


properties of window’s glass and frame are not exported from Revit to IFC, only the analytical
constructions, i.e., “Double glazing — domestic” and its properties are exported to IFC as
IfcPropertySingleValue classes which are of little use in the Revit to IDA-ICE exchange
process, because in any case, IDA-ICE obliges the user to map windows from IFC data to IDA
resources. Therefore, the exchange of window’s information from BIM to BEM is not
automated.

The results of Case 15 were similar to Case 14. However, a new conclusion was drawn in this
case regarding the User-built families in Revit. A window family was created in Revit from
scratch in this case, and after the import to IDA-ICE, it was observed that IDA-ICE is able to
read this user-built family, and understand that it is a window, even though we had to eventually
map the window in IDA-ICE, similar to Case 14. Hence, IDA-ICE can communicate with
building models that have new user-built families. This finding means that BIM modelers are
not limited to the families that are readily existed in the Revit package.

Furthermore, Cases 16 and 17, that dealt with orientation, and coordinates, respectively, had
no interoperability issues. In fact, in both cases, the data was seamlessly transferred between
Revit and IDA-ICE. Nevertheless, it is our suggestion to Revit users to start their project from
a known point from the Project Base Point, to avoid future conflicts.

Finally, some interoperability issues were found in Cases 18 and 19. These cases investigated
the shadings in the BIM and BEM tools.

The primary issue was related to Revit’s shortcomings, since this BIM-authoring tool do not
have any model element family that act individually as shading and/or fin. Subsequently, Revit
cannot export any information that shows the model has shadings, into the IFC file. This also
means that Revit does not support IfcShadingDevices class that is dedicated to shadings in IFC
2x4. The fact that Revit has no shading object is a significant hindrance to developing BIM-
based BEM models.

The second interoperability issue concerns IDA-ICE. Firstly, IDA-ICE did not detect any
shading in the IFC file that was populated with IfcShadingDevices. Secondly, it was proved
that for considering shading in the energy simulation calculations, IDA-ICE requires the user
to draw a shading inside the IDA-ICE platform manually. Therefore, there is no automatic
process in which IDA-ICE detects a shading in an input BIM model.

To solve this interoperability issue, a dual effort should be undertaken by both Autodesk
company and EQUA Simulation AB company. On the one hand, Autodesk Revit can add a
new object family that functions as s shading device, and also empower it with proper IFC
classes that stores and exchange shading properties. As a consequence, this would prevent ad-
hoc or case-based solutions for creating a shading device in building information models via
Revit, that result in interoperability issues.

On the other hand, IDA-ICE can facilitate accepting IfcShadingDevices or any other proper
IFC class related to shading, to automate the process of shading design. Currently, it is only
possible to draw the horizontal and vertical shading manually and to assign the integrated
shading during the process of window mapping. As previously stated, IDA-ICE mapping
process is quite a time-consuming and error-prone and requires EQUA Simulation AB
company’s attention.
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Notwithstanding, Case 18 also proved that the geometry of Revit Mass-objects is transferred
seamlessly to IDA-ICE.

In some cases, the validity of using Revit’s IfcExportAs, and IfcExportType for exporting to
desired IFC classes in the BIM to BEM process was successfully approved.

Finally, it has been observed in many cases throughout this project, that changing one option
in IFC Exporter has prevented certain information to be written into IFC file. Therefore, Revit
user must be aware of the IFC export options that affect the output IFC file and the quality of
BIM to IFC to BEM process.

4.3 Future works

During this work, a number of ideas have emerged that could be used as continuous studies.
All of them are related to our work and have arisen due to discussions regarding the subject of
this thesis.

I.  Since the IDA-ICE version 4.8 has been released, it is our suggestion to check whether
the interoperability issues found in this project are also persistent in BIM to BEM
process by using IDA-ICE Version 4.8.

