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Foreword

In 2003, U.S. General Services Administration (GSA) Public Buildings Service (PBS) Office of the Chief Architect (OCA) established
the National 3D-4D-BIM Program. Over a decade later, the calculation of space (e.g., rentable area, usable area) remains one of
the most essential business metrics for GSA. GSA has required contractors to submit at least spatial program building information
models (BIMs) before final concept presentations and to provide spatial program validation (SPV) at each subsequent design phase
submission. This applies to all new and major modernization projects that received funding in Fiscal Year (FY) 2007 and beyond.

The purpose of validating a spatial program using Building Information Modeling (BIM) is to efficiently and consistently assess a
building’s Program of Requirements (PORs), throughout each of the design phases and throughout construction. The spatial
validation process within BIM ensures that GSA is meeting the programming and gross square footage mandates set by Congress.

This guide aims to help GSA contractors create and submit high-quality models to GSA for spatial analysis and SPV. GSA has been
working with a number of BIM-authoring software vendors to ensure that architects and engineers (A/Es) are able to comply with
the new GSA spatial requirements using a broad range of available software, via the Industry Foundation Classes (IFC) open
standard. GSA continues to validate these requirements on projects with A/E teams across the nation.

GSA expects that, in referencing this guide, both GSA and A/Es will be able to gain efficiencies and accuracy in measuring
space. By automating spatial validation, GSA can validate space during earlier design stages with more confidence, while
allowing A/Es to spend more time on design tasks rather than spatial calculations. GSA welcomes any constructive comments and
recommendations to the BIM Guide and spatial validation process. For more information, visit the National 3D-4D-BIM Program
webpage at http://www.gsa.gov/bim.

GSA BIM Guide 02 Version 2.0 Foreword 3
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1 Introduction

1.1 Purpose of This Guide

Spatial data is a primary component of all building projects and drives project design, cost, and schedule. By requiring a spatial
program building information model (BIM), the U.S. General Services Administration (GSA) aims to leverage the use of building
information modeling (BIM) and the interoperability among BIM software to optimize and automate the checking of model
integrity and design performance relative to the Public Buildings Service (PBS) National Business Space Assignment Policy (NBSAP)
and the space program given to the architects and engineers (A/Es).

BIM Guide 02 - Spatial Program Validation is cited in the Facilities Standards for the Public Buildings Service (P100) and all PBS
design and construction contracts for new construction and major modernization projects. It is meant to assist design and
construction teams in producing and updating BIMs as part of their submissions, which are outlined in Appendix A, Submission
Requirements, of the latest version of the P100.

Note: This guide is considered a living document that is constantly changing and being updated as the technology matures. While
GSA has tried to highlight the major points of spatial program validation (SPV), GSA cannot take into account all the special cases
and changing technology. Therefore, if you have any questions or comments regarding the content of this guide, please contact
GSA’s National 3D-4D-BIM Program for the most up-to-date information.

1.2 Importance of Accurate Space Inventories to GSA
1.2.1 The Purpose of Spatial Program Validation

GSA PBS manages over 370 million square feet of workspace for the civilian Federal Government." GSA must consistently and
accurately measure, classify, and assign its space in order to fulfill its congressional mandate of charging rent to its occupant
agencies.

For that reason, GSA requires A/Es to validate their own spatial program against GSA’s program of requirements (POR) before the
final concept design presentation of any construction or renovation project and at each subsequent design phase submission. In
the past, A/Es had to create two-dimensional (2D) polygons in the appropriate locations based on the NBSAP. However, space
area calculations from such a manual process were usually neither efficient nor consistent with space area calculations from GSA.

GSA now requires a spatial program BIM through all phases of a project. By validating a spatial program using BIM, GSA aims to
efficiently and consistently assess and reconcile a project’s POR with space area calculations used for Draft Occupancy
Agreements (OAs) throughout the design and construction process. This can enable GSA to easily and consistently track and
reconcile different requirements and to calculate the appropriate square footage at any point in the process - a capability needed

GSA BIM Guide 02 Version 2.0 Introduction 5
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to calculate OAs and Tenant Rent Bills and to help ensure GSA is meeting the programming and gross square footage mandates set
by Congress.
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Figure 1 illustrates how a project team could quickly and automatically adjust and assess a design and its usable area during
Concept Design. The designs differ only in the upper left hand space, where one is a stair space, and the other is an
office. Traditionally, the spatial data management (SDM) team would have to manually update the usable area polyline in the
drawings. A spatial program BIM can automatically update the usable areas when a design change occurs.
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Figure 1. A spatial program BIM can automatically update the usable areas when a design change occurs.

