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Executive Summary
The INTERMODEL project aims at establishing a methodology to design and alternative
appraisal of multimodal freight terminals taking the most of the BIM tool and their
capacity for providing multi‐dimensional models. The dimensional models are to be
combined with different simulation models resulting in an aggregated decision‐making
tool to be used during the project‐planning phase and thorough its life cycle.
As part of Work Package 4 focused on BIM modelling, the two BIM models for real
locations have been built: Melzo and La Spezia container terminals under Task 4.2.
Work under Task 4.2 has been developed in two phases:



Data collection. Key information in relation to the first 7th Dimensions are
collected by CSI and APSP and studied to gain knowledge about infrastructure.
Parameterization of existing information with BIM technology.

Once previous activities have been finished, the models have been built.
In parallel, a new set of libraries for Revit has been created in order to automatize the
process of building railway intermodal terminals (inland and seaport) as well as effort is
being made in order to develop new ones for data exchange between BIM models and
simulation software.
BIM formats are not supported by simulation software which means that interaction is
not good and takes time as terminals have to be modelled in QGIS as well. First trials
have already been done and both geometry and data can be exported in .sqlite, but still
further development is needed to see exactly how some elements must be modelled in
Revit, to be able to read them.
This deliverable contains a description of work done according to the mentioned phases.
A visual demonstration of the BIM models for both real locations will be done during the
WP4 presentation that will take place in the 3rd Plenary Meeting scheduled for mid‐
March 2018 in Barcelona.
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1. Introduction
1.1 Scope
The INTERMODEL EU project aims at establishing a methodology for multimodal freight
terminals which allows taking the most of the BIM methodology and its capacity for
providing multi‐dimensional models.
Thus, in order to test ICT functionalities of the planning environment prototype being
developed in WP2, one of the tasks included within the project consists on developing
the BIM models of the two real multimodal railway terminals Melzo and La Spezia. In
other words, these two models are the keystones used to proof the validity of the
proposed ICT planning environment.
In addition, these models will also be used to virtually test the implementation of the
potential improvements proposed within WP3.
The BIM models of the two real multimodal railway terminals are developed with all the
information and data provided by Contship and APSP, and are based on the procedures
described in the BIM Execution Plan previously written.
The aim of this deliverable is describing the work done and the difficulties found to
develop the models of the real locations Melzo and La Spezia.

1.2 Audience
The intended audience of this document is the Consortium of the INTERMODEL EU
project.

1.3 Definitions / Glossary
In the current section a short description of main terms used in the manuscript are
described, that is:
BIM ‐ Building Information Model. Shared digital representation of physical and
functional characteristics of any built object, including buildings, bridges and traffic
networks. The acronym is also used to define management and Building Information
Modelling in general, referring to using model‐based applications. (ISO 12911)
BIM 7th dimension – Facility Management Applications. Where a model is created by
the designer and updated throughout the construction phase, it will have the capacity
Page 6 of 58
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to become an as‐built model, which can also be turned over to the owner. The model
will be able to contain all of the specifications, operation and maintenance (O&M)
manuals and warranty information, useful for future maintenance.
BIM 8th dimension – Operational simulation. Simulation of the operational running of
the infrastructure (e.g. the movement of cargo, the design’s adequacy to an efficient
logistics supply chain, detection of bottlenecks). BIM model will result in an integral
control platform.
BIM Execution Plan – Plan prepared by the suppliers to explain how the information
modelling aspects of a project will be carried out. It Include for example plans for the
structure, management and exchange of information with applications used within the
project.
CityGML – City Geography Mark‐up Language. A common information model for the
representation of 3D urban objects. The format defines classes and relations for the
most relevant topographic objects in cities and regional models with respect to their
geometrical, topological, semantic and appearance properties.
Geographic Information System – Information system dealing with information
concerning phenomena associated with location, relative to the Earth. GIS is a broad
term, referring to a number of different technologies, processes, and methods.
Industry Foundation Classes – An international, open specification for data exchange
and sharing for architecture, engineering and construction of buildings and bridges. Two
alternative exchange formats are provided for IFC, ISO 10303‐21 standard (IFC Part‐21
format), and XML (ifcXML). IFC is maintained and developed by buildingSMART.
InfraBIM – A specific acronym for information that is focused to the infrastructure
information model and related structures and environment information, without e.g.
buildings.
InfraGML – Infra Geography Mark‐up Language. A standard for land and infrastructure
information that intends to bring closer GIS and BIM curriculums.
Inframodel – A Finnish national detailed definition for the utilisation of LandXML in data
exchange for infrastructures and asset data. The specification builds upon the
international LandXML specification, and provides useful extensions such as national
classification.
Key Performance Indicator ‐ Indicator that tells you what to do to increase performance
dramatically. They represent a set of measures focusing on those aspects of
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organizational performance that are the most critical for the current and future success
of the organization. The KPI will be calculated on the results of the simulation model.
LandXML – A non‐proprietary XML‐based format containing civil engineering and survey
measurement data commonly used in the land development and transportation
industries. Since autumn 2012, the maintenance and development have been shared by
OGC and buildingSMART.
Life Cycle ‐ Consecutive and interlinked stages of a product system, from raw material
acquisition or generation of natural resources to the final disposal.
LOD – Level Of Detail. Concept that defines which type of project we want to develop,
from a simple volume giving a rough idea of its shape to a project totally defined to the
point of explaining the brand name of the carpentry used in windows and the screws
which anchor the windows to the wall.
LOD 100 – Conceptual model that defines the building/infrastructure as a whole
including volumes and basic areas.
LOD 200 – Model in development phase of design, dimension, shapes, position, etc.
LOD 300 – Model in pre‐construction phase, in which the level of detail increases in
order to be able to define costs.
LOD 400 – Facilities and precise construction elements, including the geometry and data
in order to outsource.
LOD 500 – As Built model, detailed and defined for its subsequent maintenance.
LOI – Level Of Information. Description on non‐graphical content of models at each of
the stages from basic design to an As Built.
LOI 100 – Associates basic information to objects (LOD 100) to identify e.g. type of room,
to inform the user. Content: objects only contain information such as name, type of
object and other basic requirements for the user.
LOD 200 – Associates basic information to objects (LOD 200) based on the information
of the own object, which will allow to give a rough number of its cost. Content: name,
type of object, and identification of elements that could include (e.g. in a building:
windows, doors, etc.).
LOD 300 – Associates information to objects (LOD 300) based on the information of the
own object, e.g. description of a product/material regardless of its
manufacturer/supplier in order to be able to obtain its cost. Content: same as for LOI
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200, but with additional information about standards and certifications; information on
units, dimensions, and properties of materials.
LOD 400 – Associates information to objects (LOD 400) based on the information of the
own object such as a description of all the requirements with specific suppliers,
sufficient information of the product to determine its costs and even for additional
estimates on personnel, materials, equipment and energy requirements. Content: core
information about properties, standards and certifications from third parties;
information on units, dimensions, and other requirements related to materials and
products to be considered (information on selected products for an appropriate
logistics, construction, monitoring, inspection, assembly, maintenance, etc.)
LOD 500 – Associates information to objects (LOD 500) based on the information of the
own object: description of specific information of the product to be installed coming
from the manufacturer to be able to calculate maintenance costs during the operational
phase. As an example: contact information, product model number, item number or
unit, warranty period in years, labour guarantee with contact details of the person
responsible for maintenance work, warranty period (work) in years, replacement value
for device replacement, lifespan of the product, dimensions, model reference, name of
the object as used by the manufacturer, basic colour of the product, material properties,
other relevant features, product name, availability of the product, serial number,
installation date, guarantee start date, barcode or RFID if available, asset identifier. The
models allow access to further documents (operating instructions, technical
specifications, etc.) and it can be connected to the user’s maintenance system.
Open format – A neutral and open specification that is not controlled by a single vendor
or group of vendors. Large building and infrastructure owners usually demand the use
of open formats.
railML – A logical object model to standardise the representation of railway
infrastructure‐related data. Used together with railML, to supplement the data
exchange schema.

1.4 Abbreviations
The abbreviations used in the present document are:
BEP: BIM Execution Plan
BIM: Building Information Modelling
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GIS: Geographical Information System
IFC: Industry Foundation Classes
KPI: Key Performance Indicator
LOD: Level Of Detail
LOI: Level Of Information
RFID: Radio‐frequency identification

1.5 Structure
The present document is organized as follows:


Introduction: contains an overview of this document, providing its Scope,
Audience, and Structure.



Real case studies: presents how the real location BIM models for Melzo and La
Spezia intermodal railway terminals have been developed.



Methodology: it is explained the process of data collection, definition of
different phases along the project life cycle, exchange formats and
parameterization and families created.



8th dimensions: this section is about BIM model dimensions, from 4th to 8th,
which are about scheduling, costs, sustainability, facility management and virtual
simulation.



BIM models of La Spezia and Melzo: it includes links to browse both models.



Conclusion: gathers different steps followed for building both railway intermodal
terminals in real locations and improvements reached and future work.

In addition, Appendix I includes the data requested before modeling the terminals,
Appendix II contains the methodology followed for building cartography and databases
for simulation. Appendix III and IV include some figures obtained from the BIM models
built for real locations.

