4

AUTODESK

Official Press

James Vandezande

Eddy Krygiel

i é 2 ui-m 4 (@)
s .» Y
|l S
i 3

AENVRMRE ; & 2

| [ f.izvfyzg! ii,f ﬂi,.i " 6 ==
z, Eu.rru,_iiﬁ_ ﬂ +m @

; ,_., : W ,,,,,,,,,, Sl A.!Im_ﬂwv. <C ._n_l.w
ﬁ?‘iﬁﬁﬁnﬁ WARNL: =
ORI o 5
A X NS SARRENORNR Y =
RN ﬁt AR N @ <

NS e . iy

AN T D







Mastering

Autodesk® Revit®
Architecture 2016






Mastering

Autodesk® Revit®
Architecture 2016

James Vandezande

Eddy Krygiel

CysvBex /\ AUTODESK

A Wiley Brand Official Press



Acquisitions Editor: Stephanie McComb
Development Editor: Kelly Talbot

Technical Editors: Eric Bogenschutz, Jon McFarland
Production Editor: Rebecca Anderson

Copy Editor: Elizabeth Welch

Editorial Manager: Mary Beth Wakefield
Production Manager: Kathleen Wisor

Associate Publisher: Jim Minatel

Book Designers: Maureen Forys, Happenstance Type-O-Rama; Judy Fung
Proofreader: Jen Larsen, Word One New York
Indexer: Johnna VanHoose Dinse

Project Coordinator, Cover: Brent Savage

Cover Designer: Wiley

Cover Image: John Linden

Copyright © 2015 by John Wiley & Sons, Inc., Indianapolis, Indiana
Published simultaneously in Canada

ISBN: 978-1-119-04461-1

ISBN: 978-1-119-04458-1 (ebk.)

ISBN: 978-1-119-04465-9 (ebk.)

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means, electronic, mechan-
ical, photocopying, recording, scanning or otherwise, except as permitted under Sections 107 or 108 of the 1976 United States Copyright Act,
without either the prior written permission of the Publisher, or authorization through payment of the appropriate per-copy fee to the
Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 646-8600. Requests to the Publisher for per-
mission should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011,
fax (201) 748-6008, or online at http: //www.wiley.com/go/permissions.

Limit of Liability/Disclaimer of Warranty: The publisher and the author make no representations or warranties with respect to the accu-
racy or completeness of the contents of this work and specifically disclaim all warranties, including without limitation warranties of fitness
for a particular purpose. No warranty may be created or extended by sales or promotional materials. The advice and strategies contained
herein may not be suitable for every situation. This work is sold with the understanding that the publisher is not engaged in rendering legal,
accounting, or other professional services. If professional assistance is required, the services of a competent professional person should be
sought. Neither the publisher nor the author shall be liable for damages arising herefrom. The fact that an organization or Web site is
referred to in this work as a citation and/or a potential source of further information does not mean that the author or the publisher
endorses the information the organization or Web site may provide or reccommendations it may make. Further, readers should be aware that
Internet Web sites listed in this work may have changed or disappeared between when this work was written and when it is read.

For general information on our other products and services or to obtain technical support, please contact our Customer Care Department
within the U.S. at (877) 762-2974, outside the U.S. at (317) 572-3993 or fax (317) 572-4002.

Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some material included with standard print versions
of this book may not be included in e-books or in print-on-demand. If this book refers to media such as a CD or DVD that is not included in
the version you purchased, you may download this material at http: //booksupport.wiley.com. For more information about Wiley prod-
ucts, visit www.w1iley.com.

Library of Congress Control Number: 2015939456

TRADEMARKS: Wiley, the Wiley logo, and the Sybex logo are trademarks or registered trademarks of John Wiley & Sons, Inc. and/or its
affiliates, in the United States and other countries, and may not be used without written permission. Autodesk and Revit are registered
trademarks of Autodesk, Inc. All other trademarks are the property of their respective owners. John Wiley & Sons, Inc. is not associated
with any product or vendor mentioned in this book.

10987654321


http://www.wiley.com/go/permissions
http://booksupport.wiley.com
http://www.wiley.com

Acknowledgments

Ah, acknowledgments. Although all the glory of writing a book is consumed by the authors, it
takes so many more people than just us to actually make this happen. Just like building design,
the process of writing and publishing a book is truly a team sport—and without the hard work,
dedication, and willingness to put up with the authoring team, this book would have never have
happened.

Of all the people to thank, first of all, we'd like to thank the staff at the Revit Factory. Without
their fine work, this would be a very empty book. Thank you, guys and gals, for your hard
work, innovative ideas, and desire to stay in touch with current design and construction issues.

Second, a thank-you goes to Brendan Dillon of the Denver International Airport for his
wonderful foreword and, more important, the spectacular work he’s done. In his time there
he’s spearheaded the creation of a very comprehensive BIM guideline to help his agency
figure out what they want from BIM during design and construction and into operations; see
http://business.flydenver.com.

Finally, a big thanks to our technical team. They dot our i’s, cross our t’s, and chide us every
time we turn in something late. Their work and effort ensure that we as authors can produce
something that you the reader can actually follow. So a thank-you to our developmental editor,
Kelly Talbot, for putting up with our school-yard antics; to copy editor Liz Welch for taking our
architectural slang and making it readable; and to production editor Becca Anderson for putting
all the pieces together and getting it ready for print. Thanks also to Mary Beth Wakefield for
watching the schedule and allowing us to use you as an excuse not to visit family on weekends
or holidays during “Book Season.” A thank-you to Jon McFarland and Eric Bogenschutz,
technical editors, who have given a careful and detailed eye to all of our Revit workflows, and
to our excellent support team at Sybex, who helped us develop all this foxy content. And a final
thank-you to Willem Knibbe for getting us into this in the first place.

The building photograph on the cover was provided by photographer John Linden and features
the Anaheim Regional Transportation Intermodal Center (ARTIC) designed by HOK. ARTIC is
a new world class transportation gateway to Orange County, California, the 5th most densely
populated county in the United States. The project links freeways, major arterial roadways, bus,
taxi and rail systems, as well as bike and pedestrian pathways in one central location.