Il.  Revit Zones are an interesting subject that we, unfortunately, did not have enough time
to look further into. In our model, we only had one Zone and one Space element, but
there are two other possibilities that can be further explored:

o Several Spaces and one Zone,
o Several Spaces and several Zones,

These cases will help to better clarify how IDA-ICE interacts with theses Revit
elements in IFC file, while more insights will be received about how IfcSpace and
IfcZone work simultaneously in the IFC file.

I.  Todevelop a full picture of how Spaces and Zones interact with each other in one BIM
model, additional studies can focus on the possibilities of the:
o _Zone properties in Revit,
o Space properties in Revit.

Indeed, each of these elements in Revit can store numerous energy-related values as
their properties. Therefore, there are a lot of inputs regarding Spaces or Zones that Revit
can readily accept. However, it is unclear whether they are exported adequately to IFC,
and whether IDA-ICE can read them. Thus, future researchers can focus on the Space,
Zone properties as well.

Il.  Moreover, it is possible to populate an IFC file with new information. A possible
solution is to manually write IFC records into the text file to enrich it with thermal
properties information. In practice, this solution demands a highly knowledgeable
person that is thoroughly familiar with the complex IFC hierarchy. The same solution
is possible through programming. Several methods can be undertaken for this task:

o Firstly, Dynamo [147] can be a viable option, since it already has a plugin in
Revit. It is a powerful, easy-to-use tool.

o Secondly, programming platforms such as MATLAB [148] can be helpful for
realizing this task.
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o Thirdly, online open source platforms such as Ifcopenshell.org [149] are another
option that would help to write IFC records.

These are some directions that future researchers can follow in order improve and
facilitate the export of thermal properties of the materials to IFC.

Another subject that needs to be further investigated is to extend the capabilities of
Revit with respect to the IFC export, by using Dynamo. While ad-hoc solutions can be
developed by this graphical programming interface, it is possible to create a plug-in that
helps sedbuilding designers to better export BIM to IFC in future works.

Finally, this research proposed and investigated a systematic approach to Revit (BIM
tool) to IFC (Data schema) to IDA-ICE (BEM tool) process. Future researchers can
follow the same approach with different BIM tool and/or with different BEM tool. This
provides a way to compare the BEM software in terms of their interoperability with
BIM.
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A. Appendix A.

For the purpose of further clarification of the case-studies, a short overview of IDA-ICE and its
capabilities and interface is presented here. The figures and descriptions are taken from [108].

A.1 Introduction to IDA ICE interface:
In this section, the described objects, properties, and etc. are directly within the context of this project
and the case studies. Any other object available in IDA ICE that was not related to the goals of this
study is omitted in explanation.

IDA ICE is the abbreviated name of “Indoor Climate and Energy (IDA ICE)” which is a dynamic multi-
zone simulation application for the precise study of an entire building with respect to its indoor climate
of individual zones, and its energy consumption.

To provide both efficiency and flexibility, IDA ICE provides three user levels: Wizard, Standard and
Advanced. This is while, IDA ICE, itself, is delivered in two editions: Standard and Expert. This project
has used expert edition.

A.2 An overview of Standard Level
For starting a project in IDA ICE, there are wo possibilities. First, to start with an empty building, and
second, to start with a building with a single zone. In the latter case, unlike the former, an already ready-
to-simulate project will be opened up. The building in this project has the geometry of a single zone
with a “southerly orientation”. The default settings of this building contain wall constructions, glazing,
shadings, location, synthetic weather, mechanical zone ventilation, controller setpoints and all other
inputs required for a simulation.

D@ I MMDEZDDDw > 2
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Figure A-1 IDA-ICE interface, Standard level, General tab [108]

An important part of IDA ICE is the General tab, Figure A-1, where the main information about the
project is presented, including: Global Data, HVAC Systems, Energy Meters and tables with model
details.

The next important tab that is being regularly used is the Floor plan tab that illustrates a 2D view of
the building geometry. In this tab, a building body, zones, windows and doors are depicted. And, the
opening of the IFC file is possible through this tab.
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Moreover, the 3D tab is a useful visualization option in IDA ICE, since both the model and the results
can be visualized and animated here. In this tab, upon selecting an object, the property page in the side
bar will open up. Also, double clicking on an object will open up the object form.

