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Efficient and Collaborative BIM workflows for Mechanical
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Hoare Lea

Learning Objectives

e Understand how Revit can improve the workflows of a mechanical engineer

Get inspiration for using Dynamo, add-ins and core Revit to automate your processes
e Put some helpful tips and tricks into practice to save loads of time

Discuss how emerging technologies will change mechanical engineers’ workflows

Description

In this session, we’ll look at ideal workflows for using Revit software, and how to avoid key time-wasting
traps, as discovered the hard way by an experienced Revit-using mechanical engineer. Using heating
system design workflow as an example, we will look at ways to automate the process using core Revit
features, Dynamo, and bespoke add-ins. We’'ll also give some specific technical tips and tricks to help
engineers get the most out of their Revit software systems and spaces. This is a follow-up to the 2013
class on improving efficiency by using Revit MEP software for mechanical calculations.

Your AU Expert

Ben Roberts is a chartered mechanical engineer based in the UK, where he holds the position of BIM
Delivery Leader for Hoare Lea, a role which involves pushing the boundaries of software tools and enabling
teams to deliver projects as efficiently and effectively as possible. He specialises in using BIM models for
design calculations, has spent several years improving the design capability of Revit, and rolled out
calculation methods throughout Hoare Lea’s 12 offices.

Ben is an active member of the CIBSE BIM steering group, the BSRIA BIM Network, and is involved in
developing many industry standards for MEP BIM delivery. He has written articles for a variety of
construction industry journals on the subject of BIM, and regularly presents and lectures on the subject
around the world.

This is Ben’s second class at AU, following 2013’s “Beyond 3D: improving efficiency by using Revit MEP for
mechanical calculations”.
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Heating Workflow

Using the design of a heating system from inception to completion, the below notes will take you
through methods for automating parts of the process using Revit, Dynamo and some bespoke add-ins.
These methods can help you to save significant amounts of time, and prove that we are getting closer to
enabling instant and accurate feedback on design decisions.

The below process shows methods for designing in Revit at early stages without exposing yourself to
risky detailed coordination issues.

Part 1: Concept Design

The best opportunities for energy saving come at the very beginning of the project; engineers and
architects can bring their knowledge and skills together to optimize the concept design. Historically,
engineers haven’t been able to provide feedback on energy analysis very quickly, but this is changing.

Inisght360 uses Energy Plus to calculate dynamic heating & cooling loads, and provides a simple
interface to highlight the areas that will save most energy, giving a constantly updating value for annual

energy consumption.

Itisn’t a full plant sizing tool (yet), but the values are a very useful for rapid comparisons of options and
assessing impact of design decisions.

Create Masses or building elements

You can use masses, normal Revit families, or both for your conceptual energy analysis

Set Energy Settings

Go to Analyze > Energy Settings, and set the location, building type, and construction types as
you need them. Make sure Export Category is set to what you need: Rooms or Spaces.
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Define the materials

There are 3 different ways of setting construction properties:

e Conceptual Types (applies to masses)

e Schematic Types (default types for each element type — wall, window, etc.)

e Detailed Elements (takes specific thermal properties from materials in walls, roofs, etc.)
1. Conceptual Types

These types apply to masses. They are very generalised and aim to simply make
fundamental comparisons between (e.g.) heavyweight or lightweight constructions.

Conceptual Types X

Mass Model Constructions &
Workset Project Info
Edited by
Mass Exterior Wall
Mass Interior Wall ~
Mass Exterior Wall - Underground Lightweight Construction — Typical Cold Climate Insulation
Mass Roof - ,' L
o o L!ghtwe!ght Constmctl_un — Low Insula_tlon

Lightweight Construction — No Insulation ¥

Mass Slab High Mass Construction — No Insulation
Mass Glazing Double Pane Clear — No Coating
Mass Skylight Double Pane Clear — No Coating
Mass Shade Basic Shade
Mass Opening Air %

concel | | Help

2. Schematic Types
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Applied to the spaces or rooms in the energy model, these settings allow a little more
control of the construction properties that are used in the analysis, such as U values and g
values, but without having to define detailed thermal properties of individual materials.

You can choose whether each category is overridden with these values, or not. If you un-tick
the box, Revit will use the properties set in the model elements (see next point).

11Tarat Darcentana Glazinn

Schematic Types ? X
Construction Types Analysis Properies
[Euldingy By default analysis properties are generated from information in Conceptual Types.
Properties of Schematic Types are used when override is selecte
1 Category Override Analytic Construction 5
Roofs [m] Flat roof - A (U=0.2497 W/(m*K)) s
Exterior Walls [ Standard wall construction - A (U=0.3495 W/(m*K))
Interior Walls [ Standard double gypsum with 4 in air gap (U=13289 W/(m*K))
Ceilings O 8inlightweight concrete ceiling (U=1.3610 W/(mK))
Floors [ Wilton carpet on concrete (U=12908 W/(m*K)) |
Slabs []  Standard slab construction - A (U=0.2499 W/(m*K)) |
Doors Metal (U=37021 W/(m*K))
Exterior Windows. Low-E double glazing (1/4 in + 1/4 in) (U=19773 W/(m*K), SHGC |
Interior Windows Low-E double glazing (1/4 in + 1/4 in) (U=19773 W/(m*K), SHGC
Skylights Low-E double glazing (1/4 in + 1/4 in) (U=2.1030 W/(m*K), SHGC |
v
All Nane Shading factor for exterior windows: ‘U !

3. Detailed Elements

This method is the most accurate, and allows for each separate wall, floor, roof, ceiling, door
or window type to have different properties. However, it takes a bit more time to set up...

1. Under Energy Settings, tick the box next to “Detailed Elements”

HVAC System ‘Central VAV, HW Heat, Chiller 5.96 COP, Boilers 84.5 eff

Outdoor Air Information : Edit... :
Room/Space Data A
Export Category ‘Rooms C
Material Thermal Properties B ’
o L I — Sl Lo
Schematic Types <Building > :p
Detailed Elements ] ’p
Identity Data i Pr
Workset ‘Project Info 5

2. Under “Schematic types”, untick the overrides on whichever categories you want to do
in detail.

LiTaznet Darcan tana Glazina an
Schematic Types ? X
Construction Types Analysis Properies
| By defeult analysis propetties are generated from information in Concaptual Types.
Properties of Sche ed when overide is selected
1 Category Override Analytic Construction 5
Roofs O [t roof - A (U=0.2497 W/(m*K)) ¥
Exterior Walls [0 Sfndard wall construction - A (U=0.3495 W/(m*K))
Interior Walls [0 Sfndard double gypsum with 4 in air gap (U=13289 W/(m*K) 1
Ceilings [0 8fnlightweight concrete ceiling (U=13610 W/(m*K) |
Floors O Iton carpet on concrete (U=12908 W/(m*K))
Slabs. [m] Sfpndard slab construction - A (U=0.2499 W/(m*K)) |
Doors tal (U=37021 W/(m*K)) |
Exterior Windoffs Ldw-E double glazing (1/4 in + 1/4 in) (U=19773 W/(m*K), SHGC |
Interior Windo Ldw-E double glazing (1/4 in + 1/4 in) (U=19773 W/(m*K), SHGC
Skylights Ldw-E double glazing (1/4 in + 1/4 in) (U=2.1030 W/(m*K), SHGC
v
—/
All Nane Shading factor for exterior windows: ‘U !

3. Select an element (e.g. a wall) and click “Edit Type”
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5.

¥ Enowh - §

By & D

Modify | Walls

[ 12
Detach

Basic Wall

Pl 1)

Constraints
Location Line [Wall Centerline
Base Constraint Level 1
Base Offset 00

Base is Attached

Base Extension Dist... 0.0

Top Constraint Up to level; Level 3

Unconnected Height | 7600.0

Top Offset 00

Top is Attached

Top Extension Dista...0.0

Room Bounding

Related to Mass

Structural 0
Structural O
Enable Analytical M.
Structural Usage  Non-bearing
Dimensions i
Length 400000
Area 260952 m*

Note the thermal

Structure setting.

Modity| l OG- &=8&%- & o
| | T ¥ |Gen- & R Q

Select v | Properties | Clipboard | Geometry |

Modify | Walls | | Activate Dimensions

Properties.

"
s

Workset1 ; Walls : Basic Wall : HL Wall-Ex
751ns-100LBIk-12P : R2

properties shown in the type properties. Click “Edit...” next to the

Type Parameters

Type Properties
Family: System Family: Basic Wall
Type: HL_Wall-Ext_1028wk-75Tns-100LBlk-12P

Load...
Duplicate...

Rename...

Parameter

Value

£

Structure

—

Edit..