ARTIC anchors the Anaheim Rapid
Connection (ARC), a high-capacity, fixed-
guideway transit system and will be the
southern terminus of the California High
Speed Rail which will link the State’s
southern and northern urban centers.
The use of BIM on ARTIC helped engage
the many engineers, builders, and public
agencies involved in the project. For more
information on this project, please visit

Q:““ the following web page: http://www
.hok.com/design/type/aviation-
transportation/anaheim-regional-
transit-center-artic/



http://business.flydenver.com
http://www.hok.com/design/type/aviation-transportation/anaheim-regional-transit-center-artic/
http://www.hok.com/design/type/aviation-transportation/anaheim-regional-transit-center-artic/




About the Author

James Vandezande is a registered architect and a principal at HOK in New
York City, where he is a member of the firm-wide BIM leadership and is
managing its buildingSMART initiatives. A graduate of the New York Institute
of Technology, he worked in residential and small commercial architecture
firms performing services ranging from estimating and computer modeling to
construction administration. James transformed from an architect to a digital
design manager in his 10-year span at SOM. In this capacity, he pioneered

the implementation of BIM on such projects as One World Trade Center, aka Freedom Tower.
James has been using Revit since version 3.1 and has lectured at many industry events,
including Autodesk University, VisMasters Conference, CMAA BIM Conference, McGraw-Hill
Construction, and the AIANYS Convention. He is a cofounder of the NYC Revit Users Group,
and has been an adjunct lecturing professor at the NYU School for Continuing and Professional
Studies as well as the Polytechnic Institute of NYU. James has served as the chair of the Design
work group for the National BIM Standard-US and has been a long time contributor to the Level
of Development (LOD) Specification.

Eddy Krygiel is a senior Business Consultant with the AEC team with
Autodesk Consulting. Eddy focuses on BIM and technology workflows for
architecture, engineering, and construction (AEC) clients. He received his
bachelor’s degree in architecture from the University of Kansas School of
Architecture and Urban Design. He has almost 20 years of experience in
architectural offices and on a range of projects from single-family residential
to office, federal, civic, and aviation clients. Eddy has helped firms around the
country at both the firm level and the project level.

His most recent project was the Denver International Airport, where he had the role of BIM
Manager for the Program Management team. The BIM role involved supporting and steering
stakeholder workflows from design through construction while not impacting the overall
project fee or schedule. The final deliverable to the airport was a facility management-ready
BIM model for both vertical and horizontal assets. Eddy has also led or been involved in other
large-scale projects that have taken BIM beyond documentation.

Eddy is the author of more than 15 books on BIM and sustainability including the Mastering
Revit series and Green BIM. He also teaches BIM, construction documents, and architectural
communication at the University of Kansas School of Architecture.







Contents at a Glance

FOoreword. .. ... xxiii
Introduction . ... xXxvi
PartleFundamentals........... ... i iiiiiiiiiiiiiiiiiiennenennn, 1
Chapter 1 e Introduction: The Basicsof BIM.................................... 3
Chapter 2 ¢ Applying the Principles of the User Interface
and Project Organization ............... ... ... ... ... . 19
Chapter 3 ® The Basics of the Toolbox ................... ... ... .. oo, 67
Chapter 4 ¢ Configuring Templates and Standards............................ 111
Part 2 « Collaboration and Teamwork .................. .. coinn.. 165
Chapter 5 © WorkinginaTeam............. ... ... oo ... 167
Chapter 6 ® Working with Consultants ...................................... 205
Chapter 7 o Interoperability: Working Multiplatform.......................... 237
Part 3 « Modeling and Massing for Design ........................... 277
Chapter 8 ¢ Advanced Modeling and Massing ............................... 279
Chapter 9 ¢ Conceptual Design and Design Analysis.......................... 335
Chapter 10 ¢ Working with Phasing, Groups, and Design Options .............. 375
Chapter 11 e Visualization............ .. ... ... .. i .. 431
Part 4 « Extended Modeling Techniques .................. ... ... ..., 489
Chapter 12 o Creating Walls and CurtainWalls............................... 491
Chapter 13 ¢ Modeling Floors, Ceilings, and Roofs............................ 559
Chapter 14 ¢ Designing with the Family Editor............................... 595

Chapter 15 ¢ Creating Stairs and Railings.......................... ... ... ... 645



X

CONTENTS AT AGLANCE

Part5e¢Documentation.............cciiitiiiiiiiiiiiriennennenanns 701
Chapter 16 ® Detailing Your Design..................... ... ... .. ..., 703
Chapter 17 ¢ Documenting Your Design................... ... ... ... ...... 737
Chapter 18 ¢ Annotating Your Design.................... ... ... ... ... 771
Part 6 « ConstructionandBeyond ............coiiiiiiiiinnennennnns 819
Chapter 19 ¢ Working in the Construction Phase ............................. 821
Chapter 20 ® Presenting Your Design..................... ... ... ... ..., 847
Chapter 21 ¢ Working with PointClouds .................................... 873
AppPendices . ... . .i.iiii i i i i i it ittt e it et 895
Appendix A e TheBottom Line............. ... .. ... ... ... ... .. 897
Appendix B e Tips, Tricks, and Troubleshooting . ............................. 917
Appendix C ¢ Autodesk Revit Architecture Certification ...................... 945



Contents

FOoreword. . . .. ..o xxiii
INEPOAUCEION . . o o e e XXVii
Partle Fundamentals. .........oiiiiiittiinineeeeeeeenenneeeeeeeonnnnnannns 1
Chapter 1 o Introduction: TheBasicsof BIM ..................covuen.. 3

What Is Revit? . ... 3
Understanding a BIM Workflow . ........... .. ... .. .. .. o i 4
Leveraging BIM Processes ...................... ... ... .. ... ... 5
Visualizing. . ... ..o 6

Analyzing. . ... ... 10
Strategizing . ...... ... 11

Focusing Your Investmentin BIM. .................... ... ... . ..o 11

Staffing for BIM. .. ... 12
Understanding Project Roles. . ............. ... ... ... .. ... .. ... 12
Establishing a BIM ExecutionPlan .................. ... ... ... .......... 15

