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CEQ’s Message

Dear readers,

Under the 1* Construction Productivity Roadmap introduced in 2010,

BCA had introduced Building Information Modelling (BIM) as a key enabler
of productivity in Singapore’s construction industry. Today in 2015, more
than 60% of the larger contractors and 80% of the larger consultants
have adopted BIM. Moving forward, we have drawn up the 2"
Construction Productivity Roadmap where we would like to
advance beyond BIM adoption by individual firms, and leverage
on BIM technology for greater integration and collaboration
among all firms across the value chain.

Together with the industry, we will continue to explore the unchartered areas of BIM software
integration, machine automation and process re-engineering to achieve a quantum leap in the
adoption of BIM technology and methodologies that are aligned with our local practices.

We would like to encourage the industry to continue our partnership in improving and
expanding the BIM Essential Guides Series, to plug the gaps as more stakeholders play a part
in the input and sharing of information and benefits generated from BIM.

We would like to thank the valuable time and efforts of the BIM Managers Forum and the
leadership of the BIM Steering Committee, chaired by Er Lee Chuan Seng, Emeritus Chairman,
Beca Carter, that enabled the release of this document.

Dr John Keung
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OBJECTIVES

Building information Modelling (BIM) is fast becoming a standard tool for building design and
construction in Singapore. BIM can also be used for various forms of analyses, especially
Building Performance Analysis (BPA). With BIM, more accurate and efficient analysis processes

can be expected.

In order to achieve sustainable design goals through BIM-based BPA, it is necessary to transfer
essential information, such as accurate model geometry, into different file formats and BPA

software.

The objective of this Essential Guide is to demonstrate the transfer of this essential
information between commonly used software and formats, i.e. from BIM Authoring tools into
Trace 700, IES-VE, Carrier E20-Il, Design Builder and Ecotect software, through the gbXML
format. A step by step guide of the transfer of a specific BIM authoring tool can be found in
the gbXML File Export Process chapter.

Example of transfer from BIM to BPA software

This is not an extensive document that covers all scenarios that might arise based on specific
projects. Users are allowed to edit/change accordingly to suit their needs.

iv
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Common Exchange Formats

green building XML (gbXML) FORMAT

The green building XML format was developed to facilitate the transfer of information from
the BIM model into BPA tools. The gbXML schema organizes information according to the
following hierarchy: Location, Building, Space, Surface and Opening. It is usually used for BPA
requiring enclosed volumes, such as analysis for views, daylight, thermal and acoustics.

gbXML Structure

Geographicall
Secfion 1.8

Building Type
Secfion 1.8

Section 1.9 - Rooms
ection 0 - Shadi

Section 1.12
Section 1.13
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Preparing the Analytical Model

It is crucial to create an analytical model from a BIM model. The analytical model will consist

of spaces found in the BIM model. One can make changes to the analytical model without

modifying the BIM model. Other points to note include:

Only significant spaces, corresponding to thermal zones, should be defined as space
elements.

Smaller space elements, such as shafts, storage spaces and mechanical spaces of
minimal impact, should be grouped together.

All space elements must be fully bounded with correct heights and dimensions, and
each of their location and other properties must be specified in the analytical model.
Openings such as windows and skylights should be defined in the analytical model,
but their properties (thickness, U value, transmittance coefficient and solar heat gain
coefficient) can be defined after data transfer within the BPA software.

Analytical surfaces for floors, walls, and roofs must be bounded and connected to
other elements where necessary.

Shading surfaces that are treated as analytical surfaces of walls, floors or roofs not

bounding a room can be exported as simple surfaces.

Example of an analytical model (left) generated from a BIM model (right)



http://www.aecbytes.com/buildingthefuture/2010/RevitServer_CEA.html
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gbXML File Export Process

After all spaces have been defined in the BIM model, the geometry and space data can be
exported via gbXML format and imported into the BPA software. This section describes the
gbXML export process for Trace 700, IES-VE, Carrier E20-ll, Design Builder and Ecotect
software.

