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1 Executive summary
1.1 Introduction

& ; Zerminal Buildings are old and complex industrial buildings. Objectives of this subtask are
to develop an innovative methodology based on a software platform developed at ARMINES
integrating building energy simulation (Pleiades STD Comfig¢ and life cycle assessment (Pleiades
ACV Equer). This subtask is based on 3 steps:

- Step 1: Complementing the software platform with an optimization module to comply with
terminal buildings specificities and complexity (ARMINES). Improvements will be based on existing
data provided by ADP,

- Step 2: Implementation of an ex-post experiment (ARMINES). Results expectedare to verify the
relevance and reliability of the customized software and study a possible use for energy
performance guarantee,

- Step 3: Experimentation on a future refurbishment project by ARMINES to evaluate interactively
the energy and environmental impacts of design and construction choices.

1.2 Brief description of the work performed and results achieved

The existing software platform was improved regarding the import of a BIM, the extension of

number of elements allowing large and complex buildings like airport terminals to be studied, and
the application of optimization. This allowed an ex-post study to be performed in the case of two

buildings in ParisCDG airport (terminal 2B, and link between terminals 2B and 2D).

The proposed methodology, including modelling, energy simulation, life cycle assessment and
optimisation is presented in this report, as well as its application in the expost experiment.
Simulation results were compared with energy consumption measuremens, showing that the
model is consistent with the measured performance given the large uncertainties regarding
occupancy scenarios (heating and cooling set points, internal gains related to occupants and
electricity consumption, air renewal flow -3 J © X Z ®piimigafioX module allowed solutions to be
identified, minimising the energy consumption for a given investment. Environmental impacts of
the renovated buildings were evaluated, considering several variants.

This first version of the deliverable was transmitted to Cluj and Zagreb teams in order to study a
possible replication. The next phase was to apply the methodology to a future refurbishment
project. Experience from the ex-post case study was used so that a more efficient process was
applied including modelling, thermal simulation, optimisation and life cycle assessment. Results
were shown to decision makers in order to study the relevance of the renovation proposal.

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium
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1.3 Deviation from the original objectives
1.3.1 Description of the deviation

Generating a BIM model and importing it in the energy simulation software was more complex
than expected and this activity was longer than planned. It was also difficult to find a research
engineer. Fortunately, this did not cause too much delay so that it had no impact on the rest of
the project.

1.3.2 Corrective actions (links with other deliverables/WPSs)

A more efficient way to model the studied building was found, i.e. using floor plans instead of a
complete BIM. One advantage is the duration of the modelling step, but this also allowed the
computation time of the simulation to be reduced because connected rooms of the same use were
aggregated in thermal zones.A lot of advice of this kind was passed on to partners in charge of
studying replication.

2 Proposed design methodology
2.1 Data collection
2.1.1 Building information model

The first step is to create a digital model (BIM) of the existing terminal, and making this model
compatible with an energy simulation tool. Ideally, the BIM developer should be familiar with
energy simulation standards like gbXML (green building XML) so hat the modelling options are
appropriate. Because this is not always the case, treatmentdave possibly to be carried out on this
model (for example creation of rooms, fusion of different modelling layers, information enrichment
regarding wall composition etc.). Different formats will be tested: IFC4 and gbXML, as well as
several levels of information detail (name of wall compositions, list of materials, physical properties
of materials) depending on the possibilities offered by the models available from ADP.

Some advice wasgenerated following the first activities of the project.

a) define rooms and spaces, and if needed specific space boundaries in your building (including
boarding bridges if you wish that they are included in the thermal analysis, e.g. comfort, and life
cycle assessment). The room / space must be simple as posspX IXENBAT «z £ TX-

b) join material layers in walls instead of defining one wall for each layer (or allow this possibility
for adaptation of the model when exporting it to gbXML). It is not required to define all physical
properties of materials in e.g. REVIT. a name is suitient, and energy engineers can input the
properties in the energy simulation tool (same as for use scenarios).