The Bottom Line. . ... ... 17

Chapter 2 « Applying the Principles of the User Interface

and Project Organization...................covivnen... 19
Understanding the User Interface................ ... ... ... ... ... ..... 19
Accessing and Using the Application Menu ................................. 20
Using the Quick Access Toolbar. ............ ... ... . ... ... 20
Using theInfoCenter .......... .. ... . ... i 21
Getting to Know the Ribbon. ........... ... . ... . ... o i 21
Using Other Aspectsofthe UL.......... ... . ... .. o it 25
Navigation Methods. . ........ ... ... .. . 33
Defining Project Organization. ............... ... .. . i i i 36
Introducing Datum Objects (Relationships).................................. 36
Using Content . ........... o 48
Working with Views. . ........ .. ... 50
Managing Your Project Model ............. ... ... ... 65
TheBottom Line. ... ... ... 66
Chapter 3 » The BasicsoftheToolbox..............cciiiiiineinnn. 67
Selecting, Modifying, and Replacing Elements ................................. 67
Selecting Elements .......... ... .. . 67
Selection OPtioNS . ... 69

Filtering Your Selection ........... ... ... 70



XII

CONTENTS

Using Selection-based Filters ............... ... ... .. ... i 70
Selecting All Instances. . .......... ... i 70
Using the Properties Palette ............... ... ... ... ... ... ..., 71
Matching Properties. . ........ ... ... i 73
Using the Context Menu ................ .. i 73
Editing Elements Interactively.............. ... ... .. . i 74
Moving Elements . ........... ... 74
Copying Elements. . ......... ... 78
Rotating and Mirroring Elements . ............. ... .. ... ... ... ... 79
Arraying Elements . .......... ... . 81
Scaling Elements. ......... ... 83
Aligning Elements . ........... .. ... 84
Trimming or Extending Linesand Walls.................................... 84
Splitting Linesand Walls. . ............ ... 86
Offsetting Linesand Walls . ............ ... ... i i 87
Preventing Elements from Moving .................. ... ... . o oL 88
Exploring Other Editing Tools. .............. ... .. i i i 90
Using the Join Geometry Tool. .............. ... ... .. i 90
Using the Split Face and Paint Tools ................. ... ... ... ... ..... 91
Copying and Pasting from the Clipboard ................................... 91
Using the Create Similar Tool............... ... ... ... ... ..., 93
Using Keyboard Shortcuts (Accelerators) . ............. ..., 93
Double-click to Edit ......... ... 94
Modeling Site Context. ........ ...t 95
Using aToposurface. ........... ... 96
Creating a Toposurface fromaPoints File . ........................... ... ... 100
Creating a BuildingPad. ............ ... ... ... ... .. 104
Generating Property Lines ............... .. ... i 105
Cut/Fill Schedules ........... .. . 108
TheBottom Line. ... ... ... 110
Chapter 4 « Configuring Templates and Standards.................. 111
Introducing Project Templates. ............. ... .. . i i 111
Customizing Project Settings for Graphic Quality.............................. 112
Discovering Object Styles . ............ ... i 113
Using Line Settings ........ ... . 114
Defining Materials . .......... ... 119
Defining Fill Patterns. .......... ... ... . 128
Preconfiguring Color Schemes............ ... ... ... .. . .. 135
Increasing Efficient View Management ............. ... . ... ... ... 138
Organizing VIews. . ... ... 138
Creating and Assigning Filters. . ......... ... ... ... .. .. o oL 141
Using View Templates . ........ ... . 143
Creating Custom Annotations. ............ ... ... ... ... ... ... .. ... ... 147
Introducing Tag Family Fundamentals. .......................... ... ... ... 148

Creatinga Custom Door Tag. ............. ... i 149



CONTENTS | XIII

Customizing View Tags. ... i i 152
Starting a Project with a Custom Template . ......................... ... ... ... 157
Strategies for Managing Templates............... ... ... .. ... ... ... ... 158

Aggregating Template Data ................. ... ... ... ... L 159
TheBottom Line. ... ... ... . 164

Part 2 « Collaborationand TeamworKk...............coiiiiiiiiiiiiiiiaan.. 165
Chapter 5 « WorkinginaTeam. ........cccoviiiiiieienenennenencnns 167
Understanding Worksharing Basics . .................... ... ... ... L 167
Enabling Worksharing on Your Project ........... ... .. ... ... ... ... ..., 169

Typesof Worksets. ... 171

CreatingaCentral File.......... ... ... .. . i 171

Selecting a Starting View. ........ ... ... ... . 174

Creatinga Local File........... ... ... . 175

Using Worksharing Usernames . ... ... 178
Organizing Worksets. . ... 179

Moving Elements between Worksets .................. ... ... .. ... ... 181
Managing Workflow with Worksets. ............. ... ... . .. ... oo .. 184

Saving Work. .. ... 186

SavingatIntervals ........... ... . . 188

Loading Work from Other Team Members ................................. 188

Using Worksharing Visualization ..................... ... ... .. ..., 189

Managing Workset Visibility in View Templates ............................ 192

Closing Revit...... ... 192

Disabling Worksharing ............ ... .. . 194
Understanding Element Ownership in Worksets. .................. ... . ... ... 195

Understanding Editing Requests.............. ... ... ... ... o .. 197

Placing an Editing Request............... .. ... ... . i 197

Granting an Editing Request ............. ... ... ... . . L 199

Relinquishing Permission............... ... i 200

Using the Worksharing Monitor ............. ... ... ... . ... . ... ..., 200
Collaborating inthe Cloud............. ... .. .. ... ... ... . i 201

A360 Collaboration for Revit. ............ ... .. i i 203
TheBottom Line. ... ... ... 203
Chapter 6 « WorkingwithConsultants................ccviivuvane. 205
Preparing for Collaboration ............. ... .. ... ... . 205
Managing the Coordination Process ............. ... ... ... ..., 206
Using Linked ModelsinRevit.......... ... ... . i i i 209