For TRane Air Conditioning Economics (TRACE) 700

Step 1: Export gbXML file from BIM authoring tool

B Export ¥ Family Types /

Exports Tamily types Trom the current
Tamily te o test |tat] Tile

T Sune v HWE
Workiovws u Sawes the scene a3 a Mavisworks N&C
file. X
@ Pubilish v ML \5(
I Saves the project as a gbxML file,
@ Frint J 1 Mass Model gbiXML X

Saves the conceplual ener gy model as &
’ abXML file

e After the BIM Model has been checked, go to File = Export - ghXML

e Set the location and the ground plane in the dialog box

e The remaining parameters can be left on the defaults, as the default parameters will
be overridden in the TRACE model.

e After checking project parameters, click next, and save the gbXML file in your project
folder.

Step 2: Import gbXML file into TRACE

Before importing, check the gbXML geometry using the gbXML2dwfx.exe utility and Autodesk
Design Review, a 2D and 3D DWF viewer.

e Dragand drop the gbXML file to gbXML2dwfx.exe to generate a DWFx file, which can
be viewed in Autodesk Design Review.
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Home  Markup & Measure [RELIEE Resources =

e Check the geometry visually to identify any

2 > @ oy O}
major issues (gaps in the model, missing . ‘ Wome fae () stz | g 68
Canvas 3D Tools Create Sheet

spaces, surface recognition etc). ST —r—Ta5%

¢ When the gbXML file is checked and ready to
be imported, open a new TRACE Program, and
select file - import gbXML. Use the dialog to
select which gbXML parameters should be
imported. Only select the parameters that
you have defined in the BIM authoring
software.

e Once imported into TRACE, the model should
be thoroughly checked again.

Step 3: Manual Inputs & Checking

After importing the gbXML file, check that the data was correctly imported into TRACE. In
particular, check the following: Rooms, Roofs, Walls, Internal Loads, Airflows and Partitions /
Floors, and make adjustments in the BIM authoring software or the TRACE file as required.

ol TRACE-:\Users\Ziwen\Ducuments\TRACE 700 Projects\Tutorialtrere g

File Edit Actions View Options Libraries Templates Alternatives Setup  Window  Help
DrEES I R EReci@ll e EQ AT

Project Navigator

Alternative 1

| I . . ENTER ALTERMATIVE
5 Enter Project Infarmation DESCRIFTION

- Select Weather [nformation | La Crosse, Wiscansin
E Create Templates 5 Templates
- Cieate Fooms 0 Rooms

) F'.eopfle
0 il R (et

. | ™ Vertilation aiflows
- Agzsign Rooms to Systems 0 Assigned B | W Design temperatures

|| W Partitions
- Create Plants 0 Plants

Check for removed drawing objects?

%

1

2)

e

B)

E

- Aigzign Spstems ta Plants System Assig

a a Mo utility rate:
- Define Economics 0]

% Calculate and View Results

s

4
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Minor geometry changes can be made manually in TRACE

| Create Reoms - Partitions and Floors E=n @
Altemative 1 Apply
Room description ]121 Cafeteria LI
Templates... Partition...
Room | Defaut | [E1201ZE . Ty [E121133W-236 tiofjaent space temperature. . Mew Parlition
E-1211 ZdD
Inlema\IDaFault - Length |0153 m tethod |Adjacent Roor Copu Patt
51214131 . &
Aitflowe IDsfauIl ~| ls121131 7 Height |3486C m Cooling | T e
Delete Parl
Tstat IDeFauIt - Canstr | 075" Gyp Frame - Healingl °C
Constr IDaFauIt - U-factar |2, 2022 Wéne-"C
A luum|121 Caleteria LI
Floor...

: Tag B-121-E-F-225 Extenal temperature, MNew Flaor
" Ewposed @ Slab ongrade Method [Houly DA0E  ~ By e

Constr |12" L' Conc = Cooling | T o
elel

Area 1} [ U-tactor  |0516 wi/é"C Haallngl °C

Perim 41227 m Loss coeff |0 WemC

Adj mom|<<Nu adjacent roomz > ;I

& Floor

il

Single Sheet | BRooms Roafs | Wwally Int Loads Airfloves Paitn/Floors

Step 4: Re-importing gbXML process

The spaces inside the BIM authoring tools should be updated so that the zoning diagram
reflects the changes. Major geometry updates will require adjusting the spaces directly in the
BIM model and re-importing the gbXML file into TRACE.