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium
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c) define opaque walls and windows in fecades instead of curtain walls (except if there is really a
curtain wall) otherwise an adaptation work will be needed to transform such curtain walls into
opaque walls and windows.

d) export your BIM in the gbXML format and check that all spaces and walls are integrated using
a gbXML viewer, e.g. https://www.ladybug.tools/spider/gbxml| -viewer/r12/gv -app/gv-app.html

e) Avoid to use e.g. generic Revit families for replicable part of the building (e.g. boarding bridges),
if you wish to include them in the thermal analysis.

f) To facilitate exchanges between BIM designer and the thermal/environmental experts, choose
names for materials and components as much informative as possible (e.g. glasswool instead of
insulation). The family type parameter "Type Comment" may be used inorder to include
supplementary information.

2.1.2 Occupancy scenarios

Data hasto be collected or estimated regarding the use of the different premises, in the form of
hourly-daily scenarios specifying over time:

- The number of people present,

- The set-point temperature (heating and air conditioning),

- Internal heat gains linked to electricity consumption (including shops),

- The air flows extracted and possibly blown in by mechanical ventilation,
- The opening of doors and other possible elements,

- The management of any solar protection (e.g. blinds)

2.1.3 Climate data

A typical year file must include hourly values at least for external ambient air temperature, global
horizontal solar radiation, and if possible diffuse horizontal and direct normal solar radiation,
relative humidity, wind speed and direction.

2.2 Energy simulation

A dynamic building energy simulation (BES) must be performedo evaluate the performance of
the existing building and study improvement measures Several tools are available, see for instance
(Peuportier and BlancSommereux, 1990), (Clarke, 2001), (Crawley, 2001), (Seem, 1987Model
reduction techniques reduce the computation time while keeping a satisfactory precision level
(Munaretto et al., 2017). This allows thousands of simulations, needed for optimization, to be
performed in a reasonable time.

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium
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The results in terms of energy consumption should preferably be compared with measures or
invoices if they exist. Uncertain parameters influencing the most simulation results (e.g. air change
rates) can be adaptedto reduce the gap between the model and measurements. If time is available
for a more precise study, influential parameters can be identfied by a sensitivity analysis,seee.g.

(Morris, 1991), and the model can be calibrated considering the most influential parameters, see
XYzVY 31X« «XanE200l)(Heo &t2l, 2022), (Beaumont et al., 2009).

Different re novation scenarios can be defined (thermal insulation, replacement of glazed elements,
improvement of ventilation, actions on systems and / or their control, etc.). These scenarios can
then be evaluated using the preferably calibrated model.

2.3 Life cycle assessment

Building energy simulation can be followed by life cycle assessment in order to evaluate the
environmental impacts of the renovation works, and impact reduction obtained by energy saving.

Different tools may also be used like Pleiades (Polster et al, 1996), Simaprot, Open LCA?,
Brightway 3.

The principle is to account for environmental impacts over the life cycle of a building: from the
extraction and transport of raw materials, fabrication of building products, transport to the

construction or renovation site, implementation works, use of th e building, replacements of
products until the end of life and possible recycling (see figure hereunder).

Construction ADI“ Operafion and use -~ Dismanfiing
? s ‘

new healing, water, finaf
products alr condifionning, waste
electncity,
haousehold waste,
recycled everyday transport
products W

recyclable
products

product
replacing & mainten.

Building life cycle simulation (Peuportier, 2015)

! https://simapro.com/
2 https://www.openlca.org/
3 https://brightway.dev/
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LCA addressesglobal warming, but also other environmental impacts in order to avoid impact
transfer (e.g. reducing greenhouse gases emissions but increasing impacts on human health), see
an example in the table below.

Impact indicator unit Reference

GHG emissions kgCO 2eq. (IPCC, 2013)

Acidification kg SOz eq. (Seppélé et al., 2006Posch et al., 2008
kg PO4eq.

Eutrophication (Struijs et al., 2009)

kg ethylene eq.

Photochemical ozone production (vanZelm et al., 2008)

Cumulative energy demand kWh (Hischier et al., 2010)
Water used m3 (Hischier et al., 2010)
Land use m2.year (Koellner et Scholz, 2006)
Waste t (Hischier et al., 2010)
Radioactive waste dm3 (Hischier et al., 2010)
Abiotic resource depletion kg antimony eq. (Oers, 2016)

Damage to biodiversity PDF.m2.year (Huijbregts et al., 2016)
Damage to human health DALY (Huijbregts et al., 2016)

Example list of LCA impact indicators (Wurtz et al., 2020)

LCA has been apfied to numerous new construction projects, but also to renovation (Palacios
Munoz, 2019).

