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For DesignBuilder v7

1. DesignBuilder Revit - gbXML Tutorial

Introduction

This Tutorial has been developed to help Revit users transfer their Revit BIM models to the
DesignBuilder building performance analysis software to access data on daylighting, heating and
cooling loads, LEED / BREEAM energy credits, UK Part-L compliance checking, energy consumption
and comfort data for the building design.

The Tutorial starts by explaining the fundamentals of the Revit to DesignBuilder transition process
covering both the DesignBuilder Revit Add-in and the built-in Export gbXML method. It then explains
how to prepare the Revit model before starting the transition process and how to check and tidy the
final model once it has been loaded into DesignBuilder. Finally, 3 examples are provided with step-
by-step instructions on how to load a sample model provided with the Revit distribution into
DesignBuilder.

Some materials included in the Tutorial are based on Revit and DesignBuilder online help from:

e http://help.autodesk.com/view/RVT/2018/ENU/ and
e http://www.designbuilder.co.uk/helpv7.0.

Links have been provided to the original text and other relevant websites to allow you to find
additional details.

DesignBuilder v7


https://www.autodesk.com/products/revit-family/overview
http://www.designbuilder.co.uk/
http://help.autodesk.com/view/RVT/2018/ENU/
http://www.designbuilder.co.uk/helpv7.0
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Understanding the Transition Process

Although the native Revit BIM data includes considerable intelligence, it does not contain the
volumetric/zonal data required by building performance analysis tools such as DesignBuilder. This
data must be superimposed on top of the native Revit architectural model. It is usually referred to as
the “Analytical Model” because it is the model on which subsequent analysis is based.

The diagram below shows the data objects involved in the transition process from Revit to
DesignBuilder.

Data Diagram for the Revit to DesignBuilder Transition
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Overview of the Process
There are currently two ways to transfer Revit BIM data to DesignBuilder:

1. Using the DesignBuilder Revit Add-in.
2. Using the built-in Revit gbXML export menu option to create a gbXML file which is then
imported into DesignBuilder.

For each of these 2 overall approaches to transferring data to DesignBuilder you can choose
between 2 methods to generate an intermediate Analytical Model:

a) Place rooms to create an Analytical Model (AM). This can be done either manually or for,
closed and bounded areas, it can be done automatically.


http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-D94E11E7-0956-4B5B-B50F-6BB28AD09F15
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b) Automatically create the Energy Analytical Model (EAM).

So depending on whether the Add-in or the import/export process is used and whether the EAM or
the AM is used, overall there are 4 different methods to export Revit models into DesignBuilder. The
diagram below summarises the processes involved with these 4 methods of data transfer.

Exporting Revit Models to DesignBuilder

Revit BIM model
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Export gbXML file
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and
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v

Open DesignBuilder
and
Import gbXML file
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Note: Interoperability between Revit and DesignBuilder is achieved through basically the
same underlying gbXML processes regardless of which method is used.

For methods 1 and 2, the preparation of the AM within Revit is the same for both add-in and export
methods. The most important of these steps is to accurately identify the “rooms” or “spaces” in the
model. These steps are described in more detail below. Likewise, for methods 3 and 4, the
preparation of the EAM is the same for both add-in and export methods. Note that Revit creates the
EAM automatically in all cases, i.e. there is no manual option.

2. DesignBuilder-Revit Add-in (Methods 1 and 3)

This section summarises how to use the DesignBuilder-Revit add-in to facilitate the transfer of the
Revit BIM model geometry data and building thermal properties directly to DesignBuilder. The
following steps should be followed:

a. Set up the AM or EAM. Once you have correctly set up the analytical model as described
below in the section Preparing the Energy Analytical Model (when using the 1-Use Energy
settings Revit export method) or Preparing the Analytical Model by adding Rooms (when
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using the 2-Use Rooms/Spaces Volumes Revit export method) you are ready to export to
DesignBuilder.

b. Check Add-in settings. See DesignBuilder Settings below.

c. Open in DesignBuilder. The add-in “Open” toolbar icon can be found on the Analyze menu
within the DesignBuilder section, towards the right of the Revit toolbar as shown below.

Analyze  Massing 8Site  Collaborate  View Manage  Add-lns  Medify )+

25 E|ER TR B & & S B Wb © € . kg £ &

Reset Supports |Consistency Space Space Heatingand  Panel  Schedule/ Duct Pressure Pipe Pressure  Check Duct CheckPipe Check  Show Location  Create  Generate Optimize | Energy  Settings Open
Separator Naming Cooling Loads Schedules Quantities LossReport LossReport  Systems  Systems Gircuits Disconnects Energy Model Settings

aalytical Model Tools N Spaces & Zones ~ Reports & Schedules N Check Systems Color Fil Energy Optimization DesignBuilder

Note: The DesignBuilder “Open” add-in toolbar icon will only be available after you have
installed DesignBuilder and run it for the first time.

d. Check the DesignBuilder model. See Example Cases.

DesignBuilder Settings

Before you open your Revit model in DesignBuilder you should review the DesignBuilder transfer
settings by clicking on the “Settings” toolbar icon of the DesignBuilder add-in.

"-?/'I
& wll
Settings Open

DesignBuilder

The DesignBuilder Settings dialog allows you to control the way that the transition is carried out.
The effect of each setting is described below.

-

R DesignBuilder Settings =nRcn X

General | Merge | Advanced

Priarity [Minimise gaps between blocks ~ |

Adjacency separation tolerance (m) 0.500
Adjacency angular tolerance (%) 10

Create storey blocks
Include thermal properties
Allow open manifold building blocks
Export as building blocks
Include shade surfaces
Merge co-planar surfaces

e ]

General Tab

Settings on the General tab control the behaviour at the import end within DesignBuilder.
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Priority
This option allows you to define whether the system should prioritise reduction of gaps between
blocks or whether to aim to minimise likelihood of open manifold blocks being generated.

e Minimise gaps between blocks where the gbXML surfaces are used to define block
geometry. This is the default option as it typically gives the best results for the majority of
BIM models imported from Revit.

e Minimise open manifold blocks where DesignBuilder works out whether it would be better
to use the space or surface data sets based on the criterion that the number of open
manifold blocks should be minimised. Open manifold blocks are blocks that are not fully
enclosed.

Adjacency separation tolerance

This is the maximum gap between neighbouring parallel gbXML surfaces that will be interpreted as
being an adjacency between 2 spaces. You might enter a value higher than the default 0.01m if the
gbXML spaces are separated by large gaps due to thick partitions or ceiling /floor voids being
excluded from the gbXML. For example if the largest gap in the between spaces that are to be
modelled as adjacent is 0.3m then enter 0.3m here.

The Adjacency tolerance can also be updated, if necessary, after the import from the Advanced
tab of the DesignBuilder Model options dialog.

Create storey blocks

This option is used by default to automatically identify stories by grouping adjacent spaces created
by extruding from the floor plan with the same upper and lower Z coordinates into single blocks. This
has the advantage of making it much easier to later modify internal layouts and it also helps to
navigate around large models.

Note: It is sometimes an advantage, especially in lower quality gbXML data sets, to import
raw surface geometry exactly as defined in the BIM model. In this case the Create storey
blocks setting should be switched off and the Allow open manifold building blocks setting
(below) should switched on.

Import as building blocks

By default this option is selected and the geometric space data will be imported as building blocks
ready for use in DesignBuilder modelling. However, you can instead import BIM space geometry as
Outline blocks by unchecking this option. The outline blocks give an exact representation of the
gbXML spaces in the gbXML and this can be useful for diagnosing problems with poor gbXML. For
example if any part of a space intersects with another space then it would not be created as a
building block, but it could still be created as an outline block to help you identify and fix any
possible issues with intersection in the BIM model.

