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Charging Ahead with Revit 2020 MEP Engineering

David A. Butts — Engineering Technology Manager
Gannett Fleming, Inc.

Learning Objectives
e Gain an overview of key electrical features that improve the design process
e Examine new elevation and control features for scheduling and tags
e Learn how to improve engineering analysis tool results with key settings and tips
e Learn how to push more design into your model by incorporating HVAC and
electrical schematics
Description

The evolution of Revit software for engineering, modeling, and design is having a major impact
on the MEP design process. Autodesk continues to add new features, but bells and whistles are
not the only things a user needs to understand. Taking advantage of key workflows can help
you get more from your Revit tools than ever before. This hands-on lab will begin with an
overview of the electrical improvements to help represent a more accurate design, and then
we’ll move into new elevation features that affect all disciplines. Next, we’ll take a look at ways
to improve your engineering analysis results, and we’ll close with new ways to move your
schematic designs from AutoCAD software to Revit. Shore up some weak areas in your
everyday work by learning how to use these tools and get more from BIM!

Speaker(s)

David Butts is an Autodesk Expert Elite Team member and Engineering Technology Manager
for Gannett Fleming with over 34 years of experience in the architecture, engineering, and
construction field. He is responsible for implementation, training, BIM project support, and
management for engineering design applications, including Revit, AutoCAD P&ID/Plant 3D,
AutoCAD MEP, Navisworks software, and more. He was an Autodesk Authorized Training
Center (ATC) training manager and application engineer for an Autodesk Reseller for 13 years,
providing implementation and training services across the United States, and serving as a
Subject Matter Expert for Autodesk, engineering software, training and certification programs.
He has design experience for a variety of project types, and he was an Autodesk University top-
rated speaker for labs and lectures in 2011 and 2016.
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Introduction

The evolution of Revit software for engineering, modeling, and design is having a major impact
on the MEP design process. Autodesk continues to add new features, but bells and whistles are
not the only things a user needs to understand. Taking advantage of key workflows can help
you get more from your Revit tools than ever before. This hands-on lab will begin with an
overview of the electrical improvements to help represent a more accurate design, and then
we’ll move into new elevation features that affect all disciplines. Next, we’ll take a look at ways
to improve your engineering analysis results, and we’ll close with new ways to move your
schematic designs from AutoCAD software to Revit. Shore up some weak areas in your
everyday work by learning how to use these tools and get more from BIM!

Key Revit Electrical Features and Improvements for 2020

We’ve been training our users for years about how systems and circuits are defined, but the key
is to understand the relationship between target and source devices. A target is any item that
receives air, fluid or power, while a source controls the flow of air, fluid or power. Systems and
circuits are always defined by targets and can have as many devices as needed within the
system or circuit. But the system can only have one source — so from an electrical standpoint,
the panel (and the relative breaker) are the source, while lights, disconnects, and other powered
devices are the targets. In Revit, you're always building your systems and circuits from the
bottom — the targets — up to the ultimate source (power connection, water connection, air
handling unit, etc.).

Feeding the Lug

The first key new feature to review is the ability to define feed-thru lug (that’s FTL) power
connections between panels. Prior to adding this feature, the user had to “fake” connections
between FTL panels. Circuit numbering was also an issue, so let’s begin by setting up an FTL
connection.

1. From the Revit model, FTL Panels — 2020.rvt, make sure you have the 1-Power view

open.
2. The plan contains lighting and receptacles, along with three panels:
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3. Start by selecting panel PP3 in the upper left corner of Space 1. Review the properties
palette, Electrical — Circuiting section:
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Modify | Electrical Equipment Distribution Systern: 120/208 Wye ~

Properties X [ 1- Power X

. Lighting and Appliance Panelboard - 208V MLO J
400 A

Electrical Equipment (1) b Edit Type

Phase Demolished éNone ~

General H

Meounting Recessed

Enclosure Type 1

Panel Mame PP3

Location Space 1

Electrical - Circuiting H

Feed Through Lugs (|

Max #1 Pole Breakers 42

Mains 400.00 A

SubFeed Lugs O

MCE Rating 1.00A

Feed
Circuit Maming

Circuit Prefix Separator
Circuit Prefix
Modifications

Short Circuit Rating
Distribution System 120/208 Wye
Supply From

MNumber of Wires 4
MNumber of Phases 3
Electrical Data 208V
Circuit Mumbering Option Default

The new features for the panel are the Feed Through Lugs, SubFeed Lugs and
Circuit Numbering Option. For this exercise, start by making sure the Feed Through
Lugs option is deselected, and Subfeed Lugs is also deselected. Click Modify on the
ribbon or press ESC twice to clear the selection after you’ve applied the changes.

4. Select one of the receptacles in Space 2 and then select the Electrical Circuits tab
from the ribbon to show the circuit information:

g S5, 4
% 5 Systemn Selector: o L8 s/= Panel PP1 -

Modify| |Properties @1 = Edit  Edit Select Di:connr:ctann.—:ctignT}rpE:ﬁanreaker "
Circuit Path Panel Panel

Select  Properties Systern Tools

5. There have been several improvements over the past year, including the newer Edit
Path tool that allows you to physically create the path for the circuit and create a more
accurate voltage drop.

Underneath the selected panel (PP1) note the new Connection Type which is set to
Breaker. This is the traditional method that Revit has used to create the circuit — it's
been a simple breaker connection that is based on the voltage and number of poles
defined by the targets, and totals the load based on the apparent load, load
classification, demand factor and power factor.
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6. Select the breaker drop down to see the new Feed Through Lugs option. This option
is used when creating an FTL connection between panels — so don’t use it when
creating typical circuits! Press ESC twice to clear the selection.

7. To create a new circuit, select the group of lights to the left of Space 2:

Collaborate Wiew  Manage  Add-lns  Site Designer  BIM Interoperability Tools  Modify | Lighting Fixtures

o= g B Y * @ 0

A i 5 Edit  Filter Power Switch
% Family % Edit
Wiew Measure Create Mode Selection Create Systemns
<

8. Note the Modify Light Fixtures tab — to create a circuit for all of these devices, select
Power on the Create Systems tab:
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vlanage  Add-Ins  Site Designer  BIM Interoperability Tools  Modify | Electrical Circuits — Precast =~

[OEJJ @% i ﬁ- Panel: PP3 . f(. __H_J

Edit  Edit Select Disconnect Connection Type: [~ Breaker » Arc  Chamfered
Circuit Path Panel Panel Wire Wire
Create System Tools Convert to Wire
e s -
| Jnaed ]
| | ! ! (.
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| = = = =
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9. By default, if any panel has had items added to it, Revit will automatically place the next
group of circuited devices to the last panel used. If no panel was used, you can
select the panel. For this circuit, make sure the panel PP3 is selected. Note that the
breaker option below, which was also the last option used, appears by default. This is
the correctly defined circuit that is associated with the breaker.

10. Next, let’s review the loads on Panel PP3. Select the panel, and then select the Create
Panel Schedule tool from the Electrical tab on the ribbon:
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llaborate  Wiew  Manage  Add-Ins  Site Designer  BIM Interoperability Tools  Modify | Electrical Equiprment  Precast

=- B 5 B Bopg ©

| ) 730 edi Create  _ Edit Pick Power
0 % Family  Panel Schedules Work Plane = Mew
=0 Measure Create Maode Electrical Waork Plane Placement Create Systel
i

PP3

#3

208V

11. For this exercise, use the Default template. Once the schedule appears, note the loads
on the panel:
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Branch Panel: PP3

Location: Space 1
Supply From:
Mounting: Recessed
Enclosure: Type 1

Volts: 120/208 Wye

Phases: 3
Wires: 4

ALC. Rating:
Mains Type:

Mains Rating: 400 A
MCB Rating: 1A

Notes:

CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Power 20 A 1 1260 VA[ 512 VA 1 20 A |Lighting Space 1 2
3 4
5 ]
7 8
9 10
1 12
13 14
15 16
17 18
19 20
2 22
23 24
25 26
27 28
29 30
3 32
33 34
35 36
37 38
39 40
41 42

Total Load: 1T72VA 0vA OVA
Total Amps: 154 0A 0A
Legend:

Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Power 1260 VA 100.00% 1260 VA
Lighting 512VA 100.00% 512 VA Total Conn. Load: [1772 VA
Total Est. Demand: [ 1772 V&
Total Conn.:|5 A
Total Est. Demand: |5 A
Notes:

12. The panel is carrying 1772 VA total load. In a feed through lug situation, this load needs
to carry forward to the top panel.

13. Next, let’s create the feed through lug relationship — the process is the same as when
you’re defining circuits. In this case panel PP3 is the target, which defines the circuit,
and panel PP2 is the source. From the 1 — Power view, select panel PP3 and then
select the Power tool on the Modify tab, Create Systems panel:
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BIM Interoperability Tools  Modify | Electrical Equipment  Precast  Electrical Circuits

% BoE=—

. Edit Edit Pick Power
Panel Schedule Work Plane = Mew
ctrical Work Plane Placernent Create Systermns
#3
208V
OVA

14. By default, the circuit will default to breaker — but let’s switch this to Feed Through Lug
by selecting this option under the Connection Type:

View Manage Add-Ins  Site Designer  EIM Interoperability Tools  Medify | Electrical Circuits

2" [C\DJ @ % -8 ﬁ_ Panel: PP2 -

L Edit  Edit Select Disconnect Connection Typel [ Breaker -
Circuit Path Panel Panel |If Break
i~ Breaker

ure Create System Tools
fﬁ_F&&cIThmugh Lugs

|
PPS\N; ‘

15. If you have not set the PP2 panel up to support Feed Through Lugs prior to making the
connection, you'll get a warning about it. But now — get this — the tool actually helps you
fix the solution by including the option to Enable Feed Through Lugs:
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Autodesk Revit 2020

Error - cannot be ignored
Feed Through Lugs is unchecked for this panel,

Click Enable Feed Through Lugs to check the Feed Through Lugs parameter on
the Properties palette and set the Connection Type to Feed Through Lugs.

Enable Feed Through Lugs

Show

Maore Info Expand ==

o

16. To set up a panel to use FTL connections as a default, select Panel PP1 and review the
Properties palette:

Properties

Lighting and Appliance Panelboard - 208V MCB
400 A

Electrical Equipment (1)
Constraints
Schedule Level

X [ 1-Power

Edit Type

Level 1

Elevation from Level

40"

Host

Basic Wall : Generic - 8"

Offset from Host

00"

Electrical Engineering
Electrical - Loads
Total Connected

3 <

Total Estimated Demand

Total Demand Factor

Total Connected Current

Total Estimated Demand Current

Apparent Load Bhase A

Apparent Load Bhase B

Apparent Load Bhase C

Current Phase A

Current Phase B

Current Phase C

Power Connected

Power Estimated Demand

Power Connected Current

Power Estimated Demand Current

Power Demand Factor

Dimensicns ¥
Identity Data ¥
Phasing ¥
General 2

Mounting iRecessed

Enclosure iType 1

Panel Name PP

i

Electrical - Circuiting R

Feed Through Lugs

Max #1 Pole Breakers 42

Mains 400.00 A

MCE Rating 400.00 A

SubFeed Lugs

Feed

NG

Circuit Prefix Separator

Circuit Prefix

Modifications

Short Circuit Rating

Distribution System 120/208 Wye

Supply From

Number of Wires 4

Number of Phases 3

Electrical Data 2

Circuit Numbering Option Default

% [EZ pp3

208V
ovAa

Other
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17. At the bottom of the Properties palette for electrical equipment, review the Electrical —
Circuiting section. The first option, Feed Through Lugs, is the check box than enables
the panel to accept FTL connections. If you want to connect Panel PP2 to PP1 as a feed
through lug connection, you won’t be prompted with the error message — Revit will

simply create the connection. Select Panel PP2 and then select the Power tool from the
Create systems tab:

Site Designer  BIM Intercperability Tools  Meodify | Electrical Equipment — Precast  Electrical Circuits

8 B P O

Create . Edit Pick Power
Panel Schedules Work Plane = Mew
Electrical Work Plane Placerment Create Systems

PP2

#3
208
0wa
Other

18. Next, from the System Tools tab, select the Panel PP1 from the Panel drop down, and
Feed Through Lugs for the Connection type:

Page 11



/\ AUTODESK.
UNIVERSITY

Add-Ins  Site Designer  BIM Interoperability Tools  Modify | Electrical Circuits — Precast =~

@% g ﬁL Panel: PP1 d

Edit  Edit Select Disconnect Connection Type: [l Feed Through Lugs -
Circuit Path Panel Panel

Systern Tools

PP2

N

PP1
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19. The circuit is now attached as a feed through lug connection. To see this, select panel
PP1 and then create a panel schedule using the default template.