2.4 Optimisation

Cost data can alsobe collected. An optimization step can be experienced, e.g.based on a genetic
algorithm, leading to the identification of non -dominated solutions (that is, there is no less
expensive solution for a given performance and vice versa)Various performance criteria can be
optimized: energy, greenhouse gases emissionscost of work, etc.

Some BES tools are complemented with optimization modules, e.g. Genopt complementing
EnergyPlus and TRNSys (sefttps://simulationresearch.lbl.gov/iGO/ ), AMAPOLA complementing
Pleiades STD Recht et al., 2016).

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium
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The optimization criteria(s) have to be selected, as well as the design parameters, e.g. insulation
thickness in facades, roofs and floors, glazing properties etc.Constraints may be considered, e.g.
plus energy balance (renewable energy production being higher than the consumption in the
building), or comfort level.

Multi -criteria optimization allows non-dominated solutions to be identified, e.g. corresponding to
a lowest cost of renovation works for a given energy or environmental performance, and a highest
energy or environmental performance for a given cost. These solutions can be represented on a
z: J3 X° ;seethedfigufe Bereunder.

9
D
0% @%o
Yo
O %@ ©

©
O
O
BNQ)
TP
6 SNteeiials
OBase case ‘ ‘Qi(!.‘(‘z N )

O Initial population not respecting the constraint
O Initial population respecting the constraint
© Generation 20

GHG emissions (kg CO, eq. /year /m?)
N

5
-150 -100 -50 0 50 100 150 200

Construction cost difference with the base case (€/m?)

Example Pareto front, green points respecting also a plus energy constraint (Recht et al., 2016)
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3 Results for the ex-post case study
3.1 Presentation of the case study

CDG Terminal 2B was studied. A comprehensive renovation of the envelope was performed,
allowing thermal insulation and low emissivity double glazing to be implemented. Energy
consumption measurements after renovation are available, as well as some data reyding the use
of the different spaces (occupancy, heating and cooling temperatures).

I

3.2 Elaboration of a building information model

The software REVIT (editor Autodesk) is used to create model shapes and systems in 3D with data
and parametric rules. It is also used to produce documentation work like plans, elevations, section
and bills of objects or materials. The 3D,2D or only alphanumeric data can be exported into several
different formats. The Pleiadessolution is able to import three 3D models formats:

1 Revit (RVT)
1 IFC
T gbXML*

4 gbXML is an open-source file format used to facilitate the transfer of building properties stored in a 3D BIM model
to energy calculation applications. The format is now supported by all major BIM and energy analysis software
publishers and has become the indusry standard.

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium

13/214



OLGA D4.5 Report including a methodology proposal for design and conception of refurbished
airport Terminals_ ARMINES 20251119 vldocx

We preliminary balanced the advantage/inconvenience of each format, and the exchangeusing a
gbXML format was chosen after this analysis.

Format Benefit Inconvenient

Revit No specific action necessary to export Specific requirement with methods which are
sometime conflicting with Design needs (for
example the axis of wall is a limit for Pleiades while
Result can be injected in the Revit mockup Architects use the internal face for room
measurement, Curtain wall must be split by level).

Native format used

Improvement to identify the walls / slab / ceiling
bordering a space Unable to import model with several linked models

The best solution for an iterative design process | Useless object for STD cannot be removed
Important File size
Require a Revit operator

Troubleshooting with the French official Lambert
conformal conic projection

Pleiadesimport process failed

IFC Selection of pertinent object and data for STD Object' shape must sometimes be modified

Troubleshooting with the French official Lambert
conformal conic projection

Important File size
Pleiadesimport process failed

EachRevit file must be exported separately then be
merged into a unique IFC file

It takes a long time to export / import the data

ghXML Import works in Pleiades Export process takes a long time.

Air volume and surfaces bordering the volume are | Some walls are not associated as a boundary with
the only objects exported. the space volume.

Identification of the activity inside the volume | Material's properties are not included
and the nature of the wall

File size is lower than the two other formats

Considering the fails with IFC and Revit, we conclude that the best format to exchange the data is
gbXML.

3.2.1 Adapting the REVIT MODEL

Before exporting the model into a gbXML file, the first task is to adapt and complete the model.