Import thermal properties

If this option is selected then DesignBuilder will load any materials, constructions and glazing system
thermal properties present in the Revit model and assign them to surfaces and windows in the
model.


https://www.designbuilder.co.uk/helpv5.4/Content/Import_3-D_CAD_Data.htm#Allow
https://www.designbuilder.co.uk/helpv5.4/Content/Import_3-D_CAD_Data.htm#Allow
https://www.designbuilder.co.uk/helpv5.3/Content/AdjacencySettings.htm
https://www.designbuilder.co.uk/helpv5.3/Content/AdjacencySettings.htm
https://www.designbuilder.co.uk/helpv5.3/Content/Import_3-D_CAD_Data.htm#Allow
http://www.designbuilder.co.uk/helpv5.4/#Outline_Block.htm
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Allow open manifold building blocks

Open manifold (non-enclosed) blocks are a special type of DesignBuilder block which are only
created when models are imported from BIM. They have one or more surfaces missing which means
that they are not fully enclosed, and this has significant consequences on what can be done with the
block in the DesignBuilder modeller and in calculations:

e Radiance and CFD calculations cannot be carried out.

e The boolean operations used behind the scenes to manipulate block geometry are not
possible and so only limited edit operations may be performed on open manifold blocks. In
particular these operations cannot be performed:

o Add surface
o Drag block face
o Mirror

o Divide block using cutting tool

o Boolean geometry operations.

Because Open manifold blocks cannot use all geometry operations, the orientation of their surfaces
cannot be reliably determined from the model and DesignBuilder must rely on the orientation data
stored with the surface from the BIM model. This data is not always reliable and so in some cases
surfaces are facing in the wrong orientation. The DesignBuilder Flip block surface

orientation command should be used to check and, if necessary fix, the orientation of surfaces in all

open manifold blocks.

Import shading surfaces

Shading surfaces are specially marked in gbXML data and so can be treated separately if required.
You can choose to import shading surfaces as part of the import or not using this control. Shading
surfaces imported through gbXML will be 2-D flat shading surfaces.

Merge co-planar surfaces

If the above Import shading surfaces option is selected, then you can choose to either merge any
such co-planar surfaces or not.

Merge Tab

It is sometime necessary to accommodate changes made to the Revit model after significant work
has already been done on the energy model on a previous iteration of the design. The settings on
the Merge tab allow you to retain any settings that you may have added when previously working
on the model within DesignBuilder.


https://www.designbuilder.co.uk/helpv5.4/Content/AddSurface.htm
https://www.designbuilder.co.uk/helpv5.4/Content/_Drag_block_face.htm
https://www.designbuilder.co.uk/helpv5.4/Content/Mirror.htm
https://www.designbuilder.co.uk/helpv5.4/Content/_Divide_block.htm
https://www.designbuilder.co.uk/helpv5.4/Content/Boolean_Geometry_Operations.htm
http://www.designbuilder.co.uk/helpv5.4/#FlipBlockSurfaceOrientation.htm
http://www.designbuilder.co.uk/helpv5.4/#FlipBlockSurfaceOrientation.htm
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R DesignBuilder Settings l‘z' =l &]

General | Merge | Advanced

#| Merge with existing model
| Merge HVAL System
#| Merge Assemblies
#| Merge Companent Blocks

Retain existing openings A

e

Merge with existing model
This option allows you to load all of the important settings from the DesignBuilder model you most
recently worked on into the latest geometry imported from Revit.

In the descriptions below the "old" model refers to the DesignBuilder model you previously worked
on whose settings you wish to retain, and the "new" model refers to the DesignBuilder model newly
imported from the latest Revit model and needing settings to be loaded from the old model.

Note: To use the add-in merge mechanism, the “old” model must be saved in the default
folder using the default filename, typically:

C:\Users\<Username>\AppData\Local\DesignBuilder\Revit\<GUID>\DesignBuilder.dsb.
This can be done simply by using the Save command in DesignBuilder (not File -> SaveAs).

DesignBuilder also has a manual Merge Model From File command which can be used if the
“old” DesignBuilder model has been saved in a different location or with a different

filename.

When the Merge with existing model option is used, DesignBuilder makes the following changes to
the new model:

e Blocks, zones and surfaces are matched between the old and the new geometry based on
their geometry and position. Where an object is matched, all hard-set attributes (those
shown in red in model data) are copied over from the old to the new model.

e All user-defined components and templates are copied from the old to the new model.
e If the Merge HVAC system option is checked and a Detailed HVAC system was defined in the
old model, then it is loaded to the new model. It is important to check that HVAC zone

groups contain the right HVAC zones after the merge has been completed.

e If the Merge assemblies option is checked, any assemblies defined in the old model are
merged into the new model.


http://www.designbuilder.co.uk/helpv5.4/#MergeModel.htm
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If the Merge component blocks option is checked, any component blocks defined in the old
model are merged into the new model.

Openings such as windows, doors etc are merged based on a user-definable selection. The
options are:

o 1-Retain existing openings where the new openings are kept and the old ones are
not copied over.

o 2-Overwrite all existing openings where the old openings are copied to the new
model replacing all new openings.

o 3-Merge non-overlapping openings where the old openings are copied to the new
model wherever possible without overlapping with the openings already in the new
model.

Note: After using this option you should check that the merge has been completed as
required. Note that any newly added blocks, zones, surfaces and openings in the updated
model will not receive attribute settings from the old model that was merged in.

Summary of the Merge process

1.
2.

Open the Revit model in DesignBuilder.

Make any modifications within DesignBuilder and save it as the “old” model. It must be
saved in the original folder with the original filename to use the merge process within the
add-in.

Close DesignBuilder.

Make any necessary modifications to the Revit model.

Check the Merge with existing model options on the DesignBuilder Settings dialog as
required to ensure that the previous modifications are merged.

Open the revised Revit model in DesignBuilder.

Check that that the modifications in the “old” model have been carried across to the “new”
model.

Revit Export Tab

Settings on the Revit export tab provide some control over the export method to be used at the

Revit end of the transition process.
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-
R DesignBuilder Settings [ e S

Use energy settings

@ Use room/space volumes

Complexity:

[Simple -2

Use energy settings
Check this option to use the EAM when generating the gbXML within Revit.

Use room/space volumes
Check this option to use the AM when generating the gbXML within Revit.

Complexity

Select the option to specify the level of detail provided for openings, and whether shading surface
information is exported. Shading surfaces are surfaces that are not adjacent to any space and
include surfaces that create a solar obstruction.

o Simple - curtain walls and curtain systems are exported as a single opening (without individual
panels).

o Simple with shading surfaces — the default option, same as simple, but with shading surface
information exported.

o Complex - curtain walls and curtain systems are exported as multiple openings, panel by panel.

o Complex with shading surfaces - same as complex, but with shading surface information
exported.

Shading surfaces are not associated with any room/space (roof overhang, free-standing wall).

o Complex with mullions and shading surfaces - same as complex, but with mullion and shading
surface information exported.

Mullions in curtain walls are exported as shading surfaces. A simple analytical shading surface is
produced from mullions, based on the centerline, thickness, and offset.

3. Exporting the gbXML file from Revit (Methods 2 and 4)

This section summarises how to transfer the Revit model through a manual export/import process
which is equivalent to the processes automated by the DesignBuilder Revit add-in described above.
The process involves exporting your design as a gbXML using the Export gbXML dialog built into

Revit. The resulting gbXML file contains energy information for the model according to the gbXML
file structure. The gbXML schema was created to help building designers get information about the

10


http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-586B9574-64DA-47BC-B8EC-DEF2D565928F
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energy consumption characteristics of their building projects. For more information about gbXML,

visit http://www.gbxml.org.

The steps involved in the manual export/import process are as follows:

Set up the AM or EAM. Once you have correctly set up the analytical model as described
below in the section Preparing the Energy Analytical Model (when using the 1-Use
Energy settings Revit export method) or Preparing the Analytical Model by adding
Rooms (when using the 2-Use Rooms/Spaces Volumes Revit export method) you are
ready to export to DesignBuilder.

=H

ML
Export the gbXML file by clicking on File tab * Export > @(ngML). You will then be
presented with a dialog which allows you to choose which of the 2 export methods to
use:

1-Use Energy Settings

C.

In the Export gbXML dialog, if you wish to use the EAM method then select the Use
Energy Settings and click OK.

In the Export gbXML -> Save to Target Folder dialog, navigate to the desired location for
the exported file, specify a file name, and click Save. Revit exports the EAM to a gbXML
file in the specified location.

.
Export gbXML S|

@ Use Energy Settings Edit...

Use Room/Space Volumes

Which export method should T use?