Wrapping at Inserts

Wrapping at Ends None
Width 3900

Function Exterior

Coarse Scale Fill Pattern Solid fil 3
Coarse Scale Fill Color RGB 192-192-192 |

Structural Material

Concrete Masonry Units_Low Density

Heat Transfer Coefficient (U) 0.5735 W/(m*K)
Thermal Resistance (R) 1.7438 (m*K)/W
Thermal mass 3038 kI/K
Absorptance 0.700000

3

In here, the thermal properties of each individual material can be added. You may have

to add the thermal tab, and search for the relevant material.
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- — o 'Manage  Add-ins  Quantification  Content Studio  Hoare Lea  Modify | Walls =5
! Family: Basic Wall |
J Type: HL_Wall-Ext_102Bwk-75Ins-100LBIk-12P s
Total thickness:  290.0 Sample Height: -snss.n I
| Resisance (R): 17438 (m2K)W j— A ———0 ;
| i - Material Browser - Concrete Masonry Units _Low Density 4 X
1 Thermal Mass: 30.38 kI/K
{ Logers TER e or [searcn Q| identity Graphics Appearance Physlx‘l [Thermal I
= = C J o
| Function Material Thickness Wraps 5:;:2?::: poiecaista =l > i= | et Block- B0 X
1 [Finish 1 4] Render, Blue, Smo_ 1025 = pame Plnormaton
| [2_|Thermal/air Layer [3Fiberglass Batt 750 =} Concrete - CastInSit ¥ Properties
| [5_|core Boundary 0 onerete - Castin St | Transnits Light
| & [stuctre [0 | [Concrete Masonry [ 00.0 1 e E— m
{5 [Core Boundary - Layers Betow Weap 0.0 Concrete - Cast-in-Place Concrete
| 6 lFmsh21 Phcter o = Thermal Conductivity |1.3000 W/(m:K)
i E Concrete Masonry Units Specific Heat |0.8400 J/(g-°C)
| = Density |1,800.00 kg/m*
! I Concrete Masonry Units _High Density
‘ B Emissivity 0.95
| E Concrete Masonry Urits_Low Density Permeability 00000 ng/(Pas-m?)
i Porosity |0.01
! m Concrete Masonry, Floor Block Reflectivity |0.00
|
| INTERIOR SIDE Electrical Resistivity 2,000,000.0000 Q:m
Concrete, CastIn Situ
| Insert Delete up Down
i
Defasl Wrapping i Concrete, Cast-in-Place - C15
| Athserts: At Ends:
i [eoth | [None ~ i Concrete, Cast-in-Place gray
| =
{ Modify Vertical Structure (Section Preview only) Ei-@- B <«
t 55 |
1 i 5 SpikRepi Section 8
! Section 9
| = B b Secton 10
1 , @ Drafting Views (Det

6. Click OK on those dialogue boxes, then repeat for all wall types, floors, roofs, windows,
and doors as required.

Generate Insight

1. Make sure you have installed Insight360: https://insight360.autodesk.com/oneenergy

2. Click “Generate Insight” under Analyze, on the Insight360 Panel
- (7= [;J @7- Qﬂv A= !" §\0) A @ > E » 210473-McN-00-7Z-M3-A-7Z_28_detached.ivt - 3D View: {3D - newport... |y
l Architecture Systems_Insert  Annotate | Analyze | Massing &Site  Collaborate  View  Manage  Add-ns  Quantification  Content Studio  Hoarelea Modify

\mgﬁj_nenrumm - X @~ - o x
=

: o —
S 2 R m g G S B 4 G & ceae erergyvocel | gy | P @&
b =6 ! D % % @ - v &3 i @ Run Energy Simulatio . & ‘
Modify| Space Heatingand  Panel  Schedule/ Duct Pressure Pipe Pressure | Check Duct Check Pipe Check  Show Energy = = IO . Generate Ifsight360 Heating Lighting  Solar
Separator Cooling Loads Schedules Quantities LossReport LossReport | Systems — Systems Circuits Disconnects Settings [ Results & Compare Insight Cooling v
Select v Spaces & Zones v Reports & Schedules Check Systems Color Fill Energy Analysis Insight 360

S w ssRuiss SR SREaS h < Ty

3. Once the analysis is finished, you will receive an email with a link to the clo ased
interface, or you can access it by clicking on the “Insight360” button, above. Or, you can go
to www.insight360.autodesk.com

Sign in with your Autodesk account (or just create an account —it’s pretty quick), and you’ll
see the analyses on the home page.
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@ nsgnt 300 = x

I | AuToDEsK INSIGHT 360° IsioHTs  LeARNNG = supporT = (D [ Ben RoseRTs -

Insights

AU Small Model
w2 © nsas-cr0AM

m: e ®mo

2020 A\ AUTODESK

5. You can create new insights in order to group model options together, then rename each
insight and give them pictures for easier reference.

—

o
—

P

AU Large Model —_—

© 11.82016-0711 AM

H2: o3 =0 o
W D

6. Within each insight you can then compare models, allow other people to access the model,
and comments, and control the basic setup.

@ Insight 360

I ‘ AUTODESK" INSIGHT 360 INSIGHTS  LEARNING ~  SUPPORT ~ (7 ®  BENROBERTS ~

Insights / AU Large Model

61423 Model Comparison e
149

=
— - - : seeates

Settings

#E WU

What defaut units would you like? 1 el Comments

Imperial New commen

® Metric

What roll-up would you like? £

Annual Cost($) Members

® Energy Use Intensity(EUI)

»

Add Members X
Do you want Model widgets to sort by importance?
andyhill@hoarelea.com| 5 .

® Yes [ | 1

No

Currency & Utility Rates

2020 A\ AUTODESK.
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Play with the Variables

Click on the model you want to play with, and start adjusting the limits of each node to see the

impact on the overall energy consumpt

I insight360 X [+

e ) ‘ﬂAu(odesklnc.[uS} insight360.autodesk.com/onee

ion...

gy/Model/12982

Overall annual energy estimate

josts
Sliders to choose
Benchmark Comparison Model History HVAC
— “mm History of options g design limits =
z
- 50
5} g =
=
s
23 23 30 i -100
I insight360 X [+

e ) ‘ﬂAu(odesklnc.[uS} insight360.autodesk.com/onee

ez Click on the arrow to switch

Plug Load Efiiciency a
100 \

EUL+/- (kWh)

10.76 W/m
W/m

Plug Load Efficiency

between image and graph

Operating Schedule

The typical hours of use by building occupants.

Current Setting:
24/7 - BIM

Lighting Efficiency

Represents the average internal heat gain and
power consumption of electric lighting per unit
floor area.

Current Setting:

20.45 Wim* - BIM

Wall Construction

= 10

75

UL +/- (cWh)

The triangle is

current mode| k‘w@’_F'

WWR - Northern Walls

Window-Wall-Ratio (glazing area / gross wall
area) interacts with window properties to impact
daylighting, heating & cooling.

Current Setting:
95% - 0%

= 100

8IM
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Part 2: Spaces, treatment plans and room data sheets

For schematic design stage, spaces can be used to convey much of your design without having to model
any elements.

Open from Template & Link in Model(s)

For this process, | am relying heavily on having a template already set up with:
e View Templates for layouts, treatment plans, sections & 3D views.
e Pre-defined system types and their properties
e Pre-defined settings for pipe sizes, thicknesses & roughness
e (Calculation methods set to my preferences
e Schedules for spaces and equipment
e Key Schedule for space types
e Some pre-loaded families
This will save lots of time when creating systems and views, and carrying out calculations.