For IES Virtual Environment (IESVE)
Step 1: Set export settings to export gbXML file from the BIM authoring tool

e After the model has been checked, go to File=> Export = gbXML

e Set the Building Type, Location and the Ground Plane as shown below

r > = - 2
Export gbXML - Settings - A
General | Detals
Parameter | Value |
Building Type Office
Location 200 Braddell Rd, Singapore
Ground Plane =
Export Category Rooms
v‘ Export Complexity Simple
I Include Thermal Properties |
N Project Phase New Construction
Sliver Space Tolerance 30458
i Building Envelope Identify Exterior Elements
i Analytical Grid Cell Size 9144
[ y
i 1
i
i
i
« ’
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e For Export Complexity, choose “Simple” if no shading surface has been defined.

Choose “Simple with Shading Surfaces” if overhangs or fins were defined in the BIM

authoring tool (by drawing in roof surfaces earlier). To reduce the IES-VE model run

time, try to reduce the quantity of shading surfaces and keep the geometry as simple

as possible. Shading surfaces can also be defined later in ModellT, which is IES’s 3D

building geometry tool.

e After checking project parameters, click Next, and save the gbXML file in your project

folder

Step 2: Import into IESVE

e Open a new IESVE project. Go to
file = import gbXML and browse
for the gbXML file. The model
check window will come up.

e Check the geometry of the model
in the viewer window, and select
which surface type to import.
The categories at the bottom of
the window can be left as
“default” and assigned later.

e Click okay and check each level in
IESVE.

e The schedule will be imported
into IESVE. It is recommended to
export a .GEM geometry file from
ModellT, and import the
geometry file into a new IESVE
project file.

Import gbXML File

S

Surfaces in gbXML file
[]1nner shell

[ outer shell

[ shading surfaces

Import checks

[ valid dosed shells
[Tl 1intersecting spaces
[T Adjacencies

Import...

Check rooms...

lot loaded

Room Attributes default

Constructions default

Macroflo Opening Types default

Thermal Conditions default

Elncbric limbbimm | ek

Sethode roperier L W W

: B SSRe T

e B

SrH (8] 6 0@ 5[0 AL =

Buiding |Rooms |

Buiing Type:
[office -]
suiding Canstruction (Default Room Constructio):

<Building>
Buiing System (Default Room System):
VAV Single Duct -

Place and Location:

Singapore Chang Arport, Singapore

| Step Step 2:
Check model. %)) have checked the models sultable for analysis

o) [ coneel ) [Copyimeae] [ ]
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For Carrier E20-II
Step 1: Project Set-up for gbXML Exporting

e Make sure that the Architectural BIM Model is linked into the MEP BIM Model.

e Acquire the True North orientation from Manage Tab - Coordinates - Select (the
linked architectural model). Change the orientation of the project on the Properties
panel if necessary.

Visibility/Graphics Over.. Edit... = &— |
Graphic Display Options Edit... @__: I_.ﬁ
Underlay MNone _'i—
Underlay Orientation Plan 7=
Orientation - i
Wall Join Display o i
Discipline True North | i
e p———— EeTaTS - ] b——
Color Scheme [ <nonex L - :
System Color Schemes | Edit... o i
Default Analvsis Disola... ' None —

o Set the Area and Volume Computations values on the Analyze Tab = Space & Zones
panel drop-down.