[ 1- Power & pP1 X
Branch Panel: PP1
Location: Space 1 Volts: 120/208 Wye AC. Rating:
Supply From: Phases: 3 Mains Type:
Mounting: Recessed Wires: 4 Mains Rating: 400 A
Enclosure: Type 1 MCB Rating: 400 A
Notes:
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Power 20 A 1 1440 VA 512 VA 1 20 A |[Lighting Space 1 2
3 4
5 6
7 8
] 10
11 12
13 14
15 16
17 18
19 20
21 22
23 24
25 26
27 28
29 30
31 32
a3 34
35 36
37 38
39 40
41 42
Total Load: 4652 VA 0vA 0VA
Total Amps: 39A 0A 0A
Legend:
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Power 4140 VA 100.00% 4140 VA
Lighting 512VA 100.00% 512VA Total Conn. Load: |4652 VA
Total Est. Demand: [4652 VA
Total Conn.: (13 A
Total Est. Demand: |13 A
Notes:

20. But wait — something is missing...the load at the bottom of phase A doesn’t match the
total of the panel PP1. It's actually a lot more...4652 VA is the total of ALL of the
connected panels. PP3, PP2 and their loads are included in the total, but this schedule
template isn’t formatted to show the separate loads. So how do you fix this? While you're
in the panel schedule, select Change Template. Select the Feed Through Lugs Panel

template:
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File Architecture  Structure  Steel  Systerns  Insert  Annotate  Analyze  Massing & 5ite Collaborate  View  Manage  Add-Ins

Temnplate  Loads Circuits Text
Change Template ? >
Properties v X
Templates:
m Y Branch Panel: PP1
i Panel Schedule Feed Through Lugs Panel
Feed Through Lugs Panel 84 Slot Location; Space 1
Supply From:
Panel Schedule: PP1 Mounting: Recessed
Identity Data Enclosure; Type 1
Panel Schedule Mame
Other
Template
Circuit Description Trip
ower 20A
Cancel
19
21

21. If you get the warning about changes to the panel template may be lost for the current
template, you can ignore this if you didn’t change the title area of the panel schedule by
adding text. Be aware that anytime you manually add text to a panel schedule instead
of using a shared parameter in a field area, you could lose that text since it's not
associated with the panel.
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Panel Schedules - Text in Panel Schedules Can Be Lost X

| Textentered into a panel schedule that is not

~ stored in a parameter will be lost when the
selected template is applied to the schedule. Are
you sure you want to continue?

To store text, you must associate it with a system parameter,
such as one of the Motes parameters, orin a user-defined
parameter.

[] Do not show me this ressage again Yes

22. Click Yes, and now you using the template showing the FTL connected loads at the
bottom of the panel schedule:

[ 1- Power R pr1 X
Branch Panel: PP1
Location: Space 1 Volts: 120/208 Wye AC. Rating:
Supply From: Phases: 3 Mains Type:
Mounting: Recessed Wires: 4 Mains Rating: 400 A
Enclosure: Type 1 MCB Rating: 400 A
Notes:
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Power 20A 1 1440 VA 512 VA 1 20 A |Lighting Space 1 2
3 4
5 6
7 8
9 10
1" 12
13 14
15 16
17 18
19 20
21 22
23 24
25 26
27 28
29 30
E 32
33 34
35 36
37 38
39 40
41 42
Total Load: 1952 VA VA QVA
THIS SECTIONTOTAL: o0y Amps: 16A 0A 0A
TOTAL LOAD CONNECTED TO FEED THROUGH Total Load:[  2700VA | 0VA [ QVA |
LUGS: Total Amps: 23A 0A [
Total Load: 4652 VA 0VA 0 VA
PANEL GRAND TOTALS: Total Amps:l 39A | 0A ‘ 0A ‘
Legend:
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Power 4140 VA 100.00% 4140 VA
Lighting 512 VA 100.00% 512 VA Total Conn. Load:|4552 VA
Total Est. Demand: | 4652 VA
Total Conn.:[13 A
Total Est. Demand:| 13 A
Notes:
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23. The next issue that you could come across would be the panel itself — what if you only
want the PP2 panel to be a feed through lug, and have PP3 set to a specific breaker?
You can change the connection type properties at any time, by selecting the panel
whose behavior you want to change.

24. From the 1 — Power view, select PP3, and then select the Electrical Circuits tab. The
system Tools tab will appear. From the Connection type drop-down, select it and
choose the Breaker option:

L

Madify

—

juiry System Selector:

Properties (1) Feed Through

Select  Properties

Properties

-

!

Circuit: Feed Through Lugs

Electrical Engineering

Lugs -

Distribution System

@} % 08 ﬁ; Panel: PP2

Edit Select Disconnect Connection Type; fﬁj_Feed Through Lugs hd

Edit

Circuit Path Panel Panel

System Tools

: 120/208 Wye ~

¥ [ 1- Power

Schedule Circuit Notes ;

»
>

Electrical - Loads
Circuit Number

Feed Through Lugs

>

Connection Type

Feed Through Lugs

Load Name PP3
Panel PP2
System Type Power
Load Classification Qther
Mumber of Poles 3

Rating 20,00 A
Frame 400,00 A
Voltage 208.00V

PP

#3|

E‘ Breaker

Ifﬁj__Feed Through Lugs |

x EF PP

T |
|
I

(ed [

25. Once this is selected, note that the properties palette changes from Feed Through
Lugs to Breaker, and the circuit number is assigned to the next three pole breaker that

is available on PP2:
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h Systern Selector: 4 Oc'S == Panel PP2 -

Modify| |Properties (i) Feed Through Lugs ¥ Edit  Edit Select Disconnect Connection Type: (B Breaker -
Circuit Path Panel Panel

Select  Properties Systern Tools

Iodify | Electrical Equiprnent

Properties

R

Circuit: 3,57
Electrical Engineering
Schedule Circuit Motes

Distribution System: 120/208 Wye v

x 5 PP1

x E 1 - Power

Electrical - Loads

Circuit Mumber 3,57
Connection Type Breaker
Load Mame PP3
Panel PP2
Systern Type Power
Load Classification Other
Number of Poles 3
Rating 20,00 A
Frame 400.00 A
Voltage 208.00V
Apparent Load 0.00 VA
Apparent Load Phase A 0.00 VA
Apparent Load Phase B 0.00 VA
Apparent Load Phase C 0.00 VA
Apparent Current 0.00 A
Apparent Current Phase A 0.00 A
Apparent Current Phase B 0.00 A
Apparent Current Phase C 0.00 A
True Load 0.00 W
True Load Phase A 0.00 W

True Load Phase B

O W
(PR R

True Load Phase C

O W
(PR R

B

nonn A

PR3

26. The Panel Schedule you created earlier for panel PP2 will now show the connection of
PP3 to the schedule.
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@ 1 - Power @ 1 - Power E PP2 x
Branch Panel: PP2
Location: Space 1 Volts: 120/208 Wye AJLC. Rating:
Supply From: PP1 Phases: 3 Mains Type:
Mounting: Recessed Wires: 4 Mains Rating: 400 A
Enclosure: Type 1 MCB Rating: 1A
Notes:
CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
1 Power 204 1 1440 VA 1260 VA 1 20A |Power 2
3 PP3 204 3 512 VA 4
5 - - - 0VA 6
7 - - - 0VvA 8
] 10
11 12
13 14
15 16
17 18
19 20
21 22
23 24
25 26
27 28
29 30
31 32
33 34
35 36
7 38
39 40
a1 42
Total Load: 2700 VA 512 VA 0VA
THIS SECTION TOTAL: Total Amps: 234 S5A 0A
TOTAL LOAD CONNECTED TO FEED THROUGH Total Load: VA ovA | oA |
LUGS: Total Amps: oA 0A oA
Total Load: 2700 VA 512 VA 0VvA
PANEL GRAND TOTALS: Total Amps:l 23A ‘ 5A | 0A ‘
Legend:
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Power 2700 VA 100.00% 2700 VA
Lighting 512 VA 100.00% 512 VA Total Conn. Load: |3212 VA
Total Est. Demand: [3212 VA
Total Conn.: |9 A
Total Est. Demand: |9 A
Notes:

Setting the Numbering Options

Now that we’ve covered how to create the connection, let's review how we can set the panel
circuits to be correctly numbered.

1. Make sure you have the FTL Panels — 2020 — Part Two.rvt file open, have the 1-Power

view set current. Select panel PP2 and review the properties palette — locate the
Circuit Numbering Option under Electrical — Circuiting:
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Modify | Electrical Equipment Distribution Syster: 120/208 Wye ~
Properties X | [ 1- Power x

. Lighting and Appliance Panelboard - 208V MLO i

400 A

Electrical Equipment (1) ~ Edit Type

Phase Demaolished ‘Mone Pia
General ]

Mounting Recessed

Enclosure Type1

Panel Mame Pp2

Location Space
Electrical - Circuiting ]

Feed Through Lugs 7
Max #1 Pole Breakers 42 g
Mains 400,00 A

SubFeed Lugs [l P P2

MCE Rating 1.00 A #
Feed

Circuit Maming 208V
Circuit Prefix Separator 0VA
Circuit Prefix

Meodifications Other
Short Circuit Rating

Distribution System 120/208 Wye

Supply From PP1

Mumber of Wires 4

Mumber of Phases 3

Electrical Data 208V/3-0VA

Circuit Mumbering Option Default

v

Properties helo Annly

2. This option is set to Default, which allows each panel to use individual circuit numbers
specific to the panel. But what if you want to continue the panel numbering onto the next
panel? Change this setting to Continue Numbering:

LCDntinue Mumberin

3. After making the change, open the Panel Schedule for panel PP2, and review the
change:
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1 - Power EZ pp2 X
Branch Panel: PP2
Location: Space 1 Volts: 120/208 Wye ALC. Rating:
Supply From: PP1 Phases: 3 Mains Type:
Mounting: Recessed Wires: 4 Mains Rating: 400 A
Enclosure: Type 1 MCB Rating: 1A
Notes:

CKT Circuit Description Trip | Poles A B C Poles | Trip Circuit Description CKT
43 |Power 20A 1 1440 V1260 VA 1 20A |Power 44
45 [PP3 20A 3 512 VA 46
47 |- - - OVA 48
49 |- - - 0VA 50
51 52
53 54
55 56
57 58
59 60
61 62
63 64
65 66
67 68
69 70
71 72
73 74
75 T6
77 78
79 a0
a1 az
a3 84

Total Load: 2700 VA 512 VA 0 VA
THIS SECTION TOTAL: Total Amps: 23A 5A 0A
TOTAL LOAD CONNECTED TO FEED THROUGH Total Load: VA 0VA [ VA |
LUGS:  Total Amps: 0A 0A 0A
Total Load: 2700 WA 512 WA 0VvA
PANEL GRAND TOTALS: Total .ﬂtmps:| 23 A | 5A ‘ oA ‘
Legend:
Load Classification Connected Load Demand Factor Estimated Demand Panel Totals
Power 2700 VA 100.00% 2700 VA
Lighting 512 VA 100.00% 512 VA Total Conn. Load: | 3212 VA
Total Est. Demand: | 3212 VA
Total Conn.: |9 A
Total Est. Demand: |9 A
Notes:

4. The circuit numbers (as well as any tags calling out the numbers on a plan view) will be
updated to match this new circuit numbering scheme.

One note: Revit still maintains a 1:1 relationship between the panel and panel schedule, so the
functionality to place two panels under one 84 slot schedule is not available...(yet?). But you
can have two panels with the same name, with two different schedules, using the continued
numbering.
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Try these neat tricks for Smoother Revit Electrical skin!