B View Templates 3
View templates View properties
Select ~ L - b e b et et 0 et Composition Windows |
<all> v Parameter Value Include e
Propert — @ 5~ || Project Browser - AU La el 2017 Revr..
e X View Scale. 17100 ] @ %~ e ]
= Scale Valve 1 100 = 0, Views (Function, Discipline, Sub-discip A
<ali> v > 5
Sheet - Detail Level Fine “ < printing Views
: Parts Visibility Show Original =] = = ‘W°ék;;?d\l/r:::;"
V/G Overrides Model 7] - L
Sheet: Project Landing Page | B8 Edit Type @ 000 - Elevations
v N GA - 000 - Change Review [V/G Ovemides Annatation | =] 500 - Combined Mech & Elec
SRR GA - 200 - Buiders Work [V/G Overrides Analytical Mod 7] & 500 - Spaces
Visibility/Graphics . Edit. { (GA - 200 - Structural Coordination ® P
LobiipfGreptics - Bl ] 1 - 50 - Catnitad e e /G Overrides Import E) = Floor plans
cale | i GA - 500 - Mecharical Working View /6 Overrides Filt -
Gentity Data B GA - 500 - Reflected Cellng Flan 5 Overnies Fiees =] ] 00-Spaces
GA - 500 - Spaces V/6G Overrides Worksets 7] ‘ 01- Spaces
Depedency GA - 520 - Combined Public Health |V/G Overrides RVT Links =] ! 02 - Spaces
v Sheet GA - 523 - Foul Drainage ER— bl i
= GA - 525 - Rain Water [Model Display =] -
Referencing Detail G- 527 - Below Ground Drainage e Bl 03 - Spaces
Workset View “Sheet: 00 - Pro GA - 530 - Combined Piped Liquids & Mechanical
! A~ 330 - Ppe Analyas Sketchy Lines ]
Edited by o o Pk nesti oG i = 5500 - Mechanical Working View
i (GA - 530 - Pipework Heating & Cooling Schematic ghting 570 - Duct Analysis
GA - 531 - Ppeviork Chiled Water Photographic Bxposure | - B & B Legends
Current Revision Iss (GA - 532 - Pipeviork Chiled Water Schematic Background o = i
s GA - 322 - Ppewiork Domestic Water = = 3 Schedules/Quantities
G T GA - 532 - Ppewiork Domestc Water Schematic Phase Filter Show Al ] 000 - Documert feue diech
urre 4:06:201 5.
G TR e G4 36 - Labortory Pped Liqucs Discipiine Coordination ] 000 - Space Classfications - Office
lire Content revised an i Show Hidden Lines By Discipline 2] 000 - Space Data
s i 512 sieam s Conderste Rendering Settings i ] 001 - Space Calculations Heating
Approved By Approver (A 41 < Lahoraticy Cos Sl Sub-Discipline 500 - Combined Mech & Elec [=) 001 - Space Calculations Ventilation
Designed By Designer o544 Modal o Sy etmon AR = 200 - Builders Work Holes
- 545 - Vacuum Supp 5
Checked By Checker e St S EErr Woriing Views a 500 - Bill of Quantities
Drawn By Author A - 550 - Space Coalng 500 - Pipe Insulation Schedule
Sheet Number 00 GA - 560 - Space Heating v 500 - Pipe Schedule
Sheet Name Project Landing Page 570 - Duct Schedule
Sheet Issue Date 131/05/12 b @ n 600 - Cable Tray Schedule
R 630 - Lighting Fixture Schedule
; o do T modify a view tempiate? — -2 Gas Water Heater Schedule
Revisions on Sheet Edit. | concel Apply Propert ul

T31-1 Radiator Schedule

B
Title Text 19 | | T31-4 Trench Heater Schedule
03 Zone i i T31-5 Underfloor Heating Manifold S v
Properties hels Apply [ o @ < >

JJReacy & | Arch Models 0 Model ¥ AR R QT
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Im EHR-Q-2-2-F20A 8- . - AU Large Model 2017 Rev2.vt - Sheet: 00 - Project Landing Page |y [1; X @ - - o X
: | Architecture  Systems  Insert  Annotate  Analyze  Massing &Site  Collaborate  View | Manage | Add-ins  Quantification  Content Studio | I
| Mechanicat Settings ? x|
Select v | Manage Project | Phasing | Selection | Inquiry | Macros | Visual Programming |
FiddenLine
& Duct Settings Segment: Carbon Steel - EN 10255 - Medium vy b B
roperties Angl A Project Browser - rge Moc .
Propert x Conversion Properties — @~ Projecth AU Large Model 2017 Rev2rr. X
Rectangular eigoaas 0:04600 mm ] @ Pipe Accessories ~
Sheet = ol & Pipe Fittings
7 oun . !
Calculation ‘Segment Description: | = Pipe Insulations
- Pipe Sefings
Sheet: Project Landing Page v £ Edit Type Angles Size Catalog = Piping Systems
Conversion = Piping System
B iping Sy
(Graphics ~ SRR New Size... Delete Size
Visibility/Graphics Edit. 3 Fluids
Saaie T Slopes Nominal | 10 | 0D [ UsedinSizelists | Usedinsizing |~ Bm’;
Identity Data % Calculation [10.000 mm| 12.500 mm 17.700 mm [w] [5) E e
Independent 75000 rm 16200 mm 21.700 mm_ [=] OB EATEDRANAE
20000 mm 21.700 mm 27.200 mm =] DHWSE
25000 mm 27.400 mm 34200 mm =] DHWSR
00 32000 mm 36.100 mm 42900 mm =] DRYRISER
140,000 mm 42000 mm 48:800 mm =] Fire Protection Other
50000 mm 53.100 mm 60.800 mm =] =] Fire Protection Pre-Action
65,000 mm 68.800 mm 76.600 mm 2] LTHWF
80.000 mm 80.800 mm 89.500 mm [4] LTHWR
100000 m 105100 m 114900 m [=] MES
ed and 125000 m 129700 m 140600 m =] @ g s
G 1 1 = v
150000 m 155200 m |166.100 m =] S
Approved By Approver SRR
Designed By Designer VENT
Checked By Checker En
Drawn By Author iiiiiiiia il - & Profiles
Sheet Number 00 - e ot  Railings
Sheet Name Project Landing Page | | © Ramps
Sheet ssue Date_ 31/05/12 oo [ @ Roofs
File Reference | sy
Appears In Sheet List [  Structural Beam Systems
@ Structural Foundations
Revisions on Sheet Edit. & Walls
Title Text o (@l Groups
03 Zone 2 v [@# Revit Links v
Properties help Apply. | > o @ < 23 e 2
1 e e o @A Rz |

Add Spaces & Names (using Dynamo)

The standard way to add spaces is to open each level in turn, ensure the offsets are sufficient for
double height spaces, etc. then use the Space Naming Utility to copy names and numbers for
the relative rooms.

Dynamo can speed this process up by creating spaces from the rooms in the linked model. In the
below script, this is the method we used:

1. User input: pick the linked model(s) from which you want to copy the rooms
2. Retrieve Linked Rooms

3. Retrieve the names and elevations of all Levels in the linked model

4

Calculate the height of rooms (this is needed because levels will most likely be named
differently in your model than in the architectural model)

o

Removes redundant, not placed and not enclosed rooms
6. Create spaces from rooms

7. Get parameters from rooms and push into spaces
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This Formuls calculstes the trus Height of Rooms. There was 2n error when Rooms were placed on the Level Above at Offset of 0, Spaces cannot be
reated at Offset af 0.

Retrieves the Names and Elevations of all Lavels from the Linksd Mod I

Press the Run button - this wil
‘anly populats the Revit Links'
window: below. From it pick
the number of the Architacs EE T
Mods! containing the Rooms
and ingut it in the 'Link
Mumber' sider below and
press Run again to creats the
Spaces.

Get Paramerers from
Rooms

Parameters that we extract

from Rooms and import
o] % into Spaces

Add Environmental Data to Spaces (Using relational data link add-in)

1. Inthe template, a key schedule was created for a new shared parameter “Space
Classification”.

<000 - Space Classifications - Office>

A | B
Koy Mame | Space Classification

Large Conference Room
weC

Meeting Room

1 Person Office
Circulation

Plant Area
Senvice Riser
Reception
Conference Room
IT Room

Quiet Room
Open Plan Office
Lounge Area
Training Room

oiooimio i it ik i

=
=]

o
=

=
]

—
v}

=
=

2. Environmental data is predefined in excel for each space classification

Category>>>3> Thermal Ventilation
Parameter>>53> | Space Cooling Temperature | Space Heating Ternperature | Space Heating Strateay | Space Codling Strategy | Ventilation Strategy | ACH Supply | ACHEstract | AHU Zore  |2304
C C N 4 ACH ACH 4

Text Text Text . humber
Uniclass 2015 Descripl | Space Coaling StratRd

1Person Office [ 2 21 Fan Cail Unit Fan Coil Linit Supply & Extract 3 3 AHUT
Circdlation r [ Mot Controlled 18 Unhested Uneontrolledt Supply & Extract 2 2 AHU2
Corference Foom 4 [ 5 21 Fan Cail Unit Fan Coil Linit Supply & Exiract 3 3 AHU1
IT Room i [ Mot Conrolled 16 Fan Cail Unit Fan Coil Linit Supply & Exdract 2 2 4HD2
Large Corference Room r [ = 21 Fan Cail Unit Fan Coil Linit Supply & Extract 3 3 AHO1
Lounge Area & [ 3 21 Fan Cail Unit Fan Coil Linit Supply & Extract 3 3 AHO1
Meeting Room i A ] 21 Fan Cail Unit Fan Coil Linit Supply & Exract 3 3 AHUN
Open Plan Office r [ = 21 Fan Cail Unit Fan Coil Linit Supply & Exract 3 3 AHUN
Plant Area r [ Mot Contralled 16 Fiadiiator Uneontrolled Extract Only 2 2 AHU2
Cuiet Foom r [ ] 21 Fan Cail Unit Fan Coil Linit Supply & Extract 3 3 AHUT
Reception K [ F 22 Under Floor Heating Matural Ventilation Matural Ventilation 3 3 AHU1
Recording Studio d [ 24 21 Fiadiiator Fan Coil Linit Supply & Extract 3 3 AHUT
Service Riser i [ Mot Conrolled Mol Corirolled Unheated Uneonttrolledt Unventilated 0 0 MA
Storage r [ Mot Cortralled 16 Fladiator Uncortrolled Extract Orly 2 2 AHO2
Trairing Fioom d [ S 21 Fan Cail Unit Fan Coil Linit Supply & Extract 3 3 AHO1
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3. Using a bespoke add-in, we can map this table to our spaces in Revit