Shared Positioning . ............ ... .. 210

Using Project Base Point and Survey Point.................................. 213

Using Worksets to Organize Linked Models................................ 219

Summarizing the Benefits and Limitations of Linked Models................. 221

Using Linked Models—Exercises .................... ..., 222

Using the Coordination Tools ........... ... .. .. .. .. . i i 225



XIV

CONTENTS

Using the Copy/Monitor Command ................... ... ..o ... 226
Using the Copy/Monitor Command—An Exercise .......................... 228
Using the Coordination Review Tool .................... ... ... . ... ...... 230
Using the Coordination Review Tool—An Exercise.......................... 232
Using Interference Checking in 3D Coordination. ........................... 233
TheBottom Line. ... ... ... 236
Chapter 7 « Interoperability: Working Multiplatform............... 237
Examining Interoperability ona BIM Curve.......................... .. ....... 237
InsertingCAD Data.............. ... . 238
Using Predefined Settings for Inserted CADData........................... 238
Importing vs. Linking . ....... ... ... 240
Using Options During Importing/Linking . ...................... ... ... ... 240
Manipulating Inserted CAD Data ............. ... ... .. .. 242
Using Inserted 2D Data............. ... 245
Setting Options for BIM Conversion..................ooiiiiiiiiii ... 246
Using CAD Data for Coordination. ............... ... .o o i, 247
Linking Details . ....... .. . 247
Using Inserted 3D Data............ ... 250
UsingCAD DataasaMass ... 250
UsingCAD DataasaFace....................... ... . .. ool 251
Using CAD DataasanObject. ............ .. ... i, 254
Exporting CAD Data.............o 256
Preparing a List of Views for Exporting............... ... . ... ... ... ... 257
Settings for DWG EXPOrts. . ... 259
Exporting2D CADData............. ... ... ... .. 264
Exporting3DModel Data. ............ ... 266
Exporting to SketchUp. ....... ... o 266
Using IFC Interoperability .............. ... ... ... i 269
The Bottom Line. ....... ... .. 276
Part 3 « Modeling and MassingforDesign ................coiiiiiiiiiiean.. 277
Chapter 8 « Advanced ModelingandMassing ...................... 279
The Massing User Interface and Functionality..................... ... ... . ... 279
Creating Mass Geometry. ... 282
CreatinganIn-PlaceMass. ................ ... i 283
PlacingaMass. . . ...t 289
Creating Mass Floors . .......... ... . i i i 290
Scheduling Masses . . ...... ...ttt 291
Massing Surfaces ............... i 293
Using Free-form Building Massing. .............. ... ... ... i, 298
Dissolving and Rebuilding . ................. ... ... . o 305
Creating Formula-driven Massing ............... ... ... ... ... 313
Creating a Generic Model Mass Family .............................. ... ... 313
Creating a Complex Mass Family ............. ... ... ... ... .. ..., 326

The Bottom Line. . .. ..ottt e 334



CONTENTS
Chapter 9 « Conceptual Design and Design Analysis ................ 335
Analysis for Sustainability . ........... ... ... 335
Creating a Conceptual Mass ........... ... i 336
Modeling an Adaptive Component............ ... ..o i, 337
Building the Massing Framework . ............ ... ... .. ... ... ... ... 344
Energy Modeling . ........... o 350
Conceptual Energy Analysis ............. .. ... i 351
Energy Analysis Setup. ......... ... 352
Running Energy Analysis Simulations. .................................... 357
Refining the Conceptual Analysis............. ... ... ... i, 360
Detailed Energy Modeling ............... .. ... i 367
Exporting to gbXML. ....... ... 368
TheBottom Line........... ... . 374
Chapter 10 « Working with Phasing, Groups,
and DesignOptions. ..........coiiiiiiiiiiienenenn, 375
Using Phasing. ........ ... 375
What Can YouPhase? .......... ... ... 378
Implementing Phase Settings. ................ ... ... .. . .. oL 379
Ilustrating the Geometry Phase .............. ... ... ... . ... ... ... ... 385
Using the View Phase. . ....... ... ... i 388
Creatingand Using Groups . ... 394
Creating Groups . . ...t 394
Modifying Groups . ........ouuuiii i i 396
Creating New GIroups . ........c.uuiiiiii i 398
Excluding Elements within Groups. ................... ... ... ... .. ..., 400
Saving and Loading Groups. ..., 402
Creating Groups from Links. ............ ... . oo oo 404
Using Best Practices for Groups.................oiiiiiiiiiiii .. 406
Making Design Options for Design Iteration .................................. 407
Creating Design Options. .......... ... i i 408
Editing Design Options. ........... ... i 41
Viewing and Scheduling Design Options .................................. 412
Removing Design Options and OptionSets ................................ 412
Combining Phasing, Groups, and Design Options ............................. 416
Phase 1: Demolition .......... ... i 417
Phase 1: Proposed . ... 419
Phase 2: Demolition . ... 420
Phase 2: Proposed. ... 422
Scheduling. ... ... ... 423
Using the Design Option Tool ............ ... ... ... ... ... 427
The Bottom Line. ....... ... .. 430
Chapter11 « Visualization...........coiiiiiiiiiiiienenenennanes 431
Explaining the Role of Visualization ............... ... .. ... ... ... ... ... 431