This method exports the energy analytical model (EAM) created by Revit. The EAM is
composed of analytical spaces and analytical surfaces, which are automatically created
based on parameters defined in the Energy Settings dialog. The exported data provides an
accurate energy model for analysis. Before using this method, define parameters in the
Energy Settings dialog and create an EAM. For more information, see section Preparing the
Energy Analytical model.

2-Use Room/Space Volumes

C.

In the Export gbXML dialog, if you wish to use the AM method then select the Use
Room/Space Volumes Settings and click OK.

In the Export gbXML -> Save to Target Folder dialog, navigate to the desired location for
the exported file, specify a file name, and click Save. Revit exports the EAM to a gbXML
file in the specified location.

11


http://www.gbxml.org/
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-76FA41DE-D14A-4708-AE25-D4FCEE05F3C8
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-89B09D35-4CDE-458C-AFBD-492FCDB66E9A
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.
Export gbXML |

Use Energy Settings
@) Use Room/Space Yolumes

‘Which export method should T use?

This method uses volumes defined in the building model based on rooms or spaces in the
model. Before using this method, you must add rooms or spaces to the model. For more
information, see section Preparing the Analytical Model by adding Rooms.

For both 1-Use Energy Settings and 2-Use Room/Space Volumes methods the final steps
within DesignBuilder are the same:

e. Import gbXML file to DesignBuilder. Once the gbXML file has been exported you can
manually import it into DesignBuilder to perform an energy analysis.

f. Check the DesignBuilder model. See Example Cases.

4. Preparing the Energy Analytical Model

This section explains the steps involved in setting up the EAM in Revit. After creating an energy
analytical model, you can either open the Revit model in DesignBuilder through the add-in (method
3) or export the model to DesignBuilder using the Use Energy Settings option (method 4).

To create the EAM follow these steps:

1- Open a 3D view of the model.
2- Create an energy analytical model by clicking on the Analyze toolbar tab on the Energy

Optimization panel click on the Create Energy Model icon. '
Optional steps to adjust energy settings and update the EAM before exporting it:

3- Click the Energy Settings icon to open the Energy Settings dialog.

4- Check and change any settings as required. See detailed information in the Energy Settings
dialog section below.

5- If you make any changes you must update the EAM to reflect the changed settings. To do
this delete and recreate it.

Energy Settings dialog

The energy settings control the behaviour of the energy model creation. They also control the
optional use of additional information specified in the Revit model, such as material properties and
thermal space properties. These settings are used the same way regardless of whether you are using
the Add-in or manual export/import.

To open the Energy Settings dialog, click Analyze tab * Energy Optimization panel * (Energy
Settings).
12


https://www.designbuilder.co.uk/helpv5.4/#Import_3-D_CAD_Data.htm
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-36B2F66A-E423-4D9C-B266-3ABA57573F4A
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-A77EF18D-0EB8-47D3-A653-6370D9F1374A
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Energy Settings et
Parameter Value

Energy Analytical Model ]

Meode Use Conceptual Masses and Building E

Ground Plane Level 1

Project Phase Mew Construction

Analytical S5pace Resolution 457.2

Analytical Surface Resclution 304.2

Perimeter Zone Depth 45720

Perimeter Zone Division

Average Vertical Void Height Threshold  (1828.8

Haorizontal Void/Chase Area Threshold  :0.093 m®

Advanced %

Other Options Edit...

When performing the first export, you do not need to change the energy settings. Learn the overall
paradigm of creating energy models for Revit before changing the default energy settings.

Note: The instructions in the online help assume that the Energy Settings dialog uses the
default values. These are the default settings for Revit 2017 and later models. If you have an
older model or have previously used Energy Analysis for Revit with different settings, you
should review the online help to learn the impact of these settings.

Mode
Revit offers 3 modes for creating the energy model from the architectural model. For all cases,
however, you should use the default mode: Use Conceptual Masses and Building Elements.

This mode does not require that the architectural model include both conceptual masses and
building elements. You can use this mode when the model contains only masses or only building
elements. It also supports a mix of the 2 types of elements, which is useful when performing energy
analysis using the Mixed Design method.

The other modes relate to legacy behaviour. They are provided only to support older models. Some
advanced energy settings relate only to these legacy modes; those settings are unavailable when the
mode is set to Use Conceptual Masses and Building Elements.

Ground Plane
Specify the level below which the energy model surface is assumed to be in contact with the ground
for heat transfer.

For a building where the ground floor is partially underground (for example, built into a slope), use
the level with the most exposure as the ground plane. The differences in the resulting energy
analysis are typically fairly minor.

Project Phase

All building elements and/or conceptual masses assigned to the specified phase or an earlier building
phase are included in the energy analysis. Elements and masses assigned to a later building phase
are omitted from the energy analysis.

13
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Analytical Space Resolution and Analytical Surface Resolution
The Analytical Space Resolution parameter and the Analytical Surface Resolution parameter provide
important information used by the algorithm that generates the energy model.

The default values for these parameters provide an optimum balance between energy model
accuracy and processing time for most Revit models. However, because Revit model size,
complexity, and quality can vary widely, you may need to modify these parameters to provide
greater accuracy or to reduce processing time of the energy model, or both.

When you increase the values for Analytical Space Resolution and Analytical Surface Resolution, the
processing time required to create the energy model is significantly reduced. Conversely, when you
reduce the values for these parameters, the processing time required to create the energy model
increases.

Reducing these values does not necessarily result in a more accurate energy model. For example,
while a lower Analytical Space Resolution value can result in smaller gaps between Revit elements, it
can also lead to the omission of some analytical spaces due to gaps between architectural elements
that were ignored at the higher setting.

Experiment with different values in various models to understand how these parameters work. See
also About the Energy Model Creation Process, About Spaces in the Energy Model, and About
Surfaces in the Energy Model.

Perimeter Zone Depth
Specify the distance to measure inward from the exterior walls to define the perimeter zone. This
setting should always be used in conjunction with the Perimeter Zone Division setting.

The core of a building has heating and cooling loads that differ from the perimeter because it is not
directly exposed to external weather conditions or daylight through windows. A typical perimeter
zone depth is 12-15 feet (4-5 m).

Setting the perimeter zone depth is a valuable part of automatic thermal zoning, especially for
buildings with large open plans or for early massing studies. For more information, see About Spaces
in the Energy Model.

Perimeter Zone Division
Select this option to divide the perimeter of the building (excluding the core) into discrete thermal
zones. This setting should always be enabled when the Perimeter Zone Depth is greater than zero.

14


http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-A68ABA83-4B82-4EF7-AF6B-38EADC36794E
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-3FAD7687-575C-43B4-B21A-D6085DF72912
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-DC9ECEA5-4646-4124-9226-A1FDE9D9BA38
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-AB6E64D9-D3DD-4104-89CD-F99B2F8C06F5
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-B22FC577-67B9-4922-B45A-6DA2963FD6F7
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-B22FC577-67B9-4922-B45A-6DA2963FD6F7
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-AB6E64D9-D3DD-4104-89CD-F99B2F8C06F5
http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-AB6E64D9-D3DD-4104-89CD-F99B2F8C06F5

oy DesignBuilder
DesignBuilder Revit — gbXML Tutorial

Perimeter zones result in more accurate energy consumption estimates. For example, in the late
summer afternoons, a west facade may encounter solar heat gain while the east facade does not.
Perimeter zoning allows energy analysis of these perimeters to be handled separately. For more
information, see About Spaces in the Energy Model.

Note: you may find that it is easier to avoid using this automation in Revit and instead do
any perimeter zone division that may be required manually in DesignBuilder.

5. Preparing the Analytical Model by Adding Rooms

After using Revit to create an analytical model, you can either export the model to DesignBuilder
directly in Revit using the Use Rooms/Spaces Volumes option (method 1) or through the add-in
(method 2).

Preparation of the Revit analytical model is crucial to the success of the transition process. The
analytical model is based around the definition of rooms which are superimposed on the underlying
Revit architectural model. Any gbXML subsequently generated is based on the analytical model only
and not on the underlying Revit architectural model. It is usually possible to create and make
changes to the analytical model without modifying the underlying Revit model.