2. Real case studies
The existing multimodal railway terminals of Melzo and La Spezia have been modelled
based on data provided by CSI and APSP, and using the procedures described in the BIM
Execution Plan.
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Initially, it was proposed to conceptually divide the models in the following five design
categories: superstructures, handling, auxiliary systems, railway tracks and internal
roads and rolling stock.
However, terminals have been modelled according to categories (functional areas)
included in the BIM Execution Plan, and defining main elements that can be found in
each of them. Assessment of previous design categories have been carried out by each
partner according to the elements found in each functional area. The table below shows
the functional areas used for defining the multimodal railway terminals and their
elements. In addition, it has been indicated what type of BIM object corresponds to each
element.
Table 1. Categories and elements used for the definition of the BIM models of the existing multimodal railway
terminals.
Level 1
Category

Level 2
Element

Waterside area

Berth
Apron
Navigation area

Line
Area

Quayside equipment

Handling system

Area

Handling area / Stacking area

Stack blocks
Bulk stacking (std units)
OOG
Reefers
Empty containers
Transfer zones
Empty containers

Area
Area
Area
Area
Area
Area
Area

Loading/Unloading areas

Vehicle loading area
Train loading area
Vehicle unloading area
Train unloading area

Node
Node
Node
Node

Railway internal transport area

Railway
Rail terminal/rail yard

Network
Area

Road internal transport area

Road
Terminal parking area

Network
Area

Gates and connections

Vehicle access area
Port road access node
Access lanes
Exit lanes
Terminal road gate
Weighing
Scanners and detection

Area
Access point
Network
Network
Access point
Node
Node

Auxiliary buildings

Building type 1 - offices
Building type 2 - warehouse

Area
Area

Utilities - urbanization

Utilities

Area/Network
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Before building the BIM models, there has been an initial phase consisting on gathering
all information and data from the existing terminals in Melzo and La Spezia, and after
that, a second phase to convert the information into BIM elements. These two phases
are described below.
Phase I. Previous work
Previously to the modelling, it is necessary to gather all available key information and
data of the two existing terminals. Data collected from CSI and APSP is the basis to be
able to know the existing infrastructure and to identify progressively basic information
required to build the digital models.
In addition, basic information to be included in the models has been determined
according to the list of Key Performance Indicators (KPIs) that must be obtained from
the BIM model. These KPIs were defined in WP3, and are shown in the table 2.
Phase II. Construction and parameterization of existing information with BIM technology
The starting point to build the BIM models is the terminal layouts provided by CSI and
APSP in CAD format. These layouts have been analyzed in order to identify the different
functional areas defined and agreed by the Consortium. From the 2‐dimensional CAD
file, 3D models have been generated and parameterized containing information
regarding measurements, material features, costs, construction planning, life cycle
costs, maintenance plans, among others, all of them related with the 7th Dimensions of
a BIM model.
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Table 2. List of modeling KPIs from D3.1
# KPI
10 Return On Investment (ROI)

11 Terminal's profitability

12 Operating efficiency

Unit
%

%

%

Input data
CAPEX
Benefits
Revenues
Operating costs
Financial costs
Initial invest.

Obtained from CAPEX previously calculated based on unit prices
Terminal profitability = Present value of future cash flows / initial
investment

OPEX

Business operating costs
Business overhead costs
Equipment operating costs

Operating revenues

Operating profit
Operating expenses
Annual turnover

Turnover
Total revenues
Handled units
Total benefits
Handled units
Workers per area
Multipliers

13 Operating revenues per unit

€/unit

14 Operating benefits per unit

€/unit

15 Direct jobs sustained by terminal activities
16 Indirect jobs sustained by terminal activities
17 Road and rail track maintenance cost

num. empl.
num. empl.
€/veh‐km
€/km

32 Capital expenditures (CAPEX)

€/unit ‐ €

33 Operational expenditures (OPEX)

€/unit ‐ €

34 Corrective maintenance cost (equipment)

h/year

Cost/year ‐ hours

35 Preventive maintenance cost (equipment)

h/year

Cost/year ‐ hours

Corrective concrete structures maintenance
36
cost
Preventive concrete structures maintenance
37
cost

Required data
Unit prices ‐ different items listed (per unit, per m2…)
Benefits expected by the terminal, associated to the improvements
developed

Unit cost

Comments

Frequency

(Benefits ‐ Investment) / Investment

p month
p year

NPV = ∑ (Ct / (1+R)t) ‐ C0
Ct = Annual cash flow during t
C0 = initial investment (CAPEX)
r = discount rate
t = number of year (life span)

p month
p year

operating profit = operating revenue ‐ operating expenses ‐ depreciation
and amortization
net sales = turnover (sales after deduction of returns, discounts, etc.)

p month
p year

Op. Effic = operating profit / net sales

from multipliers obtained from surveys or studies (preguntar a cenit)

p month
p year
p month
p year
p year
p year

List of minimum items to be considered and costs (unit costs or ratios)
Equipment present at Melzo CT and La Spezia CT

p year
p month
p year

Fixed and variable costs (variable operational costs, direct operational
personnel, fixed operational costs)

p month
p year

by type, size and category (TEUs, ITUs, tn)

total revenues (turnover) / handled units

by type, size and category (TEUs, ITUs, tn)

total benefits / handled units

acc. to different ratios per type of area/activity
total maintenance costs for rail and road
number of vehicles for road
number of road km and rail track km
Unit prices ‐ different items listed (for buildings, equipment and
infrastructure)

Maintenance cost
Hours per year for each equipment item
Maintenance cost
Hours per year for each equipment item

From LCA
From LCA
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3. Methodology
3.1 Data collection
Information collected from existing intermodal terminals, Melzo and La Spezia real
cases, is as follows:
‐
‐

‐

‐

‐

‐

Basic layouts (CAD files)
List of information included in Appendix I ‘Data collection. Melzo & La Spezia
terminals’, which gathers all data requested to CSI and APSP in order to include
all relevant data taking into account information needed for terminal simulations
and external mobility effects (excel and word files)
Corridor Management Platform (CMP) developed in WiderMOS project (that will
be implemented as an improvement in the pilot cases to be developed in
subsequent Task 4.4
BED has provided the average costs of the different equipment present at the
existing terminals (excel files). Technical specifications have been requested, as
well as information regarding annual maintenance costs and periodicity of
revisions to be carried out.
Projects that will be implemented in the near future in both terminals (CAD and
PDF files), which will be implemented as an improvement in the pilot cases to be
developed in subsequent Task 4.4
Financial data and operational costs (excel files).

In addition, some information has also been collected from other expert partners such
as:
‐
‐

Costs of different materials and infrastructure (BASF, VIAS and IDP)
Average percentages of operating costs items (DHL). Analyzed data shows that
main cost categories (usually roughly 95% of total operational costs) would be
staff costs, equipment costs, repair and maintenance, rent and lease costs,
administration and insurance, and supplies and consumables. While remaining
costs could be covered with a position ‘other operational costs’ (e.g. 5% of main
costs as described above).

Including this additional information facilitates generating the database for building the
real terminals, and also, the virtual ones in the subsequent Task 4.3.
All data collected has been used to parameterize elements that make up the BIM models
of the real terminals.
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3.2 Definition of the models
As explained in previous deliverable D4.1 ‘BIM Execution Plan’, data requirements are
different in accordance with each phase defined and level. Therefore, level of detail of
the information increases as the project progresses:
Table 3. Data requirements according to each phase

In case of real terminals, geometry provided by CSI and APSP is mainly a basic 2D layout
model and information gathered corresponds to minimum elements and data required
to be able to include information up to the 7th Dimensions and work on the operational
simulation of the existing infrastructure. Such an approach is, of course, without
forgetting which the Key Performance Indicators must be obtained in the decision‐
making tool being developed throughout the INTERMODEL EU project. In other words,
the model is not only geometry, but it also incorporates a standardization of the
elements taking part of it.
In this sense, different LODs and LOIs have been established according to different
phases of a project:
1. Low level – LOD 150 & LOI 300 (planning phase)
It refers to a feasibility study or alternatives analysis. LOD is relatively low,
whereas the LOI is quite high to be able to obtain costs, and estimate
construction duration, life cycle costs and information related to maintenance.
2. Intermediate level – LOD 200 & LOI 500 (design phase and construction)
It refers to a basic ‐ construction design, which in terms of LOD the model
includes design parameters, technical specifications and requirements.
Regarding LOI, it is also high concerning materials properties, manufacturers,
construction methods, equipment technical specifications, etc.
3. High level – LOD 350 & LOI 500 (construction and maintenance/operation)
Model whose elements have a LOD very high as it corresponds to an As‐Built
project, and it can be used for management. LOI is in line with the LOD, including
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dates of installation, inspections, maintenance dates and tasks planned, and
service documentation, among others.
According to the construction of the BIM models of the real terminals, IDP has been
studying which software and exchange formats could be used according to the three
levels abovementioned. This information is being further analyzed within WP2 and
deliverable D2.3 ‘Interoperability and data exchange specification’.
A big challenge faced during the development of Task 4.2 has been how to couple the
BIM models with the terminal simulation as well as the external mobility simulation.
Data structure has been established together with MAC for the simulation to be
performed in WP5, so that all necessary components for the simulation model layout
are accordingly modelled, in terms of way of representation in the drawing exported
and of their properties. Nevertheless, export formats from BIM are not compatible with
supported formats by the simulation software.
BIM models have been built using Revit which imports and exports the following file
formats by default, namely, without using commercial Plugins or Add‐Ins:
Table 4. Exchange supported formats by Revit used for BIM modelling

REVIT
CAD FORMATS
Export
DWG, DXF, DGN
DWF, DWFX
SAT
FBX
gbXML
IFC
DATA (type)
Export
BMP, JPG, TGA, PNG, TIFF
AVI
HTML
ODBC
KML