Understanding View Controls. ........... ... .. i 432

XV



XVI | CONTENTS

Setting the Detail Level .. ....... ... .. ... ... .. 433
Working with Graphic Display Options. ................. ... ... . .. ... 435
Working with the Section Box ........... ... ... ... . .. L 446
Understanding Analytic Visualization. ................... ... ... ... ...... 448
Project Parameters ....................... 449
Setting User-defined Parameters................... ... .. ... ... 452
Identifying Design Elements ................. ... ... .. . i 455
Setting Solar and Shadow Studies................ ... ... ... ... o oL 456
Understanding Photorealistic Visualization......................... ... ... ... 458
Rendering Sequence and Workflow. . ........... ... ... ... .. oL 459
Creating Perspective Views. ........ ... . ... i 459
Locking Your View. ...... ... 463
Creatinga Walkthrough ......... ... ... . ... ... ... 464
Exporting a Walkthrough . ......... ... ... ... ... o 468
Rendering Settings........ ... ... .. i 469
Using Monochromatic Views to Examine Context and Lighting............... 472
Adjusting Lighting and Interior Renderings................................ 477
Placing Artificial Lighting. . ........ ... .. .. ... . 478
Manipulating Light Groups .............. .. ... i i 479
Assigning Materials........... ... ... 485
RenderingintheCloud ............ ... .. ... 486
TheBottom Line. ... ... ... 488
Part 4 « Extended Modeling Techniques............ccoiiiiiiiiiiieiennenenns 489
Chapter 12 « Creating Walls and CurtainWalls..................... 491
Using Extended Modeling Techniques for BasicWalls . ......................... 491
Creating Basic Wall Types........... .. i i 492
Adding Wall Articulation . .......... ... ... . . 501
Modeling Techniques for BasicWalls .................... ... ... . .. ..., 508
Creating Custom In-Place Walls. . .............. ... ... ... ... ... ..., 515
Creating Stacked Walls . .......... ... . 516
Creating Simple CurtainWalls .............. .. ... ... ... ... .. .. 519
Designinga Curtain Wall .......... ... . ... .. . 521
Customizing Curtain Wall Types. . ......... ... ... .o i, 529
Creating Complex Curtain Walls ............ ... ... ... .. . . i .. 534
Dividing the Surface. ........... ... ... 535
Dividing the Surface with Intersects................... ... ... ... ... ... 538
Applying Patterns. ........... . 539
Editing the Pattern Surface............... .. ... ... . . i 539
Editing a Surface Representation...................... ... ... . ... ... 540
Adding Definition. . .......... . 542
Creating Custom Patterns................. . ... ... ... i 551
Limiting the Size of Pattern-based Families. ......................... ... ... 552
Using the Adaptive Component Family .......................... ... ... ... 554
Scheduling Pattern-based Panels.............. ... ... . ... ... ... ... 556

The Bottom Line. . . ... . 557



CONTENTS | XVII

Chapter 13 « Modeling Floors, Ceilings, andRoofs.................. 559
Understanding Floor Types ...........o. i 559
Modeling a Floor. . ... 559
Creating a Structural Floor . .............. .. ... o i 562
Modeling Floorby Face . ......... ... . ... . i 566
DefiningaPad. ... ... .. 566
Sketching for Floors, Ceilings,and Roofs ................... ... ... ... ...... 567
Modeling Slab Edges . .. ... 568
Creating a Custom Floor Edge ............... ... ... ... . o oL, 569
Modeling Floor Finishes........... ... ... ... . 572
Using a Split Face for Thin Finishes. . .................. ... ... ... ... ... 572
Modeling Thick Finishes................... ... ... ... i 574
Creating Ceilings . . ... ... 575
Understanding Roof Modeling Methods.................. ... ... ... ...... 576
Constructing a Roof by Footprint ............. ... ... ... ... .. ... 579
Applying a Roof by Extrusion ............... ... ... .. . i 582
Roof In-place ...... ... 583
CreatingaRoof by Face............ ... .. .. ... i 584
CreatingaSloped Glazing. ............... .. ... i i i 585
Using SIope ATTOWS . .. ..ot 585
Using Additional Roof Tools. ......... ... .. ... . i i, 586
Using Advanced Shape Editing with Floors and Roofs. ......................... 589
Creating a Roof with a Sloped Topping .................. ... ... ... ..., 590
Applying a Variable Thickness toa Roof Layer.............................. 592
The Bottom Line. ... .. ... 593
Chapter 14 « Designing with the Family Editor..................... 595
Getting Started witha Family ......... ... .. ... ... 595
Understanding In-place Families.............. ... ... ... ... ... ... 596
Choosing the Right Family Template and Category.......................... 597
Choosing Between Hosted and Nonhosted Family Types .................... 600
Creating Other Types of Families in the Family Editor ....................... 601
Understanding the Family Editor ............. ... ... .. ... ... ... ... ... 604
Developing the Framework for a Family Component . .......................... 605
Creating the Necessary Reference Planes, Lines, and Points .................. 606
Using Dimensions to Control Geometric Parameters......................... 610
Reviewing the Differences Between Type and Instance Parameters............ 614
Organizing Solids and Lines in a Family Editor............................. 618
Modeling Techniques in the Family Editor.................................... 622
Creatingan Extrusion .......... ... ... ... . ... 623
CreatingaSweep ..... ... .o i 625
CreatingaRevolve ........... .. 629
Creating a Blend and SweptBlend. ............ ... ... ... . ... ... L 630
Nesting Families......... ... ... 634
Troubleshooting Techniques ........... ... .. ... ... . . .. 637

Doing a Visibility Check . .......... ... .. .. ... 637



XVIII

CONTENTS

Applying Parametric Arrays and Family Type Parameters.................... 639
The Bottom Line....... ... 642
Chapter 15 « Creating StairsandRailings ......................... 645
Designing Stairs and Railings . ......... ... ... ... ... i 645
Reviewing the Key Components of Stairs and Railings ......................... 647

Reviewing the Basic Rules of Stairs.............................. ... ... ... 647

Working with Stair Components . .................... ... .o 649

Reviewing the Components of Railings . ................... ... ... ... ... 650
Creating Stairs ............. . .. . . 657

Understanding the Stair Tools ................ ... ... .. . ..o i .. 658

Using the Components for Customizing Stairs.............................. 663

Creating Stairs with Other Tools . ............... ... ... .. .. ... ... ..., 677
Annotating Stairs. .......... ... 684
Creating Railings . ..... ... ... .. 686

Creatinga Custom Railing .................. ... ... ... . i 689

Creating Glass Railings with the Curtain Wall Tool. . ........................ 693
Using the Railing Tool for Other Objects............. ... ... ... ... .. ..., 696
TheBottom Line. ... ... .. 700

Part5eDocumentation. ......... .ot iiiiiiiiiiiiiiiiienenrneneanannnns 701
Chapter 16 ¢ Detailing YourDesign ................coiiiiiian.. 703
Creating Details . ... ... . 703

View Types for Detailing. . .......... ... ... . . i 703

Working with the Detailing Process . .................. ... ... ... ... ... 705
Detailing Tools . . ... ..o 707

Using the Detail Line Tool. . .............. .. ... i i 707

Using the Linework Tool . ......... ... .. 708

Using Filled Regions and Masking Regions. ................................ 709

Adding Detail Components . ........... ..., 715

Repeating Detail Component . ............... ... .o i 719

Using Line-based Detail Components. ................. ... oo, 723

Drafting Insulation. ........... ... ... 723

Creating Detail Groups ......... ... i 724
Adding Detail Components to Families............................. ... ... ... 726
Reusing Details from Other Files ............ .. ... ... ... ... ... ...... 729