Relational Data Links
Relational Data Links

Workplace

Source File (xIsx): |C,\Users\roberrsh\Documenu\Een's backup\DESKTOP BACKUP\BIM stuffAutodesk University 2016\ModeNAU2016 HL Space Data Standard xisx

Table Name: Workplace

Key Header: Space Classification
Parameter Catagories iSpa(es

Key Parameter: Space Classification
M Add and create missing shared parameters

Shared Parameters Group HL Space Data

Help Cancel OK

4. Now when we assign a classification to each individual space, the relative data is populated
into all the fields in that table

AU Large Model 2017 Rev2.rvt - Schedule: 000 - Space Data ‘. Type a keyword or phrase a8 v & benroberts
Modify Schedule/Quantities |
Category: [ Vé [3# shading A Font
3 =
Parameter: - EB Borders Align Horizontal ~ | B Hide
p Format Calculated Combine | Insert Delete Resize Hide Unhide | Insert Insert Delete Resize | Merge Insert Clear Highlight
| Unit Parame(ers‘ Al | 7 DataRow | Unmerge Image ~ Cell | ¥ Reset = Align Vertical ~ | in Model £3 Isolate |
Properties | Parameters | Columns. | Rows | Titles & Headers | Appearance | Element | Not Placed/Unenclosed | Error -
Modify Schedule/Quantities
Properties x =@ % A Project Browser - AU Large Model 2017 Rev2r.. X
5 - . =
o ] & T G T B T = T 5 T o T 7 I g \sew[s (Fu\;\(tlun. Discipline, Sub-discip
Thorml - Printing Views
E Schiedule: 7 Level Number Space Name Space Classflication | Space Cooling Temperature | Space Heating Temperature | Heating Strateqy | Cosling Strateay  Ventilation Strategy - Working Views
Leve 03 Auditorum Large Conference Ro0'25 °C 21°C an Coil Unit___Fan Coil Un ply & Extract = Caopdinigtian
Schedule: 000 - Space Data | BB Edit Type Level 2% Boardroom Conference Room 125 °C 21°C an Coi Unit___Fan Coil Uni ply & Extract @000 - Elevations
= Level 2 Boardroom Conference Room  25°C 215 an Coil Uit Fan Col Uni ply & Extract 500 - Combined Mech & Elec
Identity Data A -Level 82 Breakout Area Open Plan Office 25°C, 21°C an Coil Unit Fan Coil Uni Supply & Extract.
View Template <Nones Level 3 Central Service Void  Senice Riser nheate inventiate =500 - Spaces
Level Central Stair Well _ Circulation K nhe ate uppl rac & Floor Plans
View Name 000 - Space Data Level 1 Central Stair Well Circulation K nheate uppl ract 00 - Spaces
Deperdency ; Level 5 Central Stair Well " Circulation K nheate: uppl ract P
- = . Level Corridor Circulation ‘i nheate uppl ract 01 - Spaces
Workset View "Schedule: 000 - Level Corrdor Circulation K nhe uppl rac 02 - Spaces
Edred by Level a 1 Room T Room ‘ an Coil Un an Coil Un uppl ract 5
2 b Leve 6 Large Meeting Room [0 1 5 K an Coil Unit Fan Coil Uni uppl rac 22,2 Sprces
Phasing * Level 107, Meeting Room South East {IEEIIEETN i an Coil Uni Fan Coil Uni uppl ract 03 - Spaces
Phase Filter Show All Lovel 106 Mesting Room South West K an Coil Unit_Fan Coil Un uppl rac & Mechanical
2.2-Mezzanine 108 Mezzanine Lounge ounge Area i an Coil Uni an Coil Uni uppl ract
Phase New Construction Level Open Ofice Nor pen Plan Office = an Coil Un Fan Coil Uni uppl ract Legends
R B Level e Ofcs i e troned K an Coil Unit__ Fan Coil Uni uppl rac Schedules/Quantities
Level pen Ofice Sout pen Plan Office K an Coil Un an Coil Uni uppl rac »
Fields Edit. Leve Open Offce Sou en Plan Office - an CoilUnit  Fan Col Uni upo rac 000" DogUMEntISAIEERCEL
Filter Edit. Level ariner Office erson Ofice K an Coil Uit Fan Coil Uni uppl rac 000 - Space Classifications - Office
evel artner Office erson Ofiice K an Coil Un Fan Coil Uni uppl rac 000 - Space Data
sorting/Grauping Edit. L evel ariner Office erson Offce K an Coil Unit___Fan Coil Uni uppl rac o015 S Gl "
Pt o Lo Zriner Ofice ercon Offce g an Coil Unit~ Fan Coil Unt Supply & Extrac - Space Calculations Heating
evel ariner Office erson Ofice K an Coil Uit Fan Coil Uni uppl rac 001 - Space Calculations Ventilation
Appearance dit. Level ariner Office erson Ofice K an ol UnitFan Coil Uni uppl rac 200 - Builders Work Holes
Embedded Schedule Sy Level uiet Room Guiet Room & an Coil Uni an Coil Unit_ Supol ract
evel uiet Room Quiet Room i an Coil Uni Fan Coil Unit uppl ract 500 - Bill of Quantities
evel uiet Room Quiet Room K an Coil Unit[Fan Coll Unit_ Suppl ract 500 - Pipe Insulation Schedule
evel uist Room uiet Room K an Coil Un Fan Coil Unit uppl ract 7
evel 1 eception eception 2% inder Floor Heati Natural Ventilatio Natural Ventilation 300 Pipe:Sdhiedale
evel Reception North, eception. 22 ° inder Floor Heati Natural Ventilatio Natural Ventilation 570 - Duct Schedule
evel Reception Soutl ecept 27 inder Floor Heati Natural Ventilatio Natural Ventilation 600 - Cable Tray Schedule
evel envice Void North East envice Riser Inhe atec Jr it Unventilate
evel envice Void Nort! est. envice Riser. Inhe ate Jr it Unventilate 630 - Lighting Fixture Schedule
evel enice Void South East  Senvice Riser nheste incont Unvenfilate S11-1 Electric Water Heater Schedule
evel 5 envice Void South West  Senice Riser inheate: Inconts nventilat S11-2 Gas Water Heater Schedule
evel 23 kyDome Meeting Room. leeting Room. 25°C, i, an Coil Unit Fan Coil Uni uppl ract
evel 34 Dome Meeting Room__ Meeting Room 25°C “ an Coil Unit Fan Coil Un uppl ract T31-1 Radiator Schedule
Level mall Meeting Room___ Meefing Room 25°C K an Coil Unit Fan Coll Uni uppl ract T31-4 Trench Heater Schedule
evel 7 tair Well North East rculation K inheate incontrall uppl ract iy '
evel 6. tair Well North West reulation, b Inhe atec Jr troll uppl ract TOF5 iterfioor Eieatiig MamITgldis
evel 1 tair Well South East _ Circulation - nheste incontroll uppl ract T42-3 Unit Heater Schedule
evel (] air Well South West  Circulation K inheate Incontrall uppl ract v U41-1 Fan Coil Unit Schedule v
Properties help Reo | < - - - = 3¢ |lla 5
Ready & Arch Models viZD B Main Model G4 R h O Yo

Create Treatment Plans
1. Once we have the data in the spaces, it’s very easy to make treatment plans. In this

example, treatment plan view templates were pre-defined in the project template so you
just have to create new plan views and assign the relevant view template:
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Nt Fran

Fre

LS w bete -

ataes g o i e o s e et 4 I
e b vt b .

fisessssanss

I

NRONR@DDED

00 - Cable Tray Sctimtuile
. . = | 630 Lghung Rt Sihaduie -
Precerties ity gy Lo B G D S TR |2 [3 d— b

s e oL g Tax®-om

2. Then place a colour fill legend on the plan (Analyze > Color Fill Legend)

Analyze

= % se_ Be,
B B @ & & S B & b o«
ngand  Panel  Schedule/ Duct Pressure Pipe Pressure | Check Duct CheckPipe Check  Show | Duct Pipe fColor Fill] Energy Generate Insight360  Heating Lighting  Solar

gloads Schedules Quantities LossReport LossReport | Systems  Systems Circuits Disconnects | Legend Legend] Legend | Settings [ Resuits & Compare Insight Cooling
Reports & Schedules 8 Check Systems