Import
DWG, DXF, DGN
DWF, SKP, SAT
RVT

Import
PNG (point cloud)
BMP
JPG, JPEG, PNG, TIFF
XLS
KMZ

IFC is the BIM open source format and is the considered export format to take into
account for the integrated planning environment architecture and interface
specifications. However, supported formats by simulation software are not BIM, but
they are GIS and SQLite formats containing spatial data with basic elements
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corresponding to points, lines and polygons. In particular, Prescriptive Simulation
Platform (PSP) software developed in house by MAC supports SQLite files while Aimsun,
used for external mobility simulation, supports SHAPE files.
Exported files in a database using .sqlite or .shp can be imported into the Macomi’s map
editor or Aimsun software. Then the layout can be directly used in the simulation
experiments.
As explained here, one of the biggest challenges currently facing BIM and GIS is the
interoperability and exchange formats. Thus, IDP has also modelled the real terminals in
QGIS in order to provide .sqlite and .shp files to MAC and CENIT (partners who are
developing the simulation models and carrying out tests) on time for overlapped tasks
in other work packages (WP5 ‘Terminals Operational Simulations’ and WP6 ‘External
Mobility Effects’).
The interface and exchange data between each intermodal terminal layout and the
terminal operation simulation is included in Appendix II.
At the same time, IDP together with MAC have been working on improving the interface
between the BIM and simulation component library, considering .sqlite files which is an
open format in SQL programmed in C language (saved as a unique file) and .shp files
which is the exchange format for GIS software (saved as 6/7 files).
At the moment, significant progress has been made with the interface for the exchange
.sqlite format, as shown in the images below which correspond to .sqlite files exported
directly from Revit with a new library being developed by IDP in C Sharp programming
language.
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Figure 1. First trials for the geometry export in .sqlite from Revit using the new underdevelopment library

Considering the above, Table 3 shows software used for creating the BIM models and
exchange formats proposed for each phase of the project lifecycle.
All data contained in the models can be exported in IFC file format. Further work is being
done within WP2 related to interoperability and data exchange specifications.
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Table 5. LOD and LOI according to project phases and software used and exchange formats.
SOFTWARE
LEVEL OF
DETAIL

LOD

LOI

AUTODESK REVIT
IMPORT FORMAT

NAVISWORKS

EXPORT FORMAT

IMPORT FORMAT

xls

ifc

nwc, nwf, nwd



LOW LEVEL

100

300

txt

sqlite

ifc

shp

3dm

skp

xls

skp

txt

rvt

sqlite

nwc

fbx

shp

gbXML

IMPORT FORMAT

EXPORT FORMAT

STRUCTURAL ANALYSIS SOFTWARE
(CYPE,ROBOT)
IMPORT FORMAT





3dm
fbx

EXPORT FORMAT

VDC EXPLORER

EXPORT FORMAT

ISTRAM ISPOL
IMPORT FORMAT



ALLPLAN

EXPORT FORMAT

IMPORT FORMAT

TEKLA STRUCTURES

EXPORT FORMAT









IMPORT FORMAT

AUTODESK CIVIL 3D

EXPORT FORMAT

IMPORT FORMAT



EXPORT FORMAT

AUTODESK AUTOCAD
IMPORT FORMAT



EXPORT FORMAT

AUTODESK INFRAWORKS
IMPORT FORMAT



EXPORT FORMAT



nwc, nwf, nwd

rvt
dwg, dxf, dgn, sat
dae



INTERMEDIATE
LEVEL

200

500













ifc

nwc, nwf, nwd

stp

stp

ifc

ifc

imx

imx

dwg, dxf, dgn, sat

dwg, dxf, dgn, sat

kml, kmz

sqlite

ifc

dwg, dxf, dgn, sat

xls

skp

stp

shp

shp

stp

fbx

rvt, rfa

fbx

3dm

shp

3dm

ifc

dwg, dxf, dgn, sat

dwg, dxf, dgn, sat

dwg, dxf, dgn, sat

gml

kml

3dm

dwf

ifc

dae

skp

xls

skp

landxml

ifczip

sqlite

dwg, dxf, dgn, sat

fbx

landxml

obj

stp

dwg, dxf, dgn, sat

landxml

dwf

xml

dwg, dxf, dgn, sat

txt

rvt

ifc, ifczip

nwc

fbx

nwc, nwf, nwd



xls
txt

landxml

imx

shp

smxx

smxx

fbx

dwg, dxf, dgn, sat

skp

dae

dwg, dxf, dgn, sat

sqlite

fbx



HIGH LEVEL

350

500

ifc

nwc, nwf, nwd

txt

sqlite

3dm
skp
dwg, dxf, dgn, sat
ifc, ifczip





xls

nwc, nwf, nwd















stp

stp

dwg, dxf, dgn, sat

shp

dwg, dxf, dgn, sat

dwg, dxf, dgn, sat

ifc

ifc

dwg, dxf, dgn, sat

dwg, dxf, dgn, sat

ifc

dwg, dxf, dgn, sat

xls

landxml

landxml

ifc

dwf

skp

stp

stp

fbx

shp

3dm

ifc

dwg, dxf, dgn, sat

txt

skp

ifc

dwg, dxf, dgn, sat

dwg, dxf, dgn, sat

3dm

dwf

xls

skp

ifc

ifc

3dm

xls

landxml

ifczip

txt

rvt

kml, kmz

gml

xml

doc

stp

nwc

fbx

shp

txt

smxx

smxx

obj

landxml

dwg, dxf, dgn, sat

gml

fbx

dae

landxml

fbx
dwf

xml
kmz

*.sqlite and .shp files have been included as import and export formats as a new library for Revit is being created by IDP in order to allow the
import/export of these files and improve the interface between BIM and Simulation.
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3.3 Parameterization
BIM models of the real locations correspond to LOD 150 and LOI 300, as real graphical
information obtained from CSI, and APSP has been less detailed than expected. However
and as previously mentioned, all BIM elements modeled (as nodes, lines or areas)
contain a list of attributes that allow users to get information related with the 7th
Dimensions which are the basis to calculate and obtain KPIs.
Figure 2. Workflow for building INTERMODEL EU BIM models

Data associated to the models correspond with input data required for the calculation
of the Key Performance Indicators that will be shown in an appropriate dashboard,
including information coming from both models and simulations (done in subsequent
tasks).
Once this data has been defined, it is linked to each element modeled. In that way,
parameters included within the model have been classified as follows:
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Figure 3. Parameters taxonomy
Environment parameters

General parameters

Geographical data
Topography if available
Views, landscape if available
Type of terrain

Dimensions and general ratios
Components dimensions or ratios
Minimum areas of functional areas Areas of components within
each functional area

Local parameters

Construction parameters

Production dimensions
Elements dimensions
Equipment for construction

Climate data
Temperature
Humidity
Wind
Exposure class

Functional requirements
Minimum width for roads
Number of access gates
Accessibility to berth

Interaction with other components
Conditions for interaction

Materials properties
Minimum concrete strength
Properties of steel reinforcement
Granulometry
Water percentage, etc.

Relationship with environment
Traffic flows
Singular elements

General distribution
Relationship between functional
areas
Network's internal tipology

Response to analysis values
Pavement packages
Walls thickness

Materials characteristics
Colour
Texture

Site dimensions
Width
Length
Shape

Expressive design
Façade configuration
Materials used for buildings

Assembly requirements
Assembling type

Application values
Project costs

Contextual situation
Regulatory restrictions

Technical restrictions
Constructive

Dimensions for transport
Number of vehicles and operation

Items in blue are those items that could be included in the parameterization of elements
if the design chosen in a feasibility study is further developed and becomes into a
construction project.
Therefore, all data collected has been used to parameterize elements that make up the
BIM models of the real terminals.

3.4 Creation of families
After gathering all the available information related to the different categories
considered when modeling, different families have been created. At the same time
families have been grouped into libraries.
Two different types of families have been created. On the one hand, there are some
families that are formed manually (geometry and parametric information), and on the
other hand, some of the families are created from the own system such as walls, floors,
ceilings, etc. In the latter case, families are generated with programming using system
components.
Tables 6 and 7 shown below include both types of families created:
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Table 6. Set of libraries that contains families systems created with programming through system components

LIBRARY

Walls

Floors

Roofs

FAMILIES
Wall ‐ Office 35cm
Wall ‐ Office 50cm
Wall ‐ Warehouse 35cm
Wall ‐ Warehouse 50cm
Perimeter Terminal
Floor ‐ Office 30cm
Floor ‐ Office 45cm
Floor ‐ Warehouse 25cm
Floor ‐ Warehouse 40cm
Roof ‐ Office 30cm
Roof ‐ Office 45cm
Roof ‐ Warehouse 25cm
Roof ‐ Warehouse 40cm

In addition, through programming, the appropriate pavement package is assigned to the
terminal pavement according to the following input data:
‐
‐
‐
‐
‐
‐
‐

Port use (commercial, industrial)
Activity (operation, storage)
Esplanade category (E0, E1, E2, E3)
Type of goods (container, general cargo, liquid bulk, ro‐ro, solid bulk, empty)
Intensity (low, medium, high)
Load type (low, medium, high)
Traffic category (A, B, C, D)

Once this data has been introduced to the system, automatically, the new library
created provides which pavement package is preferable and the thickness and material
of each layer (subbase, base and pavement).
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Table 7. Set of libraries that contains families created by the user (manually)

