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BIM & SIMULATION

Linking Building Design Performance and BIM

Martin Simpson —
Associate Director — ARUP

RAENg Professor of Innovation — University of Salford

Should BIM be:

A) A process that conforms, enhances and strengthens
your current business by facilitating greater efficiency
and providing new opportunity?

B) A software that you choose to impose on your
current business because “everyone else is using it” and
you are therefore willing to conform you business
processes to the limitations of the software?
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Why Change? — Cost of Change

Cost

This must be
avoided

This is the? ideal place for

change to occur, ie where
it i$ cheap!

=

Egan stated that up to
30% oficonstruction is
rework|

Feasibility ~ Concept Detailed Construction Post Time

Design Design Construction

To cost of post construction change is many times the
cost of change during design

ARUP

Data, Information & Knowledge

Example

Why Change? — Lose of Data

ERR >

o

1 Current Practice

Concept Design Construction > As Built > Handover

Date atrophy during project lifecycle due to:

« Information exchange via 2D drawings/Sketches/Reports/Conversations...

« Upfront simulation is limited and for some disciplines simulation is not accurate
« We start the final production phase commence before design is complete.
 Often without production of prototypes (Most buildings are unique!)

ARUP
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Why Change? — Duplication of work

NIST GUR 4867

U.S. Capital Facilities Industry

Mictianl P. Galahs, Alsn C, O'Connor, John L Duttbam, Jr.. and Linda T. Gaday

Cost Analysis of Inadequate Interoperability in the The COSt Of inadequate
interoperability

in the U.S. capital facilities
industry estimated at:

$15.8 billion per year

ARUP

Because the government tells you to?

"This Government's four year strategy
for BIM implementation will change
the dynamics and behaviours of the
construction supply chain, unlocking
new, more efficient and collaborative
ways of working. This whole sector
adoption of BIM will put us at the
vanguard of a new digital construction

era and position the UK to become
the world leaders in BIM.” bt

-
Francis Maude .

Minister for the Cabinet Office
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Why BIM — Ask the right questions...

* Reduce Capital Cost

* Reduce Carbon Emission

* Decrease time to practical completion

* Improved continuity of Information / Audit Trail

* Improve whole life asset management

* Improve consistency in delivery (reduction of errors)
* Improve level of performance and constructability

* Improve Safety

* Reduce of Waste

* Reduce the consumption of resources

Defining BIM?

4 N
“process of designing, constructing or operating a
building or infrastructure asset using electronic
object-oriented information”

\ J

PAS 1192-2

MARTIN SIMPSON - ARUP/The University of Salford 4



CIBSE - BIM & SIMULATION 14/5/2015

Defining BIM?

'4

\
“A coordinated digital dataset that contains
appropriate computable information necessary to
design, build, operate and ultimately decommission a
N project” ,

* Sharing Structured Information

ARUP

A 3D model that...

» Contains no object attributes
* Has no additional information
* Is composed of only 2D CAD references
* Is not geometrically accurate
Cannot be shared

or requires another party to duplicate information or processes
* and allows you to cheat

...Is not BIM!

MARTIN SIMPSON - ARUP/The University of Salford
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BIM is....

Project Team members
need to be able to
exchange and stored
project data quickly and
with confidence

eometrica

i Project
Project Team members '_I'echnl_cal Inforr#ati on
need coordinated up to .Slmulatlons
date information to be (Virtual Prototype) Management

able to do modelling &
calculations

- o

...Sharing Structured Information

Building Information
Model (Management)

Project Team members
need carry out tasks in
such a way that they are
easily coordinated,
recorded and verified

What are we doing really well?

MARTIN SIMPSON - ARUP/The University of Salford
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Co-ordination

MARTIN SIMPSON - ARUP/The University of Salford 7



CIBSE - BIM & SIMULATION

III} Il_:_II7

|

op

Second Floor Rm 2.014 -

@@Wmlwm @

2 5
2014-AA
@'

FOR INFORMATION

C ) IE S )

ARUP

& A/G Drainage (Mot Editatie) - Fa

Stack Number
Mecharucal

[ 5 wain Moae | [FlExiude Options [ Editable Only [ Press & 0reg P

Middie
02 - Lower Geound Plart

Dirrmsti
BE
B

BOWS
Coppe - EN 1057 - R390

ARUP

MARTIN SIMPSON - ARUP/The University of Salford

14/5/2015



CIBSE - BIM & SIMULATION

[Graphene.rcp)

Find Items v X
Searchin: Category Property Condition Value
[stenderd “
© SystemType Name = BCWS
GI-BAMD-)(-XX-M3-A.nwd] #  Eement Category not equals Center ine
GI-BBES XX X M3 E Services_Modelwd] ¥
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Sets
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Quantification