’ - -1 -3 Computations | Arsa Schemes
= Volume Computations

ncy Space Space Space Zone | He Volumes are computed at finish faces.
5 Coc
Areas only (faster)
x-I Spaces & Zones = -I ®) Aroas and Velumes
Ropm Area Computation
®) it wal finksh
At wall center
At waall core layer

At wall coe cenber

e To create spaces in all areas of the model, you can place spaces manually or
automatically through Modify = Place Space tab = Spaces Panel - Place Spaces
Automatically.
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The names and numbers from the rooms in the Architectural BIM model can be
assigned to the spaces by using example like Autodesk Revit Space Naming Utility, at
the Add-Ins tab - Space Naming Utility - Names and Numbers. Spaces can be
named manually if the Space Naming Utility tool is not available. (Note: the utility is a
free app that can be downloaded and installed through an Autodesk Subscription
account)
Verify the extents of all spaces based on the rooms of the Architectural BIM model. It
is important that space extents are not overlapping, which will create inconsistencies
in the data to be gathered. To verify the extents:
o Create and open a section of a room
o Verify the space placement by opening the View tab = Graphics panel >
Visibility/Graphics = Spaces = tick Interior and Reference (if you want to
display reference crosshairs)
Adjust Spaces if extent is not met
o To make sure that all spaces extents are correct, go to the floor plan, go to
Properties panel = Limit Offset - specify the height limit of the level that
you are checking, and select all spaces within that level

Pe P 9§

@
b
D
Lo
4

=T e e e T i T
| ‘l[ | “M 1
— - ; ! ! I
\ | | | i
\ | | | || -
¥ I t o o St
\ | I— | ol | il
| 1 - i i i I | i
| | [ 15 i | [ —
|
o ]

After all space extents have been verified, export the model into gbXML file.
Go to the Application Menu and select Export - gbXML File

Ep Export Mo
[

f% Publish »
@ Print 4

A

Family Types
Exports family types from the current
family to a text () file,

Mass Model gbXML
Saves the conceptual energy model as a
ghXML file,

gaL gbXML
Saves the project as a gbXML file,
&
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e \Verify the accuracy of the gbXML file in the dialog to avoid any errors when loading
the gbXML file into Carrier’s Hourly Analysis Program.

e Adjust settings as shown in the figure below. Click Next when ready for export.

LT =SS —— e —
- 'Generali‘t o!mu]
= I,"/‘" Parameter Value
Building Type Office
Location
Ground Plane Level 1
| Export Category Spaces
| Export Complexity Simple with Shading Sur
| Project Phase New Construction
Sliver Space Tolerance 304.80
Building Service VAV - Single Duct
4 Building Construction <Building>
= Building Infiltration Class | None
Export Default Values £
‘ (1) ’

Step 2: Importing the gbXML file into Carrier’s Hour Analysis Program

e Open the Hour Analysis Program

e Retrieve the company template for analysis

& HAPA3 - 1S0-¥2013 E=NE X

Project Edit View Reports Help

BER=R =TSR N - TN N ==
1502013 ['wall

Weather @i <New default'Wall>

Bl Zul|9?

| Owverall U-value

| Owverall Weight

Spaces @iE 11 0mm-Extemal wall 3182 189.8
Systems @ie 250mm-Extemal wall 2.761 5834
58l Plants @iE 300mm-Extemal wall 2520 703.4
B Buildings

=B ProjectLibraries

Schedules

* Go to the Project Tab and click Import gbXML ~ EHapss-sovaois
. [Project] Edit View Reports Help
e Locate and load the file '

e After importing, the gbXML data will be
automatically loaded to the Carrier Analysis
Program for verification, as shown in the
following page.
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Project: ISO-Y2013
Prepared By: UPC

gbXML Translation Report

Convert HAP v4.x Data...
Import HAP Project Data...
Import gbXML...

1-gbXMLTest1

2 - one room test

3 - gbXML test complete
4 - Gbxml Test 2

Exit

04/09/2014
12:31PM

A. Summary of Translation Results

Source gbXML File

Model_Cooling Load Analysis_Test.xml

C:\WUsers\felixbatad\Desktop\test\Cooling Load Analysis\Arch Link

Destination Project ..., 1SO-Y2013
Mumber of Spaces Created 32
Total Building Floor Area ... 1620.6 sgm
Total Wall Area 1299.4 sgm
Total Window Areéa ... 831.0 sgm
Total Roof Area 28.9 sgm