1.2.2 Standards for Space Area Calculation

It is important to set up BIMs correctly, which means correctly applying space area calculation standards and GSA’s space
definitions as well as assigning space names that correspond to GSA’s naming conventions and tenant agencies’ PORs right from
the start. Just as technology has evolved over time, the standards used for space area calculation have also evolved. There are
two common standards within the industry for measuring area in buildings - the ASTM standard and the ANSI/BOMA standards, and
there has been confusion over their uses.

GSA BIM Guide 02 Version 2.0 Introduction 6
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e ASTM E1557 (Uniformat) - The P100 identifies it as the formatting standard used for cost estimating during the design
and construction process. Note: Instead of using net square footage per ASTM, GSA uses usable and gross square footage
for calculating the actual costs.

e ANSI/BOMA Z65.1 and Z65.3 - Both the P100 and the NBSAP identify these two standards as the standard methods of
measurement for both the POR and the Tenant Rent Bills. In fact, the NBSAP is based on these two ANSI/BOMA
standards and in many areas are identical. The NBSAP also captures spaces that are unique to PBS, provides examples,
and also includes some implementation guidance. In essence, PBS uses usable and gross square footage for measuring
space in its buildings.

In other words, GSA uses net, gross, and usable square footage for different purposes. This guide is focused on using BIM for SDM,
and it is therefore focused on usable square footage. Information on working with gross and net square footage is for reference
only and does not supersede guidance such as the P100.

For space area calculations, the basic rule of thumb for any GSA project is to adhere to the NBSAP and to consult the GSA
project team, including the SDM team, if there are any questions.

1.3 How to Use This Guide

This guide is divided into four major sections:

e Section 1: Introduction - This section explains the importance and overall objective of GSA’s spatial program BIM
guidelines. A/Es must clearly understand the different standards for space area calculation in buildings and apply them
to the BIMs.

o Section 1.4 defines key terminologies used throughout this guide.

o Section 1.5 outlines key responsibilities and requirements by team member role and by project phase for GSA
associates. Project team members can use these as quick reference guides.

o Section 1.6 outlines the SDM-related requirements and deliverables for the design and construction teams.

o Section 1.7 contains a list of GSA reference documents and links for quick access.

e Section 2: Measuring and Classifying GSA Spaces - This section explains the importance of clear and consistent spatial
data, how to assign spatial data correctly, and how space is measured and calculated from different perspectives.

e Section 3: Using BIM to Create Space Inventories - This section describes the building elements required in a spatial
program BIM, and the high-level modeling requirements for creating the BIM and for the Industry Foundation Classes (IFC)
BIM submission.

o Section 3.2 describes the required Building Elements.
o Section 3.3 describes the required space, rooms, and areas.
o Section 3.4 highlights lessons learned and best practices for modeling and creating IFC BIMs.
e Section 4: Checking BIM Models - This section describes the BIM-analysis rules used to check A/E submissions.

GSA BIM Guide 02 Version 2.0 Introduction 7
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1.4 Definitions

For clarity and consistency, this guide uses the following definitions:

e GSA project team - The collection of regional and national GSA team members as determined by project needs.

¢ Industry Foundation Classes (IFC) specification- The IFC specification is “... a neutral data format to describe, exchange
and share information typically used within the building and facility management industry sector.”” For more
information, visit buildingsmart-tech.org.

e Space area calculation - Computer-based calculation of space area based on design or existing conditions
documentation. The result can be usable, gross, or net square footage depending on the need and parameters.

e Space measurement - Capturing physical dimensions of spaces within a building and identifying the location of building
elements such as walls and windows. Typically associated with Initial Measurement and Validation (IMV), SDM Audits, and
SDM Rewalks.

e Spatial analysis - Review and analysis of the technical aspects and spatial requirements of the model or drawings to
ensure correct development of the model or drawings (objects, areas, placement of lines, rule sets, etc.)

e Spatial data - Spatial data, as used by GSA, is a general term that captures the location, size, and geometry of the
overall building itself and all the individual spaces within that same building. GSA also includes other attributes such as
classification and assignment information with the overall definition.