The model contains Rooms defined by the architects, but we cannot use them for thermal analysis.
Indeed, rooms and spaces are independent components used for different purposes. Rooms are
architectural components used to maintain information about occupied areas. Spaces are

This document is property of the OLGA Consortium and shall not be distributed or reproduced
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exclusively used for the MEP disciplines(Mechanical, Electrical and Plumbing}o analyze volume.
They contain parameters that maintain information about the areas in which they have been
placed. This information is used in order to perform a heating and cooling loads analysisusing a
simulation software. Spaces can be placed (added) and deleted independently with roora Spaces
are immediately assigned to the Default zone when they are initially added to a project. Spaces
can be viewed in a section view, but spaces cannot be viewed or placed in elevation or 3D views.
We can add a space separation line to divide it and we can setits elevation, but we cannot change
its geometry. Spaces should be placed throughout the model, including unoccupied areas such as
plenums areas. Spaces that are created in an area that contains a room are created as occupied
(Occupiable parameter selected).

Figure 1 Workflow to create spaces.

Room limits CAD Fill the Data

Convert CAD into Space limit in
Revit (Dynamo script)

When placed in an enclosed area, the volume for a space is calculated to the surfaces of room
bounding components, such as walls, floors, ceilings, roofs, andpace separation lines The volume
for the space expands horizontally and vertically to the extent of the face of the room -bounding
components. The bounding Surfaces of the volume fall into one of two categories:

- Exterior.
(ENX°©° C| X« ©°] X N-2°_-«X«®Z" ©°©FE°X °J3JaxoX
Core/Shaft, surfaces for room-bounding components (such as walls) have spaces
adjacent on one side only, or they have no spaces adjacent and are treated as exterior
surfaces. Heating and cooling loads analysis treats these surfaces as exterior, even if
they are interior.

- Interior.

This document is property of the OLGA Consortium and shall not be distributed or reproduced
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These surfaces for roombounding components that have spaces adjacent on both sides
are treated as interior surfaces or components whose type of parameter. Function is
specified as Interior or Core/Shaft.

We had to adapt the model with these different changes in order to produce a correct volume
model:

Passenger Bridge

The initial model of the bridge, connecting the boarding
gate with the boarding bridge, cannot be used to define
the boundaries of space with the slab, the windowpane,
or the roof. This object is a generic model that cannot
distinguish each part into the gbXML exported file.

Figurel: Initial passenger bridge

The solution consists of switching those generic
models with a correct model that distinct the floor,
glass, and the ceiling. Each object is also correctly
designed with materials (e.g. insulation) and their
thickness. Each one is named to facilitate the future
analysis (producing aBIM).

Figure2 : Sectional plan of the modified passenger bric

Filling the gaps in the shell

The facade from the original model contains several gag and consequently it is not possible to
create an air volume (aka space) beside thse gaps. Thisoversight is probably due to a problem
during the upgrade of Revit version or simply due to a human error.

A solution is to fill these gaps with a correct facade element.

Figure3: missing fgade element Figure5: Gaps between the rotunc
Figured : Gap between roof junctic | of the boarding bridge and tt
element facade
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Disactivate space separation object

Different furniture in the terminal is activated as a space boundary. This option means that the

object creates useless limits (planar or vertical) in the space delimitation. The problem is that the
same property is used both to manage room and volume limits. This property is sometime activated
in order to split an area to quantity a part of a room like th e waiting area and the boarding area.
The solution consists to disactivate this property and when necessary to create manually a room
separation border.

Structural object

Wur-rideau
ADP_A_GCV4_Garde corps vitré

« EModifier le type

28N (+5.20)
{0000
Sans contrainte
11.3000
i0.0000
Rartie supérieure attachée !

—
Limite de pisce a ||
i au volume

Construction
SVA_Res Zone
Definition de la section

Section Vertical

Texte
GOE_Ftage
Quadrilage vertcal
Debut
innae

Appliquer

Figure6: Passenger separation barrier
A few structural objects o )

were created as generic objecs. The problem is the same as e/

- Données
identification

Hodifé par

Sous-profet

those generic models with an object in the correct category
(floor, columns, walls, and the roof).

The junction portico was decomposed into 7 objects. These @8 — m - P
objects are set with the correct parameter Function (EXterior rigure7 : junction portico before change
or Interior).
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Column A Wall with junction

Figure8 junction portico after change
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Building facade limits.

Three problems had to be solved to export a correct
model.