=2
e
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Second Floor Module Schedule
Module | Module | Module
Bottom Of | Frame Frame Dry
Module Height Width | Weight

MODULE REFERENCE (mm) (mm) (mm) (Kg) Module Type
NGI-BBE-02-ECOR-001 2649 1350 2080 Hoop Module
NGI-BBE-02-ECOR-002 2648 1350 2080 Hoop Module
NGI-BBE-02-ECOR-003 2649 1350 2080 Hoop Module
NGI-BBE-02-ECOR-004 2948 1350 2080 Hoop Module
NGI-BBE-02-ECOR-005 2948 1350 2080 Hoop Module
INGI-BBE-02-LAB-2.001-1 2823 1472 1981 Bulkhead Frame A (HTG + CHW)
NGI-BBE-02- AB-2.001-2 2823 1472 1855 Bulkhead Frame B (CHW)
NGI-BBE-02-LAB-2.003-1 2523 1472 2300 Bulkhead Frame B (CHW)
INGI-BBE-02-LAB-2.003-2 2523 1472 2300 Bulkhead Frame A (HTG + CHW)
NGI-BBE-02- AB-2.003-3 2523 1472 2300 Bulkhead Frame B (CHW)
INGI-BBE-02-LAB-2.003-4 2523 1472 2300 Bulkhead Frame A (HTG + CHW)
NGI-BBE-02-LAB-2.003-5 2623 1472 2300 Bulkhead Frame B (CHW)
NGI-BBE-02-LAB-2.003A-1 2823 1472 1855 Bulkhead Frame A (HTG + CHW)
[NGI-BBE-0Z-LAB-2.003A-2 2823 1472 1991 Bulkhead Frame B (CHW)
NGI-BBE-02-LAB-2.010-1 2523 1472 1981 Bukkhead Frame A (HTG + CHW)
NGI-BBE-02-LAB-2.010-2 2523 1472 1981 Bukhead Frame B (CHW)
NGI-BBE-02-LAB-2.012 2523 1472 1981 Bulkhaad Frame A (HTG + CHW)
NGI-BBE-02-LAB-2.013-1 2523 1472 1892 Bulkhead Frame A (HTG + CHW)
NGI-BBE-02-LAB-2.013-2 2523 1472 1892 Bukhead Frame B (CHW)
NGI-BBE-02-LAB-2.014-1 2523 1472 1991 Bulkhead Frame A (HTG + CHW)
NGI-BBE-02- AB-2.014-2 2523 1472 1991 Bulkhead Frame B (CHW)
INGI-BBE-02-LAB-2.015-1 2823 1472 1991 Bulkhead Frame A (HTG + CHW)
NGI-BBE-02-LAB-2.015-2 2823 1472 1991 Bulkhead Frame B (CHW)
NGI-BBE-02-LAB-2.016 2823 1472 1991 Bulkhead Frame A (HTG + CHW)
INGI-BBE-02-NCOR-001 2650 1649 1980 Hoop Module
INGI-BBE-02-NCOR-002 2650 1649 1980 Hoop Module
NGI-BBE-02-5C0R-001 2750 1250 1900 Hoop Module
NGI-BBE-02-WCOR-001 2749 1550 1940 Hoop Module
NGI-BBE-02-WCOR-002 2748 1550 1940 Hoop Module
NGI-BBE-02-WCOR-003 2948 1350 1940 Hoop Module
NGI-BBE-02-WCOR-004 2949 1350 1940 Hoop Module
NGI-BBE-02-WCOR-005 2948 1350 1940 Hoop Module
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Where are we going?

MARTIN SIMPSON - ARUP/The University of Salford 17
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https://www.youtube.com/watch?v=wjYszL9mDXc

MARTIN SIMPSON - ARUP/The University of Salford 18
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Virtually Human

A\ AUTODESK

£\ AUTODESK

e |

AUTODESK ALTODESK ...
k REVIT ‘ GREEN BUILDING STUDIO

Site location

-

MARTIN SIMPSON - ARUP/The University of Salford
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Climate Information

PETCHEIMETRIC ANALYSSS

s the prpchromatric chart from “Climata consultar’
ahaws, Ehats ate imitnd times. of yest in comfort oo,
fherelore signiticant cooling. and Pestesg periods s
naasied 1or this ute,

Papchioematric chart overlay also shows. that evaporstive
cooling sirategy K maost important one that should e
comadesed for this site. in addition 1o this, artor heat
gaining from solar and sun shading control tan be &
sratoges.