LIBRARY
Structures

FAMILY
200_EST_ConcreteColumn_Rectangular
200_EST_Steel_HEB
200_EST_Foundation

Terminal Handling
200_ARQ_DelimitationMark_HandlingArea
Area
200_ARQ_AccesPoint
Terminal Access
200_ARQ_AccesPoint_Booth
Railway ‐ Ballast
Railway ‐ Edilon
Railings
Railway ‐ Rheda
Rail ‐ Track Element for Ship to Shore Gantry Cranes
Rail ‐ Track Element for Gantry Cranes
Berth
Berth
Parking Space 2,5m
Parkings
Parking Space 2,5m ‐ 60°
Parking Space 3m
Parking Truck ‐ Space 2,8m
Delimitation Mark ‐ Discontinuous
Delimitation Mark ‐ Handling Area
Delimitation Mark ‐ Line
Delimitation Mark ‐ Safety Zone
Delimitation Mark ‐ Yield the Right
Road Truck ‐ Direction 1 Lane (4,2m)
Road Truck ‐ Direction 1 Lane (5,0m)
Road painting
Road Truck ‐ Direction 1 Lane (7,0m)
Road Truck ‐ Direction 1 Lane (7,0m) ‐ NoBorders
Road Truck ‐ Direction 2 Lanes
Road Truck ‐ Direction 2 Lanes ‐ Center Line Discontinuous
Road Truck ‐ Double Direction 2 Lanes (6.8m) ‐ Center Line Continuous ‐ NoBorders
Road Truck ‐ Double Direction 2 Lanes (6.8m) ‐ Center Line Discontinuous ‐ NoBorders
Road Truck ‐ Double Direction 2 Lanes (6.8m) ‐ Center Line Discontinuous ‐ NoBorders
Road Truck ‐ Double Direction 2 Lanes ‐ Center Line Discontinuous ‐ NoBorders
200_EQUIP_AutomatedRTG(ARTG)System
200_EQUIP_GantryCranes
200_EQUIP_Straddle_SprinterCarriers
Terminal
200_EQUIP_HorizontalTransport(AGV, ATT)
equipment
200_EQUIP_MobileHarborCranes
200_EQUIP_ReachStackers
200_EQUIP_ShipToShoreGantryCrane
200_EQUIP_MotorTractor
200_ARQ_Weighing
Other
200_ARQ_RailJunctionMark
200_ARQ_DerailBuffers
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4. 8th Dimensions
4.1 4D – Scheduling
A 4D BIM model provides a means of verifying site logistics and yard operations by
including tools to visually depict the space utilization of the job site throughout a
project’s construction. The model can include routes for trucks, cranes, and other items.
Also, the model allows making sound decision by watching schedule visualization.
Considering a first stage, when usually different alternatives are identified and evaluated
(feasibility study level), a general construction planning has been developed for both
real cases studied: inland and seaport intermodal terminals.
This general construction planning allows getting an estimate of the time needed for
terminal construction (for the whole, or just for a specific area), taking into account
measurements coming directly from the BIM model. Duration of the different activities
included in the planning has been established according to partners’ expertise and by
comparing with the construction duration and planning of similar activities.

4.2 5D – Costs
5D is related to cost estimate. During the modelling process of each element of the
terminal, their construction costs can be linked to the model. Therefore, the total sum
of costs of modeled elements is the total estimate associated to the construction of the
terminal.
Model‐based estimating is very useful for the analysis of different alternatives in a
feasibility study, as the designs might have different dimensions, and different measures
according to several elements included within the model (structural typologies,
pavements, etc.). In case there is a slight modification in the model the total cost of each
alternative is given automatically by updating the model layout. The same can be said
for a project in a further developed phase, any change made in the model is directly
translated to the cost estimate as measurements change. In other words, when a change
is made on the project, the user can see what happens to the budget.
A range of prices has been defined for each item, depending on type of pavement used,
geotechnical conditions or structural typologies. According to know how and expertise
of different partners final cost per item has been chosen.
Prices have been obtained from different sources. Specific costs for terminal pavements,
railway infrastructure and equipment have been provided by partners (BASF, VIAS and
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BED), and some other from IDP technical know‐how in specific areas. Some of the costs
have been given as ratios due to that some elements are not modelled in detail as there
is no available data (such as buildings, terminal’s gates, etc.). Also, some of the costs
have been obtained from Institut Tecnologic de Catalunya (ITeC) online database, used
for project cost estimate in Catalonia.
For the model‐based estimating and budget structure, the following areas have been
defined:
Terminal pavement
Using the Spanish ROM 4.1‐94 (recommendations for maritime projects), different
pavement layers have been defined depending on the use, activities and traffic within
the terminal. Based on the characteristics mentioned, the most appropriate pavement
package is determined, setting a price per square meter for each layer, which will result
in the total cost of the pavement for the terminal.
Railway infrastructure
The alternatives considered for railway infrastructure are as follows, considering a price
per linear meter:




Railway on ballast: it includes the ml price for uic 60 rail, sleepers, ballast all
assembled.
Edilon Corkelast railway: integrated by uic 54 rail, corkelast VA‐60 with primer
products, reinforced concrete, assembly and auxiliary materials.
Rheda sleeper railway: integrated by uic 54 rail, Rheda sleeper, reinforced
concrete, assembly and other materials.

In addition, average unit costs have been also included in the cost estimate for rail
junctions and derail buffers.
Specific costs per linear meter have been associated to track superstructure for ship to
shore gantry cranes and rail mounted gantry cranes as follows:



Track superstructure for rail mounted gantry cranes: runway for gantry crane
and rail and anchoring elements.
Quayside superstructure: anti‐scour protection, overhead cranes guides, filling
and paving, instrumentation and auscultation, and rail and anchoring elements.

Buildings (offices/warehouse)
All elements required for both offices and warehouse construction are listed below:
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Foundations: building foundations depend primarily on geotechnical conditions
of the terrain, good or weak conditions. Thus, foundations included for cost
estimate are divided in superficial and deep foundations. It has been considered
a ratio per square meter, which can be a fair approximation for feasibility studies.
Structure: prefabricated concrete, steel and mixed structure are distinguished in
the estimation of structure needed in the buildings. It is considered also a price
per square meter.
Enclosures: it includes walls and roofs. Walls are formed by different layers
(concrete, bricks, panels, etc.) and some coatings and insulations. In case of
roofs, they vary from light roofs (for warehouses) to deck roofs with insulation
(for offices).
Utilities: internal utilities such electrical, communication and control, plumbing,
fire protection and HVAC systems are considered as square meters ratios to
estimate their total cost.

Architecture
Some architectural elements have been included in the estimate, such as windows or
doors as % of surfaces (wall and floor respectively). A ratio of bathroom equipment in
offices has additionally been included.
Urbanization
The utilities needed for total urbanization of the site has been considered as a ratio per
square meter, including sewage, electrical power and lighting, potable water and fire
protection of the new infrastructure. Further items considered are perimeter enclosure
and access control.
Equipment
Handling equipment is also included as part of capital expenditure. Therefore, unit costs
have been included in the cost database taking into consideration the different types of
handling equipment present at terminals.
Others
Port equipment is considered for the edge of quays. Cost has been assumed per linear
meter.

Rolling stock has been also included in the database but it should be included as
operational costs.
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The budget structure is shown in the table below as it appears in the BIM model when
applying budget library.
Table 8. Budget structure of BIM model

AUXILIARY BUILDINGS
Type
Warehouse
Offices

Class
A/B
C/D

URBANIZATION
Description
Electrical urbanization
Fire Protection
Perimeter enclosure
Potable water
Sewage system
Control access
Transport access

TERMINAL PAVEMENT
Type
Pavement
Base
SubBase
Type
Pavement paint

Levels
1
Floors

Area (m²)

Cost (€/.)

Measure

Unit
m²
m²
ml
m²
m²
ud
ud

Cost (€/.)

Thickness (m)

Cost (€/.)

Description
Area (m²)
Continous reinforced concrete
Steel fiber reinforced
HP40 vibrated concrete
Artificial Aggregate
Artificial Aggregate
Description
Continous, discontinous, marks
Terminal handling area

TERMINAL HANDLING AREA
Type
Stack blocks

Area (m²)

RAILWAY INTERNAL TRANSPORT AREA
Description
Type
Ballast
General assembly Track Ballast
Runway for gantry crane
Track elements
Rail and anchoring elements
Switches and crossings (fabrication, supply and
Rail Junctions
assembly)
Railway interlocking and signalling
Derail Buffers
Derail buffers
ROAD INTERNAL TRANSPORT AREA
Type
Description
Road
Road

Page 27 of 58

Measure

Variable
Variable
Variable
Length (m)

Cost (€/.)

Units ground

Cost (€/.)

Length (m)

Cost (€/.)

Unit
ml

Cost (€/.)
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WATER SIDE AREA
Type
Berth
Track elements

Description
Port equipment
Anti‐scour protection
Overhea crane guides
Filing and paving
Rail and anchoring elementes

TERMINAL EQUIPMENT
Type

Terminal equipment

Measure

Description
Rail mounted gantry cranes
Ship to shore gantry cranes
Rubber tired gantry cranes
Reach stackers
Horizontal transport (AGV,ATT)
Light rail motor tractor

Unit
ml

Cost (€/.)

ml

Length (m)

Cost (€/.)