Using CAD Details. ... 729

Using Details from Other Revit Projects. ................ ... ... ... ....... 730
TheBottom Line. ... ... ... 734
Chapter 17  Documenting YourDesign.............cciivivnnan.. 737
Documenting Plans . ........ ... .. 737

Calculating Space Using Room Objects ............. ... ..., 737

Creating AreaPlans........... ... .. . . i 740

Adding AreaObjects ....... ... 744



CONTENTS | XIX

Modifying AreaPlans .......... ... ... 747
Creating Schedules and Legends ............................................ 748
Creating Schedules. ........... ... ... .. .. . 748
Using Legends ............. . i 761
Laying OutSheets ....... ... ... 763
Addingthe AreaPlan .......... ... ... .. . 763
Activatinga View . ... 763
Using Guide Grids ............. i 765
AddingtheSchedule .......... ... ... .. .. 766
Finishing theSheet....... ... ... ... ... .. .. . .. . 768
TheBottom Line. ... ... .. 769
Chapter 18 « Annotating YourDesign.................civivnnnn.. 771
Annotating with Textand Keynotes. ............. ... ... ... ... ... ... ...... 771
Using Text. . ... o 771
UsingKeynotes................. . 776
AnnotatingwithTags ........... .. ... . . 788
Inserting Tags . ... ..o 789
Using the Tag Toolset. .......... ... 790
Adding DImensions. .. ... 794
Using Dimension Equality ............. ... . ... .. o 797
Customizing Dimension Text. ............. .. .. i i, 798
Editing Dimension Strings ................ .. . i 800
Using Alternate Units. . ........ ... ... 802
Annotating with Project and Shared Parameters............................... 803
Creating Project Parameters . ..................... oo i 804
Creating Shared Parameters............... ... ... ... .. i, 808
The Bottom Line. ... ... . 816
Part 6 « ConstructionandBeyond .............c.iiiiiiiiiiiiiiiiiinnnnennn 819
Chapter 19 « Working in the Construction Phase................... 821
Using Revisions in Your Project. . .......... ... ... ... ... ... ... ... ... ..., 821
Creatinga Revision Cloud. .......... ... .. .. ... i i 821
Placing Revision Clouds ............ ... ... i 824
Tagging aRevisionCloud ........... ... .. ... i 826
Disabling the Leader ........... ... ... .. ... 827
Using Digital Markups ........... ... .. 827
Publishing to Design Review . ......... ... ... ... o i i 828
Modeling for Construction. ............ ... i i 833
Creating Parts ... 834
Modifying Parts ... 835
Scheduling Parts.............. i 842
Creating Assemblies. . .......... ... ... 843
Creating Assembly Views . ......... ... i 844

The Bottom Line. . . ... e e e 846



XX

CONTENTS

Chapter 20 « PresentingYourDesign.................. .o, 847
Understanding Color Fill Legends ....................... ... ... .. 847
Making a Color Fill Legend for Rooms..................................... 848
Customizing a Color Fill Legend . .............. ... . ... ... ..., 852
Modifying Other Settings............ ... .. ... . i i 855
Using Numerical Ranges for Color Schemes . ............................... 856
Presenting with3D Views ....... ... ... ... . i i 859
Orienting to Other Views ........ ... ... ... . . . i i i 859
Annotating3D Views. ... 861
Editing Viewport Types ..... ... 862
Creating “Exploded” Axonometric Views.................. ... ... ..., 864
The Bottom Line........ ... ... 871
Chapter 21 « Working withPointClouds ..............ccvivuan. 873
Understanding LIDAR . ... ... 873
Hardware. ... ... .. 874
Benefits of LIDAR ... ... ..o 875
Collecting Existing Conditions. . .......... ... ... oo i i, 875
Planning for a LIDARSurvey. ........... ... i 879
ExteriororInterior ........ ... 879
Levelof Detail . ..... ... 880
Imageryand Color . ....... .o 880
Schedule. . ... . 880
Using the Scanina Project.......... ... ... ... . .. .. i 882
Getting Started witha PointCloud . ........... ... ... .. .. ... o .. 884
Modeling witha Point Cloud . ........... ... ... ... oo i i, 889
Manipulating a PointCloud . ............. .. .. ... . o 892
The Bottom Line. ... ... ... 894
Appendices .. ... . it i i i i it ittt 895
Appendix A ¢« TheBottomLine ............c.ciiiiiiiiiinienennnn. 897
Chapter 1: Introduction: The Basicsof BIM . ............... ... ... ... ..., 897
Chapter 2: Applying the Principles of the User Interface and Project Organization . 898
Chapter 3: The Basics of the Toolbox. ............. ... ... ... oL, 898
Chapter 4: Configuring Templates and Standards.............................. 899
Chapter 5: WorkinginaTeam ............... ..o i 900
Chapter 6: Working with Consultants ............ ... ... . ... ... ... ..., 901
Chapter 7: Interoperability: Working Multiplatform ............................ 902
Chapter 8: Modeling and Massing for Design. ........................ ... ...... 903
Chapter 9: Conceptual Design and Design Analysis............................ 904
Chapter 10: Working with Phasing, Groups, and Design Options ................ 905
Chapter 11: Visualization ........... ... ... .. .. i 906
Chapter 12: Creating Walls and CurtainWalls................................. 907
Chapter 13: Modeling Floors, Ceilings, and Roofs . . ............................ 908

Chapter 14: Designing with the Family Editor . ....................... ... ... ... 909