Sometimes it’s the little things that drive the drafter in us crazy, so here’s a few new features
that should make your documents much cleaner. If you're one of the ones that still add wires to
a view, take heart. There are several new features to make these work better:

1. The fastest way to add wires is to create the circuit first, and then use the tab selection
to pick everything on the circuit. Hover the cursor over a receptacle in Space 4:
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2. A preview of all of the devices will appear — take care not to move the mouse, as once
you move it, the preview disappears. Once you see the preview, left click:
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3. This starts the add wire command, where you can select either the arc grip or chamfer
grip to add the wire. Select the arc grip to add the wire:
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4. Now that the wire is added, here’s where the new features are. The old home run wire
might be stretching across the building, the parking lot, into the street and across the
road. The new default length (a built-in value that’s not editable) shortens the wire up to
where it’s closest to the last device circuited, based on the scale of the view. You can
still select the home run wire, and use the grips to stretch and edit it:
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5. Now personally, the leader really is...ugly. With 2020, there are some new home run
styles you can select from the Manage Tab, Setting panel, and MEP Settings. Select
the electrical settings to open the dialog, and then select Wiring:

Electrical Settings

Hidden Line
General
Angles
= Wiring
=) Wire Sizes
Comection Factor
Ground Conductors
Wiring Types
Voltage Definitions
Digtribution Systems
= Cable Tray Settings
= Rise Drop
Single Line Symbology
Twa Line Symbology
Size
= Conduit Settings
=) Rise Drop
Single Line Symbology
Two Line Symbology
Size
Load Calculations
Panel Schedules

? *
Setting Value
Ambient Ternperature 86 °F
Gap of Wiring Crossing 0 -0118"
Hot Wire Tick Mark Leng Wire Tick Mark
Ground Wire Tick Mark Leng Wire Tick Mark
Meutral Wire Tick Mark Long Wire Tick Mark
Slanted Line across Tick Marks Mo
Show Tick Marks Always
Max Voltage Drop For Branch Circuit Wire Sizing 2.00%
Max Voltage Drop For Feeder Circuit Wire Sizing 3.00%

Arrow for Multi-Circuits Home Run

Multiple Arrows

Home Run Arrow Style

Arrow Filled 15 Degree

6. Select the drop down for the Home Run Arrow style, and pick something else (in my
case, I'm partial to the Arrow Filled 30 degree):
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WArrow Filled 30 Degree
TI;I]II':’TE T_IJI‘IIELJ1 = _I.I-':u

Dot Open 1/16"

D mne Cillmea] 272730

After selecting this, click OK to close the dialog and return to the view. Now this is nice
fat style that's easier to see:

8. To try another feature improvement, select all of the lights adjacent to Space 4, and
create a circuit to panel PP1. The preview automatically appears, when the circuit is

defined. Click the arc grip to add the wires:

PFW_—U M QE q:r

Space

9. Next, let's delete both home run arrows. Using the wire command, add an arc wire from
the last receptacle on this circuit to a light fixture on the new circuit:
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10. This used to drive me nuts, since | didn’'t want to see the arrow on this wire when trying

to create a multi-circuit home run. To fix this, select the MEP Settings tool again,

Electrical settings and then click wiring again:

Electrical Settings

Hidden Line
General
Angles
=) Wiring
=) Wire Sizes
Comection Factor
Ground Conductaors
Wiring Types
Voltage Defintions
Digtribution Systems
=) Cable Tray Settings
= Rise Drop
Single Line Symbology
Two Line Symbology
Size
= Conduit Settings
= Rise Drop
Single Line Symbology
Two Line Symbology
Size
Load Calculations
Panel Schedules

? X
Setting Value
Ambient Temperature 86 °F
Gap of Wiring Crossing 0'-01/18"
Hot Wire Tick Mark Leng Wire Tick Mark
Ground Wire Tick Mark Leng Wire Tick Mark
Meutral Wire Tick Mark Leng Wire Tick Mark
Slanted Line across Tick Marks Mo
Show Tick Marks Always
Max Veltage Drop For Branch Circuit Wire Sizing 2.00%
Max Veltage Drop For Feeder Circuit Wire Sizing 3.00%
Arrow for Multi-Circuits Horme Run m j

Home Run Arrow Style

Arrow Filled 30 Degree

Cancel
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11. Note how the Arrow for Multi-Circuits Home Run is set to Multiple Arrows — let’s
change this to Multiple Arrows on End Wire Only:

Multiple Arrows
Single Arrow

iple Arrows on End Wire Only
Single Arrow on End Wire Only

12. Click OK. This will fix the first wire and remove the arrow — now let’s add the home run
back to the last light by adding another arc wire with three points, and the last point in
the direction of the panel:

13. IT WORKS! The wiring is actually correctly represented...even the number of tick marks!

Page 27



/\ AUTODESK.
UNIVERSITY

Elevating Your Objects, Tags and Schedules

Revit was not originally designed by architects, but by the same developers that created
modeling software for equipment. The terminology wasn’t really clear, and it definitely
took some getting used to. The 2020 version finally improves on this, by adding
elevation parameters to help clear up where your content is placed.

New Labels!

Component families have an improved behavior to locating items in a model. Elevation is now a
built-in parameter for use in tags, schedules, and view filters. This means that you don’t have to
define a shared parameter for it to be used, but it appears automatically for the following family
categories:

Air Terminals
Casework
Communication Devices
Data Devices
Electrical Fixtures
Electrical Equipment
Fire Alarm Devices
Furniture

Generic Models
Lighting Devices
Lighting Fixtures
Mechanical Equipment
Nurse Call Devices
Planting

Plumbing Fixtures
Security Devices
Sprinklers

Sprinklers

Specialty Equipment
Telephone Devices

Let’s walk through a basic change to review how this works.

1. From the Elevations — 2020.rvt model, start by selecting the 1-Plumbing View to set it
current. Select one of the wall-hung toilets in the view:
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Medify | Plumbing Fixtures

Properties

Water Closet - Flush Valve - Wall Mounted
Private - Flushing Greater than 1.6 gpf

Plumbing Fixtures (1)

Constraints
Schedule Level

Level 1

®X [ 1- Power

- Edit Type

Elevation from Level

1 5

Host

Basic Wall : Generic - 8"

Plurnbing
Flow Pressure

:25.000 psi

Mechanical
System Classification

Domestic Cold Water, Sanitary

System Type

Undefined

System MName

System Abbreviation

Identity Data
Image

Comments

Mark

i

Phasing
Phase Created

Mew Construction

Phase Demolished

Mone
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[ 1-Plumbing X

Note the new Elevation from Level is an instance parameter that appears under the
Schedule Level parameter. This is stating that even though the family is a hosted item,
associated with the Generic 8” wall, it still has an elevation value that is relative to the
schedule level - in this case, it's 1’ 5” from Level 1. In the past versions, this was referred
to as the offset. The value is set within the family — to check it, select the Edit Family icon to

open the family:
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Family Types x
Type name: |Pubﬁc-L6gpf "| h ﬁ
‘Sear\:h parameters Ql
| Parameter Value Formula ‘ Lock | ~

i<By Category>
‘Water Closet Material | <By Category>
Pipe Material

<By Category>

Flow Pressure (default) (25,000 psi
Vent Connection
Waste Connection
CW Connection
HW C

Sanitary Diameter

4" = Sanitary Radius * 2 [
Sanitary Radius 2" = [
Cold Water Diameter 1" = Cold Water Radius * 2
Cold Water Radius 172" =

A | Manage Lookup Tables |
How do I manage family types? | oK | | R | | P ‘

3. Select the Family Types icon on the Create tab, Properties panel and review the

Constraints section. The default elevation value has always been a part of the hosted
families, but once the family is loaded, the value is now associated with the Elevation from
Level parameter. Don’'t get confused by the different names — it's the same value and has
the same result.

Close the family without saving the changes and return to the 1 — Plumbing view. Select the
fixture and change the Elevation from Level value to 1’ 7”’:

Medify | Plumbing Fixtures

Properties. X [ 1-Power

Water Closet - Flush Valve - Wall Mounted -
Private - Flushing Greater than 1.6 gpf

[ 1-Plumbing X

| Plumbing Fixtures (1) b | Edit Type
Constraints H
Schedule Level Level 1
Elevation from Level T

Host Basic Wall : Generic - 8"
Plumbing a
Flow Pressure 25000 psi D
Mechanical H
System Classification Domestic Cold Water, Sanitary
Systern Type Undefined

System MName

System Abbreviation

Identity Data
Image

3

Comments

Mark

i

Phasing
Phase Created

New Construction

Phase Demolished

:None

Page 30



/\ AUTODESK.
UNIVERSITY

Now, create a section view that faces the wall with the fixtures:

Modify | Plumbing Fixtures

Properties X [ 1- Power [ 1 - Plumbing @ Section 1 X
Water Closet - Flush Valve - Wall Mounted SJ/—————— — — — — —  a—
Private - Flushing Greater than 1.6 gpf
Plumbing Fixtures (1) ~ Edit Type
Constraints 2
Schedule Level Level 1
Elevation from Level (kS 5.00FU
Host Basic Wall : Generic - 8"
Plumbing # "
Flow Pressure $25.000 psi 1
Mechanical 2 3
System Classification Domestic Cold Water, Sanitary
System Type Undefined
System Name
Syetem Abbrevistion = d it
Identity Data 2
Image
Comments
Mark 1
Phasing 2 — - _
Phase Created ‘New Construction |
Phase Demolished None |
{ k3
4
Out
4.00FU

This has always been one of the nice features of Revit — the fact that changing a value in
plan view also takes effect in the section, elevation and model view. By simply selecting the
fixture, we know that it's placed at the correct elevation, without having to run a dimension to
the device.

Next, change to the 1 — Power view, and select one of the light fixtures:

Modify | Lighting Fixtures \ Light Group:  <None> -
Properties x E 1 - Power x E‘l 1 - Plumbing Q Section 1
~ Lighting Fixture - Recessed Rectangular -
Recessed Light 2x4 - 120V Emergency
Lighting Fixtures (1) ~ | Hg Edit Type
Constraints P e
Level Level 1 o
Elevation from Level a0
Host Level: Level 1
Offset from Host g0
Electrical - Lighting A
Calculate Coefficient of Utilization
Coefficient of Utilization 0.000000
Switch 1D
Electrical - Loads A
Panel PP3 4
Circuit Number 1 # -
Identity Data 3 120V
Image
Comments Ba WA
Mark 1 Lighting
Phasing
Phase Created New Construction
Phase Demalished None H
Electrical - Circuiting 3
Electrical Data 120 V/1-64 VA |

Note the additional instance property information — the same Level and Elevation Level
values are displayed, along with the “host” and offset values. These are the same values,
but also helps clarify something that can easily be confused:
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“EVERYTHING IS HOSTED IN REVIT.”

With non-hosted families, the actual host is the level the family is associated with — so if the
level moves up or down, the values relative to the host stay the same. To test this, go to the
South - Elec Elevation view:

Level 2

|
107 0"

The lights in this model are non-hosted but are associated with Level 1. Select Level 1, and
edit its properties so the elevation is set to -2’-0”:

Praperties % [ 1- Power [ 1 - Plumbing O Setion 1 # South-Hec X
Level
174" Head
Leveds 1) | [ Edit Type
Constraints &
Elevation i ]
Tiefault

Computation Height oo _______________________________________ligqag_ll
P ! _ T =TT =
Scope Box Neme
Iedentity Data & |
Harme Level 1 _______________________________________L:n:,‘!:!
Sructural [m] S
Buikding Stery [=]
Watch as the lights move down with the level:
Trnpmrtieg ] 1 = Perwer 2 1« Plumbing ¥ Section 1 & South-Hee X
Level
174" Head
Levels (1) | R Edit Type
engtiinky £
evnen
Story Abcve Default
Jimensions S
.Cunlpummnh!llﬂl oo o o o | g _________________________________.,?-'eLQ,\
aterits k3
Scope Bex Hen =2 = = = =
dentity Data E =
Narm, Level 1 - »n
Saructural (m} -
Building Story =]

The intent of the new descriptions is intended to help clarify the behavior of component
families in Revit.
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Exposing Elevation Data for System Components

Until the 2020.1 release, Revit did not include a built-in parameter to recognize anything other than
the centerline of pipe, duct, conduit and cable tray. Users had to resort to Dynamo or some other
custom coding to expose import bottom and top elevations of system-based content. Autodesk has
now added more ways to expose top and bottom elevations of duct, pipe, conduit and cable tray.
Let’s check these out, as well as how to create the tag to read the value.

1. From the Mechanical > HVAC > Floor Plans section, open the 1 — Mech view. From the
ribbon, System tab, select the Duct tool:

Architecture  Structure  Steel  Systerns  Insert  Annotate  Analyze  Massing & Site  Collaborate View  Manage  Add-lns  Site Designer  BIM Interoperability Tools  Modify | Place Duct

s Tl Cope - [0 &) |D:| e Dlﬂ D@ c; e 0L Q- &W [:‘1&@ 35,: = f®

o~ = 8-

—

- =) -
Modify  [[HI ‘_‘g_’ [0 =4 ©8 Bl = T 0" Justification |Automatically| Inherit Inherit  Tag on
= T OB Jlin- 24 3T Q) I v [N Fieation. Sie | Placement

Select ~ Properties  Cliphoard Geometry Madify View  Measure  Create Placement Tools Tag
Modiy | Place Duct | Width:[ 12" v| Height | 12" V]| Midde Bevation:[ ' 0° | ] [Apply] | l= Herizontal © [Tegs... || |Leader || 172"
Properties X [3 1- Plumbing [£3 1-Mech x

Rectangular Duct -

Radius Elbows / Tees
New Ducts | HE Edit Type
Constraints A oa

Horizental Justification
Vertical Justification
Reference Level

Top Elevation

Middle Elevation
Bottom Elevation

Start Middle Elevation
End Middle Elevation

Slope
Dimensions A
Size
Width 12
Height 12
Length 10"
Mechanical A
Systemn Classification Supply Air
System Type Supply Air

System Name

System Abbreviation

Equivalent Diameter
Size Lock
Loss Coefficient

Hydraulic Diameter
Section

Properties help Apply

Project Browser - Elevations - 2020.rvt x
=10, Views (Discipling) ”
- Electrical
) Lighting
S Floor Plans
. .1-Lighting
L. 2-Lighting
=~ Ceiling Plans
11 - Ceiling Elec
.2 - Ceiling Elec
= - Power

: _Ievat\'ons(Bui\d\'ng Elevation) @ @ @ @

.. East - Elec
- North - Elec
- South - Elec
L West - Elec
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Review the parameters that are available — top, middle and bottom elevation values are
exposed. Select the Top Elevation parameter and set it to 8’:

Modify | Place Duct Width: Height: | Middle Elevation: E

Properties x Eﬁ 1 - Plumbing E 1 - Mech

Rectangular Duct
Radius Elbows / Tees

MNew Ducts « | HF Edit Type
Constraints RoA
Horizontal Justification Center
Vertical Justification Middle
Reference Level Lewvel 1
Top Elevation L
Middle Elevation T e
Bottom Elevation 7o
Start Middle Elevation 7 8"
End Middle Elevation 7 B" [
Slope o2t
Dirmensions H
Size
Width 12"
Height 12"
Length 1o
Mechanical H

Note that all other values updated automatically. Place a few short sections of the duct in the
main room as shown:

G Architecture  Structure  Steel  Systems  Inset  Annotate  Analyze  Massing &Site  Collaborate  View  Manage  Add-lns  Site Designer  BIM Interoperability Tools  Modify | Place Duct

2] > I, ‘ ein ain 1] >
iy Koo o8 Po@L iy == 2= S | [ 1
Glcut ~ ‘&= By -, gEEln o= =
Modify _ ‘_‘g‘ (@)Y O =4 " . 15" Justification | Automatically Tag on
= - B Jen- & PG UETIE" B Connest Placement

Select ~ Properties  Clipboard Geametry Modify View  Measure  Create Placement Tools Tag
Modify | Place Duct Width: [ 12 ~| Height[ 12" v| | MiddieBevation: [7 6" | | = Horizontal Leader e 172°

Properties X [ 1- Plumbing [73 1-Mech X

Rectangular Duct

~ Radius Elbows / Tees 7

New Ducts
Constraints

Horizontal lustification Center

Verdical Justitication WMiddic

Reference Level Level 1

Top Elevation 80"

Widdie Elevation 7B

Eottom Elevation 75 |
Start Middle Elevation 76

End Niddie Elevation 7 [

Siope Cars
Dimensions & )
Size S,
Width i3 .