e Spatial data management (SDM) - GSA’s national effort to create, update and maintain its spatial data and associated
computer-aided design (CAD) floor plans and BIMs, to accurately reflect the national federally owned inventory.

e Spatial program reconciliation - The process of reconciling the information derived through SPV to ensure that A/E’s and
GSA’s information is in agreement and accurate based on the NBSAP, BIM, and CAD standards.

e Spatial program validation (SPV) - The comparison of a design to the owner’s POR in order to verify that designed space
meets the stated criteria, including usable and gross square feet, appropriate grouping, and rollup of numbers. The A/E
identifies changes and deviations in a design as compared to the approved program and generates reports, drawings, and
tables showing changes and deviations. SPV is performed by the A/E and verified by GSA.

Spatial validation - The process of developing and approving the assignment drawings, classification of space, and
associated occupancy agreements involving all relevant stakeholders, including SDM, Realty Specialists, Asset Managers,
and possibly others.

GSA BIM Guide 02 Version 2.0 Introduction 8
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1.5 Responsibilities of GSA Associates
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While a project team will include many subject matter experts (SMEs), this section focuses mostly on those involved with BIM and
spatial data. This section outlines the actions different GSA associates should take to help make a project’s BIMs easily usable for
SDM. When a BIM is developed properly, automated reporting can be utilized to streamline reporting capabilities for multiple

It is critical to consider SDM through every phase of a project. Before awarding any contract, the project team must ensure that
any available BIM templates are in line with the project’s global project management (gPM) plan and current standards. At the
project kickoff meeting, the appropriate GSA team member(s) should emphasize the need for the A/E team to understand the
different standards for space area calculation, their use, and the need to incorporate them into the BIM, such that space area
calculation will be accurate after construction. We recommend the project team review at least section 1 of this guide in its

entirety during the kickoff meeting.

Table 1 highlights actions and responsibilities for the project team, organized by project phases and team member.

Table 1. Actions and responsibilities for the project team

Pre-award Project Manager

SDM Team

Contracting Officers
(COs) and Contracting
Officer’s
Representatives (CORs)

GSA BIM Guide 02 Version 2.0

Given the importance of correctly setting up a BIM from the beginning,
it is critical to include in the project team a representative from the
SDM team.

Ensure the project team includes a BIM SME.

Ensure any available BIM templates are in line with the project’s gPM
plan and current standards.

Discuss with the GSA project team the importance of the current space
area calculation standards.

Ensure any available BIM template is a part of the contract.

Ensure that BIM Guide 02 is referenced in the contract.

Ensure contracts specify that BIM submissions must include all current
modifications to the design and construction model and reflect
reconciled spatial data.

Ensure contracts require gross, usable, and net square footage
calculations.

Ensure contracts require the A/E to use the naming conventions from
the tenant agency’s POR in addition to GSA’s space naming conventions,
where applicable.

Ensure contracts require that the A/E correctly map tenant agency’s

Introduction 9
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Kickoff SDM Team
Post-award of A/E BIM SMEs
Contract / Execution of
Design

SDM Team

Project Manager

Final Construction BIM SMEs
Documents Submission

SDM Team

Substantial Completion  Building Manager
of Construction

Project Manager

SDM Team

BIM SMEs

GSA BIM Guide 02 Version 2.0

naming convention from a tenant agency-provided POR to GSA-approved
space naming conventions as needed.

Discuss with the overall project team the importance of the current
space area calculation standards.

Work with the SDM team to review each BIM submission throughout the
design and construction process for integrity and adherence to the
space area calculation standards.

Work with the BIM SME to review submissions.
Extract the space area calculations for OA development, SPV (net,
usable, and gross square footage), and project authorization.

Ensure that SPV (net, usable, and gross square footage) and project
authorization occurs.

Review and recommend acceptance of the final Construction
Documents BIM submission for model integrity and conformance to
modeling standards.

Review and recommend acceptance of the final Construction
Documents BIM submission for adherence to the space area calculation
standards.

Confirm room and door numbering scheme.

Review and accept the final as-built BIM, including assuring that A/E
has updated square footage, room and door numbering scheme.
Initiate spatial validation.

Conduct IMV.

Review and recommend acceptance of the final Record BIM submission

for adherence to the space area calculation standards.