Defining Rooms

Rooms

Revit Rooms maintain information on sub-divisions of space within the building. In simple terms a
room could literally be a room from the actual building or in some cases a collection of real world
adjacent rooms. Rooms store values for a variety of parameters that affect subsequent building
performance analysis such as volumes and the geometry of bounding elements.

Rooms are identified based on bounding elements such as walls, floors, roofs, and ceilings. Revit
refers to these room-bounding elements when computing the perimeter, area, and volume of a
room. You can turn on/off the “Room bounding” property of these elements allowing flexibility in
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how rooms are configured. You can also use room separation lines to further subdivide space where
no room-bounding elements exist. When you add, move, or delete room-bounding elements, the
room’s dimensions update automatically.

Note: An effective export can only be accomplished if all the areas in your model are defined
by the Room components in the building model and the entire volume of the building model
is included.

The gbXML data exported from Revit is based mainly on rooms and their bounding elements. The
DesignBuilder gbXML import mechanism identifies and converts these rooms into blocks and zones.
Other building components like doors, windows and shading surfaces are created automatically as
well.

Note: Revit “Rooms” and “Spaces” are very similar but independent components used for
different purposes. “Rooms” are architectural components used to maintain information
about occupied areas. “Spaces” are exclusively used for the MEP disciplines to analyse
volume. For the rest of this tutorial, except where distinctions are drawn, the terms “Space”
and “Room” are used interchangeably.

Room Geometry

At the point when rooms are applied to the Revit model it is important that each room is fully
bounded by a set of surfaces of the appropriate type. Otherwise the gbXML generated is likely to
have incorrect geometry, missing or invalid walls, internal surfaces with exterior adjacency etc.

To help avoid these issues you should follow the rules below.

1. Avoid overlapping walls or two walls in parallel contact with each other. If your model has
one of these issues you can resolve it by either replacing the 2 walls with an equivalent
thicker wall or set one of the walls to be non-room bounding so it is ignored during the room
generation process.

Avoid combining room separation lines and walls.

Avoid floors and ceilings made of multiple parallel elements. As with walls you can either
replace 2 parallel floors/ceiling surfaces with a single equivalent element or you can set the
inner element to be non-room bounding.

4. Avoid any gaps in walls, roofs, floors etc that would cause rooms to “leak”.

5. Exterior wall and ground floor elements must be have the “Exterior” function set to ensure
the correct adjacency in the gbXML.

6. Room separation lines can be used be to separate one room from another where room
bounding elements are not already in place, for example to form a boundary between two
parts of an open plan space which do not have a wall between them. Otherwise they should
not be used and in particular they should not overlap walls or any other room separation
elements.

Room Boundaries

The Volume of a Room is defined by limit parameters and Room-Bounding Elements. If room-

bounding elements occur within the range of the room’s defined limits, Revit uses the space defined
by the room-bounding elements when computing the volume.
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In Revit the Upper Boundary (Upper Limit, Limit Offset, Level) and Lower Boundary (Base Offset)

parameters define the height of the room.

In the example shown below left, the false ceiling is a room-bounding element at 2400 mm above
floor height. It occurs below the upper limit of a room specified with 2700 mm height. In this case
Revit computes the room volume up to the room-bounding element and the ceiling void is not
included in the analytical model.

o : : o
=] o o
M~ g N\ N ~
N | g PN N
/ /
/ s
N
“Room bounding” property for the ceiling Room Bounding property for the ceiling
elements switched ON elements switched OFF

The false ceiling volume (indicated in white in the diagram above left) is not included in the zone
volume which is shown in blue. In this case, you could turn off the Room Bounding property for the
ceiling elements to ensure that the zone includes the ceiling void volume within the main occupied
zone. This change is shown in the diagram above right.

Note: you can easily add zone voids in DesignBuilder to obtain the correct zone volume etc.

Defining the upper boundary of a room

Together, the Upper Limit and Limit Offset parameters define the upper boundary of the room.
The following figure shows two samples of Rooms with these parameters defined:

e Room Zone A is double-height and has an Upper Limit of Level 0 and a Limit Offset of 6000.
e Room Zone D has an Upper Limit of Level 1 and a Limit Offset of 3000.
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3000

200

Defining the lower boundary of a room

Together, the Level and Base Offset parameters define the lower boundary of a room.
For the model above, the defined parameters are:

e Room Zone A has a Base Offset of 0. The lower boundary of the room starts at Level 0, i.e.
from the top of the ground floor slab.

e Room Zone D has a Base Offset of —200. The lower boundary of the room starts 200 mm
below Level 1. This allows the volume of the external floor slab to be included within the
volume of the room. This is indicated by the highlighted blue shading overlapping the
external floor slab element in the figure above.

Zone Volume computations

The volume computation for a space is based on its room-bounding components and is calculated as
the area of its base multiplied by the height of the space. In Revit, both area and volume are
calculated to wall faces.

By default, Revit does not compute room volumes. You must switch on “Area and Volumes” in the
Volume Computations panel under the Computations tab of the Area and Volume Computations
dialog before exporting your model (see Enabling Volume Computations).
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Computations | Area Schemes

Volume Computations

Volumes are computed at finish faces.
() Areas only {faster)

Room Area Computation
@ At wall finish
) At wall center
() At wall core layer

() At wall core center

The Revit section views below illustrate the effect of these settings on the exported DesignBuilder
model.

“Areas only (faster)” Volume Computations option - incorrect zones are created in the
DesignBuilder model.

“Areas and Volumes” Volume Computations option — correct zones generated in the
DesignBuilder model below.

Level 1

Level O

19



g DesignBuilder
DesignBuilder Revit — gbXML Tutorial

The Room volume defined in Revit should be approximately the same as the zone volume in
DesignBuilder.

Placing a room

It is necessary to Create a Room for all spaces occupied and unoccupied before generating the
gbXML or to use the add-in. After you have placed room components in all the areas in a plan, you
can export your design as a gbXML file to perform a load analysis of your model in DesignBuilder
software.

In order to facilitate the visualisation of the rooms you can Control the Visibility of Rooms to make

rooms and their reference lines visible as well as Color Schemes.
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You can use the Room Separation Lines tool to add and adjust room boundaries. They are useful for
designating one room within another when there aren’t walls. In the sample above Room separation
lines are room-bounding between the kitchen, living room and corridor zones.

Note: It is possible to place the Rooms automatically in all closed bounded areas. In other
areas the room placement must be carried out manually.

Checking the Analytical Model

Before exporting to gbXML you should check for potential problems that might affect the success of
the transition process. It is also important to make sure that the model is correctly configured for
export. We advise these checks on the Revit model before attempting the export:

1. Check Revit Rooms
2. Check individual zone volumes

These are described below.
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Check Revit Rooms and Volumes

The first test allows you to verify the model through the Export gbXML dialog, which can be accessed
from the upper right corner by clicking on the “Export gbXML” menu entry from the File menu. The
dialog has two tabs, General and Details.

On the Details tab it is possible check for possible warnings. If a warning is displayed for the Room,
you should check the cause (see figure below), cancel and correct the problem in the building model.
Review and correct warnings until all have been resolved throughout the model to avoid the
problem carrying through to the DesignBuilder model.

For example, in the figure below warnings in the Room 2 and Room 3 are shown on the dialog
details tab.

Export gbXML - Settings (2 23]

e | General | Details |

@ Rooms () Analytical Surfaces

=)/ Buiding Model
=-E7 Level 0
£t 1Room
& 2 Room
& 3 Room
£+ 4 Room
£+ 5Room
£+ 6Room
£+ 7Room
é 8 Room
b -4 9 Room
[ &% 10 Room
&t 11 Room
&t 12 Room

PEE

[ Mext... ][Sa!eSettings][ Cancel ]

You can use the Export gbXML dialog to visually detect gaps between zones in the analytical model.
You should generally aim to avoid gaps in the analytical model to ensure correct zone volumes and
adjacencies in the DesignBuilder model. For example in the model below you can see gaps (shown in
white) between the 3 floors of the model.
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In this case the gaps were eliminated from the analytical model by using the steps explained in the
Room Boundaries section.