Height 12" ©

Length 10" @ —
Mechanical #

System Classification Supply Air

System Type Supply Air

System Name i

System Abbraviation

Equivalent Diameter 0

Size Lock

Loss Coefficient 0000000

Hydraulic Diameter 0

Section 0

. Ann e v
Droperties help Apply
Proiect Browser - Elevations - 2020.rvt X
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Note how the instance parameters stay current with the values — so the information is now
exposed. But how can you use this? From the Project Browser, locate the Families section,
and expand annotation symbols. Right click on the Duct Size tag and choose Edit to open
the family:

Project Browser - Elevations - 2020.rvt
=) Annotation Symbels
----- Area Tag
----- Automnatic Up/Down Direction
----- Cable Tray Size Tag
..... Callout Head
----- Centerline
----- Communication Devices Tag
----- Conduit Size Tag
----- Data Device Tag
----- Diffuser Tag
----- Deoor Tag
El ----- Duct Size Tag
- .. Duct Size Tag

----- Duct System Abbreviation Tag

Once the file is open, select the Size parameter shown in the view. From the properties
palette, you'll see that this is a label, which reads information from the object:

File Create  Inset View  Manage Add-Ins  Site Designer  BIM Interoperability Tocls  Modify | Label =~

Ly Q‘% %oﬂcm- ‘D:&DE DL/I::E;EEDHE'[OD{?@ 'ﬁ.ﬂ %ljn

: [ —, o8 = . : :
RS g S GO T aax B G ek vonawicise
Select = Properties Clipboard Geometry Medify Measure Create Label Family Editor
Maodify | Label
Properties X [ 1- Plumbing - X

Label
3/32"

Duct Tags (1) w Edit Type
Graphics H
Sample Text Size...

Label Edit...

n
Wrap between parameters only |
Horizontal Align Center
Vertical Align Middle
Keep Readable

Visible

From the label parameter select Edit to open the dialog:
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Edit Label

Select parameters to add to the label. Parameters will be combined into a single label.

Enter sample values to represent this label in the family environment. [Iwirap between parameters only
Category Parameters

Select available fields from:

Label Parameters

Parameter Marme Spaces| Prefix Sample Value Suffix | Break
Size 1

Ducts,/Duct Placeholders

—y

Size

A =
Comments

Cost
Description +
Diameter
End Middle Elevation F
Equivalent Diameter

Family Name

Flow

Free Size

Friction

Height

Hydraulic Diameter

IfcGUID h

e = tE IE & &

o sosy

7. Under Category Parameters, you can see that there are now several options to add

elevation properties to a tag. The built-in parameters now include:
Bottom Elevation

b. End Middle Elevation
c. Start Middle Invitation
d. Top Elevation

L

Select Top Elevation, and then choose the green arrow to add the parameter to the label,
below Size. Select Break on the Size line, and then add a space with TOD as the Suffix:

Select parameters to add to the label. Parameters will be combined into a single label.

Enter sample values to represent this label in the family environment. []wirap between parameters only
Category Parameters

Select available fields from:

Label Parameters

Parameter Mame Spaces| Prefix Sample Value Suffix | Break

Size 1 Size
Top Elevation 1 Top Elevation ITOD

Ducts/Duct Placeholders

—

o

System Abbreviation A E
System Classification

System Mame
System Type
Type Comments fe
Type IfcGUID

Type Mark
Type Name

8. This change will add the top elevation to the duct tag based on the instance property
shown. If you use this with a datum annotation, it can also read the top location of a sloped
duct, based on the selection point chosen. Click OK to complete the step, and then note

the label change. Use the grips to spread the label out to allow the value to be added
without a carriage return:
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Tools  Modify|Label D+
=- [ & B
o | [ & o ]
E‘;‘D Edit Loadinto  Loadinte

4 x T 3¢ label Project Project and Close

Measure Create  Label Family Editor

[=

mbing - x

Size
Top Elevation TOD

9. You can save the family if you want to keep it, but for this exercise, select Load into Project
to replace the existing tag. Make sure you select the option to override the existing version
and its parameter values, so the label is updated:

Family Already Exists x

You are trying to load the family Duct Size Tag, which
already exists in this project. What do you want to do?
—> Overwrite the existing version

—» Overwrite the existing version and its parameter
values

Cancel
Click here to learn more

10. From the Project Browser, drag and drop the tag into the 1 — Mech view and select a duct
to label it:

Page 37



/\ AUTODESK.
UNIVERSITY

., Extents £
i Crop View H
i

\"Crop Region Visible
i ——;

o

Sheets (all) A
07 Families
- Air Terminals
[ Annotation Symbols
Area Tag
- Automatic Up/Down Direction
Cable Tray Size Tag
- Callout Head
Centerline

Apply |
3 Project Browser - Elevations - 2020.rvt x /

i

i

- Communication Devices Tag
Conduit Size Tag
- Data Device Tag
Diffuser Tag
- Door Tag
=l Duct Size Tag
- Duct Size Tag
Duct System Abbreviation Tag
- E1 20 x 42 Herizental
Electrical Device Circuit Tag
- Electrical Device Panel Tag
Electrical Equipment Tag
- Electrical Equipment Type Mark Tag ]
Elevation Mark Body_Circle /
- Elevation Mark Body_Square | |
Elevation Mark Pointer_Circle

12"x12"
9'-6"TOD

Prior to this change, you had to create a parameter that included a formula to calculate half
of the duct height value then add it to the middle elevation value or create a Dynamo
programming routine to extract to a separate parameter. Since the parameter is now
exposed, it's a simple matter of just adding it to a tag. The same process applies to pipe,
conduit and cable tray as well. Now, the elevation values are lot more useful.
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Improve Engineering Analysis Tool Results with Key Settings and Tips

Autodesk made major improvements to the energy and HVAC load analysis tools with the
2020.1 release. For example, the legacy HVAC and Cooling Loads tool uses the ASHRAE
Radiant Time Series method that only provided the loads:

C aloulate trasm ithed
Calculate

T ltted Sal solar heat gain for Determine infiltration
ransmitted Solar ; i
each hour, each window heat gain
Heat Gain Factors [ \
Calculate solar 8

intensitias for

each hour for ¥

each exteri or Calculate absorbed Sum all conveclive
surface Calculate salar heat gain for .

portions for each
hour

i Absorbed S glar P each hour, each window

Heat Gain Factors

Using wall /roof response
factors, calculata

Calculate sol-air

tem peratures for conduction heat gain Hourly
each hour for for each hout far each cooling
aach exterior axterior surface loads

surface

Calculate conduction heat
gain for each hour for each
window

¥

Process all of the
radiant heat gains
as radian tm e series;

Oalermine Ngniing gither sola or non-saolar,
(eonduction lighting,
people, equipment ). The
result ishourly cooling
loads due to the radiant

Determine occupan heat gains
heat gains

sunod awoasas pue JuRipes o sued eay e ds

Determine equipment
heat gains

Figure 1 Overview of the radiant time series method.

Around 2013. Autodesk began making investments in EnergyPlus, the US Department of
Energy’s primary tool for whole building energy analysis. For later reference, check out this
article explaining the reasons behind this change:

https://blogs.autodesk.com/insight/why-is-autodesk-investing-in-energy-plus/

' Reference: The Radiant Time Series Cooling Load Calculation Procedure, Jeffrey D. Spitler, Ph.D., P.E. Member ASHRAE; Daniel
E. Fisher, Ph.D. Member ASHRAE; Curtis O. Pedersen, Ph.D. Fellow ASHRAE; Copyright ©1997 ASHRAE,
https://hvac.okstate.edu/sites/default/files/pubs/papers/pre _2000/19-Spitler Fisher Pedersen 97.pdf
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Here’s the specific reasons quoted in the link for why Autodesk made the investment:

“We believe EnergyPlus is the most advanced whole building energy analysis engine
available in the market. Sure, there are other engines that are better at specific things,
but when you add it all up, we believe EnergyPlus usually comes out on top overall.

e Even though EnergyPlus is very accurate, considering the latest in building science and
enabling capabilities like green roofs and natural ventilation, it is slow and very hard to
use with BIM applications.

e We thought that Autodesk could address the limitations of EnergyPlus, and do it in such
a way to benefit the industry at large. We also did not see anyone else willing to put the
effort required to address the limitations of EnergyPlus. We decided if we did not do it,
nobody else would and the industry at large would be the worse for it. We have the
resources and we know it was the right thing to do. The classic “If not Autodesk, then
who? If not now, then when?”

e EnergyPlus has one other very important advantage over almost all other modern

engines. It is open source. That means anyone can see the source code and improve

upon it. EnergyPlus can be used by researchers all over the world to study how to
reduce the impact of buildings on the environment without sacrificing cost or occupant
comfort. In the long run, open source core technology has shown to be equal to, if not
better than, proprietary products. Obviously, the core technology must be valuable
enough to have a community to rally around it. To support that hypothesis, here are
just a few examples: Linux, OSX, Android OS, Mozilla, and the list goes on. All of these
have open source as their underlying core technology with customized and sometime
proprietary Ul on top of them.”

Fast forward to Revit 2020.1 — the first fully integrated version of Revit that leverages the
Energy Plus tools is released.

But this section of our lab is NOT about performing the analysis — it's about what happens

before the actual analysis takes place. It's about understanding what can cause errors, and how
to improve the accuracy of the results.

In the Beginning — Energy Model Settings

Making sure you understand how the project settings impact your project is critical to running a
successful analysis. For this exercise, make sure you are in the Analysis Settings_R20.rvt
model.

1. To begin, go to the Manage tab, Settings panel and click Project Information. The
dialog will appear:

Page 40



AUTODESK.
a UNIVERSITY

Project Information >
Famiy:  System Family: Project Information v| | Load... |
Type: | W | | Edit Type... |

Instance Parameters - Control selected or to-be-created instance

Parameter WValue

COrganization Mame

Organization Description

Building Mame

Author

Energy Settings Edit...
Route Analysis Settings Edit

2. Select Energy Settings to continue:

Energy Settings x

Parameter Value |

Maode Use Building
Ground Plane Lower Level
Project Phase Mew Construction
Analytical Space Resolution 1" 6"

Analytical Surface Resolution 10"

Perimeter Zone Depth 15 0"

Perimeter Zone Division v

Average Vertical Void Height ThreshoE &' 0"

Horizontal Void/Chase Area Threshol 11,00 5F

Other Options Edit...