4 Create Energy Model f@, I F
- e

@ Run Energy Simulation

Color Fii Energy Analysis Insight 360

. Discipline,

Views (Functi
- Printing Views
Coordination
Space Heating Strategy =
L 560 - Heating Strategy
oy & Floor Plans
et e =
[T 00-Level 0
01-Level 1
02-Level 2

& Working Views
Coordination
000 - Elevations
@ 500 - Combined Mech & Elec
500 - Spaces
& Floor Plans
00 - Spaces
01 - Spaces
02 - Spaces
2.2- Spaces
03 - Spaces
Mechanical
= Legends
[ Schedules/Quantities
©) 000 - Document Issue sheet
000 - Space Classifications - Office
000 - Space Data
001 - Space Calculations Heating
001 - Space Calculations Ventilation
- 200 - Builders Work Holes
500 - Bill of Quantities
500 - Pipe Insulation Schedule
500 - Pipe Schedule
570 - Duct Schedule
O v 600 - Cable Tray Schedule v
€ >

O % KMMHP o & @IME<

& Arch Models 20 B 8 MainModel 5 0 ly B 4 R N O T
L

Export Room Data Sheets
The final step is to export room data sheets for each individual space. In this case, another

bespoke add-in was used in order to map the space data to the standard room data sheet
output in Excel. Note in the below image, there is a tab for each individual space.
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Ren a Links

Manage Data Links Standard Custom

Room Data Sheets V1.0

O o

Edit Data Link
Standard Schedule
Select Schedule Type Room Data Sheets V1.0

Output Folder | CaUsersirobertsb\Documents\Ben's backup\DESKTOP BACKUP\BIM stuffVAutodesk University 201 é\Large ModelExcel Output|

Help Cancel Ok SyncNow

- -
P! c o E E 6 H ] Ko " N | o P g [ s | 1 u v W
2 | this project oject Number: 234567 Rev: Not pet started
2 | MEP Room Data Sheet Date: 01un 2008
£
5 |[Fioom Nun? Foom Area: 157F No. Occupants: FRIER
5 || Room Narr Coricor Foom Height: 8000 Hours of Use:
2
o Drainage y
Space Healing Temperal BLC Drainage Domestic No 2 ket Non-Essen! Intercom
10 ||Space Healing Temperal = Drainage Laboratory 230¥ Twin Socket Non-Essential CCTY Camera Static
#_||Space Cooling Temperal Drainage Biological Fused Spur Non-Essential CCTV Camera PTZ
I H Drainage Radioactive Power & IT Floor Box Non-E ssential CCTV Monitors
I Urbested Floor gulle, Cleaners Socket Intrucer Detection
i Uncontrolled 400V 3 Phase Non-Essential Access Control ho
" 25 230V Single Sacket Essential Access Control Zone
# [Space RH Maximum % Evewash Botl 230¥ Twin Socket Essential Panic Attack Alarm
17 ||Space RH Set Paint % Eyowash Plun Fused Spur Essential WC Alarm
1 ||Space RH Tolerance % Safety Shower Power & IT Flaor Box Essential
I Drenchose 400V 3 Phase Essential
2 Safety Station 230V Single Socket UPS Fire Detection
2 Carbon Monoxide Seil 230¥ Twin Socket UPS Detection Zone
2 Oxygen Depletion Sensor 00V Socket UPS Detection Type
2 Supply & Extract C02 Sensor Power Load Density 1333 Win* Sounder
2 Drurn Foarn 00
2 ||Air Cleanliness Gas Tighting Disabled Refuge Alarm
25 ||Air Filtration Anaesthetic Bas Scavenging System  |Space Lighting Type
27 |Local Extract Vent Points Mo, Lab Vacuum Lighting Control —
2 ||Fumigation Piped Bas - Natural gas 200 Biological Hazards
2 || ACH Supply 2 ACH Piped Gas - Compressed Air light
a0 ||ACH General Extract ACH Bottled Gas - Compressed Air n Radioactive Hazards
31 |[ACH Dirty Extract [iE} ACH Requirements - Compressed Air Explosive Hazards
5 ||ACH Laboratory Extract ACH Lighting Colour Rendering Acid Hazards
2 || AHU Zone AHUZ Bottled Gas - CO2 Lighting Colour Temperature Chemical Hazards
5 |[Eume CugDucted _ Unducted Bottled Liquid CO2 Emergency Lighting Moving Machinery Hazards
2 [ Number e T, Uniformity Other Hazards
a verall Size mm mm Floor Reflectance  20.00%
3 |[__MSCs: Ducted __Unducted d Nitrogen Ceiling Reflectance 75.00%
& [ Number [ o Piped Liquid Nitrogen Wall Reflectance '50.00% - Servioes are (o Ds developed and
2 verall Size o o i - Nitragen Lighting Power Load 10.76 Wit clesigned to suit the FF&E inthe
a0 |[Other Ventilation Devices Piped Gas - 02 respeciive rooms. Contractor team
a Bottled Gas - 02 <hall be responsible for
2 Piped Gas - N20 Single RJA5 Data Ou 63 cleveloping designs accordingly
® Bottled Gas - N20 Twin RS Data Outlet
14 |[Domestic Cold Water (Mains) Twin RJ45 Data Outlet Wireless
45 |[Domestic Hot Water Twin RJ45 Data Dutlet Access Control
15 [Drinking Fountain Twin RJ45 Data Outlet CCTV
47 |Laberatory Cold Water [Aeousties ] Twin RJ45 Data Outlet VoIP
15 |[Laboratory Hot Water Engineering  NH Twin RJT Telephone Outet
19 ||Purified Water - Central Mo Systems Twin TY outlet
& |[Purified Water - Lacal
51 [Laberatory Cooling Water
22 |[Hot Water Max Temperature
= || Rainwater Harvested Supply
» Reception | Corridor | Small Meeting Room Service Void South West Large Meeting Room | Video Conference Rc ... (F) 4

Now you have the following outputs:
e A model containing spaces and space data
e Treatment plans

e |ndividual room data sheets

Part 3: Bringing heating loads into spaces
There are currently a few different methods you can use to bring heating load values into your model.
The three options shown below allow you to
Option 1: Insight360
Why you would do this:
e Very quick way of doing heating and cooling load calculations

e All the data stays in one place — no need for duplication
e Uses Energy Plus calculation engine
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e If the architecture changes, it’s very quick to get revised loads
Potential problems:
e Not a steady state load; only dynamic loads
e Complex geometry may cause inaccuracies
it’s difficult to detect where any errors may lie
e |nputs are not necessarily all that clear
Method:
1. Make sure you have installed Insight360: https://insight360.autodesk.com/oneenergy
2. Set thermal properties within walls, windows, doors, floors & roofs (see Part 1: Conceptual
Design for details on how to do this)
Set Energy Settings (see Part 1: Conceptual Design for details on how to do this)
Generate Insight (Analyze > Insight360 > Generate Insight)
Open the Heating & Cooling Loads Report (Analyze > Insight360 > Heating & Cooling)
The loads will not re-populate spaces, unless you go through the APl and make a tool to do
this (e.g. bring results back into “Design Heating Load”)
7. Create a space schedule that shows the heating load values, and add a calculated parameter
to show the heat load per area. This can be used to check for instances of unusually high or
unusually low heat loss — add a conditional format for extra clarity:

oukWw

<001 - Space Caoulatons Heating>

A [ B [ C [ D [ E [ F
Tevel 1 Number Name Area Desian Heating Load Heat Load Per Area

3
S
5

22-Mezzanine 108 Mezzanine Lounge

L evel Quiet Room

evel Boardroom

evel Boardroom

evel Partner Offce.

Tevel Partner Office

evel Training Room East

evel Training Rogm West

evel Unisex Toilet

Tevel SkyDome Meeting Room

evel Central Stair Well

evel Unisex Toilet

T evel Partner Offce

Tevel Partner Offce

evel Partner Offce

evel Partner Offce

T evel Quiet Room

Level Quiet Room

evel jet R

evel nisex Tolle
isex.