Tips

Assign Rooms to all Areas of the Building and Checking for Gaps

You should make sure to assign rooms to all areas within the shell of the building, including any
voids, lifts, risers etc. Any areas that are not covered by a room will not be included in the model
imported to DesignBuilder causing unexpected gaps to appear in the model geometry.

You can check that the rooms connect fully by applying a Color fill scheme for spaces and set model
display style to wireframe. Any white areas between rooms indicate gaps which will cause issues
when the model is imported to DesignBuilder, especially if the gaps are wider than the Adjacency
separation tolerance used for the import.

Gaps between rooms will probably cause incorrect adjacency
definition when imported to DesignBuilder

Ensuring Rooms are Enclosed

Rooms in Revit must full a fully enclosed region. When Revit fails to identify a room as expected, the
first step is usually to check the surrounding elements. For example, the figure below shows a case
of a non-enclosed region that was solved by attaching the walls to the pitched roof.
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Attached

Not Attached

\ Level 1
3000

Excluding Elements from the Energy Model

Some elements should not be included as part of the energy model. In Revit, you can switch on/off
the Room Bounding parameter of many elements. In the example below the room-bounding setting
of the structural columns should be switched off to avoid seeing columns appearing in the
DesignBuilder model.

| i

______@, ________

Another example is shown below where the round column on the corner was switched off by de-

|
|
|
|
|
|
‘ Structural Columns : -'—
|
|
|
1
|
|

selecting “room bounding” on the properties dialog to avoid complex surfaces in the energy model.

Before Fix

)

Room 2
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The Revit model and the corresponding DesignBuilder model before the change, with the column
being a room bounding element.

After Fix

Room 2

| I

The Revit room and the corresponding DesignBuilder zone after de-selecting the column as a room
bounding element. The DesignBuilder model following the fix will be more accurate and because
there are less surfaces, calculations will run faster.

Merging Zones

It is possible to merge multiple similar zones by switching off the elements between the Rooms. In
the model below, Rooms 3, 4 and 5 have been merged into 1 Room by switching of the “Room
bounding” element property of the walls between them. The merged zone is shown in grey in the
figure below. This method is useful for a preliminary thermal zoning for large models. Note in the
DesignBuilder navigator panel (below right) just four zones were created from this model.

File Edit Go View Too

DEES| &L .

Navigate, Site

Site Templates
BPERLY-:

-t Uniitled
EQ Building 1
' =55 Block 1
Room bounding @ 1 Room
switched off for the
internal walls

¢

Nested Spaces

GbXML does not currently support “nested” spaces, i.e. spaces wholly contained within another
space. It is necessary to split the surrounding room in order to avoid the nested room problem. The
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way that this is done is shown below; you can use the “Room separation line” to split them. After
this you must place a new room in the separated area.

NewijRoom placed /

Room Separation Line |

Single Room

There should be only a single room in any one place in the building shell and it is important to avoid
any room duplicates.

“Rooms” outside the building

In some Revit models “Rooms” may have been created outside the building shell to represent areas
such as balconies or outside entrance areas to allow the floor area to be included for these areas.
While these “rooms” may represent usable space to the architect they are not rooms in the sense of
needing to be created as zones in DesignBuilder and should be removed.

An alternative would be to represent such area using filled regions.

Avoid Roof Surfaces inside Building
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Roof elements should be defined so they end at the external wall to avoid being included within the
building and causing issues with the gbXML.

Export gbXML Dialog - Use Room/Space Volumes

When you choose to export the model to gbXML using room/space volumes, use this dialog to
specify settings and to validate the analytical model before exporting it.

Export gbXML - Settings ==
- General | Details
Y Parameter Value

Building Type Single Family =
Location Boston, MA
Ground Planc Level 1 Living Rm.

it Export Category Rooms
Expert Compledty Simple with Shading Surface

a Detailed Elements
Project Phase Working Drawings
Sliver Space Tolerance 2042
Euilding Envelope Use Function Parameter

Next... | [save Settings| [ cancel

To open the Export gbXML dialog

Open a 3D view of the model.

SH
ML
Click File tab * Export * @(ngML).
In the Export gbXML dialog, select Use Room/Space Volumes.

The Export gbXML dialog displays.

General tab

Building Type: Specifies the type of building according to the gbXML schema 0.37 (similar to
ASHRAE).

Location: Specifies the geographic location for the model. The location establishes the climate and
temperatures used in loads calculation.

Ground Plane: Specifies the level that serves as the ground level reference for the building. Surfaces
below this level are considered to be underground. The default level is zero.

Export Category: Determines which information is to be exported and used for
analysis: Rooms or Spaces. This setting determines which parameters are available on the General
tab, as well as the information displayed on the Details tab.
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Export Complexity: Specifies the level of detail provided for openings, and whether shading surface
information is exported. Shading surfaces are surfaces that are not adjacent to any space, and
include surfaces that create a solar obstruction. Simple complexity is used for heating and cooling
loads analysis.

o Simple - curtain walls and curtain systems are exported as a single opening (without individual
panels). Simple is more appropriate for energy analysis.

o Simple with shading surfaces - same as simple, but with shading surface information exported.
o Complex - curtain walls and curtain systems are exported as multiple openings, panel by panel.

o Complex with shading surfaces - same as complex, but with shading surface information
exported.

Shading surfaces are not associated with any room/space (roof overhang, free-standing wall).

o Complex with mullions and shading surfaces - same as complex, but with mullion and shading
surface information exported.

Mullions in curtain walls are exported as shading surfaces. A simple analytical shading surface is
produced from mullions, based on the centerline, thickness, and offset settings.

Detailed Elements: (available only when Export Category = Rooms)

See Use Detailed Elements for Material Thermal Properties.

Project Phase: Specifies the stage of construction to use for analysis.
Sliver Space Tolerance. Specifies the tolerance for areas that will be considered sliver spaces.
Building Envelope: Specifies the method to use to determine the building envelope.

o Use Function Parameter. (default) This method uses the Function type parameter of walls,
floors, and building pads to determine the building elements considered to be part of the
building envelope. If a wall has one adjacent space, analytical surfaces originating from the wall
are classified as exterior surfaces. If a wall has two adjacent spaces and its function is Exterior,
Foundation, Retaining, or Soffit, analytical surfaces originating from the wall are classified as
interior surfaces. If the wall's function is Interior or Core Shaft, analytical surfaces originating
from the wall are classified as interior surfaces, regardless of the number of adjacent spaces.

o Identify Exterior Elements. This method uses a combination of ray-casting and flood-fill
algorithms to identify the building elements that are exposed to the outside of the building, the
building envelope. Analytical surfaces originating from the building elements in the envelope are
classified as exterior or shading surfaces.

Building Service: Specifies the heating and cooling system for the building.

Schematic Types: Specifies the constructions type for the building. Click Ao open the Schematic
Types dialog, where you can specify the materials and insulation (U-values) for the building.

Building Infiltration Class: Specifies an estimate of outdoor air that enters the building through leaks
in the building envelope.

Infiltration can be specified as:

o Loose - 0.076 cfm/sqft for tightly constructed walls.

o Maedium - 0.038 cfm/sqft for tightly constructed walls.

o Tight - 0.019 cfm/sqft for tightly constructed walls

o None - infiltration is excluded from the calculation of loads.
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Export Default Values: (available only when Export Category = Spaces)

Exports user-specified values as well as default values for People, Electrical Loads, Occupancy,
Lighting, Power Schedules, and Construction Types. Clear this option to export only user-specified
values.

Details tab

When you set Export Category to Rooms on the General tab, the Details tab displays rooms in the
model. Select an item in the list, and use the Highlight, Isolate, and Show Related Warnings tools to
inspect the item.

When you set Export Category to Spaces on the General tab, the Details tab displays spaces and
zones in the model. In addition to inspecting spaces, zones, and related analytical surfaces, you can
change related settings. See About the Details Tab, Specify Heating and Cooling Parameters for

Spaces, and Specify Heating and Cooling Parameters for Zones.

It can be worth testing various of the above options to see which provide the best translation into
DesignBuilder format.

Geometry Conventions

The gbXML generated from Revit uses a centreline convention for exterior elements. This means
that the zone geometry imported into DesignBuilder will use the centreline of the Revit model
exterior elements as the outside surface of block/zone exterior walls.