Floor Area Gross Wall| Window Area Gross Roof
SHo._|Space Name (sam)|  Area (sqm) (sqm)| Area (sqm)
1 101 Stair 21.7 99.3 19.1 0.0
2 102 Conference 35.0 15.4 9.8 0.0
3 103 Instruction 67.5 297 19.5 0.0
4 104 Instruction 84.3 37.2 24 4 0.0
5 105 Instruction 67.5 287 19.5 0.0
& 106 Instruction 85.1 375 24.5 0.0
T 107 Male 15.1 221 0.0 0.0
8 108 Female 15.1 22.1 0.0 0.0
9 109 Lounge 38.8 1.0 0.0 0.0
10 110 Utility 49 0.0 00 0.0
11 112 Electrical 6.3 0.0 00 0.0
12 113 Corridor 1355 186.5 180.0 0.0
13 114 Stair 21.2 31.3 0.0 0.0
14 115 Instruction 129.5 87.8 7.3 0.0
15 116 Conference 32.9 14.7 9.6 0.0
16 117 Instruction 50.6 251 14.3 0.0
17 118 Electrical 18.2 97 00 0.0
18 118 Sprinkler 1.7 251 00 0.0
19 120 Lounge 40.4 141.3 131.1 28.9]
20 121 Caferteria 146.7 125.7 58.6 0.0

e Proceed with calculations on Carrier E20-11 using the data that was automatically
generated from the model.

HAP43 -[5O-¥2013] h C=alEl X

Project Edit View Reports Help

= E ZI S~ -y e B
EETEEL IR SRR TR Blaguwnl ?
£ 150-v2013 | Space ‘ Floor Area | -
% Waather & <Mew default Space> N
& Spaces 1005 Fair 1.0
Systams @01 Stair 217
-[5¢) Plants &l 102 Conference 35.0
: Ba Buildings & 103 Instruction 675
=8 Project Libraries @104 Instruction 4.3 =
it Schedules @105 Instruction 675
& wells &0106 Instuction 85.1
Foafe &0107 Male 151
- Windows &108 Female 15.1
@ Doars &109 Lounge 38.8
> &110 Utility 49 T
@& Shades ’
B, Chillers @112 Electrical 6.3
) conling T &113 Carridar 1355
DOInG OWETS 20114 Stair 212
-l Boilers &@115 Instruction 1295
- Electric Rates &h116 Conference 329
[l Fuel Rtes &0117 Instruction 506
&118 Electrical 18.2
@119 Sprinkler 1.7
&120 Lounge 40.4
121 Caferteria -
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e Partition data will not be transferred together with the gbXML file during import into
the Hourly Analysis Program. For calculation purposes, the data has to be extracted
directly from the BIM model, as shown below, and keyed in manually to supplement
missing information in the Hourly Analysis Program.

E20 EXPOSED ROOM SCHEDULE

Level Mame © Comments |Averag: Wall Length Excluded : Area of Partition
01 - Entry Level : Corridor ES 3397 38062 12931 m® : 266.460
01 - Entry Level | Caferteria ES 3397 24269 8245 m® 95327
01 - Entry Level i Prep/Dish ES 3397 3962 1346 m*  53.080
01 - Entry Level ; Conference 1 ES 3397 5905 2006 m* 77071
01 - Entry Level : Office ES 3397 6261 21.2Tm* 40.266

e Key in the Area Partition Data in E20-II to get the required load calculation.

e Data that is transferred automatically into the E20-Il is shown below

(i) General Information on each space (ii) Data for walls, windows and doors
Epace PmErﬁes - [llm g ﬁ Space Properties - [117 Instruction g
General | Internals | Walls, Windows, Doorsl Foots, Skylights | Infiltramn' Floors | Pamtionsl General | Internals W Foofs, Skylights I Infihramnl F\Dursl Panitinnsl
u - Wall Congtruction Types
A Ill? Instruction 2’”35 Winclow Wincow for Exposure: 1 (ESE)
Floor Area 50.6 s reza 1 2 Door
Exposure T Cluantity Cluantity Quantity “all I Standard Default'wall
A Ceiling Height |373 m 1 |ESE LID'S i i i
Building weight |—34”| keyfrri® — 2 [ww =22 0 0 fi MI (none) <
2z.0 1 0 0
Light Med. Heawy 3 | B Shade 1 I {none) -
0A Ventilation Requirements 4 |not user ¥ |
Space Usage I(User—DEﬁned) LI 5 Jnotusac ¥ vl 2 I (none) :'v
B |notusec v |
OA Requirernent 1 |I]_l] ILfs,fperson LI 7 not usec v | Shade 2 I(ngng) -
0A Requirement 2 ||]_|]|] ILf(s—sqm) LI 8 |notusec ¥ | Door I ars) -
Space usage defaults: ASHRAE Std 62-2001
Defaults can be changed via View/Preferences
oK Cancel Help [a]:8 | Cancel | Help |