4.3 6D – Sustainability
6D is related to data capture. In case that sensors are placed, they can feed back and
record data relevant to the operation of a building, enabling BIM to be used to model
and evaluate energy efficiency and environmental impact, monitor a building’s cycle
costs and optimize its cost efficiency. It also enables the owner to evaluate the cost‐
effectiveness of any proposed upgrades.
Given that there is no available data for any of the two real cases built, a number of
assumptions had to be made in order to carry out the LCA explained below. Executing
the sustainability function created for Revit, a comparison of CO2 footprint from the use
of different concretes is provided (conventional steel reinforcement, steel wires fibers
and polypropylene synthetic fibers).
Background
On the basis of weight, volume and money, the construction industry is the largest
consumer of materials in our society. Thus, approximately 40% of all materials used are
related to the construction industry. From a production point at view, several of the
construction materials have a great impact on both the local and global environment.
This is particularly true for concrete as one of the most dominating construction
materials. Therefore, an increased environmental consciousness in the form of a better
utilization of concrete as a construction material and the creation of a better harmony
and balance with our natural environment represent an increasing challenge to the
construction industry.
In addition to the large consumption of natural resources for concrete production, the
production of Portland cement is based on a very energy consuming and polluting
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industrial process. Thus, the production of each ton Portland cement releases almost
one ton of carbon dioxide in addition to a number of other polluting constituents to the
atmosphere. The production of Portland cement worldwide constitutes approximately
5% of the total global emission of CO2. Therefore, proper design for durability and long‐
term performance of concrete structures is very important.
During recent years, deterioration of reinforced concrete structures has emerged as one
of the most demanding challenges facing the construction industry. Public agencies are
already spending a significant proportion of available construction budgets for repair
and maintenance of their existing structures.
In the years to come, repair and maintenance of concrete structures will be the subject
to strict requirements both with regard to environmental impacts and economical
constraints. It is very important to take environmental effects into consideration both
during design and construction as well as in the management system for concrete
structures.
Objective
In many countries, there is a growing amount of deteriorating concrete infrastructures
that not only affect the productivity of the society, but also has a great impact on
resources, environment and human safety. The poor and uncontrolled durability with
repairs and maintenance of all these concrete structures are consuming much energy
and resources and are producing a heavy environmental burden and large quantities of
waste. Therefore, the increasing amount of repairs and maintenance of concrete
structures is not only a question of technical performance and economy, but also a
question of impact to the environment.
From these both different points of view, in the present project, the framework and
methodology for quantifying the cost impact and environmental burden of various
protective and repair materials/systems for maintenance of concrete structures are
briefly outlined. This includes materials and energy consumption, waste generation and
emission to the environment.
We have developed a tool that is used to compare different solutions of repair and
coating on the basis of Life Cycle Costs (LCC) and Life Cycle Environment Assessments.
(LCA).
The model can be tailored to a client specific situation. As a result, the total Life Cycle
Costs are presented for each solution. This provides a solid economic foundation to
select the best repair/coating solution for your specific situation.
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Therefore, one of the objectives of the present project is to focus on the framework and
methodology for quantifying the ecological effects and cost impacts from various
methods and systems for protections, repairs and maintenance of concrete structures.
Civil structures
The designs of concrete civil structures are carried out according to local or regional
codes and standards. It shall be kept in mind that codes and standards are intended to
serve all normal types of construction, thus representing the societal demands for
quality. Therefore, these documents represent the minimum quality acceptable for such
structures. For most national or regional codes and standards a service life of about 50
years is assumed to be achievable by following the codes although no factual or
quantifiable requirements in means of determining the service life are generally
presented in these documents.
General principles and framework of service life planning are defined in ISO 15686‐
1:2011 and in the corresponding set of ISO 15686 standards (focused on service life
prediction procedure, performance audits and life cycle costing).
From experience, the structures built according to these standards have shown to have
a service life of 50 to 70 years before repairs are to be conducted. However service life
has to be defined both in length (years) and limit state (depassivation of rebar, spalling,
safely limit state…). More information can be found in fib Bulletin 67, Guidelines for
green concrete structures.
This process should lead to selection of two or three durability strategies where the
construction costs and the operation and maintenance costs over the anticipated service
life can be examined.
All of these costs for the different strategies are then compared based on net present
values. The net present value is based on the selected interest rate.
Data
Generic data can be used instead of system specific data to describe the environmental
impacts and aspects of a product's life cycle in an LCA study. Generic data are used for
calculations where system specific data LCI/LCA data are not available or where other
non system‐specific LCI or technical data are required.
Often generic data will not directly reflect the local conditions (i.e. the actual situation)
under study. Data compensation then has to take place. This however presupposes the
practitioner's detailed understanding of the information under the local conditions and
therefore understanding the different measures to be taken for compensating any bias
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in the information. When informed compensation of the data is not possible, informed
assumptions have to be made. These kinds of assumptions are common in LCA since
often no other option is available. Such assumptions should always be reported in the
LCA report and the sensitivity of the analysis resulting from such assumptions should be
evaluated.
A comprehensive life cycle inventory involves the collection and integration of many
pieces of data regarding the product, process or activity under study. Depending on the
scope of the study, information may be gathered from different companies, regions and
even continents. As such, it is essential that the management of data quality is an
integral part of the overall process (see ISO/TR 14049 for further information and
CEN/TR 15941 for methodology for selection and use of generic data). Generic data
quality should be considered in the same light as that of other data for LCA. In this
respect, there is no difference between use of specific data or generic data.
Life‐cycle environmental assessment (LCEA)
A practical way of interpreting LCA is to determine the impact on the environment,
caused by all human activities throughout the whole life cycle of a structure. This is,
however, a very difficult process since the relationship between the external
environment and the category endpoint can be very complex. Normally, the LCA will
stop at the step before the category endpoint showing only the impact categories, which
is fairly easy to do, and then interpret the results from the various category indicators.
The concept of category endpoints is shown in Fig. 3. The methodological framework for
the assessment of environmental impacts is given in the ISO‐standards 14040‐14043.
Figure 4. Concept of category indicators

Page 31 of 58

D4.2 – BIM model demonstration of both real locations

In order to apply the concept of category indicators on protection, repairs and
maintenance of concrete structures, all steps in the process have to be thoroughly
evaluated. From the condition surveying of the concrete structure, the method and type
of protection, repair or maintenance action are first selected. These selections depend
on the condition of the structure and the conditions of external environment as well as
type of equipment and materials to be used in the process. The next step is to determine
the functional unit, which is the reference unit used in the life‐cycle study. All emission,
energy, cost and flow of materials occurring during the process are related to this unit.
The functional unit shall be measurable and depends on the goal and scope of the
analysis. The goal of the life‐cycle assessment shall unambiguously state the intended
application and indicate to whom the results will be addressed.
Thus, the case we are considering in the INTERMODEL EU project scope, the functional
unit for a protective coating may be defined as the unit surface (m²) protected for a
specified period of time.
The life‐cycle inventory (LCI) phase will then consist of the following:
1. Quantifying the amount of all raw materials, chemicals and equipment that are
necessary to fulfil the repair or maintenance function. This quantification gives
the reference flow, for which all inputs and outputs are referred to and are
closely connected to the functional unit.
2. Environmental data of consumed raw materials, chemicals and equipment from
the suppliers (specific data) or from databases (generic data) or from a LCI carried
out at supplier level. All materials used should have an environmental
declaration with a “Cradle to port” type of scope. The environmental declaration
shall include use of resources such as energy (renewable or non‐renewable),
materials (renewable or non‐renewable), water and waste as well as emissions
to air and water.
3. Quantifying and classifying the waste from the process such as recycling or
disposal (hazardous or not hazardous).

The calculations to impact categories should be carried out according to Fig. 4. The
impact categories could be: Global warming, ozone depletion, acidification, photo‐
oxidant creation and eutrophication. All calculated effects should be potential effects.
The classification is assignment of LCI results to impact categories. Classification and
characterization should be carried out according to ISO 14042. Emission of a specific gas
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may be assigned to more than one category. An example is emission of NOx, which will
be assigned to the categories of both eutrophication and acidification.
The final result may be displayed as impact categories or weighted to an environmental
index, where the weighting is the process of converting indicator results of different
impact categories by using numerical factors based on value‐choice.
In the current project, our first approach consists in evaluating Global Warming (CO2
footprint) as a KPI for sustainability assessments.
In order to demonstrate how the above methodological framework for assessment of
cost impacts can be applied to various types of protection, repair and maintenance
systems for concrete structures, three examples of commonly used systems have been
the subject for analysis, the results of which are briefly outlined in the following.
The one system was a patch repair with shotcreting, where the damage was caused by
a chloride‐induced corrosion of embedded steel. The second system was a
hydrophobic surface protection, which is commonly used as a preventive measure for
protection of concrete against chloride penetration and moisture.
For all the cases, some common assumptions for the calculation of the ecological
impacts were made:





Same transport distance forth and back (60 km)
Materials and equipment were transported by truck.
Fuel consumption (diesel) for the truck was 0.2 kg per ton‐km
Same functional unit (1 m2 of repaired or protected concrete surface for a period
of 10 years)

Patch repair
The analysis was based on the following assumptions:




Surface area repaired: 30 m2
Rebound of shotcrete: 25%
Power supply on construction site based on diesel engines

The various steps of the process considered:





Removal of concrete cover to an average depth of 50 mm by high pressure hydro
jetting (1000 bar).
Cleaning of the reinforcing bars by sand blasting
Protective coating of the reinforcement
Application of the shotcrete layer
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Curing measures for the applied shotcrete

The consumption of energy and the ecological impacts of the patch repair are
summarized in the table below.
Table 9. Energy consumption and ecological impacts of the patch repair.