:3
=
3

232333333 335333334233333334
=
A

g
1

isex.
isex.
isex.
L evel nisex Tolle
evel 8 Open Office North 351 8 Wi
evel 9 Open Office South 360 590 Wi
evel 103 Auditorium 142 m 1274 Wi
L evel 106 Mesting Room South West 16m 698 Wi
T evel 107 Meeting Room South East 16 m
evel Open Office South 6
evel Central Stair Well 34 0 Wi
Tevel Open Office North 6

SkyDome Mesting Room [
evel nisex Toi

isex.

nisex Toi
nisex Toi
nisex Toi
nisex Toi

=

=
g
5

7

1
Level 2 Cormdor 1 m 125 Wi
Tevel 3

313333333333333333
=
£)

Option 2: Export to other software tool, then import results

Why you would do this:

e Use the software that you are comfortable with for your analysis

e Save time by not creating a new thermal model from scratch

e Make sure all your space names match exactly between Revit and the thermal model
Potential problems:

e Complex geometry often corrupts in gbXML export

e Changes in the geometry are difficult to merge

Method:
1. You will need to save a detached copy of the architectural model so you can edit the
geometry
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2. Set columns and ceilings to “non-room bounding” (use “select all instances” to get all
columns or ceilings of the same type)

210473-McN-00-ZZ-M3-A-ZZ_28_detached.rvt - Section: Section 1

) B & B bz =
C R g on o BEE /S
i . «2 = . s
¥ | Foin - K| FLgio) (=TT % | | Boundary
Properties | Clipboard | Geometry | Modify | view |Measure| Create I Mode
Modify | Ceilings
Properties. x Jj:[
Compound Ceiling 2|
600x600mm_Grid
Ceilings (1) ~ | £8 Edit Type //
Constraints 2 /
Level Level 1 ’
J Room Bounding ] B B
| BN
Slope X
Perimeter 302940.0 i e p—T P e
Area 1269.559 m?
Volume 66017 m*
Identity Data L
Image I —
Comments
Mark ] .
Workset Workset1
Edited by benroberts
Phasing
Phase Created New Construction f . — % i 1

3. Ensure the geometry is as simple as possible by aligning walls and removing unnecessarily
fiddly details

Workset1 : Walls : Basic Wall : Generic - 150mm
Reference

LT

N

4. Check the gbXML warnings and fix any problems (R > Export gbXML)

e LIS L GEAIOn LESION DO LnannAne ¥

Export gbXML - Settings ? X

@ Spaces () Analytical Surfaces

=4\, Building Model ~ |u@
5 2
z AB =
=64 =
£+ 1Reception A

£r 2 Comidor
£ 3 Corridor

- 45mall Meeting Room
£ 5 Service Void South West
£+ 6 Large Meeting Room
£+ 7Video Conference Room
£ 8Video Conference Room
£ 9 Central Stair Well
£ 11 Stair Well South East
£ 12 Service Void South East

A4 12 Pankal Qanira Vid b
Service Type:
<Building> v

Heating Information:

[21.00 ¢ 3100 °¢ WA | _I

Cooling Information:

[25.005¢ : 1400 o : WA | _l

Outdoor Air Information:

¥ WA /A 3.000000 | _I
>

= e Bl T

5. Export gbXML
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6. Setup and run your analysis in your chosen software (e.g. Trane Trace, IES, etc.)

Export the results to Excel

8. Use an Excel link tool to export your Revit spaces to Excel, then map the heat load values to
the spaces and re-import into Revit

N

Option 3: Start from scratch in other software tool then import results

Why you would do this:
e Complete control over the geometry
e Complete control over the fabrics, space types and thermal settings
Potential problems:
e Easy to get space names misaligned with Revit model, so can be troublesome re-
importing loads into Revit
e Changes in the geometry may not be included
e More time consuming than previous 2 methods
Method:
1. Create a model from scratch in your chosen software (e.g. Trane Trace, IES, etc.)
2. Make sure you name the spaces exactly the same as in Revit, so you can map the results
across later
3. Setup and run your analysis
Export the results to Excel
5. Use an Excel link tool to export your Revit spaces to Excel, then map the heat load values to
the spaces and re-import into Revit

E

Part 4: Placing terminals & pipes, and sizing terminals

Once you have heat loads in your spaces, it’s time to add the heating terminals, and connect them back
to the boiler. Here are a few tips that can help this process go quicker; in this example the emitters and
pipes are modelled with default values, then the heating duty is added to the emitters using Dynamo,
and they automatically resize and update the piping flowrates.

Create a corridor section and routing plan before you start

Coordination is so much easier if you plan it from the start; trying to coordinate your services
after you’ve added everything to the model is a nightmare! Pick some typical details such as a
corridor, connection to terminals, or utility cupboards, and work out how these sections will
work in advance — especially take a note of all the different offsets.
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Draw the primary pipes in first

Calculate the largest size you’ll need in each primary distribution route, then add that size all
the way from the riser to the end (we’re going to reduce the sizes for each section later).

a8la0

%8 %0

Add one terminal and pipe it up
In this example, the radiator family is offset 50mm from the insertion point so you can click

1.
on the wall to place it quickly.

2. Select “Tag on Placement”; in the case I've chosen to show the mark and heat output in the

tag (which are default values for now)
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otch ~ Y] u &F €@ oje - — E’;l [ o [@
- =8~ ) = i = ‘/i : 77| Load Model | Tagon
in - M ‘k | —|} ?4 2:2.4 : Family In-place ||P

Geometry ‘ Modify Create I Mode ‘ Tag

View Measure

‘ [[]Rotate after placement ‘ = Horizonta v | Tags.. | [ ]Leader - 127 mm

3. To connect the pipes quickly but properly in plan...

a. Click on a system connector symbol to start drawing a pipe (return in this case)

b. Hit space bar to change the offset to the right height

BeEsw i Properties | Clipboard i Geometry = i View i Measure
sdify | Place Pipe | Diame(en‘ 150 mm ([ ‘ foset:| 92.6 mm v| Apply| | I Horizonts | Teos.
e — I

rerties. x

—c
Pipe Types B )
HL_Pipe_Steel |

v Pipes
stem Abbreviation

3 Edit

1e Segment Carbon Steel - EN 10...
ameter 15.0 mm

nnection Type Generic

ughness 0.04600 mm

iterial Carbon Steel
Jedule/Type EN 10255 - Medium

gment Description

PeceBi RAD-03-1

o ="""200W "

C.

Draw out beneath other radiators on that wall up to the corner of the room

[ I 1N iH
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d. Change offset to within ceiling void

‘ Offset:| 2900.0 mm ~ @ Apply ‘ {= Horizonta - Tagsm‘ Leader [l 127 mm

25
_ Boardroom )
Héting Lbad: 0 A/ e 22

T

f. Join the other radiator into the pipe using “Connect Into”, choose the appropriate
connector, then click on the pipe.

=

| I 1 cia oim @ - 4
{ dn o ® — &
| (& DQ-‘ D % S nlg-= = Eg
, 02 O =?11 S ¥ ‘/% . PYE | Fdit Connect | Shi
Q) —ﬂ 4 ;ﬂ X % 2@ | Family | Fab Into ¥
Modify View Measure Create Mode | Fabffication | Layout
Select Connector X
Connect -tor 1: Hydronic Return : Round : 15 mm : LTHW Return
| |Connect tor 3 : Hydronic Supply : Round : 16 mm : LTHW Flow
: ? & &
_ il e 'y -
0
L &
15.0 mm 15.0 mm " i
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g. Do the same for the flow pipe

Copy and paste to similar rooms

1. Use tab to select the radiator and it’s adjoining pipework (not including the primary pipes),
and ctrl to add the radiator tag

2. Copy (CO) and select the “multiple” option

3. Use a corner of the room for a common reference point

Clipboard | Geompm™ T Modify | View |Measure| Create |  Selection [N
| Oconstrain _ pisin Muttiple )
x
king Vie « H& Edit Type
ERIPN
:50 — e - - - — —
) |
ormal :
o w l:l\ll:h_ -
~ow Original |
- A s e
= = = | ‘
Edit., 5 i
L AR A oo [ T
lean all wall joins H N i N ‘H
lechanical kel o 'I”V’:
ackground 4
<naone> e e e o g ity TSI S S = - -
Edit..
one

68

“ FENowh - [0 @

Bl DUDp =22

o B "y e wa BBO Nl
[USH | - o @on- &) ‘ 0

Select v | Properties | Clipboard | Geometry Modify \ View \Measure| Create
— . I 1]

o

IE Floor Plan -
o ) ©

Floor Plan: 02 - M - Working Vie v‘EEEdnType
Graphics A A s
View Scale 1:50 J JH ‘Hj H HQH “j
Scale Value 1 50 1 e T
Display Model Normal B,
Detail Level Fine N
Parts Visibility Show Original L !
Visibility/Graphics . | Edit.. 1T
Graphic Display Op... Edit.. Arch Models : Pipes : Pipe -
Orientation 8y Scope Box
Wall Join Display  (Clean all wall joins <
Discipline Mechanical
Show Hidden Lines By Discipline H‘

5. You now have a connected pipework system:
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|
= ‘| Ié
OO OOo o [ o o [ o |
- — I
1 " i ‘
[T T I e T T ] o T T o T T ‘
L -

S R @ ]
icis] M (A Ecs
0O =y =g|& o=
- ] C 3
e == = = : - - -

Add formulae into the terminal family

1. Open the radiator family in the family editor

IR TE 2= BB i
.l = Mo | e s il
= = %O RSl =
i Y Fon- & O 22 x|y } &4
Select v | Properties | Clipboard Geometry Modify View Measure Create abrication
a
M odlify | M echanical Equipment
Properties x
HL HeatingTerminal_RadiatorBBOE <
Single Panel
Mechanical Equipment (1) v| 8 Edit Type
e i 2 A
Level 02-Level 2
Host Level : 02-Level 2
Offset 00
Graphies B
LST Visible (] [} RAD-03-1_ | ADg)S-b RAD
Electrical - Loads l ‘E400 % 40 =400
Panel } ;