CONTENTS

Chapter 15: Creating Stairs and Railings.................. ... ... ... ... ... 910
Chapter 16: Detailing Your Design . ............. ... ... ... oL, 911
Chapter 17: Documenting Your Design ................... ... ... oL, 912
Chapter 18: Annotating Your Design ............. ... ... ... 913
Chapter 19: Working in the Construction Phase. ............................... 914
Chapter 20: Presenting Your Design.............. ... ... ... ... oo .. 915
Chapter 21: Working with Point Clouds. ................... ... ... ... . ..., 916
Appendix B « Tips, Tricks, and Troubleshooting..................... 917
Optimizing Performance ........... ... ... .. i i 917
Use Best Practices. .......... ... ... . . 920
Quality Control. ... ... 927
KeepinganEyeonFileSize .............. .. ... . i 927
Using Schedules .......... ... .. . 932
Reviewing Warnings ....................... .. .. 937
Other Tipsand Shortcuts .......... ... .. 939
Additional ReSOUICes . ....... ... ..o 942
Appendix C « Autodesk Revit Architecture Certification............. 945
............................................................................ 953

XXI






Foreword

There are two great secrets, or as I think of them, two great sins, in the architecture profession.
The first is that the actual practice of architecture is something that has to be learned on the job,
after we've committed several years, and subsequently quite a lot of money, to an educational
program that has only a small amount of carryover to the actual architectural practice. The
second sin is a near mirror: that the actual operation of a building is also something that has to
be learned on the job and after the fact, after several years and quite a lot of money is invested
in the design and construction process. This is again with a disappointing amount of carryover
from the design process.

At best, the status quo provides us with adequate starting points, but is adequate really good
enough? Shouldn’t we aim for better? I'm no educator, and addressing the issues of architectural
education is not my purview. However, as to the second sin, the matter of delivering a building
that is ready not just to be occupied but also to be maintained, this is the realm I scout and
probe every day. Fortunately, BIM processes, facilitated by software like the Autodesk® Revit®
Architecture program, are chipping away at the embedded processes surrounding the delivered
facility.

My first exposure to BIM came in graduate school at the University of Cincinnati. I was
taking a skyscraper design studio and our instructor, a forward-thinking, technologically
minded architect, brought in a trainer to give us a crash course in Revit the first week. This
wasn’t a requirement, he noted, but he wanted us to at least try out this exciting, up-and-
coming software. The breakneck pace of the project resulted in most of my classmates resorting
quickly to more familiar tools. I held out longer and was probably the last to change at about the
midpoint of the studio. As exciting as I found the design tools at the time, the learning curve
was just too steep for a single day of training, although I probably would have finished the
studio in Revit if I'd had a reference as useful as this book as a guide.

My first opportunity to explore the full depth of what BIM and Revit were capable of came in
2010. I had been working for some time for a firm that was committed to BIM implementation,
but most of the time our work was lonely BIM, or BIM Lite, or BIM 1.0, depending on the
catchphrase du jour. This was largely owing to the requirements of our clients and the lack of
similar commitment among our design partners. As cliché as it sounds, any BIM effort must
begin and end with the client—if a facility owner isn’t going to make use of the data developed
during design and construction, then that BIM effort will be fundamentally flawed and
incomplete. Although we constantly pushed our clients to do more and some great strides were
made, we never got quite as far as we hoped to go.

That changed when we joined the design team for Denver International Airport’s new Hotel
and Transit Center and I was subsequently selected as the project BIM manager. Little did I
know what a career-defining moment that decision by my boss would turn out to be.

Whereas with other projects we would have to introduce our clients to what BIM was and
what benefits it could bring, on the HTC project Denver International Airport (Airport code:
DEN) was taking the lead and demanding BIM—not BIM Lite, which the industry seemed to
have plateaued at for so many projects, but real BIM. I daresay none of us really knew what we
were getting into.

To say this was an exciting and ambitious project would be to only scratch the surface.
Though an incredible opportunity, it was also at times terrifying, frustrating, and
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overwhelming. Few firms in the area were truly Revit literate, and none had ever worked on a
project that took BIM as far as the airport wanted to go with it. The learning curve was steep for
all parties involved and, naturally, the schedule was short.

The entire project was to be executed in BIM. The architectural and systems designs were
done in Revit and the civil designs were developed in AutoCAD® Civil 3D® software. The
general contractor and their trade subcontractors modeled all of their content as well. Spatial
coordination was done in Autodesk Navisworks® software for design and construction, with the
trades’ means and methods reconciled back into the design models. The contractors, designers,
and commissioning agents tracked RFIs, punch lists, and commissioning data in Autodesk
BIM Field, and the whole shebang contained the necessary data to connect to and populate the
airport’s asset management program.

Fast-forward to today, and I find myself sitting on the other side of the table and up to my
chin in information as the BIM manager at Denver International Airport. When our new hotel
and transit center comes online in November 2015, we would, under a non-BIM process, have
to manually enter the thousands of assets we track into our asset management program. This
would have to take place after the contractor manually tracked a slightly smaller slice of that
same information for all those assets for their own needs, and the design team manually tracked
a yet again smaller slice of the information for those same assets for their needs. Duplication of
effort atop duplication of effort.

That is not what we will be doing here at DEN, because of the ambitious BIM and asset
management program for our 53 square miles of campus and 20 million square feet of facilities.
What will happen instead is that a month before the facility opens, we will have all of the asset
information easily ported from a Revit model that was created by the design team, coordinated
with the built conditions via Navisworks and the Autodesk® BIM 360™ Glue® software,
and informed with construction and commissioning data through BIM Field with minimal
duplication of effort. Data supplementation and addition, not duplication.

It would be difficult to overstate what a significant step the adoption of BIM processes
are for DEN. BIM processes and technologies are still developing for many on the facilities
ownership side and the integration of BIM with an asset management program as outlined
in the UK’s PAS 1192-2 and 1192-3 is even further out on the cutting edge. This is particularly
true in the United States, which trails the UK in asset management leadership and lacks the
broad BIM requirements being rolled out there. That DEN has taken this leap to a more holistic
implementation throughout the length of a facility’s entire life cycle speaks to the vision and
drive for industry leadership at DEN from the top down.

Our BIM models will feed information into almost every aspect of the airport’s operations in
one way or another—from GIS, planning, and maintenance to tenant management and finance.
We'll have the data to better track and analyze our construction and maintenance processes.
We have maintenance staff going into the field with tablets loaded with asset data and facilities
models. Driving it all, we have all that data, all that precious information, that makes BIM so
valuable and Revit such a powerful authoring tool.