1. Air volume near the curtain walls cannot be
created.

2. All facade's surfaces are not exported

3. Some limits of air volumes don't match with the

Revit mockup Void between curtain wall and air volume's limits
Figure9 Example of limits problem

The first problem is caused by Revit which does not recognize all the limits bordering the volume.
When the user wants to insert a volume, Revit automatically creates the space for areas greater
than 0.25 sq ft. In many cases, if the room is created then the space can also be created.

We also observe that the data produced by the construction company are not adapted with the
needs of a thermal simulation model. The fagade model contains a lot of details that makes difficult
to export into a gbXML model (like overlapping walls). Moreover, the company models focus on
the objects on their responsibility and the connection with the models produced by other
companies doesn't always match perfectly. Consequently, there are some gaps in the exterior
bounders that we must correct because space requires a closed limit

Concerning the second problem, the offset of curtain wall ignites this problem.

Revit defines volume's limits considering the axis of wall panels, buta curtain wall is composed
with mullions and wall panels. The wall panels can be offset from the limits but this offset of curtain
wall components (the panel or mullions) is not applied to define the volume limits.

Modelisation
Décalage (Vitre/meneaux) <= 0

Glass panel

=~ I

Limite Espace

/N

Plan Coupe Axis used by Revit to limit the volume

Figurel0 Offset doesn't change the space limit.

The third problem concerns the separation lines that are stored in a linked model. It is a complex
troubleshooting that we encountered during our work. Room boundary can usually be split by a

This document is property of the OLGA Consortium and shall not be distributed or reproduced
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room separation line and space can also be split by a space separation line. The room boundary
line should not interact with space. But when several models are linked, Revit doesn't make any
distinction between the lines used for a room separation or for a space separation.

These three types of problem should be solved to have a correct thermal 3d model, but it takes a
long time to solve them one by one.

The solution is composed with two actions. One is to inactivate the limits from linked models and
on curtain walls and to draw the space separation line for all the exterior boundaries. It is simple
to inactivate the limits, the Room Bounding parametermust be uncheck for each linked model or
object.

) _
Propriétés

Modeéle Revit lié
CDG_1200B_TZ_Conteneur_DWG.rvt

Liens RVT (1) i Modifier le ty

COTTratmTeS |
Limite de piéce Room Limit

Donnees didentitication
Nom de fichier CDG_1200B_TZ_Conteneur_DWG
Image du type .

Note d'identification
Modeéle

Fabricant

Commentaires du type

URL

Description

Description de I'assemblage
Code d'assemblage

Marque de type

Colt

Sous-projet .A_200_Lien_Revit_DIA_A_CDGZ_Conteneur_DWG_(tI
Madifié par

Figure 11-1: inactivating limits

The second is more complex, we must create a specific exterior boundary that intersect the face
of the panel or wall. We use a limit from a floor plan to create these space separation lines. The
size of the building needs to automate the creation of these separation lines. We use Revit
Dynamo for that. Revit Dynamo is a graphical programming interface that lets you customize your
building information workflow. The script selects the lines from a CAD drawing and transforms

them into space separation lines.
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Retrieve the Asset-Level polyline from the linked asset autocad plan - Récuperer la polyligne Patrimoine-Niveau du plan autocad
patrimoine lié

Eomam Ty
Importinztan « 7 At Etomonts or Typo =
g reers

Figurel2-2: Dynamo script to convert drawing line into space separation line object, global view, see details hereunder

Retrieve the Asset-Level polyline from the linked asset autocad plan -
Récuperer la polyligne Patrimoine-Niveau du plan autocad patrimoine lié

H Element Types .
CAD.CurvesFromCADLayers

ImportInstance ~ | Types ._‘j All Elements of Type ®

importInstance > Curve[][]
element type elements

layerNames > layerKeys[]
createModelCurves >

[[1 Layer Names Value lneStyleMap >
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Creating space boundaries from the asset's plan polyline - Création des limites d'espace a ps

7 DocumentACtiveView

documant Ww

A

T Level Flevation

., Elament GetParametervalusByName lewal »| | doubla
2] Document.Current loment L]

parametorName

Decument

A
['] Parameter Name Value

*

es limites d'espace a partir de la polyligne du plan patrimoine

ceSeparator FromCurve

spacTSOparatoT

"  Point ByCoordinates
T Level Elevation
x > Point

double
. y »
- [\ SketchPianeByPlane
plane *| | skotchPlane
arigin > o i
normal =

Dynamo script to convert drawing line into space separation line object

owel

Figurel3-3:
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Figurel4 Result of script Space separation lines

After making all this changes in the Revit model, the spaces have been manually inserted into each
floor plan. The space name is a legacy from the overlapping roomThis task requires human control
because the spatial intersection between room and space sometimes returns erroneous results.
Once correctly parameterised, the volumes inherit the functionality data defined in the properties

of the room object.