2. Click on the “Family Types” button and add a formula to family for flowrate
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Family Types

X
T A ]
TN ype name: - [Double Farel My om oy
Allows you to enter parameter valff| [Search parameters a
add parameters to the family, or
family. Parameter Formula
Press F1 for more help

LST Visible (default)

Family: Mechanical Equipment Pipe size (defalt 150 ~Pie radius *2 r
Constraints OveraliLength (default) 354.2 =Heat Output / Watts per metre * 1000 mm (5

Host OverallHeight (default) 500.0 - T
Dimensions OveraliDepth 1250 = s

Round Connector Dim..[Use Racll | ot.ct From Wall (defauit) 50.0 - i
Mechanical (Offset From Floor (default) 1500 = 2

Part Type Normal W 7T ength (defauit 554.2 =OverallLength + 200 mm (5
Identity Data LST Depth (default) 1750 =OverallDepth + 50 mm (5

Omniclass Number  Pr 70 6 fy-ivccioiy 1300 - s

OmniClass Title Pipe radius (default) 75 = E
Other

WorkPlane-Based [ "

et LTHW Pressure drop (default) 000Pa -

Room (default) 21.000000 -

Cut with Voids When L.. (] b

Shared 0

Room Calculation Point 1 I RTHY Howrels (ot

Heat Output (default) 600.000000
Watts per metre (default) 1693730000

Operating Weight

J<

>

Z BB OtEE N

How do T manage family types?

@
Add parameters for flow and return water temperatures

b. Inthe flowrate parameter, under the formula column, add in the equation for flowrate:

b

(Heat Output * 0.001 / (4.2 * (LTHW Flow Temp - LTHW Return Temp))) * 1 L/s
Note that the “* 1 L/s” has been added in order to convert into the correct units.

3. Add a formula to family for sizing

Family Types X
Type name: | Double Panel v omow
Search parameters Q\
Parameter Value Formula L
LST Visible (default) O 5
ol sflncladiiss r
IJ OverallLength (default) 3542 =Heat Output / Watts per metre * 1000 mm | r
/) r
OverallDepth 1250 r
Offset From Wall (default) 500 r
Offset From Floor (default) 1500 - r
LST Length (defauit) 554.2 [
LST Depth (default) 1750 erallDepth + 50 mm (5]
Valve height 1300 - (5]
Pipe radius (default) 75 - r
LTHW Pressure drop (default) 000Pa
Room (default) 21.000000
LTHW Retun Temp (default) 50.000000
LTHW Flowrate (default) 0011/ ieat Output * 0.001/ (42 * (LTHW Flow Temp - LTHW Return Temp))) * 11/s
LTHW Flow Temp (default) 70000000 -
D
Watts per metre (default) 1693.730000 =if(OverallDepth < 64 mm, (0.9615 * (OverallHeight / 1 mm) + 53.2), 29296 * (OverallHeight / 1 mm) + 228.93)
Operating Weight
J< >
Z B B tE g8t Manage Lookup Tables
How do I manage famil es?
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a. Add a new parameter “Watts per m”, or “Btu per hr per m” (don’t use “/” as Revit will
see this as a divide sign)

b. Inthis example, we used manufacturers’ data in Excel to work out the relationship
between height, heat output and length...

A D E F G H J K
1
z
3
4
5
i Watts/m
7 1800
8 1600 =0.9615x+53.193#
J 1400
10 1200
1 P
2 o 7 ——Watts/m
13 e e —Linear (Watts/m)
14 600
15 400
16
= 200 -

0 -

1: 0 500 1000 1500 2000
20
21
22
3
2
2% )
>

c. ..Then copied the formula into Revit
d. Make sure the heat output value isn’t zero, else this will cause an error (“Can’t Create

Type”)
4. Load the family back into the project and overwrite the parameter values

Create a radiator schedule

1. Go to Analyze > Schedule / Quantities, then select Mechanical Equipment

0 S v R benrovers

AU Large Model 2017 Rev2.rvt - Floor Plan: 02 - M - Working View - North|» [7y0e o keyword or phrase

L & & S B 4

Modify| | Space Space Space Zone Lct Pressure Pipe Pressure | Check Duct CheckPipe Check  Show | Duct Pipe ColorFill | Energy Generate
Separator  Tag Cooling Loads Schedles Quantities ffoss Report Loss Report | Systems  Systems Circuits Disconnects | Legend Legend Legend | Settings | [ Results & Compare Insight

@ & éz @R M Create Energy Model @

@ Run Energy Simulation

Select ~ Spaces & Zones ~ | les s Check Systems | Color Fill | Energy Analysis |

Properties x

Floor Plan -

New Schedule X
Floor Plan: 02 - M - Working Vie v E8 Edit Type

Graphics o Filter list: | <muttiple> “
View Scale 1:50

Scale Value 1 50 Category: Name:
g:‘;‘:{xiﬁe' ::;mal m Floors - ‘ Mechanical Equipment Schedule

Parts Visibility Show Original — RAD-03-1 - Furniture RAD-03-8
Visibility/Graphics Edit.. “=400 W -~ Funiture Systems (@ Schedule building components =400 W=
Graphic Display Op. Edit.. . Generic Models

Orientation By Scope Box - Grids (O Schedule keys

Wall Join Display i Clean all wall joins - HVAC Zones ey

Discipline Mechanical il Levels o

Show Hidden Lines By Discipline il Iy i Lighting Devices g

Color Scheme Loca... Background ‘ Lighting Fixtures Phiase:

Color Scheme <none> Mass = .

System Color Sche. Edit... = — i | New Construction V_

Default Analysis Dis... None MEP Fabrication Containm.

Sub-Discipline 500 - Mechanical W. | MEP Eabrication Ductwork
Underlay E < >

Range: Base Level  None

Range: Top Level  |Unbounded | U

Underlay Orientation Look down — e
Text g

Function Working Views

Cancel Help u

Crop View
Crop Region Visible
Annotation Crop
|Properties help Apply 1:50 BEH G GEHEY o &@mE<
View “Floor Plan: 02 - M - Working View - North” : : Floor Plan : 02 - M - Working View - North & Arch Models L 20 B [Main Model [JEditable On

Extents 3 / ‘ ‘ “
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2. Add the parameters you need from the equipment (e.g. Mark, Dimensions, Heat Output,

Flowrate, etc.)

Schedule Properties

Select available fields from:

Available fields:

| Mechanical Equipment |

Fields Filter Sorting/Grouping Formatting Appearance

Scheduled fields (in order):

Phase Created
Phase Demolished
Fower
RevitExternallDName
RevitExtObject
RevitExtSystem
RevitTypeExternallDName
RevitTypeExtObject
RevitTypeExtSystem
Room temperature
System Category
System Classification
System Name

D Include elements in links

Panel -~

gl )

fe
@‘

Mark

Heat Output
OveraliDepth
OverallHeight
OverallLength
LTHW Flow Temp
LTHW Return Temp
LTHW Flowrate
IE

Pipe size

# ™ 1E 4E

Help

CArWETET

3. Add parameters you need from the Space (Name,

Number)

Schedule Properties

Space

Mechanical Equipment

Room
nace

Fields Filter Sorting/Grouping Formatting Appearance

Scheduled fields (in order):

. Mark
g (et &
E | Space: Occupancy Unit E Space: Name
W Heat Qutput
Space: Plenum QverallDepth
Space: Plenum Lighting Contribution OverallHeight
Space: Power Load Units QverallLength
| Space: Return Airflowe LTHW Flow Temp
E Space: Reverberation Time LTHW Return Temp
Space: RevitExternallDName bl LTHW Flowrate
1 Space: RevitExtObject Type
Space: RevitExtSystem £ Pipe size
Space: Room Cavity Ratio - ¥
Gnare: Sendhla Haat Gain nar nercnn i
< E
7 B P

D Include elements in links

Help.

icarwPE T

4. Add afilter to show only radiators; in this example we have used Type Mark set to “RAD”
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1 Schedule Properties X
" Fields Filter Sorting/Grouping Formatting Appearance
Filter by: Type Mark ~ | |equals e
g And: (none) ~
.
(nane}

(nane)

|

(none)

Push the heat load from spaces into terminals (using Dynamo)

Now the magic happens! We have used a dynamo script to take the heat load from the spaces
and push it into the terminals. Here’s how it works...