Impact category
Process

Use of energy
(MJ/m2)

Global warming
(kg CO2 eq/m2)

677

84

296

22

35

1,4

59

4,4

Transportation

127

10

Sum

1194

122

Hydro jetting
Cleaning of
reinforcement
Protective coating
on
reinforcement
Application of
shotcrete

Hydrophobic surface protection
The analysis was based on the following assumptions:



Hydrophobic agent: Iso‐octyltriethoxy type of silane in combination with a
mineral thickener.
Surface area treated: 150 m2

The various steps of the process considered:



Preparation of the concrete surface by high pressure sand blasting (160 bar)
Application of the hydrophobic agent by use of a high‐pressure sprayer to a
thickness of 0.25 mm. It was assumed that only 45% of the hydrophobic agent
was applied to the concrete surface, which is equivalent to approximately 500
g/m2, while the rest of the agent (approximately 600 g/m2) was emission to the
air. The iso‐octyltriethoxy type of silane is volatile and ethanol is released to the
atmosphere.

The consumption of energy and the ecological impacts of the hydrophobic surface
protection are summarized in the table as follows.
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Table 10. Energy consumption and ecological impacts of the hydrophobic surface protection

Impact category
Process

Use of energy
(MJ/m2)

Global warming (g CO2

47

295

17

13

12

80

eq/m2)

Production of
hydrophobic
agent
Surface
preparation
Transportation
and surface
treatment
Long‐term
degradation

2171

Sum

76

2559

Comparison of the two cases
By comparing the two cases selected for analysis, it can be seen from Table 10 that the
ecological impacts from the patch repair strongly exceeds that of the hydrophobic
surface protection. The results demonstrate that the hydrophobic surface treatment can
be repeated more than five times before the ecological impact in the form of photo‐
oxidant formation approaches that of the patch repair by shotcreting.
Table 11. Comparison between patch repair and hydrofobic treatment

Impact category
Method

Hydrofobic
treatment
Parch
repair

Use of energy (MJ/m2)

Global warming (kg CO2
eq/m2)

76

2.6

1642

122

Page 35 of 58

D4.2 – BIM model demonstration of both real locations

Concluding remarks
Assessment of impact on the environment caused by human activities throughout the
life cycle of a structure may be very complex and difficult. Over recent years, however,
a methodological framework for life‐cycle assessments has been established through a
number of international standards and guidelines.
In order to carry out the present LCA, a number of assumptions had to be made. The
results clearly demonstrate, however, that from an ecological point of view, it appears
to be a very good strategy to carry out preventive maintenance of a concrete structure
before a stage is reached where patch repairs may be necessary.

4.4 7D – Facility management
Usually, when integrating 7D in the BIM model, is because it has been created by the
designer and updated throughout the construction phase, becoming an as‐built model,
which also can be turned over to the owner.
The model will be able to contain all of the specifications, operation and maintenance
(O&M) manuals and warranty information, useful for future maintenance.
As no data related to the maintenance of real terminals’ equipment and infrastructure
has been received, two different strategies have been proposed in order to get
information related to costs, costs savings and materials savings, when applying
different solutions (waterproofing coating and internal protection). Methodology
applied is explained below.
Life cycle cost assessment (LCCA)
The basis for the cost impact evaluation should be a condition assessment of the entire
structure or structural elements, where the performance of the structure, deterioration
mechanism, extent and future degradation rate are estimated. Fig. 4 shows two
performance strategies, A and B, considering estimated development of cost or
environmental impacts within the life cycle of a concrete structure including all
consequent technical provisions like formwork, temporary structures, access roads, etc.
It is evident that higher initial cost and higher environmental impact (leading to higher
performance quality) can at the end of entire life of structure result in lower total life
cycle cost and total life cycle environmental impact. Appropriate settings of repair
periods keeping or improving performance quality are essential for the extended life of
the structure.
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Technically feasible repair methods shall be set forward and priced both in relation to
actual costs but also in relation to indirect costs, where the user inconvenience due to
lower performance quality is priced depending on the duration of the repair works. This
is typically important for repair of civil structures like bridges, roads, etc. The
degradation rate is important, as an owner often has to prioritize between different
repair works. Therefore, the consequences of postponing a repair project have to be
evaluated.
Figure 5. Determination of total Life Cycle Environmental Impact and Cost by performance strategy

An important aspect in relation to LCC calculations is the consideration of interest rates.
For LCC calculations, national applied interest rates can be used allowing for a
calculation of net present value for a structure.
With regards to cost evaluation, the model calculates the Life Cycle Costs of each
solution. This is a measure of the total costs incurred during the lifetime of the structure,
expressed as the Net Present Costs (NPC). The solution with the lowest NPC should be
selected from an economic point of view (see calculation method in the figure below).
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Figure 6. LCC methodology

Case studies. Concrete structures
In order to demonstrate how the above methodological framework for assessment of
cost impacts can be applied to various types of protection, repair and maintenance
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systems for concrete structures, two examples of commonly used systems have been
the subject for analysis, the results of which are briefly outlined in the following.
The first comparison has been made between three different waterproofing
membranes:
‐
‐
‐

Cement waterproofing (MasterSeal 531)
Polyurea waterproofing (MasterSeal M 689)
Polyurethane waterproofing (MasterSeal M 808)

The second scenario compares the concrete protection using two different systems:
‐

Anti carbonation coating based on acrylic polymers (MasterProtect 330 EL)

MasterProtect 330 EL is a single component, ready to use, water based coating
formulated from a blend of high performance acrylic polymer emulsion with
pigments and fine fillers. The coating provides a protective and decorative finish for
exterior and interior use on concrete and other substrates. It has very good adhesion
onto concrete substrate and is very elastic ‐ even in temperatures below zero and
provides excellent protection against carbonation and still remains water vapour
permeable.
‐

Advanced organofunctional corrosion inhibition for concrete protection
(MasterProtect 8000 CI)

MasterProtect 8000 CI is an advanced organofunctional silane based corrosion
inhibitor, which combines the proven effectiveness of penetrative silane treatments
for the control of moisture and Chloride ion ingress with advanced organofunctional
corrosion inhibition.
LCC tool
This model is used to compare BASF solutions of repair and coating on the basis of Life
Cycle Costs (LCC).
The model can be tailored to a client specific situation. As a result, the total Life Cycle
Costs are presented for each solution. This provides a solid economic foundation to
select the best repair/coating solution for your specific situation.
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The model uses the data introduced by the user (we must fill in the input fields)
Adjust the input fields coming from the BIM model to fit terminal’s situation
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Figure 7. Input data required in the LCC model
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In sheet "Output" the results are shown, as the calculated Life Cycle Costs of each
solution. This is a measure of the total costs incurred during the lifetime of the
structure. The solution with the lowest LCC should be selected from an economic
point of view.

Figure 8. Data/results regarding cost evaluation in scenario 2.
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4.5 8D – Virtual simulation
One of the objectives of the INTERMODEL EU project is to include the 8D in the BIM
model. 8D is used to simulate the operational running of the infrastructure (e.g. the
movement of cargo, the design’s adequacy to an efficient logistics supply chain,
detection of bottlenecks). In this sense, BIM model will result in an integral control
platform (control panel).
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Currently, simulations are being run separately from the BIM model, but within WP2,
the team is working to be able to integrate BIM model and simulation in the same
platform, where KPIs will be shown.

5. BIM models for real locations
Models can be browsed through the links below:
Melzo Container Terminal: http://autode.sk/2oFKU4X
La Spezia Container Terminal: http://autode.sk/2FbEchp

6. Conclusions and future work
6.1 Conclusions
The purpose of this document is to develop the BIM models of the real pilot cases so
that created libraries can be used when building virtual cases.
Terminals modeled are Melzo Container Terminal as inland terminal and La Spezia
Container Terminal as seaport terminal. Both terminals have been built from a 2D layout
and all elements modeled have been parameterized so that information related to the
different dimensions of a 7D BIM model can be provided. Initially, database to work in
the dimensions from 4 to 7 should have been built according to data provided by
terminals in real locations. However, as some data has not been received, alternative
solution have been applied.
Data coming from the BIM models has been validated with real one. In that sense, input
data for obtaining KPIs and developing the 7th dimensions has been checked.
According to the BIM Execution Plan, applied in the creation of the models, it is
important to establish in which phase the project is, from a feasibility study, when
different alternatives are usually assessed, to a construction project, when one of the
initial alternatives is chosen and further developed until construction and operation.
This means that in an early stage basic designs are used for assessment and giving rough
numbers and indicators which are crucial for making decisions about best option. This is
the reason why new libraries have been created in order to make the BIM modeling
easier, being more efficient and fast if decision‐making is required. Changes are easily
modeled and automatically data obtained from different dimensions libraries is
updated.
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Coupling BIM model with simulation has been done as data structure has been defined
together with MAC and CENIT. However some difficulties are encountered when
exchanging data between the model and software used for simulations.

