operating standard for its use during 

the life cycle of the road work (design, checking and validation, implementation and 

maintenance)”

Politecnica and SierraSoft took the opportunity to go beyond the main goals of the work 

group and combine our experience in infrastructure design and software development, 

with the openBIM process as the common denominator.

The project: “Road Design with Information Modeling adopting IFC 4x3”

Birth of the project



The aim of our project was to identify a road design method in openBIM that ensures:

1. High quality of information models

Consistent with: the design approach and standard, detailed drawings and client’s requirements.

2. Better and direct collaboration

Exchange of information useful for co-design, analysis and construction.

3. Optimization of costs and resources

Control of costs and time needed for design and modeling.

4. Improved design quality (in terms of geometry and data)

Achieve higher quality design compared to traditional design.

5. Continuous flow of the BIM process

Avoid loss of information and time-consuming tasks between design phases

Getting the advantages of BIM in the design phase

MIGLIORARE LA PROGETTAZIONE

Aim of our project



Interoperability with openBIM

IFC 4x3 
• It is an All-purpose format.

• Fundamental in design to share 

information among different 

professionals.

• To analyze geometries and data, 

support design choices, anticipate and 

correct errors in construction.

LandXML
• Easier to read and write.

• Land surveying (Points, measures, 

constraints, triangles).

• Road and Railways design (horizontal 

and vertical alignments, cross sections, 

surfaces)

• Construction (Machine control).



The findings



We identified and developed 3 key and interconnected elements that allowed us to meet the 

objectives:

1. Workflow

The workflow centered on road design.

2. Road design software

The fundamental features of road design software.

3. Road design in BIM

The BIM activities that are part of road design.

Road design at the heart of smart and bidirectional 

collaboration between disciplines

The 3 key elements



Centered on road design:

• BIM Workflow for road design

• BIM Workflow in multidisciplinary context

1. The workflow

The workflow > Road design software > Road design in BIM



INFORMATION 

CHECKING

BIM Workflow for road design

ROAD DESIGN

INFORMATION

MODELING

INFORMATION 

CHECKING
INFORMATION 

EXCHANGE

INFORMATION 
MODELING

GEOMETRY 
AND DATA

(Model)

ROAD 
DESIGN

we had a
“One at a time” approach. Design, Model, Check

we have a
“All in one” approach. Design+Model+Check

In the past The future



BIM Workflow in multidisciplinary context

ROADS,
RAILWAYS

BRIDGES

TUNNELS

WALLS

DRAINAGE

BUILDINGS

OTHER …

TOPOGRAPHY CONSTRUCTION

IF
C

IF
C

IFCLandXML, IFC LandXML, IFC

As-Found As-Designed As-Built

As-Constructed



The key element to sustain workflow and ensure 

consistent information

2. The road design software

The workflow > Road design software > Road design in BIM



The fundamental features of road design software 

to sustain the workflow 

and ensure consistent information

The road design software

DESIGN

Design of roads 
and railways

INFORMATION 
ANALYSIS AND 
VERIFICATION

Clash detection
Model validation

Model comparision

INFORMATION 
MODELING AND 

IFC MAPPING

Structure, elements, 
geometries and 

data

INFORMATION 
EXCHANGE

Import and export
IFC (2x3, 4x1, 4x3)

LandXML

SierraSoft Roads SierraSoft Rails SierraSoft Hydro

SOFTWARE FOR INFRASTRUCTURE DESIGN IN IFC
(Design, BIM Authoring and IFC Management)



Activities that are part of the new way of designing roads 

with BIM methodology

3. Road design in BIM

The workflow > Road design software > Road design in BIM



1. ROAD DESIGN

• Road design and geometry modeling

The quality and level of detail of geometries is much higher than in traditional design.

• Verification of standards (code checking)

Verification of standards is mandatory for design and geometric modeling activities.

2. INFORMATION EXCHANGE AND INFORMATION CHECKING

• Information exchange and model federation

Interoperability between different design software (roads, railways, hydraulics, bridges, tunnels,...).

• Analysis and checking of information models

To be done at the road design stage.