For the most accurate modelling of zone floor areas and volumes you can account for the difference
in conventions by overriding the DesignBuilder External wall thickness to be half of the thickness of
the actual walls. For example in the case where the thickness of the external walls in the Revit model
is 0.3m, after you have imported the model into DesignBuilder you can override External wall

thickness at building level to be 0.15m as shown below.

Geometry, Areas and Yolumes
[m]Geometry convention template External measurements
Zaone geometry and surface areas 2-Cluter v
Zaone wolume calculation method 1-Inner -
Zone floor area calculation method 1-Inner -
Window to wall ratio method 1-Inner -

External wall
‘Wall thickness (m) 0.1%

Checking/Fixing the gbXML

The free online Spider gbXML Viewer provides various checking and fixing tools for gbXML files. This

tool is under ongoing development so if the link here does not work by the time you read this you
can search online for “Spider gbXML Viewer”.
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Run all checks Open all non-zero
Close all
Tode: a fixall’ button

[ Ignore Air surface type

» Show gbXML file statistics

» Show surfaces statistics

B Check for valid text and numbers

b Check project offset distance from
origin

» Check for openings with more than four
vertices

» Check for openings too large

» Check for non-watertight vertices

» Check for non-watertight spaces

» Fix missing required gbXML attributes
- Fix surfaces with invalid surface type
name

- Fix surfaces with invalid ExposedToSun
B Fix surfaces with duplicate planar
coordinates

» Fix surfaces with two adjacent spaces &
incorrect surface type

» Fixsurfaces with duplicate adjacent
spaces

B Fix air surfaces with single adjacent
space

- Fix Surfaces with CAD ocbject 1D
missing

6. Example Cases

oy DesignBuilder

The example cases below use the same rac_basic_sample_project.rvt sample model provided with
Revit to illustrate the overall Revit to DesignBuilder transition process through three different

methods:

e Example 1 - Revit Add-in (Simple with shading surfaces)
o Example 2 - Revit Add-in (Complex with shading surfaces)
e Example 3 - Built-in Revit gbXML export
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Example 1 - Revit Add-in (Simple with shading surfaces)

oy DesignBuilder

In this first example the DesignBuilder Revit add-in is used with default settings to load the
rac_basic_sample_project.rvt model that is provided with Revit installations into DesignBuilder. The

example shows some preparatory steps in Revit to ensure correct gbXML generation, use of the Add-

in and some minor tidying in the resultant model in DesignBuilder. It also demonstrates how to set

the Revit material and construction thermal properties to ensure that they are accurately carried

through into the DesignBuilder energy model.

Steps in Revit

1- Open the Revit sample model rac_basic_sample_project.rvt from C:\Program

Files\Autodesk\Revit 2018\Samples

2- Unselect the Room Bounding settings for some components:

Round column at level 1:

Arch Link Model.nvt

E} rac_advanced_sample family.rfa
rac_advanced_sample_project.rvt
E; rac_basic_sample_family.rfa
rac_basic_sample_project.nvt I

E; rme_advanced_sample_family.rfa
rme_advanced_sample_project.rt
E; rme_basic_sample_family.rfa
rme_basic_sample_project.nt

E; rst_advanced_sample_family.rfa
rst_advanced_sample_project.rvt
E; rst_basic_sample_family.rfa
rst_basic_sample_project.rvt

Err Technical_school-current_m.rvt

Properties x
< r M_Concrete-Round-Column with
Drop Caps -
M_1000
IStructuraI Columns (1) v] Edit Type
Constraints & |
Column Location ... :B-2{1500)
Base Level Level 1
Base Offset -1800.0
Top Level Level 2 =
Top Offset 1000
Column Style Vertical
Moves With Grids  []
|Room Bounding {7 |

Construction

Show Drop Panel
Show Capital
Materials and Finishes
Structural Material iConcrete - Cast-i...
Structural

Enable Analytical ... -

SIS ETE S

Properties help Apply

Project Browser - rac_basic_sample_project.rvt x
=10, Views (all)
- Floor Plans
Level 1
Level 2
Site
B 3D Views
Approach
From Yard
Kitchen
Living Room
Section Perspective

Snlar Analusic

Outdoor Dining

@I @

Room Legend

[ etk

e

D Kitchen & Dining
. Laundry
Dmeg
.Mech
DCaIcuIalmg ..
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Internal floors:

Properties x
Floor
Generic 300 T
Floors (1) ~ Edit Type
Constraints i B
Level Level 2 B
Height Offset From... 00
IRnnm Bounding |
Related to Mass
Structural A=
Structural :
Enable Analytical . H
Dimensions ®
Slope
Perimeter 45610.5 i
Area 100.493 m*
Volume 30148 m
Elevation at Top 30000
Elevation at Bottom 27000
Thickness 200.0 o
Properties help Apply
Project Browser - rac_basic_sample_project.nt X
Level 2 -

Ceilings:

Properties X

Compound Ceiling
3000 x 3000mm Grid

Ceilings (1) - Edit Type

Constraints
Level

Dimensions 2
Slope
Perimeter 391560
Area 83.511 m*
Volume £176 m’

Identity Data ]
Image
Comments
Mark

Phasing H
Phase Created {Working Drawings
Phase Demolished  None .

n

Properties help Apply

Properties X

E Basic Roof o
‘Warm Roof - Timber

Roofs (1] - | B Edit Type

Constraints

Base Level Ceiling
[Room Bounding [
Refated to Mass
Base Offset From L... -5000

Cutoff Level hone =
Cutoff Offset 0.

Construction 2
Rafter Cut {Plumb Cut

Fascia Depth
Maximum Ridge H...

Dimensions
Slope
Thickness

Volume

Area 470,788 m’ n

Broperties help Apply
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3- Set the Limit Offset and Base offset

Room 106 Living

o BN TO A |

Rooms (1) -

-
|
|

Constraints. L
Level Levell
Upper Limit Levell

[Gimit Offset 5500 | —

|Base Offset 5500 | E

Dimensions &

.

m

Area

Perimeter
Unbounded Height

Volume

Computation Height 0.0
Identity Data %
Mumber 106
Name Living
incee }

Comments

Broperties help Apply {
» l

Project Browser - rac_basic_sample_project.rt

1|L4IIIHIH|%

Solar Analysis B

30}

All Rooms in the first floor - Level 2:

Properties x

|

Rooms (1) -

Constraints A s
Level Level 2

Upper Limit Level 2
Limit Offset 6500.0
| Base Offset -300.0 |
Dimensions A3

Area

Perimeter

Unbounded Height

Volume

Computation Height :0.0
Identity Data f

Mumber 204

Mame Bedroom

Image

Comments p

Properties help App

Project Browser - rac_basic_sample_project_mo.. X
{30} o
- Elevations (Building Elevation)
East
Morth
South
West
=) Sections (Building Section)

All Rooms in the ground floor — Level 1:

Properties x

Rooms (4) -
Constraints A -
Level Level L
Upper Limit Levell 3
I'met Offset 27000 | r—-
Base Offset 0.0 |
Dimensions %

m

Area

Perimeter
Unbounded Height

Volume

Computation Height ;0.0

Identity Data ) ?:—

Number

Name

Image

Comments
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4- Open the Add-in Settings from Analyze toolbar and select the options Use room/space
volumes and Simple with shading surfaces at the Advanced tab

-
R DesignBuilder Settings [-:'"@'u
Rt cpor

(0) Use energy settings

@ Use reom/space volurnes

Complexity:

[Simple with shading surfaces -2

5- Click on the DB-Revit add-in icon to open the model in DesignBuilder (Turn off DesignBuilder
first if it is opened)

& Jn

Settings Open

DesignBuilder

Steps in DesignBuilder

6- Delete the windows that are not required in the DB model in zones 205 Bath and 202
bedroom.

Note: these erroneous windows are included in the Revit Analytical model and hence the
gbXML generated by Revit.