11
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For DesignBuilder

To facilitate the direct export of BIM model data, including certain building parameters,
directly from the BIM authoring tool into the DesignBuilder software, a DesignBuilder plug-in
can be added into the BIM authoring tool such as the example shown below. (Note: This plugin
is only available after DesignBuilder has been installed on the same computer as the BIM
authoring tool)

B 2 &% %

Modify| External | Glue Clash Equipment
Tools Pinpoint Properties

Select v | External | BIM 360

DesignBuilder

After checking the model within the BIM authoring tool, click on Add-Ins tab = Export button
on DesignBuilder panel, and check the model again in the DesignBuilder Export dialog.

—r =
o DesignBuilder Export A — . o4 -

Y - =

File  View

X OPOPOO

=4 Buiding 1

€5 Block 1
B 101 Stair |2
-8 Block 2

@ 102 Corferer
-8 Block 3

@ 103 Instructic
€8 Block 4

LGP 104 Instructic

Templates
Location: LONDON/GATWICK ARPT
Activity: Generic Office Area I

Construction: Project construction template
&8 Block 5
Ll B 105 Instructic
(| =-&8 Block 6
@ 106 Instructic
& Block 7
e E 107 Male
€ Block 8
L@@ 108 Female
-9 Block 9
@ 109 Lounge
| =-&8 Block 10
@ 110 Utility
=-&H Block 11
M ‘@ 112 Blectica
=-&8 Block 12
‘B9 113 Conidor
-8 Block 13 5
r—

Glazing: Project glazing template

HWAC: Fan-coil unit

Lighting: Reference I

| have checked the summary report

[ Summary Report ] [ Surface Report Start DesignBuilder Close
=

12
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For Ecotect Analysis

Step 1: Set export settings to export gbXML file from the BIM authoring tool (see IESVE, pg 5)
Step 2: Importing the ghXML file into Ecotect Analysis

e When importing the gbXML file into the Ecotect Analysis software, the following error

message may appear

-
Autodesk Ecotect Analysis 2011 - Warning... Mﬂ

WARMIMG: IFC support iz only at beta stage in this releaze.
YWhilst detailed geometry should import, ifcSpace data and
complex curves may not transform correcty.

e This error message appears because the generated gbXML file is not encoded in a
format that is recognized in Ecotect Analysis.

e The simplest workaround is to open the gbXML file in Windows Notepad and save the
file separately as a new Text Document with the UTF- 8 Encoding.

File name: For Ecotect -
Save as type: | Text Documents (*.txt) vl
= Hide Folders Encoding: |UTF-8 v] I Save I [ Cancel l

13
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Communicating with Project Teams

Space placement can be performed with or without the architect’s involvement. If the
architectural 2D data or BIM model is used as reference in the background without recognizing
room-bounding elements, the zoning is independent of the reference.

If the room-bounding elements of the architectural BIM model are recognized, the
architectural BIM model should specify the following rules as much as possible:

1) Ensure all exterior walls, floors and roof elements are room-bounding.
2) Ensure all ceilings are not room-bounding
3) Ensure all columns are not room-bounding

Also, before placing spaces, communicate with the project team and BIM Coordinator
regarding model set-up. Spaces hold information related to other disciplines, and can be used
for other purposes beyond zoning.

Because spaces must not overlap within the model, it is important to discuss space zoning
with the whole team. If, for example, the electrical team wants to store electrical loads in
spaces, it may make sense to place one space per room in the MEP model (using space
bounding functions), and if necessary, create a separate model containing simplified zoning for
the electrical load and energy model.

14
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