Finally, the simulation options are given in the Simulation tab and all different kinds of simulation-
runs are started here. Later, statistics from finished simulations are shown, as well as links to key results.

In the Expert edition of IDA ICE, there is the Outline tab that gives the outline view of the project.
That said, an overview of the simulation results could be shown in Summary tab, depending on which
edition of IDA ICE is being used. The same is true, about Details tab, which delivers details of the
simulation.

In the standard view, there is ESBO Wizard and VELUX Wizard. ESBO Wizard is a special simpler
user interface for setting up a multi-zone simulation model. While, VELUX Wizard is a special simpler
user interface for setting up a single zone simulation model with singular emphasis on natural ventilation
by windows.

A.3 An overview of General Tab
In the General Tab, it is possible to start the project with a new building with a single zone and,
modifying the project data, and location data that includes geographical position, and weather data.

In this Tab, different parameters that are valid for the whole building are presented to be adjusted. Also,
the access to the structure and parameters of the air handling unit and the building plant, is provided,
along with the meters for keeping track of energy and CO2 emissions.

Change the table view: Individual tables can be viewed and edited by clicking on the corresponding
radio button. Many parameters (data related to zones, surfaces, windows, loads, constructions, etc.) can
be changed directly in these tables. Tables can be sorted, and data can be visualized in 3D. Make sure
you understand how these tables work. In this tab, it is also possible to export the input tables to Excel.

A.4 An overview of Floor plan tab
In the plan view it is possible to Select an object (e.g. the building body, zone, ...) to edit its properties
in the side bar (It is advised by IDA ICE documentation to ensure that the Properties and not the Palette
view of the side bar is active).

It is possible to rename, cut, copy, delete, replace or edit objects and zones in this view. Through the
import button, it is possible to import IFC, or other CAD files. Nonetheless, IFC export can be done
independently through IFC button. IFC button also enables the user to map IFC objects which are going
to be explained later. This is possible in Expert edition only. In this tab, the vertical level in the building
from where the floor plan is being shown and in the show button, it is possible to set a view filter to
exclude object types from being shown.
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Figure A-3 IDA-ICE interface, Standard level, General tab [108]

A.5 An overview of 3D view
In this tab, the 3D model of the building and its zones are visualized. The x+, X-, y+, y-, z+, z- buttons
on the bottom left part of the window, create a section through the building.

If the simulations are done, the Animate button will animate the results. Additionally, it is possible to
show the shadows during the animation.
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A.6 An overview of Simulation tab, Summary tab, and Details tab
In the Simulation tab, it is possible to start a simulation. And the results would be shown on the
Summary tab. In this Simulation tab, there are 4 different types of simulations: Heating load calculation,
cooling load calculation, energy calculation or even customized calculation.

| Fle &t View et Took Opsions Window Help.

D-@-d-8 sad/9c|00 %1 /md|BLP| GRIOBED
= a St bt o1
General | Fioor plan| 30 | Simulaljon |Daylight | Outhne [ Sumary | Details|
Project name  building!
canes Modified:
[ Requested output P
5 d - .
£ tin ka 6 St o T T ———
- Simulation T Allopen coses ——— 1452016 00:00-00
period 3 360.00
Hoating load @ Setup
Caoling load B3 senp
Enargy # Sowp
All (above)
Custom Lsep
Advanced Level
£y Build model | PP Edit
—— Otsidle air dry-bulb temperature E
— Retum air dry-bulb temperature
Supply air dry-bulb temperature ‘
[} | v
Done
| Close this window after simulztion

Figure A-5 IDA-ICE interface, Standard level, Simulation tab [108]

The Summary tab, generate an overview of main results from the simulation is given here. These results
could be the heating required for each room, for each air handling unit, the heat delivered by the plant,
or the power required from the utility to deliver this.
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In the Details tab, Key time series are displayed. It is possible to check extra boxes to select other time
series diagrams.
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B. Appendix B

In his section, the properties of Room, Space, and Zone inside Revit platform are presented,

respectively.