In your hand, you hold the information you need to learn how to apply the latest version of
that tool. Between them, Eddy and James have written more than 20 books on Revit and BIM.
They’ve led countless BIM projects that span broadly from lonely BIM to true BIM at every size
and scale. There is no better single reference for Revit than this one. Here within these pages
you will find guidance not just on how to create sensual renderings and crisp construction
documents, and how to clean up the peskiest warnings, but also the understanding of the value
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of that precious information on which a facility runs for the length of its life. I know that I am
excited to add this latest edition to my library, and I hope you are as well.

—Brendan Dillon

Brendan Dillon, LEED AP, is the BIM manager for Denver International Airport. Brendan is leading
DEN in an industry-leading implementation of BIM and integration of BIM technologies with GIS and
asset management systems. Prior to joining DEN staff, Brendan had managed over $1 billion in BIM
projects in the design industry, including four years working on DEN projects, along with an alphabet’s
soup worth of other governmental agencies.

In his spare time Brendan brews a variety of award-winning meads and is a firm believer that Han shot

first.






Introduction

Architecture is the process of turning a thought into space. Although it’s so simple to convey
that in the written word, the actual act of doing so is much more than it is possible to write.
It’s glory, it’s torment, it’s frustration, it’s freedom, it’s the realization that one miscalculation
means a complete redesign, like blowing on a house of cards, and it’s the 3 a.m. epiphany
when you realize that the new design was what you were meant to get to in the first place.
With all of that, it’s also the burning desire to work relentlessly to make something better one
step at a time.

Autodesk® Revit® Architecture software is one of the many tools we employ to help us
through this organic process. It’s one tool in the toolbox, but it can be much more than that. It
can be the workflow that helps to empower a team. That team is the designers, the contractors,
and ultimately the owners who are all looking to speak the same language.

We hope that in the process of using this book, you'll experience a bit of the struggle
to realize a bit of the satisfaction of finding the solution. We hope what you learn in this
book helps inspire you to your own bit of greatness, because what’s most important is that
architecture isn’t about buildings. It’s about what we are able to accomplish with what little
time we have. This is the elegant essence of Revit. Before we go much further, there are a few
semantics to discuss.

First off, all the tutorial files necessary to complete the book’s exercises plus sample families
are hosted online at www. sybex.com/go/masteringrevitarch2016.

Don’t have a copy of Revit 2016? Download the trial version of Revit Architecture at http://
usa.autodesk.com/revit-architecture, where you'll also find complete system requirements
for running Revit. Are you a student or educator? Someone with a .edu email address? You can
get a copy of Revit for free starting with the 2016 version at http://students.autodesk.com.

For the clearest direction when following the exercises in this book, please make sure to
install all the Revit support files that come with the default installation. We reference them
heavily, and you'll need them to best leverage the software.

Also, it should be noted there are a few flavors of Revit. Starting with the 2013 edition,
Autodesk released the Revit Architecture, Autodesk® Revit® Structure, and Autodesk® Revit®
MEP packages separately. They also released a One Box solution that has all those products in
a single version of Revit. Depending on what you have installed—Revit as One Box or Revit
Architecture—there will be some slight variations in the user interface. We have focused this
book on the use of Revit Architecture. If you're using the One Box solution, the variations will
be slight and hopefully manageable.

Finally, most of our offices purchase the Revit software on subscription. With subscription
comes a host of benefits and add-ons to Revit. This includes tools like access to cloud rendering,
storage, and analysis, which we demonstrate in Chapter 9, “Conceptual Design and Design
Analysis.” You can go here to create an account: http://subscription.autodesk.com.

Who Should Read This Book

This book is written for architects and designers who have had some exposure to Revit and
are eager to learn more. It’s for architects of any generation—you don’t need to be a computer
wizard to understand or appreciate the content within. We’'ve designed the book to follow real
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project workflows and processes to help make the tools easier to use. The chapters are full of
handy tips to make Revit easier to leverage in your day-to-day world.

This book is also for the entire range of architects, from those who are fresh out of school
to seasoned project managers. We have endeavored to include content for all walks of the
profession so that regardless of your role on a project, you can learn how BIM changes both
workflow and culture within a project team. With that, a basic understanding of Revit will make
it easier to work through the book. Revit is a very robust tool requiring more than one project
iteration to master.

For BIM managers, the book offers insights into the best practices for creating good
project or office templates; these managers should also take a sneak peek into the powerful
world of building content and Revit families. We’ve added many time-saving and inspiring
concepts to the book, supported by examples from our own projects and the rest of the real
world, to help motivate and inspire you on your journey through building information
modeling.

What You Will Learn

This book will help you take the basics of Revit and BIM that you already know and expand
on them using real-world examples. We will show you how to take a preliminary model and
add layers of intelligence to help analyze and augment your designs. We’ll show you how to
create robust and accurate documentation, and then we’ll help you through the construction
process.

We go beyond introductory topics. To that end, we won't be starting a project from scratch
or teaching you how to build a simple BIM model. If you are interested in learning at that
level, we strongly recommend you pick up Autodesk® Revit® Architecture 2016 Essentials
(Wiley, 2015) before plunging headlong into this book. Instead, our book begins with a brief
overview of the BIM approach. As you are already aware, BIM is more than just a change in
software; it’s a change in architectural workflow and culture. To leverage the full advantages
of both BIM and Revit in your office structure, you will need to make some changes to your
practice. We've designed the book around an ideal, integrated workflow to help you make this
transition.

Starting with the project team, standards, and culture, we’ll discuss how BIM changes
your project approach and how to best build your team around a newer workflow. From
there, we’ll delve into conceptual design and sustainability studies, continuing through
best practices for design iteration and refinement. You'll learn how to use powerful
modeling techniques, how to design documentation best practices, how to make compelling
presentation graphics, and how to take advantage of parametric design with the Family
Editor. We'll explore workflow topics like tracking changes and work sharing as well as
some strategies that move beyond traditional concepts of BIM. The book concludes with
an appendix on troubleshooting and best practices so you can avoid common pitfalls.
Throughout the book we’ve shared our practical experience with you, particularly in the
form of real-world-scenario sidebars.

Whether you're studying Revit on your own or in a class or training program, you can use
the “Master It” questions in the section called “The Bottom Line” at the end of each chapter to
test your mastery of the skills you've learned.