3. INFORMATION MODELING AND IFC MANAGEMENT

• Spatial decomposition and generation of elements

• Management of properties of model elements

• Mapping of entities in IFC

The activities when designing in BIM
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Work organization



The project case

Provided by Anas (Italian State Railway Group) - buildingSMART Italy



The project case

West Roundabout

Bridge

Main road

Tunnel

East Roundabout



1. Working Group
Defining the Italian guidelines of IFC 4x3 format for road infrastructure design: Spatial 

structure, elements, properties, mapping.

2. Politecnica Ingegneria ed Architettura
Design and modeling of roads using SierraSoft Roads software.

Verification of the validity of the method and tools adopted by SierraSoft and Politecnica.

3. SierraSoft
Provider of SierraSoft Roads and SierraSoft Hydro software.

Adapting, where necessary, its software to meet the requirements of Politecnica and the 

working group.

4. Other participants in the working group
Design and modeling of ancillary works: Bridge, tunnel, drainage.

How the work was divided



Information requirements for IFC 4x3 format

The information requirements for information modeling 

are defined by the working group and published in the 

“IFC guide for road infrastructure design”.

The specifications include:

• Spatial structure

• Elements

• Properties

• Mapping

The specification coordinated with other stakeholders 

includes spatial structure, elements mapping and properties 

association for the Italian market.



Digital cartography

Imported and processed in SierraSoft Roads

The land survey

Model by Politecnica Ingegneria ed Architettura - buildingSMART Italy



The land survey

Topographic 

information was 

provided through 

digital cartography 

that was uploaded to 

SierraSoft Roads.



The land survey

The digital terrain 

model as an 

interpolation and fine-

tuning of available 

digital data.



The land survey

Satellite imagery 

overlapped on the 

cartography and 

digital terrain model.



Designed with SierraSoft Roads

Shared Road information model in IFC 2x3, 4x1, 4x3

The road

Design and Model by Politecnica Ingegneria ed Architettura - buildingSMART Italy



The design of the alignment and road shape

Road design was done 

using SierraSoft Roads.

The following were 

designed: 

the horizontal 

alignment, the vertical 

alignment and the 

typical sections of the 

different segments.

Real-time and repeated 

checking was 

performed to bring the 

road up to standard.

The information model 

was obtained 

automatically from the 

design.



Model breakdown and element generation

The road



Longitudinal breakdown

The information 

model is created by 

the road designer 

based on the client's 

information needs.

The information 

modeling is controlled 

by the road designer 

through parametric 

design and modeling.

Single lane 2-way 

road, width 10.50m



Longitudinal breakdown

WBS 1

Bridge 1

(L = 324.22 m)

- Circul arc R=175m

- Clothoid A=120

- Straight L=2,39m

- Clothoid A=250

- Circul arc R=750m



Longitudinal breakdown

WBS 2

Road segment 1

(L = 1417.22 m)

- Circul arc R=750m

- Clothoid A=250

- Straight L=323.88m

- Clothoid A=340

- Circul arc R=1000m

- Clothoid A=340

- Straight L=449.17m

- Clothoid A=483.68



Longitudinal breakdown

WBS 3

Bridge 2

(L = 135.46 m)

- Clothoid A=483.68

- Circul arc R=950m



Longitudinal breakdown

WBS 4

Tunnel

(L = 638.16 m)

- Circul arc R=950m

- Clothoid A=348.92

- Circul arc R=350m



Longitudinal breakdown

WBS 5 

Road segment 2

(L = 170.21 m)

- Circul arc R=350m

- Clothoid A=142.91

- Circul arc R=150m



Longitudinal breakdown

Binder course

Curb

Foundation

Fill

Base course

Wearing course

Topsoil

Stripping line

Structure by WBS

WBS IFC Mapping

Quantity by WBS



Lateral and vertical breakdown: Belowground

Structure

IFC Mapping



Lateral and vertical breakdown: Roadside

Structure

IFC Mapping



Lateral and vertical breakdown: Substructure

Structure

IFC Mapping



Lateral and vertical breakdown: Superstructure

Structure

IFC Mapping



Lateral and vertical decomposition: Aboveground

Structure

IFC Mapping



The elements and properties

The road



Elements: Sideslope

Structure

IFC Mapping

Properties
Total quantity

Thickness



Elements: Wearing course

Structure

IFC Mapping - Userdefined

Properties



Elements: Guard rail

Structure

IFC Mapping

Properties



Elements: Road markings

Structure

IFC Mapping

Properties



Elements: Road signs

Structure

IFC Mapping

Properties



Modeled with Autodesk Revit 

Shared bridge information model in IFC 4

The bridge

Model by Rachele A. Bernardello Unipd - buildingSMART Italy



The bridge

The road designer 

sends the alignment 

and information 

model to the bridge 

designer.