3. Select Mode — the most common error that occurs when the incorrect mode is used:

Uze Building Elements
lUse Conceptual Masses
lse Conceptual Masses and Building Elements
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4. If your building doesn’t contain mass elements, then this should ALWAYS be set to Use
Building Elements. Conceptual masses only apply, for example, in an architectural
model, in a very early predesign phase, where the masses represent the concepts of an
overall building:

5. However, most of the projects we see in the Autodesk support portal that have issues
with energy modeling don’t include the masses, so check this first. Next — so if you are
using Building elements, what does that mean? Revit is using the actual building
geometry — walls, openings (including doors, windows, curtain walls, etc.), floors, roofs,
and ceilings — as the “bounding elements” or envelope that defines the conditions for the
energy model. While you are still in the Energy Settings dialog, select Other Options,
and open the Advanced Energy Settings dialog:

Ad d E Settings X
Parameter Value | HAReER EEI N
Energy Analytical Model & Parameter Value
Mede Use Building Elements Detailed Model 4
Ground Plane Lower Level ey T o
: : Target Percentage Glazing 0%
Project Phase Mew Censtruction T i Tici D
- ; o arget Sill Height 26
Analy‘t!cal Space Ranlutlo.n 'II 6" Ginzing is Shaded
Ana.ly'tlcal-SJurFace Resolution 1_.[)”. Siiade Depth B
Pew!meteucne D_Ei?th 130 Target Percentage Skylights 0%
Perimeter Zone Division R LT T Sy
: 3 : Skylight Width & Depth 30
Average Vertical Void Height Threshokg' 0" i
Horizontal Void/Chase Area Threshol :1.00 5F o
o Building Type Office
_ : : Building Operating Schedule Default
Other Options Edit.. HVAC System Central VAV, EiW Heat, Chilier 5.96 CO
Outdoor Air Information Edit...
Room/Space Data H
Export Category {Spaces
Material Thermal Properties H
Conceptual Types Edit...
Schematic Types <Building>
Detailed Elements
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6. Take alook at the Material Thermal Properties section. This area is where Revit settings
are defined that tell Revit how to deal with the bounding elements. Conceptual types
are specific to Conceptual Masses. If you select Edit, you'll see some basic settings for
how Revit can view the masses from a building envelope perspective:

Conceptual Types >

Mass Model
Mass Exterior Wall
Maszz Interior Wall
Mass Exterior Wall - Underground

Constructions
Lightweight Construction — Typical Mild Climate Insulation e
Lightweight Construction — Mo Insulation

High Mass Construction - Typical Mild Climate Insulation

Mass Roof Typical Insulation - Cool Roof

Mass Floor Lightweight Construction - Mo Insulation
Mass Slab High Mass Construction - Mo Insulation
Mass Glazing Double Pane Clear - Mo Coating

Mass Skylight Double Pane Clear - Mo Coating

Mass Shade Basic Shade

Mass Opening Air

Cancel Help

7. These settings have no impact on any building elements, so they are used when
you have the conceptual mass model as described above. Click Cancel to return to the
previous dialog, and click Schematic Types:

Schematic Types ? Pt
Construction Types Analysis Properties
<Building: By default. analysis properties are generated from information in Conceptual Types.
Propertiez of Schematic Types are uzed when override iz selected.
Category Override | Analytic Construction
Roofs O
Exterior Walls O 5
Interior Walls O Frame partition with 3/4 in gypsum board (U=0.2595 BTU/(h ft*
Ceilings O &in lightweight concrete ceiling (U=0.2397 BTU/(h-ft*.°F})
Floors O Passive floor, no insulation, tile or vinyl (U=0.5210 BTU/(hft°°F)
Slabs O Un-insulated solid (U=0.1243 BTU/(h-ft"°F))
Doors O Metal (U=0.6520 BTU/(h-ft*~F))
Exterior Windows O Large double-glazed windows (reflective coating) - industry (U
Interior Windows O Large single-glazed windows (U=0.6498 BTU/(hft".*F), SHGC=0.
Skylights O Large double-glazed windows (reflective coating) - industry (U
All Hone Shading factor for exterior windowes: D
Cancel
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8. If you don’t have the Detailed Elements option selected in the Advanced Energy
Modeling dialog, then Revit applies these overall settings to ALL roofs, exterior and
interior walls, ceilings and more. These are general assumptions — so if your model is
still in a preliminary stage, even if you are using general object types, you can address
the thermal properties by selecting different Analytic Construction types. For example,
here’s a sample of some of the exterior wall constructions:

Brick cavity with mineral insulation and lightweight plaster (U=0.1223 BTU/ (h-ft*-*F)) h
Brick cavity full mineral insulation and lightweight plaster (U=0.0892 BETU/(h-ft".*F])
Brick cavity with UF foam insulation and lightweight plaster (U=0.1505 BTU/(h-ft*-°F))
Brick, heavy concrete block, phenclic foam, light plaster (U=0.1417 BTU/ (h-f5°F))
Brick, heavy concrete block, mineral insulation, light plaster (U=0.0044 BTU/(h-fE5F))
Brick, medium concrete block, foam insulation, light plaster (U=0.0966 ETU/(h-ft5F))

Doeicle limlt comerete blecle £oqen fmeilatice liolhd wlockere (110N B090 DT ££2 S0

Super-secret tip: You can find these settings in the C:\Program Files\Autodesk\Revit
2020\en-US\Constructions.xml file, where en-Us is the version of Revit you are using.
But edit this at your own risk — and make a copy before editing!

9. But we're still not there yet, if you are looking for even more detail. Click Cancel to exit
from the schematic types dialog, and make sure you have Detailed Elements checked:

Room/Space Data &
Export Category éSpaces
Material Thermal Properties A
Conceptual Types Edit...

Schematic Types Beding=

Detailed Elernents

10. One last step — if you're doing this from an architectural model, change the Export
Category to rooms. If you're doing this from a MEP model, make sure the architect
actually added rooms — correctly — to their model. The rooms should be bound on all
sides in order to get an accurate representation. If they did, make sure you place
spaces, and have this option selected. We'll cover the spaces a little further in the class.

11. Click OK to exit the Advanced Energy Settings and return to the Energy Settings
dialog. A new feature that was added to the bottom of the Energy Analytical Model
category — Average Vertical Void Height Threshold and Horizontal Void/Chase Area
Threshold:
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Pararmeter

Yalue

Energy Analytical Model
Mode

Use Building Elements

>

Ground Plane

Lower Level

Project Phase

Mew Construction

Analytical Space Resolution

-II E‘"

Analytical Surface Resolution

170"

Perimeter Zone Depth

15" 0

Perimeter Fone Dhvicion

E‘I DII

Harizontal YVoid/Chase Area Threshol

[ HAverage Vertical Veoid Height Threshol

1.00 5F

‘.I'hm'ﬂ'l

b

12. As modelers, we tend to get lazy. Added a plenum level and spaces to represent
interstitial spaces can be a bit tedious. Instead of having the user add these items to the
model, the Vertical Void height allows Revit to assign these areas to unconditioned,

and the threshold is set by dividing the volume by area.

13. Horizontal voids are the same thing — if an area enclosed in the building is 1 square
foot or less (for US Imperial units) as the default setting, then Revit sees this space as

unconditioned.

Both of these setting help reduce the time needed to assemble an energy model baseline — you
can still do the tasks of adding levels and spaces if you want to raise the accuracy level of the
model, but for most use cases, these settings should be sufficient for a preliminary model

review.

Resolving Space and Boundary Errors

After reviewing the energy settings, there are still several items that can cause an energy
analysis model to fail. Knowing how spaces are defined, and how they interact with the
bounding elements of the model, is crucial to understanding how to create a well-defined
environment. Let’s take a look at a few items that are commonly missed.

Make sure you have the Space Settings_R20.rvt model open.

1.

Select the SECOND FLOOR HVAC PLAN and make sure it is the current view. Adding
spaces is a fairly simple exercise — the spaces are needed to create a well-formed
energy model, so let’'s add them quickly to the model. From the Analyze tab, Spaces &

Zones panel, click Space:
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Analyzteblazsing & Site Collaborate  View

istency ) I 2,

__<f> |

Space | Space Space Space Zone
eparator Tag Maming

ils u Spaces & Zones -

2. Atter the tool is activated, check the Space Height value — the offset is 13’4” above the
second floor, so we should not have any issues reaching the ceilings. Click Place
Spaces Automatically, and the spaces will be added to the model:

i {30} [} SECOND FLOOR HVAC PLAN X

Could not create geometry for Space.

A |+

ygr=10 E@& B e Ra <

= - =
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3. You'll get a warning about not being able to create the geometry for the Space, but
hey...no worries. Let’s get the energy model created and move on. Select the Create
Energy Model from the Energy Optimization tab:

© Oe |8 > L

Location System-Zone Create Systerns Generate Optimize
Energy Model JAnalysis

Energy Optimization

4. The friendly warning about this may take some time will pop up. Be aware that they
mean it. If you have a 2GB model with 125 linked drawings and 73 linked Revit models
that have 16 different phases, then yes — it will take a while. Click Create the Energy
model to carry on. The model will take a few seconds in this case, and when it finishes,
we should get a nice model view showing the analytical spaces...but we get this instead:
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5. Only a handful of spaces appear, and it's a direct result of poor modeling practice. In
order for analytical spaces to be correctly defined, they have to be completely bound —
on all sides — by bounding elements that are also correctly defined. There are no
shortcuts here — the poorer the quality of the model, the less likely you will get a
good energy model resulit.

6. To fix this — where are the missing bounding elements? Let’s get the model back to
where we started. From the UNDO drop down, select the Find All Spaces command,
which was used to add the spaces to the model:

REezHE - [&F]r-8 =-

| Enable the energy model for energy simulation. | t

| Find All Spaces |

7. Next, from the Insert tab, go to the Link tab and select the Manage Links tool. Note
that the 56750_S_R20.rvt model is unloaded:

Manage Links

Revit  [FC CAD Formats DWF Markups  Point Clouds — Topoaraphy

-

Reference | Positions

Link Mame Status Type |Not Saved Saved Path Path Type
56750_48 R20.nt Loaded Owerlay 36750_48 R20.nt Relative
56750 _5_R20.net Mot Loaded | Owerlay 36730 _5_R20.nt Relative

8. Select the link name and pick reload. Click OK to complete the command, and the
structural model will be linked back into the model:
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Back in the SECOND FLOOR HVAC PLAN - go back to the Analyze tab, Spaces &
Zones panel, and repeat the steps to add the spaces back to the model. Once the
spaces are added, run the Create Energy Model tool again. After the tool is finished,
take a look at the Space Analysis model view again:
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Now the model is much better formed than the previous — because even within linked
models, the bounding elements must be well-formed. Don’t make the mistake of
assuming the architectural model will be the single source of energy modeling content
for the model, but instead get back to your BIM PEP, and clearly identify not only who
owns the model elements, but whether they need to be room bounding as well.

The Space and Building Types Are Better...for your Model!

In addition to making sure you have a well-formed model, it's important to review the
building and space types that are applied to the project. These items store critical energy
modeling data in regard to occupancy, operations, air flow and power/lighting density
loads.

1. To access the building and space types, open the Manage tab > MEP Settings >
Building/Space Type Settings:

Building/Space Type Settings

Filter: |Enter Search Words Q|

(@) Building Type (O Space Type

A Parameter | Value |
Convention Center

Courthouse |Energy Analysis : a
Dining Bar Lounge or Leisure 7

Dining Cafeteria Fast Food Area.pet Feison . UL I
Dining Family Sensible Heat Gain per person  :250.00 Btu/h

Dormitory Latent Heat Gain per person 200.00 Btu/h 5
Exercisa Canter sesteloe ok v St O 0ot OO UUON. ;
Fre Staton LightingLoad Densty _  [0sow |
Gymnasium Power Load Density 1.50 wrft”

??;tal or Healthcare Infiltration Airflow per area :0.04 CFM/SF

Lirary Plctim L o e |
Maﬁfacmmg Occupancy Schedule Warehouse Occupancy - 7AM
Mo b oot vk boodshevombessas o i St S
Motion Picture Theatre Lighting Schedule Reta!I L!ght!ng -7AMto 8 PM
Multi Family Power Schedule Retail Lighting - 7AM to 8 PM
gufﬁsew“ Outdoor Air per Person :5.00 CFM i
Parking Garage OutdoorAirperArea  O006CFM/SF
Penitentiary Air Changes per Hour 0.000000

Performing Arts Theater .

Police Station Outd?or Alr Method by People and by Area

Post Office OperingTime  ~~ ‘@ooAM =~~~
Rebgus Buldng Closing Time G00PM

Rettd ¥ | |Unoccupied Cooling Set Point 82,00 °F

b O B
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2. The default building types that come with Revit are based on the ASHRAE 90.1
building types. Each type includes heat gain, density and scheduling data that's needed
to determine the overall use of the building. Review the new settings — with EnergyPlus
as the core modeling engine now, additional settings can be defined. You can adjust
Opening and Closing times directly in addition to the occupancy schedules. To
leverage today’s managed heating and cooling systems you can also set the
Unoccupied Cooling Set Point for the entire building.