559 Level2
A 201 Entry Hall

£
- Ar Gaps
£ 206 Master Bedroom
£ 207 Master Bath
£ 208Linen

33



.r. DesignBuilder
DesignBuilder Revit — gbXML Tutorial

7- Adjust the shading surfaces by deleting those not required and creating those that were not
imported. For example:

8- Check the construction assignment

Once the Revit model has been loaded into DesignBuilder, it is important to check that any
construction assignments made in Revit are carried through into DesignBuilder. To do this, navigate
to a selection of surfaces to check the construction assignments are set as expected in
DesignBuilder. Note that these construction assignments are only made if:

a) The Import thermal properties request was set on the Revit add-in Settings dialog, and,
b) The construction and its layers of materials with thermal properties were correctly made in
Revit.

For example, in DesignBuilder, navigating to the larger pitched roof surface in 204 Bedroom we can
see that the Basic Roof SG Metal Panels roof assignment has been made:

Navigate, Site Untitled, Building 1, 204 Bedroom, 204 Bedroom, External roof - 44° Slope 14.236 m2

Censiructon

[ Construction Template

Froject construction template

@ 202 Bedroom
.5 203 Bath cfion

G 203 Bath .Pitched roof (occupied) gbXML Basic Roof: SG Metal Panels roof - aim ...
- 204 Bedroom

| E-() 204 Bedioom

-0 External/internal floor - 14.746 m2
Partition - 14.864 m2 [207 Entry He
Partition - 8.941 m2 (203 Bath, 203

External roof - 44* Slope 14 336 m2
Loy External root - 487 Slope B.368 m,
B wiall- 11.562 m2 - 143.0°
€ Patttion - 14,295 m2 (205 Bath, 20

The equivalent settings in Revit can be checked as follows. Navigating to the equivalent roof surface
in Revit you can see that the Basic Roof SG Metal Panels roof has been set:
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oy DesignBuilder

Medify | Roofs Activate Dimensicns
Properties X
— Basic Roof -

SG Metal Panels roof

Reofs (1) - Edit Type
A |-

Constraints
<not associated>
Room Bounding

Related to Mass
Extrusion Start
Extrusion End -6202.0
Reference Level Roof Line
Level Offset 0.0
Construction A
Fascia Depth i
Rafter Cut

Dimensions

Work Plane

13298.0

m

Slope

Thickness

Volume

Area

Properties help Appl

Project Browser - rac_basic_sample_project 14-.. X

5 Sections (Building Section) -
Building Section
Lengitudinal Section -
Section 1
Section 2
Section 3
Section 4
Section 5

Stair Sectinn

You should see that in this Revit assembly is made up of four material layers. However, the thermal
properties for Roofing — Metal Standing Seam and Wood - Furring have not been set up:

Edit Assembly ==
Family: Basic Roof
Type: 5G Metal Panels roof
Total thickness: 202.0 (Default)
Resistance (R): 0.8518 (m2-K)/w
Thermal Mass: 1.91k3fK
Layers
Function Material Thickness Wraps Variable
1 |Core Boundary Layers Above Wrap 0.0
2 Structure [1] Reofing - Metal Standin 400 [}
3 Structure [1] Softwood, Lumber 1000 [}
4 |Core Boundary Layers Below Wrap 0.0
5 Structure [1] Wood - Furring 500 [l
6 [Structure [1] Gypsum Wall Board 120 &
I

Material Roofing — Metal Standing Seam (image below) doesn’t have thermal properties. The Edit
Assembly dialog itself does not indicate any missing thermal properties so it is important to check
that thermal property data has been entered at material level for all materials used:

Material Browser - Roofing - Metal Standing Seam

9 [ |

Material Browser - Roofing - Metal Standing Seam

P oo |

C\| Identity [Graphm‘ Appearance

=

Identity [Graph.cs\ Appearance

Project Materials: All + [0 » ¥Shading

| Use Render Appearance
Color [RGE17400)
Transparency [ o]

¥ Surface Pattern

Pattern 2' parallel Ij|

Color [3e]:]

Alignment [Texture Alignment. .

¥ Cut Pattern

MName

EEEE=EE
; A |

Render Material 255-255-253

Rigid insulation

Reofing - Asphalt

Recfing - Felt

Recfing - Metal Standing Seam e

Color

Reofing, EPDM Membrane

-
L]

Rubber

SH_Aluminum, Anodized Black

SH_Metal - Steel

4

= 8
il

<«

B T

Project Materials: All ¥

Name

W Render Material 255-255-255

Rigid insulation
Roofing - Asphalt

Reofing - Felt

v Shading /PPESTaNCE
= "™ Physical
Thermal arence
alor
add ¥

Thermal
properties

urface Pattern

Pattern 2" parallel
Alignment [Texture Alignment...

Reofing - Metal Standing Seam

¥ Cut Pattern

Pattern  <none>

NEERE
;

Reofing, EPDM Membrane

~
L]

Rubber

SH_Aluminum, Anodized Black

SH_Metal - Steel

Coor

E-@-8

<«
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Material Softwood, Lumber does have thermal properties:

Material Wood — Furring doesn’t have thermal properties:

r o
Material Browser - Softwood, Lumber m
I QY [1centity | Graphics| Appearance|| Physical [TRermal
Project Materials: All ¥ O » -0 softwood O ¥
Name » Information
SH_resin Floor ¥ Properties
- Transmits Light
E] SHADE SUPPORT Behavior | Isotropic -
Thermal...ctivity 01200 W/(m-K) <
: : |
E] Sitver Aluminium Specific Heat |0.1900 J/(g-°C) 5
Density |496.00 kg/m* =
H T=fimrs Emissivity [0.85 3
- Permeability 0.0000 ng/(Pa-sm’) 2
| Softwood, Lumber =
Porosity 0.01 5
.! M stiniess steal feflectriyl0.00 =
Electrica...sistivity |10,000,000.0000 0.m 2
Stainless Steel 1
g Steel - SolarWorld a
E-@-8 «
il
Apply
- — = - = - = =
r o
Material Browser - Wood - Furring [ 9 ot
[ Q|| [1dentity [Graphics\ Appearance
Project Materials: All [0 =» ¥ Shading
Name B Use Render Appearance
— [TET0 RGB 47 41 31
. T Transparency 0
¥ Surface Pattern |
I I I Window - PVC Coating - White
Pattern <none>
— il
Window - Timber Color
- Firiing
¥ Cut Pattern
- Furring Pattern <none>
Color
- Medium Erown
- Sheathing - Chipboard
- Stud Layer
<«
il
Apply

Material Gypsum Wall Board does have thermal properties:

e o
Material Browser - Gypsum Wall Board -9 o
I QN [1centity|| Graphics|| Appearance|| Physical [TRemma]
Project Materials: All ¥ 0 = ':bﬂ Gypsum Plasterboard S 4

__|MName » Information
Glass, Clear Glazing ¥ Properties
— Transmits Light
r |
K Glass, White, High Luminance Behavior | Isotropic -
Thermal...ctivity 06500 W/(m-K) 5
|
. Grass Specific Heat 08400 J/(g-*C) 5
n Density |1,100.00 kg/m* 2
| | I :
- Permeability 0.0000 ng/(Pa-s:m’) %
Gypsum Wall Board . =
Porosity |0.01 :
[‘] Hermzn Miller - Finish 47 Trivalent Chrome Reflectiity 1000 =
Electrica..sistivity 2,000,000.0000 (m o
[.] Herman Miller - Finish PA Polished Alumini
I I I Herman Miller - Laminate 91 White
' i Herman Miller - Seat Fabric 8T07 Crossing F
i-@-B «
N
Apply
= - - = - = = =

oy DesignBuilder
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In this case, Revit only provides the material settings for Softwood, Lumber and Gypsum Wall
Board, which have thermal properties included on their settings, so the roof construction
transferred to DesignBuilder is missing the other layers:

r a
Edit construction - gbXML Basic Roof: 5G Metal Panels roof - aim1219 l‘

Constructions
Layers || Surface properties Calculated | Cost | Condensation analysis

General

Name gbXML Basic Roof: 3G Metal Panels roof - aim1219

Source
[= Categony Imparted -
¢ Fegion General

Definition methoc T-Layers

gbxML Softwood, Lumber: 100 [mm] - aim1224

Thickness () 0.1000
[ Bridged?

Syhdaterial ghhL Gypsum Wall Board: 12 [mm] - aim1231

Thickness (m) 0.0120
[ Bridged?