WINTER
= Mvprage man temgmratines e kower tham the combort
and {20-23.3C)

+ Haating need
Facing scuth b st passies heating

« Botative fumidity laveld
+ Heating wi humidfication needed

SUMNIR -
- Pk Sempératunss in Ay at 38°C, much highes than |
comfrt tand oy
+ Focusing on overhesting protkm
+ Matursl ventitation | Humideication in summer
1o provide pavsive cooling

= Laege diurnal bemperisture | Humidity varation
+ Potential for thermal mass and night cosling

+ Low humissty tevel for achiving combort
- Pasive strateges for humicification neaded

Wind Information

It may e worth consider
HES ing crientati
15 make s o cross vtltion -

Eaking
£ imachs, securty, etc.
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Solar Studies

MARTIN SIMPSON - ARUP/The University of Salford 23
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Mass model into Revit

L o
M (1. = FR s Trpe
Conaumety. .
G | L —
o - Modelling Using Rhino & Importing
Cominini .
‘Ma Pon = s |
. Much Quicker
g - - «  Highly accurate
Comemarty «  Consistent
[
Wkt oty P +  Bi-directional
Praing
e Cotet P
[ —— Nt

+ Mass model used for Rule-of-
thumb plant sizing

A= e —— _ ARUP
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Intelligence
Automation

Efficiency

MARTIN SIMPSON - ARUP/The University of Salford 27
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Current Process

o

heating/
cooling
loads

system
strategies

What are the opportunities to improve?

o

equipment systems finalise
sizing analysis system

j e

MARTIN SIMPSON - ARUP/The University of Salford
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ARUP

Ventilation

Ventilation = Respiratory

MARTIN SIMPSON - ARUP/The University of Salford 29



CIBSE - BIM & SIMULATION

B 2014 55 Meste Diffucter Sonend Intaite: 2
B 3904 55, Moo Dituter Ronond s 250 Correc |

FCU System mmmmp level system smmmp lungs smmp AHU system

MARTIN SIMPSON - ARUP/The University of Salford
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Ventilation summary

model drives flow neat system browser

system splitter

but we are not finished with airflow yet...

ARUP

Pipework

MARTIN SIMPSON - ARUP/The University of Salford
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Pipework = Circulatory

Terminal Level Riser Primary
unit system ' system system ' plant system

MARTIN SIMPSON - ARUP/The University of Salford 32
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Maximise opportunity in families

MARTIN SIMPSON - ARUP/The University of Salford 33
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100 mps Thiow Lines Visble
0.50 mps Theow Lines Visble
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Progerties =
S 30 View
Wo €5 - A8 Sanvices - 10 View

| 30 Ve 30 T - R x | B} it Type
View Scale L I

Sosle Value 1
Deeail Level Fine

Pty Vinability. Sheew Both
Visibiity/Graphics Gverrides —
L Eda_ )|

Drseiphne i Mecharmal
Detault Al Dinglny Style

Air Terminal Flow

ARUP
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Unit

Noise Data

L\

Throw

Air Terminal ———=,> Pressure drop
Flow

% Noise
Fan Coil <= Ductl/

Cooling Load

Heating Load

CHW Flow

Chillers
LTHW Flow .:{>Pipe§::{> Boilers

Pumps

ARUP

Services summary

Single input (air terminal) drives
all other parameters in system
* Increase automation

* Maximise efficiency

MARTIN SIMPSON - ARUP/The University of Salford
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*

Improving Energy Modeling
Efficiency

ﬁ

ARUP

Whole Building
Energy Model

P

Revit Model

Weather Data

Geometry

Internal Loads

Envelope Performance

Schedules

Aims:
WManage and share data
Qincrease efficiency
Qlimprove model accuracy

HVAC Systems

HVAC Plants

- e e e e e e e

o m m mm mm mm mm mm mm mm mm mm m m m Em Em Em Em Em Em Em

Utility Rates

Load / Energy Modeling Overview ARUP

4
N

MARTIN SIMPSON - ARUP/The University of Salford 37
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Conventional Method =!IV Viethod

[ Manual zoning J 5 [Space creation with}

diagrams in AutoCad embedded data in Revit
! N !

[Manual documentation] H =T [ gbXML

in Excel

| |

Manual inputinto | [~ = Import into load /
load /energy

_ energy modeling
modeling software ==iE software

Workflow — Traditional vs BIM ARUP

_!Automation

\Why use BIM over the conventional process?