3. At the bottom of the dialog, select the Hospital or HealthCare building type. Once it's
selected, select the Duplicate icon at the bottom of the screen — this will create a new
type with a (1) in the suffix. Rename the type to 24 Hour Care Facility:

Filter: |Enter Search Words Q|
(®) Building Type () Space Type

Automotive Faciity A Parameter Value
Convention Center

Courthouse Energy Analysis : A
Dining Bar Lounge or Leisure AnT

Dining Cafeteria Fast Food Area.per fyeon : IHEOEEE

Dining Family Sensible Heat Gain per person (250,00 Btu/h

Dorrmitory (00.00 Btu/h

Exercise Center Renarme " B

Fire Station = w’ =

Gymnasium —_— : : /]

Hosnital or Healthcare Previous: | Hospital or Healthcare (1) | O EEEE

|= asp :r_ Healthcare i _ o

Hotel Mew: | 24 Hour Care Fadlity| | 0.0000%

Library _ dealth-Care Facility Cccupanc
il P Mffice Lighting - 6 AM to 11 P
Motion Picture Theatre Iffice Lighting - 6 AM to 11 P
m“lﬁ Family Cutdoor Air per Person 0.00 CFi

= Outdoor Air per Area 0.00 CFM/SF

Parking Garage Air Changes per Hour 2.000000

Penitentiary :

P o At Tl Outdu?lur A!r Methaod by People and by Area

Police Station Cpening Time 1:00 AM

Post Office Clasing Tirme 12:00 AM

Rehghos Hdng ¥ | |Unoccupied Cooling Set Paint  82.00 °F

B [ (i

Ok Cancel

4. You can use any existing to create new variations that may have subtle differences and
allow for a more accurate analysis. Set the opening time to 12:00am and the closing
time to 12:00am to represent a 24-hour cycle.
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Fiter; [Enter Search Words Q) B Schedule Settings 7
(®)Building Type () Space Type Schedules Schedule Settings
oMo ) 1.
EHF ~ Parameter Value 0.8=
Ltomative Faci G
Coendin Carer A i Ha b
e o e o
e Tt Sencible Feat Gain per person 25000 Bru/h On -8 AM 0 6PM 4
9 On -8 AM to & PM (50%)
Dining Famiy Ustnt Hest Gain per person 200,00 Btu/h SneMe 0.22
i [ighting Load Density 120 Wi On- 10 AMto 12AM
On-2PMto 12PM
Fire Station Power Load Density 160 Wit oo, 2P n SO0AM . 10NPM | B00PM . 1500PM
s Infiltration Airflow perarea 004 CFM/SF On-3PM i AM
o) Blenum Lighting Contribution | 20.0000% / Common Commercial Occupancy - 7 AM to & PM
bt Ocirpancy Sibediic TSI Large Assembly Hall Occupancy - 8 AM to 10 PM Time Factor Time Factor A
Health-Care Faclity Occupancy - 8 AM to 9 PM v o
Momfoctinig [ighting Schedule Dffice Lighting - & AM ta 11 P Hotel Dccupanty - 24 Hotre TZ00AN T0000% TZ00PM_ 100.00%
Motion Picture Theatre Power Schedule Office Lighting - 6 AM to 11 P Common Office Occupancy -8 AM to 5PM S0 AM, 2 100003 1:00PM 100.00%
f Forr Home Gccupancy - 24 Hours Fo0 A 00.00% 200 PM - 100.00%
m”‘" F ey Outdoor Air per Person 0.00 CFM Restaurant Occupancy - Lunch and Dinner
o Butdoor Air per Area 0,00 CFR/SF Retail Faclity Occupancy - 7 AM to 8 PM DN 0% SN 100005
e i age Ao e o School Occupancy - AM to 9 PM FO0AM  T00,00% D0 M T00.00%
Peritenti Weaehixian ooy - 7 04 I A FM 500AM 100.00% 500PM_100.00%
PE”"D ﬂ”‘A 15 Theate Outdoor Air Method by People and by Area Office Lighting - 6 AM to 11PM ; i - e
iyl Opening Time 12:00 AM Residential Lighting - All Day G00AM  {100.00% G00PM  {100.00%
Retal Liohting - 7 AM to 8 FM TO0AM T {100.00% TO0PM 100.00%
A Cimo Time et Schod Lghioy 741 ) FEM BODAM |100.00% 200PM  100.00%
RENgots Fhildng ¥ | |Unoccupied Cocling Set Point 8200 °F Warehause Lighting - 7 AM to 4PM i i
S00 AN 1100.00% 000 BM ™ T00.00%
hhEYH .00 AR 100.00% T0:00PM 100,005 v
| [
Cancel

5. You can also set the Occupancy Schedule to On — 24 Hours to represent a full
occupancy at all times. This helps generate a worst-case scenario for heating and
cooling conditions. After adjusting the occupancy schedule, click OK to save the

changes and close the dialog.

6. Next, change the dialog option to Space Type by selecting the button at the top of the

dialog:

Building/Space Type Settings

Filter: |Enter Search Words

() Building Type (®) Space Type

Active Storage ~
Active Storage - HospitalHealthcare

AirTrain/Bus - Baggage Area

Airport - Concourse

Atrium - Each Additional Floor

Atrium - First Three Floors
Audience/Seating Area - Auditorium
Audience/Seating Area - Convention Center
Audience/Seating Area - Court House
Audience/Seating Area - Exerdse Center
Audience/Seating Area - Gymnasium
Audience/Seating Area - Motion Picture Theatre
Audience/Seating Area - Penitentiary
Audience/Seating Area - Performing Arts Theatre
Audience/Seating Area - PoliceFire Stations
Audience /Seating Area - Religious
Audience/Seating Area - Sparts Arena

Bank Customer Area

Banking Activity Area - Office

Barber and Beauty Parlor

Card File and Cataloguing - Library
Classroom/LectureTraining
Classroom/Lecture/Training - Penitentiary
Conference Meeting/Multipurpose
Confinement Cells - Courthouse
Confinement Cells - Penitentiary

Parameter

Walue

Energy Analysis

»

Area per Person 358.80 SF
Sensible Heat Gain per person 250.00 Btu/h
Latent Heat Gain per person 200.00 Btu/h
Lighting Load Density 0.50 W/t
Power Load Density 0.30 W/t
Infiltration Airflow per area 0.04 CFM/SF
Plenum Lighting Contribution 20,0000%

Occupancy Schedule

Health-Care Facility Occupancy - 8 AM to

Lighting Schedule

Office Lighting - 6 AM to 11 PM

Power Schedule

Office Lighting - 6 AM to 11 PM

Outdoor Air per Person

5.00 CFM

Outdoor Air per Area 0.18 CFM/SF
Air Changes per Hour 0.000000
Outdoor Air Methed by People and by Area
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It's a good idea to edit the default space types in your template — as well as define a
template based on the type of construction or building you are modeling. The space
types override the building types at the individual areas of the model. This helps provide
greater detail for the heat gains, density and schedule data. Review the settings for
Active Storage — Hospital/Healthcare and Office - Enclosed. Click Ok to close the
dialog when you're finished.

To apply the building type, open the Energy Settings shortcut from the Analyze tab >
Energy Optimization panel:

O @

Location System-Zone

] ¥

€ |G [ ks
Lk | = » T A &
Create Systerns Generate Optimize
Energy Model| Analysis

Energy
Settings

Energy Optimization

This will open the Energy Settings dialog — select the Other Options > Edit icon to
open the Advanced Energy Settings. Now that you have the new 24-hour Care

Facility type defined, you can select it as the default building type:

Parameter

Value

Advanced

Edit...

3>

|
{ |Other Options
|

Advanced Energy Settings

Pararneter Value

Energy Analytical Model 3 Detailed Model e

Mode Use Building Elements Target Percentage Glazing 0%

Ground Plane Lower Level Target Sill Height 2" B

Project Phase New Construction Glazing is Shaded

Analytical Space Resolution 16" Shade Depth 18

Analytical Surface Resolution 1o Target Percentage Skylights 0%

Perimeter Zone Depth 5o Skylight Width & Depth e
] ;E”mEtE‘:rZr:_nel[:lu:""'_ZC; ight Threshol 6' 0" 2
1 verage & |c.a oy e Building Type _—V |24 Hour Care Facility v
+ |Herizontal Void/Chase Area Threshel 1,00 S5F P :
{ Building OpWIe Default

| HVAESystem

Central VAV, HW Heat, Chiller 5.96 CO

Qutdoor Air Infermation

Edit...

Room/Space Data
Export Category

‘Spaces

a

Conceptual Types

Edit...

S

Schematic Types

<Building>

Detailed Elements

Click OK twice to exit the dialogs and return to the project. Make sure you have the
SECOND FLOOR HVAC PLAN open. Now that you’ve added the spaces, update the
names so they match the rooms from the architectural model. From the Analyze tab,

click Space Naming:
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Analyze  Massing & Site Cg
istency 52 I W
[ _Q> i |

Space Space Space| Space |Zone
Separator  Tag |Maming

Spaces & Zones =

ils 3

11. When the dialog appears, the tool will default to updating all spaces for all levels —
click OK to complete this step.

Space Maming

Options

(®) Names and Numbers
Rooms Spaces
() Names Only

h Office Dffice
i) Numbers Only DT "

AD1

Kitchen Kitchen
B0 Living BO1 Living
i Co1

Selection

(®) Al Levels (&pply for 77 spaces)
(") Specific Levels
Lower Level

GROUND FLOOR
SECOND FLOOR

Learn how to Use SpECE NEMING

Cance

12. Now that the names are displayed, select one of the DR OFFICE spaces, and review the

Properties palette. Locate the Energy Analysis section and note that the Space Type
is set to <Building>. Select this line to change this to a specific space type:
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B Ll IR LN 1 L g SaT Lgmeas
dentity Data ¥ Space Type Settings ? *
Number 2015
Name DR OFFICE Eiter: |Enter Search Words
Room Mumber 2015
Room MName DR OFFICE
Image Merchandising Sales Area - Retail -~ Parameter Value
Comments Museum and Gallery - Storage - Museum and Gallery
Nurse Station - HospitalHealthcare Energy Analysis 3
EiEsNK . | Area per Person 21528 57
Phase New Construction - Office Common Activity Areas - Inactive Storage Sensible Heat Gain per person 250.00 Btu/h
Energy Analysis A Operating Roam - Hospital/Healthcare Latent Heat Gain per person 200,00 Btu/h
Zone Default Other Televised Playing Area - Sports Arena
Plenum 0 Parking Area - Attendant orly - Parking Garage Lighting Load Density 110w/
Parking Area - Pedestrian - Parking Garage Power Load Density 1.50 W/t
Occupiable Patint Roon - Hosptl lecltheare infiltration Airflow per area 004 CAMISF
Cendition Type Heated and cooled Phomacy - Hospial feattresre Plenum Lighting Contribirtion 20,0005
Space Type <Building> 7
Physical Therapy - HospitalHealthcare Gccupancy Schedule Cammon Dffice Decupancy - B AW to 5 B
sﬂ“f’“‘t‘”” Type <Building> . Playing Area Gymnasim [ighting Schedule Gfice Lighting & &M o 11 B
SoPE Edft”' Police Station Laboratory - Police fFire Stations Power Schedule Office Lighting - 6 AM to 11 PM
Electrical Loads Edit... Public and Staff Lounge - HospitalHealthcare Outdoor Air per Person 5.00 CEM
Outdoor Air Information From Space Type Reading Area - Library :
e e S W Reception/Waiting - Hotel Qutdoor Air per Area 0.06 CFM/SF
Properties hlp p—— Reception/Waiting - Motel ir Changes per Hour 000000
— Reception/\Waiting - Transportation Outdoor Air Method by People and by Area
Project Browser - Space Settings_R20.nvt Recovery - Hospital Healthcare
L T Restoration - Museum
0, Views (Discipline) ~ | |Restrooms

=) Coordination
(=)~ All
= 3D Views
{30}
) Electrical
=) Power
- 3D Views
3D Elec
- Elevations (Building Elevaticn)
East - Elec
North - Elec
South - Elec
West - Elec
=~ Mechanical

Ring Sports Area - Sports Arena
Sleeping Quarters - Police/Fire Station
Sorting Area - Post Office

Spedialty Store Sales Area - Retail

Stacks - Library

Stairs - Inactive

Stairway

Supermarket Sales Area - Retail

Terminal - Ticket Counter - Transportation
Warkshop - Warkshop

Worship - Pulpit Chir - Religious v
< >
B D E

Cancel

13. By assigning the space type, you’re providing more detail for the analysis model.

BIG TIP — create a space schedule for your model, so you can see all of the spaces —
open the one that is already defined in this project. It's a lot easier to make these
changes from the schedule, as well as see any spaces that are not well-formed (and
delete the from the project):

[ SECOND FLOOR HVAC PLAN

2 Space Schedule X

<Space Schedule=
A B C D E F
Level Number Name Wolume Area Space Type
Lower Level 1500 OUTPATIENT CENT: 357818 CF 442 5F Lobby
Loweer Level 1502 PHARMALCY 257592 CF 285 5F Pharmacy - HospitalHealthcare
Loweer Level 1503 LAB 204569 CF 228 5F Labeoratory - Office
Lowrer Level 1504 XRAY DEVELOPIN :381.17 CF 42 5F Office - Enclosed
Lower Level 1505 HRAY 1247.81 CF 139 SF <Building>
Lower Level 1506 DR SCRUB 804.24 CF 89 5F <Building=

This is one of the steps that's commonly ignored but can bring a ton of benefits to the
analytical model. Don’t skip these settings — make sure you review them after you get

your spaces defined.
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It’s a Material Thing

The last feature we’re covering is the most ignored benefit that Revit can provide, and both
architects and engineers are guilty of skipping it. Material definitions that are assigned to
bounding elements — walls, openings, floors, roofs, etc. — can include thermal properties in
addition to pretty images and hatch patterns. There are some of the most critical settings that
can impact the model when the Detailed Elements option is selected. We will use the Material
Editor to review some of the common materials and make sure they are correctly assigned to
wall types.