[ Irzert laper ][ Delete laper ] [ Help ][ Cancel ]l aK I

Also, for some surfaces in DesignBuilder, you will notice that construction assignments have not
been carried across from Revit at all. For example, navigating to the external floor surface in 101
Kitchen, you will see that the DesignBuilder default Project external floor is still inherited from
building level:

Untitled, Building 1, Block 1, 101 Kitchen - Dining, External floor - 65.525 m2

Layout | Construction || Openings | Outputs | CFD

ction Template
GpTemplate Project construction termplate
C ction

pExternal floar Project external floor

To understand the reason for this it is necessary to check the settings in the Revit model. Looking at
the thermal properties for the Revit constructions: Floor: Generic 150mm, which is assigned to this
floor in Revit, you can see that the thermal properties have not been completed in the Revit example
model:

r nl
Material Browser - SH_resin Floor ==
\ Q|| | dentity | Graphics | Appearance [+
ity P PP
Project Materials: All v> [0 =» ¥ Shading
"Edi B
Edit Assembly g MName - | Use Render Appearance
- -

= - m— Color | RGB 255 255 255

amily: loor
e [ Ey—— Tansparency [T jon)
Total thickness: 150.0 (Default) ¥ Surface Pattern

: g SH_Metal - Steel

Resram (3 ] E - Pattern <none>
Thermal Mass: 0.00 kJjK i

Layers L - SH._resin Floor Color [ejRvl]

Structural
Function Material Thickness | Wraps b:’luatetlr:l Variable E S LS v Cut Pattern

1 Y rs. (LD Sitver Aluminium Pattern <none>

2 |Structure [1] SH_resin FI 150.0 [} || l

3 |Core Bounda Layers Below 0.0 Color &1

| - Site - Hardcore eler

As a final part of the exercise you should re-open the example model in Revit and set up the
constructions, materials and enter thermal properties for all constructions and assign them to the
appropriate objects before exporting the model again into DesignBuilder.

The process involved is described in the Revit help:

http://help.autodesk.com/view/RVT/2018/ENU/?guid=GUID-3C378374-D360-4207-A558-3500922A452E
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Example 2 - Revit Add-in (Complex with shading surfaces)

The second example shows a similar process to the first example where the DesignBuilder Revit add-
in is used to load the Revit sample model rac_basic_sample_project.rvt into DesignBuilder. This
example however uses the Complex with shading surfaces Export complexity setting to illustrate
how to deal with Open manifold blocks in DesignBuilder when they occur.

Where steps are the same as for Example 1 the reader is referred back to that Example to avoid
repetition.

Steps in Revit

1- Open the Revit sample model rac_basic_sample_project.rvt from C:\Program
Files\Autodesk\Revit 2018\Samples

The same process should be used as described for the Add-in in Example 1 above
2- Unselect the Room Bounding settings for some components

The same process should be used as described for the Add-in in Example 1 above
3- Set the Limit Offset and Base offset

The same process should be used as described for the Add-in in Example 1 above

4- Open the Add-in Settings from Analyze toolbar and select the options Use room/space
volumes and Complex with shading surfaces at the Advanced tab

R DesignBuilder Settings =HRC X

General | Merge | Revit export

Use energy settings

@ Use room/space volumes

Complexity:

[Complex with shading surfaces A

o]

5- Click on the DB-Revit add-in icon to open the model in DesignBuilder (Turn off DesignBuilder
first if it is opened)

The same process should be used as described for the Add-in in Example 1 above

Steps in DesignBuilder

6- Delete the windows that are not required in the DB model in zones 205 Bath and 202
bedroom.
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The same process should be used as described for the Add-in in Example 1 above

7- Adjust the shading surfaces by deleting those not required and creating those that were not
imported.

The same process should be used as described for the Add-in in Example 1 above
8- Check the construction assignment

The same process should be used as described for the Add-in in Example 1 above
9- Flip block surface orientation of the block 206 Master Bedroom

The Flip block surface orientation command should be used to fix the orientation of some surfaces in
this open manifold block. When the Flip Block Surface Orientation command is active you can click
on the surfaces in a block to see their orientation. You should aim to see the red arrow pointing
outwards away from the centre of the block as shown below for all block surfaces in this Open
manifold block:
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Example 3 - Built-in Revit gbXML export

The third example uses the same rac_basic_sample_project.rvt model as Examples 1 and 2, but
instead of using the Add-in, a more manual process involving the Revit Export gbXML and
DesignBuilder Import gbXML tools is used. Because the Simple with shading surfaces Export
complexity option is selected, the end result should be equivalent to the DesignBuilder model
generated in the first example.

Where steps are the same as for Example 1 the reader is referred back to that Example to avoid
repetition.

Steps in Revit

1- Open the Revit sample model rac_basic_sample_project.rvt from C:\Program
Files\Autodesk\Revit 2018\Samples

The same process should be used as described for the Add-in in Example 1 above
2- Unselect the Room Bounding settings for some components

The same process should be used as described for the Add-in in Example 1 above
3- Set the Limit Offset and Base offset

The same process should be used as described for the Add-in in Example 1 above

4- Export the gbXML file from the Menu File -> Export -> gbXML. Choose the Use Room/Space
Volumes method on the Export gbXML dialog

.
Export gbXML [z

Use Energy Settings

@ Use Room/Space Volumes

‘which export method should T use?
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,
Export gbXML - Settings

- General |petais
Parameter Value
Building Type Single Family
Location Boston, MA
(DD Ground Plane Level 1 Living Rm.
B Export Category Rooms
o Export Complexity [Simple with Shading Surfa v
a Detailed Elements
- Project Phase Working Drawings
Sliver Space Tolerance 3048

Building Envelope

Use Function Parameter

Next.

... | [save Settings| [ cancel |

Steps in DesignBuilder

5- Import the gbXML file

Import BIM Model

Preview model and press Finish ta imporl

, .

Impatt Options
Wiew
Import priority

Adjacency separation tolerance
Create storey blocks
Import thermal properies

Import as building blocks
Import shade surfaces
Metge coplanar surfaces

Allow open manifold building blocks

B-Axonormetric
1-Minimise gaps between blocks
ooao

[ Cancel ] [ Help

Back ] Mext

J |

6- Delete the windows that are not required in the DB model in zones 205 Bath and 202

bedroom.

41



o j DesignBuilder
DesignBuilder Revit — gbXML Tutorial

The same process should be used as described for the Add-in in Example 1 above

7- Adjust the shading surfaces by deleting those not required and creating those that were not
imported.

The same process should be used as described for the Add-in in Example 1 above

8- Check the construction assignment

The same process should be used as described for the Add-in in Example 1 above

7. Advice

This tutorial explains methods that can be used to transition a model from Revit to DesignBuilder
and the impact of applying the main options. Some key high-level learning points are:

a. The decision as to whether to use the DesignBuilder Revit Add-in is a matter of personal
preference, however the Add-in simplifies and automates the process, so in general it is
best to use it.

b. When using the AM method, before even attempting the transfer, it is essential to set the
Revit model up correctly by following steps described in the Preparing the Analytical Model

by Adding Rooms section.

c. The EAM is much quicker to use that the AM as it does not require the rooms to be set up,
so it may be worth trying that first. However in most cases the manual intervention allowed
by the AM approach gives a much more accurate transition. For the Revit sample model
used in this tutorial, the AM provided the best results provided the preparatory steps
described in Example 1 are followed.

d. The Priority setting (on the DesignBuilder Settings dialog when using the Add-in or on the
DesignBuilder Import BIM Model dialog when using the Export/Import method) is an
important choice that will normally affect the quality of the data transfer. The Minimise
gaps between blocks option typically gives the best results for the majority Revit models so

you should try that first.

e. ltisimportant to carefully check the DesignBuilder model generated before using it for
further analysis. Checks include making sure that any open manifold blocks have their
surfaces correctly orientated, ensuring that all windows and doors have been transferred
and that any thermal properties defined in Revit have been retained.

f.  Note that regardless of the transition method used, DesignBuilder only imports the
geometry and the thermal properties of the materials through its gbXML import capability.
Any settings made in Revit to define occupancy, lighting and HVAC are not transferred to
DesignBuilder.
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