Maintain and update BIM models in coordination with regional SDM
team, facilities management team, and project teams.

Introduction 10
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1.6 Requirements and Deliverables

This section outlines the SDM-related requirements and deliverables for the design and construction teams, which include all
parties involved during the design and construction phases of a project, respectively. These requirements are in addition to all
current deliverable requirements set forth in Appendix A of the latest version of the P100. Information on working with gross and
net square footage is for reference only and does not supersede guidance such as the P100. A/Es are also encouraged to provide
additional information above the minimum requirements.

1) The BIM deliverables must include files in the following formats:

a) BIM file(s) in the native format of the BIM-authoring application(s).
b) A single BIM file in the latest IFC format.

i) The Concept Design submission must comply with the “Design to Spatial Program Validation” Model View Definition
(SPV MVD) as defined by the National BIM Standard-United States™ (NBIMS-US™).

ii) All design phase deliverables must continue to include all required data as defined in the MVD. GSA will formalize
submission requirements for design stages beyond Concept Design in an updated SPV MVD. Until the updated MVD is
published, the deliverables must supplement and develop the data as determined by the GSA national and regional
BIM and SDM SMEs, based on the P100, the NBSAP, and project-specific requirements.

iii) The IFC format for each deliverable must be approved by the GSA project team.

2) At a minimum, A/Es are required to have the following objects in a valid three-dimensional (3D) geometry
representation. See section 3 for more details.

a) Space objects - Note that when spaces are over 9 usable square feet (USF), they must also have the attributes listed in

section 2.3

b) Wall objects, which must have:

i) Door objects

ii) Window objects

c) Slab objects
d) Beam objects
e) Column objects

3) For every floor that is included in the GSA Gross Area (see NBSAP for definition), A/Es must create a full building floor space
with a space name in accordance with the latest version of the NBSAP and a floor number in accordance with the GSA PBS
Region 3 CAD Deliverables Policy. A/Es should consult the GSA project team to determine if additional requirements are
necessary.

4) There may be additional zone requirements, depending upon the type of project (e.g., courthouses, historic buildings). A/Es
must consult with the GSA project team to determine if additional requirements are necessary.

5) A/Es must also follow the PBS CAD Standards and the P100 requirements for creating 2D drawings.

6) A/Es should pre-check their submissions for compliance with standards. A/Es should discuss with the GSA project team to
determine the methodology that will be used for compliance checking; it may be possible for A/Es to gain access to
compliance checking tools that GSA uses. A/Es will bear any costs associated with gaining access to these tools. A/Es may
also coordinate with the GSA project team, and where available, submit preliminary deliverables for pre-submission checking
and feedback to ensure conformance of final deliverables. Consult the GSA Project Manager for more information.

GSA BIM Guide 02 Version 2.0 Introduction 11
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7) After each spatial program reconciliation by the GSA project team, A/Es must ensure that the subsequent presentation or
submittal reflects the reconciled spatial data.

1.6.1 Requirements of Design Teams

In addition to the requirements above, this section outlines the actions the design teams should take to help make a project’s
BIM(s) easily usable for SDM. Design teams should confer with GSA’s regional SDM team as needed.

e Comply with GSA’s space area calculation standards and their uses.
e Comply with the required deliverables for SPV.
e  Comply with the requirements of the SPV MVD as defined by NBIMS.

o The SPV MVD defines the minimum spatial data requirements for the Concept Design submission.

o All design phase deliverables must continue to include all required data as defined in the MVD. GSA will
formalize submission requirements for design stages beyond Concept Design in an updated SPV MVD. Until the
updated MVD is published, the deliverables must supplement and develop the data as determined by the GSA
national and regional BIM and SDM SMEs, based on requirements in the P100, the NBSAP, and project-specific
requirements.

e If applicable, obtain and use the GSA BIM Template(s). Consult with the regional BIM champion to obtain the available
templates or to discuss the choice of authoring software. As of 2014, a GSA BIM template is available only for Revit.

¢ Include sufficient detail in the design BIM to meet all SDM and other 2D deliverable requirements as specified in the
P100. The BIM should be used as the source for details and 2D drawings wherever possible.

e For all spatial elements within the design and construction model, provide spatial data in accordance with the NBSAP.

e Identify changes and deviations in a design as compared to the approved program and generate reports, drawings, and
tables showing changes and deviations.

e For any updates made after final design submission, continue to conform to GSA’s space area calculation standards and
spatial program requirements.

e Submit the project spatial data summary to GSA’s regional SDM team for each design deliverable as specified in the A/E
scope of work and the P100.