B.1 Room Properties

Following properties exist in the Revit interface, if Room element is selected, or placed inside an

enclosed area [150].

Name
Level
Upper Limit

Limit Offset

Base Offset

Area
Perimeter

Unbounded height

Volume

Number

Name
Comments
Occupancy
Department
Base Finish
Ceiling Finish
Wall Finish
Floor Finish

Description

Constraints
The base level on which the room resides. A read-only value.
See About Defining the Lower Boundary of a Room.
The level from which to measure the upper boundary of the room.
See About Defining the Upper Boundary of a Room.
The distance at which the upper boundary of the room occurs,
measuring from the Upper Limit level. Enter a positive number to go
above the Upper Limit level, or enter a negative number to go below
it. Enter O (zero) to use the level specified for the Upper Limit. The
default is 10 (4000 mm). See About Defining the Upper Boundary
of a Room.
The distance at which the lower boundary of the room occurs,
measuring from the base level (defined by the Level parameter).
Enter a positive number to go above the base level, or enter a
negative number to go below it. Enter O (zero) to use the base level.
The default is 0. See About Defining the Lower Boundary of a
Room.

Dimensions
The net area computed from the room-bounding elements. A read-
only value. See About Room Area.
The perimeter of the room. This is a read-only value. See About
Room Area.
The largest potential height of the room, based on the room height
parameters: Level, Upper Limit, Limit Offset, and Base Offset. This
value is read-only. See About Room Height. (The room’s actual
height may be changed by room-bounding elements, such as
intervening floors and roofs. See About Ceilings and Floors in Room
Volume Computations.)
The volume of the room when volume computation is enabled.
See About Room Volume. A read-only value.

Identity Data
An assigned room number. This value must be unique for each room
in a project. Revit warns you if the number is already used but
allows you to continue using it. (See Reviewing Warning
Messages or Warnings for Selected Elements.) Room numbers are
assigned sequentially. See Create sequential room number tags.
The room name, such as Conference Room or Kitchen.
User-specified information about the room.
Type of occupancy for the room, such as Retail.
Department for which the room will be used.
Finish for the base.
Finish for the ceiling, such as stucco.
Finish for the wall, such as painted.
Finish for the floor, such as carpeting.
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Occupant

Phase

Name of the person, group, or organization that will use the room.

Phasing

The project phase to which the room belongs. A read-only value

based on view properties.

B.2 Space Properties

Table B-1 Room Properties in Revit

space properties in the Properties palette of Revit are as follows [151].

Parameter
Constraints
Level

Upper Limit

Limit Offset

Base Offset

Average Estimated Illumination
Room Cavity Ratio

Lighting Calculation Workplane
Lighting Calculation Luminaire
Plane

Ceiling Reflectance

Wall Reflectance

Floor Reflectance

Electrical - Loads

Design HVAC Load per area
Actual HVAC Load

Actual Lighting Load

Design Other Load per area

Actual Other Load

Actual Receptacles Load

Description

The base level on which the space resides. This is a read-only
value.

The level from which to measure the upper boundary of the
space.

The distance at which the upper boundary of the space
occurs, measuring from the Upper Limit level. Enter a
positive number to go above the Upper Limit level, or enter a
negative number to go below it. Enter O (zero) to use the
level specified for the Upper Limit. The default is 10* (4000
mm).

The distance at which the lower boundary of the space
occurs, measuring from the base level (defined by the Level
parameter). Enter a positive number to go above the base
level, or enter a negative number to go below it. Enter O
(zero) to use the base level. The default is 0.

Electrical - Lighting

Illumination for the space.

This parameter is automatically calculated based on room
dimensions to determine illumination calculations.

See Lighting Calculations.

The level used as the base for calculating Illumination.

The reflective property based on color and surface of the
ceiling.

The reflective property based on color and surface of the
walls.

The reflective property based on color and surface of the
floor.

Total HVAC load for the space. This value can be specified,
calculated by the heating and cooling loads analysis tool, or
read from a gbXML file.