Figurel5 Result of treatment Spaces for all departures level
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Space overlapping

A space overlapping cannot be exported into gbXML, all the conflict should be resolved before
export. Revit doesn't show in a 3D view the space element; therefore, several section views are
created to detect location of conflict. In a section view, the upper and lower limits can be changed.
In a same plan, a space cannot overlap another one. In a complex area, we must deal with these
rules and the only way to eliminate overlapping is to split a space in order to manage separately
the different height s of the volume.

Figure 16 the Right section shows a space overlap, the
section shows a correct space model

Figurel7 Example of complegpace in the Terminal 2B
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Methodology of modelling

The thermal model was created in two steps: first a sample corresponding approximately of 1/9
of the area and in a second step the entire terminal.

Figure18: Sample test & Figurg9 Terminal 2B

Some issueswere identified during the sample and we searched a solution to solve or mitigate
them.

The duration of each step was measured in the sample model then the time needed to replicate in
the complete terminal model was forecasted. The forecast indicated that the space modeling
process of work was too important, and we had to find a way to reduce it. We use dynamo (figure
11) in order to automate a part of process.

Topic duration Size Forecast | Real
(testing coefficient (hr) (hr)
sample)
Passenger Bridge 2 6 12 16
Limit under staircase flights 2 50 100 0
Deactivate space separation object i3 1 15 15
Filling the gaps in the shell 8 8,23 66 8
Building facade limits 16 3,87 62 8
Structural object 8 1 8 8
Spacemodelling 67 8.23 551 76
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3.2.2 Unsolved issue

Some shape'scomplexities of the building envelope do not allow to create accurate volumes with
revit modelling tools. For example, we didn't successfully model the vertical curvature of the link
BD building. Revit automatically creates volumes by projecting planarboundaries perpendicularly.

—
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Figure20: Spaces in Revit Figure21: Result after export into GBXML

The workaround to create the thermal model was to export
from Revit the wrong volumesinto gbXML, and the floor plans
and several sections views of theenvelope into DWG format.
The gbXML model was used to init the study with Pleiades
software and was after manually corrected with the CAD data
(DWG). Finally, it was more convenient to use only the DWG [S
plans.

3.2.3 Generating a gbXML model in REVIT

Figure22 Pldades model

Once the digital mock-up is updated with the objects modelling the volume of the air for each
space/room, you must export the model to a gbXML file format before to perform the energy
analysisusing Pleiadessoftware. This format focuses on the energy analysisinformation needed

by the thermal analytical model. The energy analytical mode| | e s

X

| Paramétre | Valeur

is composed of analytical spaces and analytical surfaces,
which are created based on parameters defined in the
Energy Settings dialog.

Mode

Plan du sol
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Résolution de I'espace analytique

Utiliser des piéces ou des espace:
2B.M3 (+0.00)

Existante

04572

0.3048

3.6576

Résolution de la surface analytique
Profondeur de la zone périmétrique

U The parameter "analysis mode"specifies the type of
object to export. Revit offers three options for
exporting to gbXML which correspond to the options
for the analysis mode in the Energy Settings dialog:

1 Use building elements: Creates analytical spaces
and surfaces from building elements.

Division de la zone de périmétre

]

Seuil de hauteur moyenne des vides verticaux

1.8288

Seuil de zone de vide horizontal/saignée
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1 Use rooms/spaces elements: Creates analytical spaces and surfaces from room/space
volumes.

1 Use conceptual masses and building elements: Creates analytical spaces and surfaces
from conceptual masses and building elements.

We choose the " Use rooms/spaces elements " option which best matches the state of the
terminal model.

U The parameter "Ground plane" specifies the level below which the surface of the energy
analytic model is assumed to be in contact with the ground for heat transfer. For a building
where the first floor is partially buried (e.g. built into a slope), use the level with the greatest
exposure as the ground plane.