Retrieves all of the MEP families residing in the MEP model

Filters out Mechanical Equipment with “Heating Terminal” in the name

Creates a solid sphere at the location of each terminal

Retrieves all spaces and converts them into solids

Clashes the terminals against the spaces to determine the number of terminals per space
Divides the heat load from the space by the number of terminals

Pushes the resultant heat load into each terminal

NouswnNe

Retrieves 2l of the Mechanical Equipment. siding in
| = A ]

Fitters out sning inaf*in - Creates 3 Sofid Sphere in the Dynamo environment at the
th Family lams Location Foint o¢ sach Heating Terminal. Ths & required
fset icat Fanvul

ipla Solis. By eraating a Sofid Sphsre we reduce the.
= ocessalot

Fushas the Data back to Revi in the Hest
‘Ouitput paremetar of each Heating
Terminal

[ sign i 2
aach S =
= 62 peres and nimaerr
inal ! — = 3
Emitars e -
Tikkﬂ\“mng Lo fom eich Space and comverts ft rom Text 1o a Numibier
-y = | [=— N -— — =]

1 nfi i [

With their new heating duties, the radiators will now resize and the new flowrates will pass into
the connecting pipes. Warning: this is very satisfying!

Part 5: Sizing pipes and boiler duty

Now we have a connected network with the correct heat loads and flowrates, all we have to do is size
the pipes and main plant equipment.

Create layouts for schematics and colour schemes

Revit doesn’t do schematics in the way we’d like it to, but you can create distribution schematics
very quickly on each floor in order to check the design.
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1. Schematic layouts: Just copy a pipework layout and change to single line (Medium or Coarse
detail), switch off the linked models (or switch of architectural and structural categories),
then add tags that show the flowrate, pipe size, velocity and pressure drop

15 mmg ‘ 0.067 Lis

0.32 m/s | 111 Pa/m

15 mmg | 0.057 Lis

0.28 m/s_| 85 Pa/m

<1

2. System colour schemes: Duplicate the pipework layout view again, and this time just add a
pipe legend (Analyze > Pipe Legend). You can define the values in the legend and the colours

7 . Create Energy Moc
& =& S B Y- &
b == v v v & N . @ Run Energy Simula
odif pace ace ace Zone eating an nel chedule/ Duct Pressure Pipe Pressure | Check Duct Check Pipe Checl ow u ipe  Cdlor Fill | Energy
Modify| | S, Spi Space Zt Heatingand  Panel  Schedule/ Duct P Pipe Pr Check Duct CheckPipe Check  Sh D pipe CdorFill | E - 2
Separator Tag Cooling Loads Schedules Quantities LossReport LossReport | Systems — Systems Circuits Disconnects | Lege\i Legend Jfbgend | Settings = [ Results & Compare
Select v Spaces & Zones v Reports & Schedules Check Systems Energy Analysis
Properties x
Floor Plan A
Floor Plan: 02 - M - Working Vie | 8 Edit Type
Underlay Orientation Look down ~
Text
Function Working Views
Extents |
Crop View .
Pipe Pressure drop
Annotation Crop
View Range Edit o . Less than 200.00 Pa/m
Associated Level 02-Level 2
Scope Box Norh Block [ 200.00 Pa/m - 250.00 Pa/m
Depth Clipping No clip
dentity Data b . 250.00 Pa/m or more
View Template GA - 530 - Pipe
View Name: 02 - M - Working Vie.
Dependency Independent L
Title on Sheet
Referencing Sheet
Referencing Detal —_—
Workset View "Floor Plan: 02
Edited by benroberts
Phasing RAD-03-14

3. Save view template from these two views so that next time you can make them even
quicker.
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Size pipework

So, Revit’s inbuilt calculation allows you to choose which method you prefer to use for pipe
sizing (Manage > MEP Settings > Mechanical Settings...

Mechanical Settings ? X

-~ Hidden Line
2 Duct Settings
H - Angles ) ]
Conversion Pipe Straight Segment Pressure Drop Calculation
-+ Rectangular
Oval
Round
¢ - Calculation
& - Pipe Setiings
- Angles
Conversion v
Segments and Sizes | 7
- Fluids

Slopes . 7
- Calculation For transitional and turbulent flow

111
i: 71.8!0g10 [ ( g ) 2] j
vf 3.7D Re

For laminar flow
f=64IREE

Pressure Drop  Flow

Calculation Method.

AP = f{L/D)p(V*/2)
APf =AP/L

r=¢/D v

ol |

This is the calculation that will be carried out when you run the Duct/Pipe Sizing Tool (Analyze >
Duct/Pipe Sizing)

I - OA @O & » AU Large Model 2017 Rev2.vt - Floor Plan: 02 - M - Working View - North [y [75¢ o keyword or phrase 0 K 7c & be

: . . : oniStud Piping Systems.
Notch ~ 11 Nl eo o Q- — &
b| B [ XKwe LS B Al plg 0= /[ L4 |ITL\. &
O At =&~ . 2 BROIN | I 00

Modify| l N .g' o O =3 . ‘/* . ey Designto | Justify Slope | | Add |Change Add

T B Ben- K& v 9 2 x| &€ | Fabrication Vertical| Siope | Insulation
Select v | Properties | Clipboard | Geometry Modify
Modify|Pipes | Diameter: 220mm | | offset ENNN -

Properties x

Duct/Pipe
Sizing

View Edit ‘ Offset Connections

Measure | Create | Fabrication Pipe Insulation

S — % iews (Function, C
Pipe Types @), - Printing Views
HL_Pipe_Steel Siaing Method £ & Working Views

&
Pipes (1) | B8 Edit Type - ) = o] [e0000Paim T | & Mechanical

i & 500 - Mech
Diameler e “ Oy  @ad Qo & Floor Pla
Comnection Type | Generic L
Roughness 0.04600 mm Velocity: o1 A
Material Carbon Steel 02-0
Schedule/Type EN 10255 - Medium Constaints 02
E t Descripti

egment Description e Il 22-t
Invert Elevation 1108820 : Tl 03-1

| Calculated Size Only v|

Section 7 ; 051
Roca 0548 e [IRestict Size: 200.0mm

570 - Duct

= 3 Legends

£ Schedules/Quanti
000 - Document |
000 - Space Classi
000 - Space Data
001 - Space Calcu
001 - Space Calcu
200 - Builders Wo

Invert Elevation fro...

Mechanical - Flow
Additional Flow  0.000L/s
Flow 00191/s
Reynolds Number ~1229.1554
Relative Roughness 0001274
Flow State Laminar
Erirtinn Eartor ANE5NAL

The art lies in selectionl...

Don’t try and size the whole system in one go, unless it’s very simple; just pick a section of the
primary pipework and size each bit at a time:
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Arch M

Tip: select one piece of pipe, then hover over another piece and push tab — Revit will select all
pipework between the two pieces.

Add Insulation

The standards method for applying insulation is to select the pipe, click “Add Insulation”, and
specify the type and thickness. To significantly speed this up, we have made an add-in. The
materials (type) and thicknesses are defined by the tables in our insulation specifications. Revit
assigns the right type and thickness based on the pipe material, size, system type, temperature,
and whether it is outside or inside...

Pipe Insulation Tool ® = o x

Pipe Insulator Deselect All

Pipe System Name  System Type Number Found Current Insulation Message Select Insulation Insulation Conductivity System Table Replace Current | Insulate!
LTHWF 2 LTHWF 126 Rigid Rock Mineral Wool ~ 004 Tthw |

f LTHWR2 LTHWR 130 Rigid Rock Mineral Wool 004 Ithw

We have also created this as a live updater, so the insulation can be added straight away as the
pipework is drawn.

Create a bill of quantities for pipes
This is very simple, but often overlooked. Just create a schedule (Analyze > Schedule/Quantities)

and show Material, Size and Length. Group as you see fit, and switch off “Itemize every
instance” on the Sorting/Grouping tab.

<500 - Pipe Schedule>
A | B | [
IMateria } Size ___Length

(Carbon Steel 15 mme 205,130
(Carbon Steel 32 mme 584134
Carbon Steel 65 mma 9.839
Carbon Steel: 136 269103
(Copper 22 mma 1129040 |
Copper 28 mme :37.029 |
Copper: 48 166,069
Grand total: 184 435171
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Specify boiler duty from Revit system

One last thing to check — the boiler will inherit the flowrate from the connected system, so you
can add a formula into the boiler to calculate heating duty based on a flow and return
temperature.

In this case, there’s also a tag that shows the heating output for the boiler. This is a quick and
useful way of checking the total heat load for the system.

Outputs

So now you have the following deliverables complete in a timely fashion, and any changes that occur
from now on are easy to incorporate into all of these deliverables...

A 3D model with spaces, heat emitters, pipework and main plant
Accurate embedded data and system sizing

Treatment plans

Room data sheets per room

Pipework layouts

Schematic and colour scheme layouts

Equipment schedules

Pipework bill of quantities

PN R WNE
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