The bridge designer 

does the design and 

sends it back to the 

road designer in IFC 

format, so that he can 

integrate it into the 

design.



The bridge

In SierraSoft Roads 

the bridge is 

imported.



The bridge

The bridge is inserted 

and georeferenced.



The bridge: Access to all information in the model

Bridge information 

model becomes part 

of the project.

You can query the 

information model 

and get all the 

information you need.

Bridge information 

model becomes a 

support for road 

design.



The bridge: longitudinal profile

In longitudinal profile 

management, bridge 

references can be 

obtained 

automatically.



The bridge: longitudinal profile



The bridge: Cross-sections

Cross-section 

management can also 

be integrated with 

information extracted 

from bridge 

geometries.



The bridge: Cross-sections



The bridge: Clash detection in the design phase

The analysis and 

verification of the 

models is performed 

in SierraSoft Roads in 

the same phase as the 

road and bridge 

design.



The bridge: Clash detection in the design phase

The analysis and 

verification of the 

models is performed 

in SierraSoft Roads in 

the same phase as the 

road and bridge 

design.

Problems are 

identified at the 

beginning and solved 

immediately with a 

significant reduction 

in time and cost.



The bridge: Clash detection in the design phase

The analysis and 

verification of the 

models is performed 

in SierraSoft Roads in 

the same phase as the 

road and bridge 

design.

Problems are 

identified at the 

beginning and solved 

immediately with a 

significant reduction 

in time and cost.

Reports with critical 

issues can be shared 

with other designers.



Modeled with Autodesk Civil 3D

Shared tunnel information model in IFC 4

The tunnel

Model by Tecne - Autostrade per l'Italia - buildingSMART Italy



The tunnel

The road designer 

sends the alignment 

and information 

model to the tunnel 

designer.

The tunnel designer 

does the design and 

sends it back to road 

designer in IFC 

format, so that he can 

integrate it into the 

design.



The tunnel

In SierraSoft Roads 

the tunnel is 

imported.



The tunnel

The tunnel is inserted 

and georeferenced.



The tunnel: Access to all information in the model

Tunnel information 

model becomes part 

of the project.

You can query the 

information model 

and get all the 

information you need.

Tunnel information 

model becomes a 

support for road 

design.



The tunnel: longitudinal profile

In longitudinal profile 

management, tunnel 

references can be 

obtained 

automatically.



The tunnel: longitudinal profile



The tunnel: Cross-sections

Cross-section 

management can also 

be integrated with 

information extracted 

from tunnel 

geometries.



The tunnel: Cross-sections



Designed with SierraSoft Hydro

Shared drainage information model in IFC 2x3, IFC 4x1 

and IFC4x3

The drainage

Model by Davide Clauser - Systra SWS - buildingSMART Italy



Drainage

The road designer 

sends the road 

information model to 

the hydraulic designer.

The hydraulic 

designer does the 

design and sends it 

back to road designer 

in IFC format, so that 

he can integrate it 

into the design.



Drainage

In SierraSoft Roads 

the drainage design is 

imported.



Drainage

The drainage 

information model 

becomes part of the 

project.

You can query the 

information model 

and get all the 

information you need.

The drainage 

information model 

becomes a support 

for road design.



Conclusions



The openBIM road design method used gives us:

□ High quality of information models

Consistent with: the design approach and standard, detailed drawings and client’s requirements.

□ Better and direct collaboration

Exchange of information useful for co-design, analysis and construction.

□ Optimization of costs and resources

Control of costs and time needed for design and modeling.

□ Improved design quality (in terms of geometry and data)

Achieve higher quality design compared to traditional design.

□ Continuous flow of the BIM process

Avoid loss of information and time-consuming tasks between design phases.

The advantages of BIM are all in the design phase

Conclusions

✔

✔

✔

✔

✔

✔
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