We choose the APRON level corresponding to N3 level.

U The parameter " Project phase" filters the building elements and/or design volumes
assigned to the specified phase or to a previous construction phasehat are included in the
energy analysis. Elements and volumes assigned to a later construction phase are omitted
from the energy analysis.We choose the phase "Existing".

The other parameters are uselesswvith the workflow chosen.

Then we export and control the energy analytical model, which is composed of analytical spaces
and analytical surfaces, which are created according to defined parameters and with the objecs
correctly modelled in the BIM. The quality control is a visual inspection made with a free and open
source ghXML viewer (Aragog gbxml viewer). The quality control was iteratively made during the
modelling of eachlevel's spaces.The figure below illustrated the progresswith the export model.
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Figure23: Evolution of digital model export intgbXML

3.2.4 Importing and adapting a gbXML model in Pleiades
x Level choice

Relevant levels havefirst to be selected, choosing altitudes corresponding to floors and not to
beams.
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x  Plan modification

Some walls are missing, which create isolated points and errorsas shown in the figure below.

ONNUO0ORNOORNONOO0OROOR” O

Level

Niveau depuis dalle 11
2BND (-907)

Niveau depuis dalle 1
Niveau depuis dalle 2
2BN1 (-450)

Niveau depuis dalle 5
Niveau depuis dalle 4
28N 1bis (-177)
Niveau depuis dalle 7
2BN3 (£000)

Niveau depuis dalle 10

Niveau depuis dalle 3
2BN3M (+260)
Niveau depuis dalle &
Niveau depuis dalle 8
2BN4 (+520)

2BN4M (+820)
Niveau depuis dalle 9

Altimetry (m)
95.310
97.310
98.310

100.880
101.880
103.550
104.080
104.660
105.671
106.380
106.880
107.780
108.980
110.130
110.880
111,580
114,580
116.900

Lines are therefore added in order to close the corresponding spaces.
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Situation 1 in the figure below, a line is added; Situation 2, the point in red is moved to close the
space; Situation 3, the point in red is suppressed.
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The result is shown below.
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The import of curved walls generates extra walls which form triangles and which must be removed.
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The extra walls are suppressed, as well as some internal walls like hereunder.
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Some double walls have to be suppressed.
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Some parts remain strange, e.g.
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x Missing areas
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A part of the terminal is lacking on level 4. It should be added from level 3M. After improvements,
the plan of 4M is shown in the figure below.
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Parts of the terminal are lacking on level 4M. They should be added from level 3M and 4.After
improvements, the plan of 4M is shown in the figure below.
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@ 38 Levels manager « = 2BN4M (+820) [search wall o

x  Floors of mezzanine levels

1bis, 3M and 4M levels contain only some mezzanines, and the rest of these areas is empty
However when the model is imported in Pleiades STD, their floors are set asovering the full area.
Therefore it is necessary to refer to the plans (e.g. CAD files see figure below) to identify which
part of the floors do not exist and set them as open state in the software.

CAD map of mezzanine level N3M
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Setting open state of a floor in Pleiades

The result is the following. One part of the mezzanine N3M is shown in the yellow circle. It can be
seen that the height of the floor of mezzanine level to the floor N3 (the short red arrow) is half of
that where there is no mezzanine (the long redarrow).
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View of mezzanine level N3M

x Glazing area problem

The first observation is that we found that the imported windows are often not correct. For
example, the size and position of the windows are not reasonable and the windows of the
gangways are missing.The windows are improved by comparing to the facade glazing design map.
The glazing design map of fagade north is shown below.
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Glazing design of facade north

The north facade of the model after improving is shown below:
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The second observation is that when the compositions of walls are set in the software, many errors
occur” AN| J° z9| X J3XJ -Z CJIJHKK Gediguredelow) Tis deeurs 2
when the wall thickness is too large compared to the size of the room (see below).
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A similar problem occurs if there is a window or a door in the wall, which covers a part of the wall
thickness (see below).
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The software developer provided a patched version to solve this problem: we can use a button to
automatically change windows size. The number of errors decreases from 368 to 22. Then it is
possible to solve the remaining problems one by one.
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Before using the automatic resizing function
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After using the automatic resizing function

The glazings before and after improvements are shown in the following figures.

Glazings before improvements
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