6.2 Future work
The collection of data from real terminals took longer than expected so database
contains information coming from different sources (mainly partners). It is necessary to
put more effort towards collecting minimum data.
Models for both real locations are used in Task 4.4 including some changes as
improvements and innovations included in D3.2 ‘Pilot innovations and improvements’.
This will allow to determine quickly whether improvements or innovations implemented
have a positive effect in the KPI in comparison to the base case presented in this
document.
In the upcoming months, improvements in the families created will be carried out and
further development of the new libraries for Revit already implemented will be tested
and if necessary updated.
Further work must be done in order to develop the two new libraries so that
export/import of .sqlite and .shp files can be done directly from/to Revit. In other words,
to improve the interaction between BIM and simulations.
These two BIM models will be used to test ICT functionalities of the planning
environment prototype being developed in WP2.
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Appendix I
This appendix includes the list of data that was required from CSI and APSP before
starting modeling the existing terminals.
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1. Introduction
1.1 Scope
To build intermodal terminal simulation models many input data is required from the
terminals or terminal designs. The exact data requirements differ from project to
project. This document provides a general overview of what data is required to make
valid terminal simulation models. There may be additional data requirements for
specific projects.

2. Terminal Layout, Areas and Access to the terminal
2.1 Layout of terminal and areas
A general specification of the layout of the terminal. The areas that are used and their
function and dimensions of:


Total terminal
o General dimensions of terminal
o Dimensions and description of the area (stack, apron, rail yard, etc.)
o Driving routes within terminal (for both internal vehicles and road
vehicles)



Waterside / berth
o Quay / berth dimensions
o Apron dimensions
o Possible separate area for barge handling



Stack
o Stack dimensions (length, width and height in TEU)
o Number of ground spots and stack positions
o Special stacks for reefers



Rail facilities / terminal
o Dimensions of rail facilities
o Number of tracks (sidings and process tracks)



Truck gate
o Dimensions of gate area
o Number of gates (in/out)
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o Description of gate process
o Scanners (nuclear and/or x‐ray)


Empty depot / yard
o Capacity (storage)



Inter‐terminal facilities (ITT)
o Dimensions of areas

Drawings and/or designs of the terminal layout as detailed as possible. Preferable in


CAD format (DWG, SFX, etc.)



Industry standard formats, such as Land XML, RailML



PDF



Points cloud

2.2 Access to terminal
There are different types of access to/from the terminal:


Deep sea access terminal



River access terminal



Rail access terminal



Road access terminal

Required information


A map of the port area with access routes



Rough capacity of access (e.g. #vehicles‐vessels‐trains/hr or number of lanes)



Possible restrictions or limitations (such as nautical depth restrictions/tides)
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Table 1. Design parameters

Data required
Seaport terminal
Land area
N. of berths and length
Draught (Berth length)
N. of gates
Shunting area and length
Storage area
Cold storage facility
Yard
Truck lanes
‐ Inbound
‐ Outbound
‐ To warehouse
‐ To gate
Intermodal rail facilities
‐ N. of tracks and length
Rail yard
Support yard
Auto‐loading
‐ Rail ramps on‐
dock/near‐dock
On‐dock
Near‐dock
Off‐dock
Apron width
Number of blocks
Number of bays per block
Number of stacks per bay
Number of tiers per stack
Aisle geometrical data
Perpendicular/parallel layout
Number of transfer points per
block
Number of scanner gates
Pre‐buffer capacity
Offices area (buildings)
Number of shore ramps
Marshalling yard
Inland terminal
Total area
N. of tracks and length
N. of gates
Shunting area (length)
Storage area
Yard
Truck lanes
Container terminal
Bulk terminal
Mix (bulk/container) terminal
Blocks layout
N. of slots per block
Marshalling yard

To be filled in by terminal
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Data required
Railway connection
N. of tracks
Distance
Road connection
In‐bound n. of lanes
Out‐bound n. of lanes
N. of accesses
Type of intersections linking
the terminal (roundabouts, n.
of exits, entrances, etc.)

To be filled in by terminal

3. Terminal volumes and flows
The volume that is, or expected to be, handled by the terminal. The volume is divided
into containers and other cargo.

3.1 Container volume data
Table 2: Container volume

Data required
Total quay volume containers
 Yearly basis (In TEU)
TEU factor
 General boxes
Built‐up of volume
 Import (%)
 Export (%)
 Transhipment (%)
Box types distribution
 Normal boxes (%)
 Reefers (%)
 Tank containers (%)
Dwell times
 General or average (days)
 Import/export (days)
 Transhipment (days)
Peak factors monthly
 Waterside (#)
 Gate (#)
 Rail terminal (#)
Peak factors daily
 Waterside (#)
 Gate (#)
 Rail terminal (#)

To be filled in by terminal

3.2 Other cargo volumes data
Other such as ore, (liquid) bulk, oil, etc.
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Table 3: Other cargo volumes

Data required
Total quay volume other cargo
 Type
 Amount (tons)
 Yearly lifts for OOG (#)

To be filled in by terminal

3.3 Targets
The aimed performance for which the terminal is designed.
Table 4: Performance targets

Data required
Throughput per quay
 TEU/m
Throughput per area
 TEU/ha
STS/BC productivity
 Mph
 Lifts/year
Vessel / berth productivity
 Mph

To be filled in by terminal

4. Berth and vessels
4.1 Berth data
A description of the berths that are used.
Table 5: Berth data

Data required
Deep sea quay/berth
 Length
 Number of berths
(starting points and
length)
 Depth of apron
Hatch cover handling
 Location
Twist‐lock handling
 Location
Barge berth
 Length
 Depth of apron

To be filled in by terminal

(in case of dedicated berth)

If available a drawing or sketch of the berth and its dimensions.
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4.2 Vessel data
Table 6: Vessel data

Data required
Vessel types
 Vessel type/class
 Length (m and TEU)
 Width ((TEU)
 Height (TEU)
 Call size (bx)
 Required productivity
(bx/hr)
Arrival pattern of vessels
 Weekly basis
Berthing schedule
 Arrival (ETA)
 Location (berth)
 Number of STS

To be filled in by terminal

5. Terminal equipment
All data related to the terminal equipment or Container Handling Equipment that is used
at the terminal for the handling of containers/cargo and secondary processes.
Table 7: Terminal equipment data

Data required
Ship‐to‐Shore cranes
 Type of crane (with or
without platform, working
between legs, etc.)
 Number of cranes
 Productivity (mph)
 Types of possible lifts
(twin, tandem, dual cycle)
 Supplier and type
 Width/ span (TEU or m)
 Lift height
 Outreach
 Maximum hoist load
(tons)
 Technical specifications
from suppliers
Barge / feeder cranes
 Number of cranes
 Productivity (mph)
 Supplier and type
 Technical specifications
from suppliers
Stacking equipment (Strads, RTG,
ARMG, etc.)

To be filled in by terminal
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Data required
 Number of cranes
 Productivity (mph)
 Supplier and type
 Operational height (e.g. 1
over 3 or 1 over 4, etc.))
 Stacking span (width of a
stack)
 Technical specifications
from suppliers for each
type of stacking
equipment
Horizontal transport (WS‐stack)
 Type of transport
(Terminal Tractor / AGV /
shuttles)
 Numbers of transporters
 Speed (km/h)
 Capacity (TEU / bx)
 Technical specifications
from suppliers
Horizontal transport (stack – rail
terminal)
 Type of transport
(Terminal Tractor / AGV /
shuttles)
 Numbers of transporters
 Speed (km/h)
 Capacity (TEU / bx)
 Technical specifications
from suppliers
Rail cranes
 Number of cranes
 Productivity (mph)
 Supplier and type
 Technical specifications
from suppliers

To be filled in by terminal

6. Stack
Table 8: Stack data

Data required
General orientation
 Parallel or Perpendicular
General size
 Total number of ground
spots (TEU)
 Total storage space (TEU)
 Average utilisation / filling
rate (%)

To be filled in by terminal
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Data required
Stack blocks
 Number of blocks (#)
 Length (TEU)
 Width (TEU)
 Height (TEU)
Transfer zones
 Dedicated lanes (#)
 Number of spots (#)
Reefer stack
 Total number of ground
spots for reefers (TEU)
 Total storage space
reefers (TEU)
Empty containers
 Total number of ground
spots (TEU)
Total storage space (TEU)
Stack Container Handling
Equipment (RTG, straddle carriers,
ARMG)
 Productivity (mph)
 Working height (1 over 4,
1 over 5, etc.)
 Width/span (TEU)
 Technical specifications
from suppliers for each
type of equipment

To be filled in by terminal

(in case of dedicated empty yard)

Table 9: OOG handling

Data required
Description of OOG handling
process

To be filled in by terminal

Container handling equipment
used for OOG
 Type
 Number
 Dedicated (or pooled with
other CHE)

7. Terminal operations and staffing
Table 10: Terminal operations and staffing

Data required
Overview of the shift‐ structure
 Number of shifts (#)
 STS / QC pool (# of
employees)
 CHE pool (# of employees)

To be filled in by terminal
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Data required
Opening days of terminal per year
 Berths /WS (#)
 Gate (#)
 Rail terminal (#)
Opening hours berth /WS
Opening hours gate
Opening hours rail terminal

To be filled in by terminal

8. Rail Terminal and operations
This section focusses on the specifics of the rail operations of the terminal.
Table 11: Rail terminal and operations

Data required
Layout of rail terminal
 Number of tracks (#)
 Length of tracks
 Driving routes stack – rail
 Buffer positions (#)
Horizontal transport stack‐rail
 Type
 Number of vehicles
 Decoupling?
Trains
 Type
 Length (m)
 Number of wagons (#)
 Number of TEU
 Call size (TEU)
Train process
 General description of the
rail process
 Process times
Weekly arrival pattern trains
 Type of train
 Arrival time
 Length of train
 Call size (boxes)
 Origin
 Destination

To be filled in by terminal

(for example: train arrival, decoupling locomotive, (un)loading,
etc.)