1.6.2 Requirements of Construction Teams

In addition to the requirements above, this section outlines the actions the construction teams should take to help make a
project’s BIM(s) easily usable for SDM.

e If changes to the design are made during construction, notify the GSA project team for the purpose of capturing such
changes in the as-built BIM. The General Contractor will complete any adjustments to the as-built BIM in coordination
with the A/E and in accordance with the construction contract.

e Provide spatial data within the as-built BIM in accordance with this guide.

GSA BIM Guide 02 Version 2.0 Introduction 12
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e At project turnover, the SDM team ensures that the IMV process is completed. The GSA project team in coordination
with the General Contractor and the A/E ensures the record model is updated to reflect the final SDM measurement
data.

1.7 GSA Reference Documents and Links

National Business Space Assignment Policy (NBSAP)
Facilities Standards for the Public Buildings Service (P100)
PBS CAD Standards

PBS’ Pricing Desk Guide

PBS Region 3 CAD Deliverables Policy

GSA BIM Guide 02 Version 2.0 Introduction 13
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2 Measuring and Classifying GSA Spaces

2.1 Overview

Spaces are one of the most important object types in conceptual building design, and modeling spaces accurately is one of the
most important tasks in creating building information models (BIMs). As discussed in section 1.2.1, GSA must consistently and
accurately measure, classify, and assign its space in order to ensure GSA is meeting the tenant agency’s program of requirements
(POR), meeting gross square footage mandates set by Congress, and calculating Tenant Rent Bills with accurate square footage
data.

A building project and its plans can go through many changes between project conception - when a BIM is started - and project
completion - when GSA verifies the final spatial program validation (SPV). When a BIM is developed properly, SPV can help track
and reconcile different requirements through each of the design phases and throughout construction.

Architects and Engineers (A/Es) can set up a BIM properly by correctly applying GSA’s space definitions as well as assigning space
names that correspond to GSA’s naming conventions and GSA’s tenant agency’s POR.

The PBS National Business Space Assignment Policy (NBSAP) is the authoritative policy for space assignment and
measurement for GSA. As discussed in Section 1.2.2, the NBSAP builds upon the ANSI/BOMA rules, with some minor
variations. Each ANSI/BOMA category is mapped to a specific GSA Space Type and GSA Space Category. Illustrations and
descriptions of these types and categories can be found in the NBSAP and ANSI/BOMA Z65.1 and Z65.3 documents.

Properly developed BIMs for GSA projects include sets of spatial data that can be easily confused. Section 2.2 provides brief
explanations for the different spatial data, how they relate to one another, and how to assign them correctly. Section 2.3 lists
the information that must be included for every space in a BIM. Section 2.4 summarizes how space is measured and calculated
differently from different perspectives.

2.2 Spatial Data

Different stakeholders use BIMs for different purposes. The relevant guidelines for the different purposes create situations
where, for example, there are usually two sets of space names for a single space in a GSA project - GSA’s space assignment room
names and GSA’s tenant agency POR space names.

The often minor variations among the sets of space names can be easily interpreted and adjusted manually, but it is more

efficient if the BIM is set up such that each space is correctly linked to all of its appropriate space names, and the spatial data
can be easily updated and extracted from BIMs throughout design, construction, and the useful life of the building.
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It is also important to distinguish the independent terms “Room Name”, “Space Type”, and “Space Category”, which GSA applies
to every space assighment and uses for spatial validation. The table below summarizes these different space properties and
provides examples of how they are used in combination. See the NBSAP for full details.

Table 2. Illustration of how the terms “Room Name”, “Space Types”, and “Space Categories” can be used in combination.

Illustrates how two rooms with the
same “Room Name” can serve
different purposes.

Indicates how the room is used CONFERENCE ROOM CONFERENCE ROOM
(NBSAP p.45) and reflects GSA’s
tenant agency’s POR.

e Identifies how a space is built TTO CFT
out.
e The PBS inventory system
recognizes the three-letter
Space Type acronyms.
e “Rent billing is based on Space
Type, not Room Names.”
(NBSAP p.5)

e Identifies a room’s status of 01 or 03 01 or 03
occupancy.
e Th