Total heating load for the space calculated by the integrated
heating and cooling loads analysis tool.

Total Other load for the space. This value can be specified,
calculated by the heating and cooling loads analysis tool, or
read from a gbXML file.

Total Other load for the space calculated by the integrated
heating and cooling loads analysis tool.

Mechanical - Airflow
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Specified Supply Airflow Supply airflow introduced in the space. This value can be
specified, calculated by the integrated heating and cooling
loads analysis tool, or read from a gbXML file.

Total airflow required to head and cool the space. This value
can be calculated by the integrated heating and cooling loads
analysis tool or read from a gbXML file.

Total supply airflow in the space. This value is the sum of the
airflow for all supply air terminals in the space.

Return Airflow Determines how the return airflow is calculated for the space.
You can select one of the following values:

Specified: Activates the Specified Return Airflow parameter
to specify the return airflow.

Specified Supply Airflow: Return airflow matches the value
for this parameter.

Calculated Supply Airflow: Return airflow matches the value
for this parameter.

Actual Supply Airflow: Return airflow matches the value for
this parameter.

Total return airflow removed for the space. You can specify
this value only if Specified is selected for the Return Airflow
parameter. If not, this parameter is unavailable and the value
is determined by the value selected for Return Airflow (see
above).

Total return airflow in the space. This value is the sum of the
airflow for all return air terminals in the space.

Total exhaust airflow for the space. You specify this value.
Total exhaust airflow for the space. This value is the sum of

Calculated Supply Airflow

Actual Supply Airflow

Specified Return Airflow

Actual Return Airflow

Specified Exhaust Airflow
Actual Exhaust Airflow

Outdoor Airflow

Area

Perimeter
Unbounded Height

Volume
Computation Height
Number

Name
Room Number

Room Name
Image
Comments

the airflow for all the exhaust air terminals in the space.
Outdoor airflow required for a space. This is a read-only
value. See Outdoor Air Information for Zones.

Dimensions
The net area computed from the room-bounding elements. A
read-only value.
The perimeter of the room. This is a read-only value.
The largest potential height of the room, based on the room
height parameters: Level, Upper Limit, Limit Offset, and
Base Offset. This is a read-only value. (The room’s actual
height may be changed by room-bounding elements, such as
intervening floors and roofs.
The volume of the room when volume computation is
enabled. This is a read-only value.

Identity Data
An assigned space number. This value must be unique for
each space in a project. Revit warns you if the number is
already used but allows you to continue using it.
The space name, such as Restroom or Kitchen.
An assigned room number. This value must be unique for
each room in a project. Revit warns you if the number is
already used but allows you to continue using it.
The room name, such as Conference Room or Kitchen.

User-specified information about the space.
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Occupant
Phasing

Phase

Zone
Plenum

Occupiable

Condition Type

Space Type

Construction Type

People

Electrical Loads

Outdoor Air Information

Outdoor Air per Person

Name of the person, group, or organization that will use the
space.

The project phase to which the space belongs. A read-only
value based on view properties.

Energy Analysis
The name of the zone assigned to the space.
Indicates if the space is a plenum space. If checked, the space
is defined as a plenum. This parameter is used during loads
analysis.
Indicates if the space is occupiable or not. If checked, the
space is defined as occupied. Clear the check box for shafts,
chases, restrooms, and other spaces that typically would be
defined as unoccupied. This parameter is used during loads
analysis.
Determines how heating and cooling loads are calculated.
When set to Unconditioned, no loads are be calculated. When
set to Heated, only heating loads are calculated; when set to
Cooled, only cooling loads are calculated. All other settings
contribute to the loads calculation.
You can select one of the following types:
Heated
Cooled
Heated and cooled
Unconditioned
Vented
Naturally vented only
The value for this parameter is exported as the conditionType
attribute.
Note: Conditioned and Unconditioned spaces must not be
mixed within a particular zone. SeeAbout Unconditioned
Spaces.
You can select the type of space from the Space Type
Settings dialog. You can also modify parameter settings for
the selected space type. The value for this parameter is
exported as the spaceType attribute.
Specifies the type of construction (Roofs, Walls, Floors, etc.)
for the space. You can open the Construction Type dialog to
select a construction type or define custom constructions for
the space.
Opens the People Loads dialog where you specify how
people loads are calculated for the space.
Opens the Electrical Loads dialog where you specify how
electrical loads are calculated for the space.
When a space is selected, this property displays whether
outdoor air information is from the space type or from the
zone. When a zone is selected, defines whether outdoor air
information is from the space type or from the zone. To
change this setting, select the zone and click Edit to open the
Outdoor Air Information dialog.
When a space is selected, this property displays the amount
of outdoor air required for each person (in a space) for all
spaces in the zone. This value is specified for each zone.
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Outdoor Air per Area
Air Changes per Hour