~IVisualization e ~ - ~
_IAccuracy

- ETESRITER
I1Checking Y E—m—-‘"""‘“ )

—IOrganization

_ITime-saving

_!Enhanced data- L ) S

\

sharing among team

IFun!
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Overview of the BIM to BEM workflow

ANALYSIS

L 4

CHOOSE ZONING METHOD & LINK CAD
BACKGROUNDS OR REVIT ARCH. MODEL

ORGANIZE REVIT MEP MODEL FOR J

L

PLACE SPACES AND POPULATE
SPACE DATA

a

EXPORT ghXML FILE

«

MODEL AND CHECK

-

COMPLETE ANALYSIS IN LOAD/
ENERGY MODELING SOFTWARE

L 2

IMPORT LOAD AND AIRFLOW
DATA BACK INTO REVIT

[
[
[
[
[
[

IMPORT INTO LOAD / ENERGY ]
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e T T | T, e T oy (o B L i ot | o = ]

T iy e Perhen o o et v T
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Sl
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ey = e— Vertical Constraints

Loads and Airflows

= e » Identity Data
i
s =

\ ==

Poat Bt it =

=y d
o “ werr DG RMBES =
i 0 vt 14 fae by, CTR pa, 5T s, & s I . e

Data Management ARUP
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Zoning Diagram in Revit MEP

= e - —
= - z =
= ‘=
~ =
B 2
N =

it

L

e B M - y
Ot o s, AR e, T b, BT . [t vty s Doy 7

Data Management

Space Schedule in Revit MEP

I

ramk ke i e e e e e ) ia

Isisieh

e

ki

Data Management
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Zones in Revit MEP

Revit Spaces:

[l Become thermal zones when imported into
energy modeling software

L1 Store internal gains and schedules (lighting, ©
occupancy, equipment)
L1 Store peak heating and cooling loads and *

airflows

Revit Zones:

1 Used to sort Revit Spaces into HVAC systems

L1 Ability to store heating / cooling setpoints and

outdoor airflow rates

Data Management ARUP

p Erport QUL - Semings _f L
Sowirs @ Mealvios Srfaces
e
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oo iy
W TERE
[ Btmmcr Ve
* 8 wew
| uew
| dw
o sew
T
somcr e
Ere =
Canmricter T
g =
Fucan:
T Feagie ¢ 0,14 B e per Parsan =l
Erren ica
g, LT o SRIW |
(e [t | aesemegn [ o |

gbXML Export ARUP
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Software

Complete Analysis in Energy Modeling

ey 3
B — SO 8 [0S SMEEY T e
- re Eeddme BanT ::::_
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FF Chmck fin mverend homwig st S S a e
T Ui N e sncn et —— o
D e s
= ==
TRACE 700 gbXML
Import Dialog IES-VE gbXML Import
Dialog

Revit Zone Imports in TRACE 700

T TRACE™ 700 - Chdocuments\TRACE 700 Projects\TRACEQOG tre.
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Revit Zone Imports in IES-VE

88 ©7 [AHU Assigament -] PR o e -
- Model |l || Grouping Schemes
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0| Facade Orientation
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BEM to BIM — Importing the analysis
results back into Revit
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700 or IES-VE to Revit MEP Lo
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Displaying information in BIM model

! BIM used for sharing information and aids design process
L1 Dynamic space tags — displays information about space or zone
1 Colors schemes based on data — useful for checking and programming
1 Loads, airflows can be displayed to size equipment and systems
L1 Compare “specified supply airflow” to “actual supply airflow” from Revit air

terminals
o B
=
{s, =2 =" | Zone Type  Apanment
T . =S5 |space Name QM
i - rma 138 5F
e et | Heating Load  30400.0 Btuh
Cooling Load  16250.0 Btuh

Integrated Design of the
Interdisciplinary Science and
Engineering Complex (ISEC)

ﬁ

ARUP
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220,000 laboratory with
Payette Associates

6 stories atrium
- Core labs in basement
- 2 level penthouse

« Construction documents
Spring 2014

* Opening in 2016

|
|
|
|
|
!
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Building Energy Modeling (BEM)
IES VE

L oads calculated in IES VE
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IES loads to Revit via Excel Link
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BEM to BIM integration ARUP

Spaces added from architects “Rooms”
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Adding shared parameter to the spaces

Coollng/heatmg Ioads now In Revit

R&:u _b E& me:

> TR a2 I
B e [FSOaasa L ""-
Select | Propetes | Chpboard Geometry Meddy Wiew

Vpper Limet.

Hi
sgif‘

in
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i ?;
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Chilled beam and diffuser added to
space

ACB-5
(250)

hE]
(100)

Schedule sheet — chilled beams added to

e
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Cooling load schedule
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Duct velocities

VAV schedule
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\ Air flow read from

ductwork

Spaces and numbers populated
automatically
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*

Who is responsible for modelling
spaces?

ﬁ

ARUP
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*

BIM is about “sharing structured
information”

ﬁ

ARUP

Future Challenges

= Clear specifications for model build if others are to rely on the
model for their own tasks

= This has implications on contracts & Pl

= Validation of design & simulation

= Dissemination through the industry

= IPR of the design processes that may get embedded into the model

= Closing the project lifecycle and getting as-built building
performance data.

= Real-time optimisation (power of the cloud)
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