1. Open the Detailed Architectural Elements.rvt model. From the Manage tab >
Settings panel, click Materials.

Material Browser - Acoustic Ceiling Tile 24 x 24 ? X
| Q| Identity || Graphics | Appearance | Physical | Thermal
Project Materials: All T - i= v ¥ Shading
Name Use Render Appearance
| ] Color [RGB 232232 232
Acoustic Ceiling Tile 24 x 24
J Transparency 0
| || Acoustic Ceiling Tile 2442 ¥ Surface Pattern
¥ Foreground
- ] &0 Pattern Ceiling 24x24 ‘ ‘ | ‘ ‘ ‘

@ Air Infiltration Barrier [wI[:1 M RGE 00 0

Alignment | Texture Alignment...

l I Aluminum ¥ Background

l I Aluminum Painted - Red Pattern <none>

Color [el=gogvi]
. Analytical Floor Surface
¥ Cut Pattern

. Analytical Slab Surface ¥ Foreground

r Pattern <nome>
d Analytical Spaces

Material Libraries

I"_’ﬁ' @_ % <« ¥ Background

(oI RGE 000

»

Cancel Apply

2. When the dialog is first opened, a list of materials that are stored in the project is
displayed. Scroll through the list and select the Brick, Soldier Course. Select the
Thermal tab, to display the information and properties:
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Ql Identity = Graphics Appearance Physical | Thermal

Project Materials: All 7 ~

= l}\f Brick - Mediumweight

Mame

{ . bracket materials
Brick, Commaon

Brick, Common(Red)

-

¥ Information

Keyweords
Type

Subclass

Brick, Soldier Course

ASS

Source

Seurce URL

{ . Cabinets

Cabinets - Handles
Chair - Midmark - Chrome

Chair - Midmark Coarse View

e

| Cherry

Concrete Block

- Concrete Masonng Lnits

¥ Properties

Behavior

Thermal Conductivity
Specific Heat

Density

Emissivity
Permeability

Porosity

Reflectivity

Electrical Resistivity

Material Libraries

EH-@-8B

A
«

rick - Mediumweight
Medium weight brick
Medium,thermal, solid
Solid

Masonry

Autodesk

Transmits Light
lsotropic
0.3120 btu/(hrft-°F)
0.2006 btu/(lb-"F)
96.76 pound per cubic foot
0.95
3.1881 grain/(ft"hrinHg)
0.01
0.00
2,000,000.0000 Q-m

Cancel

3. The properties define the thermal characteristics of the material — including behavior,

conductivity, specific heat, density and more. Scroll down and select Concrete Block:
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Material Browser - Concrete Block ? *

Ql Jldentity] Graphics | Appearange

Project Materials: All ¥ ~ is- Name |Concrete Block B
MName - - . r
l bracket matenals Descriptive Information

L. Description

G Brick, Comman Class |Unassigned - L
Comments |Rendering appearance not upgraded
G Brick, Common(Red) D Keywords
Product Information

! Brick, Soldier Course oy
== Model E

{ Cabinets B
URL F

Cabinets - Handles F
Revit Annotation Information
Chair - Midmark - Chrome Keynote

Mark
Chair - Midmark Coarse View

Cherry

Concrete Block

C | S OL 3

Concrete Masonry Units E
-
Material Libraries 2
Bi-@-B «
4. Not all materials include thermal properties. If you want to use the material and add the
thermal properties, select the plus sign tab — the Asset Browser will appear:
7 X| Asset Browse X
Identity | Graphics = Appearance S q‘
Autodesk Physical Assets i=-
Name [Concrete Block Document Assets Asset Name < Aspect Type  Category =
Descriptive Information 37 Favorites 0
Desaription ) Autodesk Physical Ausets Acoustic Tile Ther.. Solid  Solid: Misc
Class |Unsssigned -/ #L Appearance Library
»E] PhysicalMaterial Structural Australia Acrylc Sheet Ther.. | Solid  Salid: Plastic
Comments |Rendering appearance not upgraded et s ey
(St »E] PhysicalMaterial Structural Germany & & Ther.. Gas  Gas
Product Information (] PhysicalMaterial_Structural Italy &
Manufacturer P PhysicalMaterial Structural_Japan & Aluminum Ther..  Solid  Solick Metal
Model ] Physi al_Structural | @
Cost el s el & Alurminum 1100-H14 Ther..  Solid  Solid: Metal
»EJ PhysicalMaterial_Structural_Poland &
it »E] PhysicalMaterial_Structural_Russia
Revit Anmotation Information B2 PhysicalMaterial Structural UK Aluminum 1100-H18 Ther...  Solid Solid: Metal
»E_] PhysicalMaterial_Structural_US
(i Aluminum 1100-0 Ther.. Solid  Solid: Metal
Mark
Aluminum 2014-T4 Ther. Solid Solid: Metal
Aluminum 2014-T6 Ther.. Solid  Solick Metal
Aluminum 3003-H12 Ther...  Solid Solid: Metal
\! 3AN03-H14 Ther. Solid Salid: Metal hd
=

Page 58



/\ AUTODESK.

LINIVERSITY

5. Autodesk ships several libraries with Revit, including materials of other regions across
the world. The default library that includes thermal properties is the Autodesk Physical
Assets library. By selecting the Thermal option, the list is automatically filtered to
display predefined options. Scroll through the list and locate Concrete. Select the arrow
to load this asset to the current material, concrete, in the Revit project:

Asset Browser ? it
Seardh Ql
Autodesk Physical Assets i=-
Document Assets Asset Name ~  Aspect  Type Category
i;? Fa.uorites rdik TTIEr. Junu UL LU
[ ] Autodesk Physical Assets
(] Appearance Library Chipboard Ther...  Selid Solid: Panels
» 7] PhysicalMaterial_Structural Australia
e} PhysicalMaterial_Structural_Canada Chlorine Ther.. Gas Gas
(3nm] PhysicalMaterial_Structural_Germany
» ] PhysicalMaterial_Structural _Italy Chromium Ther.. Selid  Solid: Metal
] PhysicalMaterial_Structural_lapan
. 3 I
(3nm] PhysicalMaterial_Structural_Metherlands Clay Tile Ther... Solid Solid: Masonry
ol PhysicalMaterial_Structural_Norway
2] PhysicalMaterial_Structural Poland ) ) )
vEZ PhysicalMaterial_Structural_Russia Clay Tile - Burnt Ther...  Selid Solid: Masonry
» £ PhysicalMaterial_Structural_UK _ _ _
vEO PhysicalMaterial_Structural_US Clay Tile - Hollow Ther.. Selid Solid: Masonry
(] S
Concrete Ther... Sclid Solid: Concrete T
[ad
Concrete - Aerated Ther... Solid Solid: Concrete the
dis
X X X X ed
Concrete - Lightweight Ther...  Solid Solid: Concrete
Copper Ther.. Selid Solid: Metal
Ex -
6. Once the material is loaded, a double arrow will appear. If the material is modified
incorrectly, you can select the option to replace the asset in the project with the material
from the library:
& =
Concrete Ther... S5olid Solid: Concrete =

7. Once the asset has been added to the material in the project, you can return to the
Material Browser and edit the properties, including the name, description and other
thermal properties.

8. After adding the material, the last critical step is to make sure the material is assigned.
The best way to handle this is to assign it the system family (such as a wall) or
component family (such as a door or window). If you want these items to appear for
every project, make sure you add them to your template. If it's a component family, you
can associate a material with the 3Dsolids used to define the component, such as the
door panel, window sash and more. For example, if you select a wall, you can select the
Edit Type option and review the properties. This particular example of an interior wall
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shows the analytical properties — they are “greyed out” because the materials assigned
the structure define the thermal properties:

Type Properties X
Famiy:  System Family: Basic Wall v| [ toad.. |
Type: L_OHR_Stud-MTL-3-5/8" (5/8" GWB)(5/8"GW ~| = Duplicate... |

o

Type Parameters

Parameter | Value | | (]
Structure
Wrapping at Inserts Do not wrap
Wrapping at Ends Mone
Width o' 47/8"
Function Interior
Coarze Scale Fill Pattern
Coarse Scale Fill Calor I Black

Structural Material

iMetal Stud Layer

Heat Transfer Coefficient (L) 00472 BTU/(h-ft5°F)
Thermal Resistance (R) 21.1804 (hft°°F)/BTU
Thermal mass 1.4406 ETU/F
Absorptance 0.700000

Type Image

Roughness 3

Keynote

Model

What do these properties do?

|

oK ||Eance|

9. To edit the default value, select the Edit button for Structure:
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v

Material Browser - Metal Stud Layer
Family: Basic Wal
Type: I_OHR_Stud-MTL-3-5/8" (5/8" GWE)-(5/5" GWE) 4-7/5" Q ) 5 m
e P byl [ N [(esrity |[ Graphics | Appeasance || Physical | [Thermal
Resistance (R): 21,1904 (h-ft2-F)/BTU Project Materials: All T ~ (R 25 [y %
Thermal Mass: 1.4406 BTU/F Name —
¥ Information
Layers
EXTERICR SIDE q Metal Deck Name Air
Eunction Material Tirdrzs ||0= Slt\;luact:\:\’:\‘ Description |Air, properties at atmospheric pressure
TIFmeh T Sypram WAl 0 0578 q Metal Furring Keywords [thermal,gas
2 |Core Boundary Layers Above 0° 0° Type Gas
3 [Structure [1] Metal Stud La__J0' 3 5/8° . Metal Panel (imetca) Subclass
4 |Core Boundary Layers Below W.0" 8% Source | Autodesk
5 |Finish 2 [5] Gypsum Wall .0 05/8" u Metal shingles fake Source URL
\ ——
. Metal Soffit Panels Basic Thermal .
Thermal Conductivity 0.0144 btu/(hrft.“F) z
A @ Metel Stud Layer Specific Heat 0.2397 btu/(Ib-"F) £
Density 0.07 pound per cubic foot =
TNTERIOR SIDE i Metal Wall Panels - Vertical Emissivity 0.01 =
Insert Delete Gas Viscosity 0.10 cP 3
- C bility |1.00 =
Default Wrapping . Metal Wall Panels - Vertical Dark Blue ompressibility
At Inserts: At Ends: | —|
Do ot wrap <] [None v || OskFioering
Modify Vertical Structure (Section Preview only) & Overall Volume - Midmark
{' Parking Stripe
Material Libraries 2
= e B e = «
<< Preview
B once
I I

In this case, the thermal properties are assigned by the material as listed in the Edit
Assembly tab. As long as the materials are using Thermal properties, and the analysis
model is being told to use Detailed Elements, these properties will be used as part of
the energy model analysis.

Last Words on Energy Modeling...

Keep these rules about energy and load analysis handy — you’ll be much happier with the
results.

1. These tools are always best used at the START of a project, when detail levels are low.
The more geometry you have in a project model — including furniture, equipment, highly
complex assemblies and more — the longer and less effective the tool is. The purpose is
to help you in the early stages of a project determine what options you have available,
and how they can affect the overall energy consumption of the building or structure you
are working in.

2. Energy modeling is a TEAM effort. All of the players — architectural, structural and MEP
have to buy-in to setting up their models correctly and including the correct assignments
from the materials up to the building type. But Revit is also forgiving and will let you use
default overrides in the MEP model settings.

3. Remember that the model must be properly bound — this includes walls, openings,
floors, roofs and ceilings. Rooms and spaces must also be included. Don'’t skip steps or
cut corners here — without these, you won’t get a good analysis. This also applies to
linked models — make sure they are set to be room bounding.

4. Avoid “over bounding” — not every item in a room needs to be set to room bounding.
Column enclosures are a great example — they have little impact on the overall energy
model.
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5. Check your energy settings — understand the differences between conceptual masses
and building elements and when to use each, or both.

Assign your building and space types appropriately.

Review the materials and their thermal properties if using the Detail Elements option.

© N

In the End...Schematics in Revit

Most firms are still dependent on AutoCAD for creating schematic diagrams, such as process
and instrumentation, electrical and plumbing risers, and process flow diagrams. But even then,
you still need some level of customization over base AutoCAD to make it efficient. AutoCAD
MEP and Plant 3D both contain schematic layout tools, but not all users have these licenses in
a collection.

So how do you get AutoCAD out of the loop — and start doing things in Revit? It begins with
some understanding of detail families, annotation families, and nested family behavior. We’'ll
start by examining the detail items first.

The Symbol

There’s only going to be one rule that applies to schematics — everything needs to be produced
at 1:1 scale. If you can stick to this rule, life will be good. Detail items are best used for
schematic linework that represent the symbol itself. To get the symbols right, it's best to set up a
schematic family template that contains the line styles and types you need.

1. Make sure you have the family, Schematic Symbol.rfa open. This file contains
examples of line patterns you can use to create your own library, but detail families
require that you add subcategories to the Detail Iltems category that defines this family.
From the Manage tab, select Object Styles:
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Object Styles

Model Objects  Annotation Objects Imported Objects

Category b Line Color Line Pattern Material
| Pro... Cut
oeaittems [N [T _I
Electrical Schematic - Heavy Lines s BBlack Solid
Electrical Schematic - Light Lines 1 lBIack Solid
Electrical Schematic - Medium Lines 3 IBIack Solid
Hidden Lines 1 IBlack Dash
Mechanical Schematic - Heavy Lines 5 lBIack Solid
Mechanical Schematic - Light Lines 1 lBIack Solid
Mechanical Schematic - Medium Lines 3 lBIack Solid
Modify Subcategories
Select All Select None Invert
New Delete Rename

OK Cancel Apply Help

2. This example shows how you can use object style subcategories to define the
linework. You can edit the properties of the subcategory from the Object Styles tool,
under Model Objects, Detail items after the family is loaded into a project. Detail
families do not support the creation of line styles, so this is where the linework needs to
be defined. This family already includes examples of subcategories you can use.