Outdoor Air Method

Calculated Heating Load

Design Heating Load

Calculated Cooling Load

Design Cooling Load

B.3 Zone Properties

When a space is selected, this property displays the amount
of outdoor air per occupied square area of all spaces in the
zone. This value is specified for each zone.

When a space is selected, this property displays the number
of times per hour that the air volume of all occupied spaces in
the zone is replaced. The value is specified for each zone.
When a space is selected, this property displays the
calculation method for outdoor air demand in a space. Use
the Building/Space Type Settings dialog to specify one of the
following methods:

by People and by Area

by ACH

Max (by People, by Area)

Max (by ACH, by People and by Area)

Max (by ACH, by Area, by People)

Total heating load for the space. This value can be calculated
by the integrated heating and cooling loads analysis tool or
read from a gbXML file. “Not Computed” displays prior to
the project receiving loads analysis results.

Total heating load for the space. This value can be specified,
calculated by the integrated heating and cooling loads
analysis tool, or read from a gbXML file.

Total cooling load for the space. This value can be calculated
by the integrated heating and cooling loads analysis tool or
read from a gbXML file. “Not Computed” displays prior to
the project receiving loads analysis results.

Total cooling load for the space. This value can be specified,
calculated by the integrated heating and cooling loads
analysis tool, or read from a gbXML file.

Table B-B-2 Space Properties in Revit

The properties of a Zone in Revit are described in Table B-3 [152].

Parameter

Constraints

Level

Calculated Supply Airflow
Calculated Supply Airflow per
area

Occupied Area

Gross Area

Occupied Volume

Gross Volume

Description

The base level on which the zone resides. This is a calculated
value.

Mechanical - Airflow
The total supply airflow for the zone calculated by a heating and
cooling loads analysis, or read from an imported gbXML file.
The Calculated Supply Airflow of the zone divided by the total
area of the zone. This value is calculated by a heating and cooling
loads analysis, or read from an imported gbXML file.

Dimensions

The sum of the areas for all of the occupied spaces in the zone.
This is a calculated value.
The sum of the areas for all of the occupied and unoccupied
spaces in the zone. This is a calculated value.
The sum of the volumes for all occupied spaces in the zone. This
is a calculated value.
The sum of the volumes for all occupied and unoccupied spaces
in the zone. This is a calculated value.
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Perimeter