9. Gate and operations
Table 12: Gate and gate operations

Data required
Yearly gate volume (TEU)
Containers to be handled

To be filled in by terminal
Delivery
0
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Data required

To be filled in by terminal
0
2
1
0
1
1
1
2
2
0
2
1
2
2
(if applicable)

3 TEU trucks
Peak hour performance (TEU/hr)
Weekly pattern

Daily pattern

High gate process description
 Steps (name/description)
 Process times (s)
Overflow for trucks
 Number of parking spots
Number of lanes
 In (#)
 Out (#)
 Combined (#)

day
%
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Hours
%
0‐2
2‐4
4‐6
6‐8
8‐10
10‐12
12‐14
14‐16
16‐18
18‐20
20‐22
22‐24
(for example: security gate in – visual gate – administrative
gate)

If available a drawing or sketch of the gate and its dimensions.

10. Operational parameters
Section focused on cargo split and transport quotes:
Table 13. Cargo split and transport quotes

Data required
Cargo split
‐ Container

To be filled in by terminal
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‐ Bulks
‐ Reefers
‐ Hazardous
‐ Trailers/semi‐trailers
‐ Trucks
Transport quote
‐ Road
‐ Rail
‐ Sea
Mix of containers (20’, 40’,
45’)
Swap‐bodies
Semi‐trailers
Stack height / storage blocks

11. External mobility effects
Road network of the surrounding area to be considered. Several options are available:
A network file in one of the next formats: Aimsun, Contram, Synchro/UTDF, Paramics,
RoadXML or Vissim.
Using a set of specific shapefiles (which is a standard geographical file format already
including physical geometry but modified with specific data fields: columns defining lane
configuration, links between lanes of sections that converge in the same node, node
information and so on…) that Aimsun uses to build a network object as needed to
perform simulations.
Network information includes, for each section: lane configuration (number, are they
reserved for specific vehicles?, maximum speed), traffic signs….and, for each node:
allowed turns between lanes of all sections that converge in the node, traffic signals
(groups of traffic lights and the turns that they control, control plans, offset, cycle
time…).
Demand that is injected to the network at entry points (the ones where vehicles access
the network direction to the terminal and the ones where vehicles leave the terminal
and enter the network itself) using one of the next alternatives:
a) By means of centroid configuration attracting and/or generating trips and O‐
D matrices between these centroids.
b) By means of the vehicle flow for each section used to enter to the network
and turn percentages for all nodes (so called traffic states).
Also, O‐D matrices and traffic states must span to the entire time range of the scenario
(e.g. “peak hour of a weekday” or “rush hour at the end of nightly shift”) and as much
disaggregated as possible. In other words and taking as an example a scenario of 60
minutes length with 2 different vehicle types, it is much better to have 24 matrices (12

Page 14 of 15

Data collection – Melzo & La Spezia terminals

x 5’ minutes for each vehicle type) than just only one matrix and the percentage over
the total for each vehicle type.

12. Qualitative data
Confirm with terminals a possible classification of the operations carried out within the
terminal:
‐
‐
‐
‐

Ship operations
Cargo handling
Warehousing
Inland transportation
o Delivery and receipt subsystem
o Storage yard subsystem
o Ship‐to‐shore subsystem
o Transfer subsystem (internal transportation)
o Railway operations

13. Projects in the short‐mid term
Provide accurate information about the projects that are going to be developed in order
to be included in the BIM models and analyse the effects in the terminal operations once
completed through the simulations.
(CAD files, design – layout, qualitative information, etc.)
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Appendix II
This appendix includes the methodology followed for building cartography and
databases for simulation. Database required by MAC for running simulations has been
also included in the BIM models, as the aim now is to achieve exchanging .sqlite files
between BIM model in Revit and the Prescriptive Simulation Platform (PSP).
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METHODOLOGY FOR BUILDING CARTOGRAPHY AND DATABASES FOR SIMULATION
La Spezia
Description of the methodology used in building the cartography and databases for the
real case of La Spezia Container Terminal (LSCT) and how these files are prepared for the
next step corresponding to the simulation.
1) CAD file from Port Authority of the Eastern Ligurian Sea, Ports of La Spezia and
Carrara.
La Spezia Port Authority provided a CAD file with the cartography of La Spezia port
terminals. CAD files do not have database associated but from this CAD, IDP has been
able to convert cartography to sqlite1 format with QGis2 software. Then, Macomi can
integrate these files in their in house Prescriptive Simulation Platform (PSP), as sqlite
files have a database with parameters available. Each element from CAD is exported to
a single sqlite file.
In case of La Spezia LSCT there are 14 files3. These are:

Roads

StackAreas

RoadNodes

StackBlocks

Tracks

ParkingArea

TrackNodes Silos
RailJunction Buffer
CraneRails

Buildings

CraneNodes Terminals
Original CAD file

1

Sqlite is a public domain relational database management system contained in a C programming library.

2

QGis is a public domain GIS software.

3

In Melzo terminal there are 13 elements. There is no Silo element.
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Original CAD file was not drawn in real geographical coordinates. To solve this problem,
the whole drawing has been moved into his real coordinates so the projected coordinate
system4 can be assigned.
2) Create a database including parameters for each file.
The second step is to create a database for each file according to the required
parameters by Macomi. Each one have an internal parameter not visible (wkt_geom)
where cartographic information is stored and an id field to give a unique number to each
attribute. Some parameters are not filled in because the information is unknown.
Additionally, more detail has been provided in each file. The images below show the
additional information for each type of file created:
Roads

The most significant parameters are:
‐
‐
‐
‐

a_node and b_node: information from‐to nodes ID for each road section.
direction: can be 0 (bidirectional), 1 (along link direction) or ‐1 (against link
direction).
width_m: stores the width of each lane road in meters.
switchlane: indicates lanes that vehicles can switch to (lanes in the same
direction).

RoadNodes

4

For La Spezia and Melzo: WGS_1984_UTM_Zone_32N
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‐
‐

gates: gives situation of the node and possible values are: 0 (normal node, no
gate), 1 (entrance gate) or 2 (exit gate).
road_rail: shows the existence of road‐rail intersection: 1 (yes) or 0 (no).

Tracks

‐
‐

direction: can be 0 (bidirectional), 1 (along link direction) or ‐1 (against link
direction). The same as roads.
end_in: shows information about the situation of the track. Buffer stop (end of
track), source/sink (entry or exit point to the network) or empty field for any
other case.

TrackNodes

‐
‐
‐

road_rail: shows the existence of road‐rail intersection: 1 (yes) or 0 (no). Same
as roads.
connlinks: indicates which tracks (ids) are connected to the node.
road_rail: shows the existence of a road‐rail intersection. 1 (yes) or 0 (not). The
same as roads’.

RailJunctions
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‐
‐

type: indicates if it is an end of track (stop) or an intersection (intersection).
rest_a/rest_b: each one indicates a movement restriction. Tracks links cannot be
connected.

CraneRails

‐

pairedrail: a crane works with two parallel rails, this parameter indicates the id
of the second rail from a pair.

CraneNodes

StackAreas
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‐

location: as shown in the CAD file.

StackBlocks

‐
‐
‐
‐

teu: indicates how many TEU5 there are. Describes the space occupied by blocks.
type: type of container in feet (block 20, block 40, block 45). Related with the
container measures.
ncont_swbo: indicates number of swap bodies.
n_count_spo: number of containers per spot.

ParkingArea

‐
‐

num_places: indicates how many parking spots for vehicles there are.
connroadno: indicates the id of the connected road node with the parking area.

5

TEU: Unit of cargo capacity often used to describe the capacity of container ships and container
terminals. Twenty foot equivalent unit.
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Silos

Buffer

Buildings

‐
‐

type: it can be a generic building (Building) or a gate (Gate).
inside_nod: indicates gates with road nodes inside the polygon.

Terminals
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3) Modifications of layout
Files generated have been several times exchanged with Macomi, updating format and
information, so that they could be properly used in the terminal simulation software.
The same information has to be drawn in a specific way. Roads is the most complex layer
and it has been necessary to redraw many areas to adjust them to requirements. These
requirements are:
‐

‐
‐

To draw unidirectional roads whenever possible. Each lane need to be a unique
link. This makes a more complex network, significantly different from the original
CAD file’s where roads are drawn all bidirectional (single line). It is been
necessary to duplicate lines to simulate each direction of traffic. This change has
also required checking that every unidirectional road has the correct order
a_node, b_node and direction.
To draw intersections as realistic as possible. All turns options are reflected. This
fact generates more nodes and links and brings more complexity.
Section roads cannot be very long. Each section should not be longer than 100
m.

Examples

Other requirements are:
‐
‐

Almost every stack block has crane rails. In these cases, crane rails have to be
near the stack blocks in a bay in order to allow a crane to reach the containers.
A separation of 4‐5 m between crane rails and road central axis is required to
prevent overlapping.
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‐

‐

Parking areas need to be connected to the road network. For this, there is a node
inside each parking area with a road link that connects it to the outside parking
area network. This road node id is stored in the database as the connroadno field.
There are few entry/exit gates in the terminal, but only those that are used by
trucks have been considered.
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Appendix III
This appendix includes some figures corresponding to Melzo CT BIM model.
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Appendix IV
This appendix includes some figures corresponding to La Spezia CT BIM model.
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