3. Next, create reference planes that can be used to align linework associated with a
symbol. From the Create tab, Datum panel, click Reference plane. Draw four reference
planes as shown:
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4. In this example, you are adding four planes around the insertion point, so the part will
be placed from the center of the primary center front back and center left right planes.
Next, add dimensions to allow the user to set the width and length of the box:

110"

%

421/32
EQ
o

21
EQ |
o

5. To create the EQ dimension as shown, run a string of dimensions from an outside
reference plane, to the center plane, and then the opposite plan. You can select the
dimension and use the EQ grip to create equidistant spacing. After placing all of the
dimensions, select the overall dimensions (indicated by having a distance) and add two
labels, length and width as shown:
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Medify | Dimensions | (=1«

Measure Create Label Dimension Witness Lines Family Editor
K] x
Parameter Properties x
Parameter Type

(®) Family parameter
(Cannot appear in schedules or tags)
(O shared parameter

(Can be shared by multiple projects and families, exported to ODEC, and
appear in schedues and tags)

Select... Export...
Parameter Data
Name:
Width| (®) Type
Discipline:
Common (O Instance
Type of parameter: Reporting Parameter
Length

Group parameter under:

Dimensions v

Tooltip description:

<No tooltip description. Edit this parameter to write a custom tocltip, Custom t...

Edit Tooltip...

How do I create family parameters?

o o

6. After the labels are assigned, your family should appear like this:

|
Length = 1'- 10"
|

EQ EQ

L

| | |

[ ' [
| ' |
T
| | |
| ' |
| | |

|
|
EQ | EQ
A
|
|
|
|
|
.
|
|
|
|
|
|
|
|
|
|
|

Width = 2' - 4 21/32"
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7. Next, select the Family Types dialog from the Properties panel to edit the default

values:

Family Types X
Type name: | Instrument i E ’I‘j
Search parameters Q|

Parameter Value Formula |L|:|ck|

Dimensions -
Length 0012 = ]
Width o o1/2" = O
Identity Data ¥
f Jﬁ] ,fj i 4E 3 4t Manage Lookup Tables

How do I manage family types? Cancel Apply

8. Don’t skip steps here — make sure you name your type. If not, the type in the project will
take on the name of the family itself, and if you have multiple types in one family, you
need to define each type within the family first. This example was named Instrument,
and the length and width values were set to 2”. Click OK after making these
changes, and the symbol should look like this:
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1’-0" to see the dimensions at the same scale

that you want to load the family. Scale will still be determined by the detail view, but you
can edit scale to allow annotations to resize in the model — the detail item will remain at
the defined size, since it is not annotative.

Now that the frame is defined, zoom into the center of the family to add the linework.
From the Create tab, click Line to start the line tool. Set the subcategory to Electrical
Schematic — Medium Lines, and use the Rectangle option to create the lines,
snapping to the two intelrsections oppgsite of each c|>ther:
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10. The advantage to using a rectangle is that all 4 constraints needed to look all four lines
to the reference planes appear at once — click each one to lock them immediately to the
reference planes:

11. Now that the lines are added, save the family. Next, open the Schematic Project model
and make sure you have the Schematic Layout drafting view open:
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Steel  Systems  Insert  Annotate  Analyze  Massing & Site Collaborate View  Manage  Add-Ins  Site Desigr

Iy
DWF Decal

Markup v
Link

® (s 2]

Coordination Manage |mport Import
Madel Links CAD  ghbxML

X E Schematic Layout X

v Edit Type

12" =1-0"

Scale Value 1:

1

Detail Level

Fine

Visibility/Graphics Overrides

Edit...

Discipline Coordination

Sub-Discipline Schematics

Visual Style Hidden Line

dentity Data A

View Template

<MNone>

View Mame

Schematic Layout

Dependency

Independent

Title on Sheet

Referencing Sheet

Referencing Detail

(3 [ER] e (][

Insert | PDF Image Manage Load Leadas

from File Images  Family Group
Import u  Load from Library
[ Ref. Level

12. Switch back to the ref level view for the schematic symbol family, and choose Load
into project from the Modify tab:

BIM Interoperability Tools  Modify =

D bl
O

Modify

b o

28 &
2

s = o

T
a1

Measure Create

X E Schematic Layout (7 Ref. Level

LI

-1 :’ Load into Load into
b4 Project Project and Close

Family Editor

x

13. Once the family is loaded, you can drag and drop the symbol by expanding the project
browser to the Detail Items section, and expanding the family to show the instrument

type:
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Project Browser - Schematic Project.rvt X

=3 Families

E-E--H

EH-E--E-E

EH-E--E-E

|

>

Air Terminals

Annctaticn Symbols

Cable Tray Fittings

Cable Trays

Ceilings

Conduit Fittings

Conduits

Curtain Panels

Curtain Systems

Curtain Wall Mullicns

Data Devices

Detail ltems

Brick Standard

Filled regicn

- Schematic Symbael
Instrument

Duct Accessories

After getting symbols defined, you can now start creating a schematic layout

Adding the Schematic lines

Once the symbols are loaded into the project, you can add detail lines easily. It's just a
simple step, but you also need to know how to get the linework to interact with the
symbols. This includes having the symbol hide a line and anchoring the symbol to the
line, so it moves when the lines moves. Let’s continue from our last steps to see how this
works.

1.

After placing a couple of symbol examples in the Schematic Project, from the Annotate
tab, Detail panel, click Line. This project already includes the schematic line styles
(added from the Manage tab > Settings panel > Additional Settings > Line Styles).
Select Electrical Schematic — Medium Lines for the line style used to create the
linework:
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View Manage Add-lns  Site Designer  BIM Interoperability Tools  Modify | Place Detail Lines  Precast =~

:_r: N D (UACHC)> 1%, Line Style:
el
A J0A ¥ Electrical Schematic —... =
y & DN
asure Create Draw Line Style
vel [ Ref. Level

o -314"

Herizontal

2. This adds a line that goes over the symbols. But what if you want the symbol to mask
the line? Add a masking region to the symbol family. Switch back to the Schematic
Symbol family. From the Ref Level view, Create tab, Detail panel, click Masking
Region:

Create  Insert  View  Manage  Add-lns  Site Dgsl

=N @Al W15

EIM Interope

% .

f ((m] |1 Line Detail Detail  Symbol Masking | Filled  Alig
iy I Component  Group Regiocn Region
*  Properties Detail

3. Using the same tools used to create the lines, add a rectangle to define the outline of
the masking region, snapping to the lower left and upper right intersections. Make sure
you click the lock grips to lock the masking region to the linework:
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BIM Interoperability Tools Modify | Create Masking Region Boundary =

I/ | i iml L .

Pk Dny |:|I|:| I I % “{G} G}i @ gSubcategor}r:
B8 ol \Q/§\ - POy S e

> —_—’l

- “u
O T 22 x bo Yoo
Modify Measure Create  Mode Draw Subcategory

Detail ltems

X [= SchematicLlayout [} Ref. Level [} Ref. Level x

| A

0-01/2
1/31

% iirs

f=

4. Click the green check to complete the step. Save the family, and then select Load into
Project to load it into the Schematic Project. When prompted, overwrite the existing
family. After it's loaded, select the symbol if the line is not masked immediately, select
Bring to Front to pull the symbol in front of the line:

inalyze  Massing & 5ite Collaborate  View  Manage  Add-Ins  Site Designer  BIM Interoperability Teols  Moedify | Detail ltems

Mbgriti= S @ &

oo
{1 =
. =_—'| == . & . E‘:D Edit  Bringte  Sendto
) ||T R g @ Family  Front Back
Madify View Measure Create Mode Arrange
¢ [= Schematic Layout X [] Ref. Level [ Ref. Level
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Once the option is selected, the line will be hidden. You can constrain the symbol to
the line by using the Align tool. Select Align from the modify tab, then select the
linework first. Next, select the reference line within the Schematic Symbol to
complete the task:

:‘:;n Schematic Layout X [ Ref, Level [ Ref. Level

Detail ltemns : Instrument : Instrument : Center (Front/
Back) : Center (Front/Back)

Select the lock grip when it appears to create the alignment constraint. Now the symbol
will move with the line.

E Schematic Layout X |E| Ref., Level |E'| Ref, Level

0-311/128"
=

Now that the line and symbol are related to each other, the next step is to control what
you see in the schematic.
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Using Yes/No Parameters for Linework Visibility

Old school AutoCAD drafters are all about their block libraries. A dynamic block in AutoCAD
allows you to incorporate drop downs that allow you to swap out symbols through out the
drawing. Revit has the same behavior with yes/no parameters that can be associated with a
specific instance or type within a family. This example demonstrates how to add the visibility
control to an instance of a symbol.

1. Toinclude additional linework, return to your symbol family, and add a circle as shown:

| | |
| | |
2. Inthis case, a 1/8” radius circle was added. To control linework visibility with an on/off
switch, select the circle. From the Properties palette, select the Associate Family

Parameter button, then select New. Create a new Yes/No parameter named Circle
Visibility. Make it instance based, and group the parameter under Graphics:
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x
1 1

R - X

sspciate Family Parameter

|Lines (Electrical Schematic - Medium Lines) (1) ] BB estee (| L porameter: vt
Constraints »
Work Plane Floor Plan : Ref, Level TemElpE St
Graphics Esisting family parameters of compatble type:
Visible 1 | [search parameters oY}
Visibility/ Graphics Overrides I Edit.. g
PR IR T i S e
Dimensions
Length 0 0203/256"
Identity Data
Subcategory Flectrical Schematic - Medium Lines
Gther
Reference Weak Reference

i}
| How do I associate family parameters?

Parameter Properties X

Parameter Type
(@) Family parameter

(Cannot appear in schedules or tags)
(O 5hared parameter

(Can be shared by multiple projects and famiies, exported ta ODEC, and
appear in schedules and tags

Select... Export...
Parameter Data
Name:
Cirdle Visibility O Type
Discipline:
Common | @instance
Reporting Parameter

Type of parameter:

YesNo - {Can be used to extract vale
from a geometric condion and

Group parameter under: report it in & formula o a5 &

schedulable parameter;
ey

Tooltip description:
<Mo tooltip description. Edit this parameter to write a custom tooltip, Custom t...

Edit Tooltip...
How do [ create family parameters?

Click OK twice to get out of the dialogs. Save the family and reload it into the project.
Make sure you select to override the parameters since you added a new parameter.

After placing an example, select the family. The switch is

now available under the

instance properties of the family, allowing you to turn it on and off for each instance

placed in the project:

Instrument -

Detail lterns (1) v| 3 Edit Type
Graphics A

Circle Visibility = It
|dentity Data H

Image

Comments

Mark

If you want to include text for a symbol, you can tag the detail item using a detail tag
(there’s one included in the Schematic Project named Detail Mark Tag (for instance-
based mark values) or Detail Type Mark Tag (for type based values):

=) Detail Mark Tag

{ ... Standard
&= Detail Type Mark Tag
. ...Boxed

. Standard
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Wrapping up on some basics for creating schematic symbols. Here are a few rules:

1. Avoid using annotation families the respond to scale. One of the biggest issues is that
you cannot snap to linework in an annotation family, so it's precluded from be using to
creating anchored symbols.

2. Model based detail families have their own issues — if you add them to the same project
where you have the actual model elements, the model elements are counted...and
tracked. | saw a recent presentation where Arup had created several diagrams using
model elements, but the schematics were housed in a different project model than the
actual physical equipment representations. Looking down the road, you might be able to
create some plan views using links and schedule items in the linked model, but the extra
work may not be worth the effort,

3. Use your detail items like you do dynamic blocks — create a master file for a primary item
like motors, AHU’s, fire alarm symbols. Create different types with each detail item family
and use the visibility controls to control visibility by type. This helps reduce the amount of
families you need to define, and help you organize your library in a much simpler
manner.

Conclusions

There’s a lot going for Revit MEP, as Autodesk refocuses their efforts on MEP product
development. For some recommended classes at this year's AU that expand on these topics,
check out these related classes and labs from some great instructors:

CES320823 - Revit for P&IDs: A New Perspective on Design Synchronization for Water
Projects — by Brian Melton:

https://autodeskuniversity.smarteventscloud.com/connect/sessionDetail. ww?SESSION ID=320
823

BES321498 - Plumbing Revit MEP: Drop and Go—Let the Information Flow — by Ronal Balmer
and Setah Burford

https://autodeskuniversity.smarteventscloud.com/connect/sessionDetail. wv?SESSION 1D=321
498

BES323529 - Revit Systems Analysis Features and Framework: An Introduction — lan Malloy

https://autodeskuniversity.smarteventscloud.com/connect/sessionDetail. wv?SESSION ID=323
529

Thanks for attending and have a great Autodesk University!
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