Comments
Name

Phase

Service Type

Coil Bypass

Cooling Information
Heating Information
Outdoor Air Information

Outdoor Air Method

Outdoor Air Method Settings

Outdoor Air
Calculated Heating Load

Calculated Heating Load per
area

Calculated Area per Heating
Load

Calculated Cooling Load

Calculated Cooling Load per
area

The sum of the perimeters for all the spaces in the zone. All
common parameters shared by these spaces are omitted from the
calculation. This is a calculated value.
Note: To improve performance, this parameter is disabled for
Default zones.
Identity Data
Text comments for the zone.
Name of the zone. Each name must be unique.
Phasing
The project phase to which the zone belongs. This is a read only
value based on the view properties. See Working with Phases and
Zones for more information about phases and zones.
Energy Analysis
The heating and cooling service for the zone. You can select a
specific service type or accept the default specified as the
<Building> service type for the zone.
The manufacturer’s coil bypass factor. This is a measure of
efficiency that indicates the volume of air passing through the
coil that is unaffected by the coil temperature.
Opens the Cooling Information dialog where you specify the
cooling information for the zone.
Opens the Heating Information dialog where you specify the
heating information for the zone.
Opens the Outdoor Air Information dialog where you specify the
outdoor air information for the spaces in the zone.
The method for calculating outdoor air for the zone. The
calculation method ASHRAE 62.1 implements the Ventilation
Rate Procedure from ASHRAE Standard 62.1. For a valid
calculation result using this method, the Primary Airflow must be
defined for each space in the zone.
Opens the Outdoor Air Calculation Setting dialog where you
specify the outdoor air calculation information for the spaces in
the zone.
The total outdoor air for a zone. This is a calculated value.
The total heating load for the zone calculated by a heating and
cooling loads analysis, or read from an imported gbXML file. Not
Computed is displayed prior to a heating and cooling analysis, or
gbXML import.
The Calculated Heating Load of the zone divided by the total area
of the zone. This value is calculated by a heating and cooling
loads analysis, or read from an imported gbXML file. Not
Computed is displayed prior to a heating and cooling analysis, or
gbXML import.
The total area of the zone divided by the Calculated Heating Load
of the zone. This value is calculated by a heating and cooling
loads analysis, or read from an imported ghXML file. Not
Computed is displayed prior to a heating and cooling analysis, or
gbXML import.
The total cooling load for the zone calculated by a heating and
cooling loads analysis, or from an imported gbXML file. Not
Computed is displayed prior to heating and cooling analysis or
gbXML import
The Calculated Cooling Load of the zone divided by the total area
of the zone. This value is calculated by a heating and cooling
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loads analysis, or read from an imported gbXML file. Not
Computed is displayed prior to a heating and cooling analysis, or
gbXML import.

Calculated Area per Cooling The total area of the zone divided by the Calculated Cooling Load

Load of the zone. This value is calculated by a heating and cooling
loads analysis, or read from an imported gbXML file. Not
Computed is displayed prior to a heating and cooling analysis, or
gbXML import.

Table B-3 Zone Properties in Revit
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C. Appendix C

According to Eastman [3], most common exchange formats in the AECOO industry are as summarized

in Table C-C-1.

Image (Raster) Formats

JPG, GIF, TIF, BMP, PNG, RAW, RLE

Raster formats vary in terms of compactness,
number of possible colors per pixel, transparency,
compression with or without data loss

2D Vector Formats

DXF, DWG, Al, CGM, EMF, IGS, WMF,

DGN, PDF, ODF, SVG, SWF

Vector formats vary regarding compactness,

line formatting, color, layering and types of curves
supported; some are fi le-based and others

use XML.

3D Surface and Shape Formats

3DS, WRL, STL, IGS, SAT, DXF, DWG,
OBJ, DGN, U3D PDF(3D), PTS, DWF

3D surface and shape formats vary according to the
types of surfaces and edges represented, whether
they represent surfaces and/or solids, material
properties of the shape (color, image bitmap, and
texture map), or viewpoint information. Some have
both ASCII and binary encodings. Some include
lighting, camera, and other viewing controls; some
are fi le formats and others XML.

3D Object Exchange Formats

STP, EXP, CIS/2, IFC

AecXML, Obix, AEX, hcXML, AGCxml

V3D, X, U, GOF, FACT, COLLADA

SHP, SHX, DBF, TIGER, JSON, GML

Product data model formats represent geometry
according to the 2D or 3D types represented; they
also carry object type data and relevant properties
and relations between objects. They are the richest

in information content.

XML schemas developed for the exchange of building
data; they vary according to the information
exchanged and the workfl ows supported.

A wide variety of game fi le formats vary according
to the types of surfaces, whether they carry
hierarchical structure, types of material properties,
texture and bump map parameters, animation, and
skinning.

Geographical information system formats vary in
terms of 2D or 3D, data links supported, fi le formats
and XML.

Table C-C-1 Most common data exchange formats in the AECOO industry [3]
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