@ﬂ State of the art building simulation software...

Developing building simulation tools that balance rigor with
efficient use

An insight into the Research and Development philosophy at
EDSL Tas
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The efficient integration of energy and daylight simulations into the quickly
emerging BIM based workflow is a significant challenge.

The Key stage is the conversion of the architectural model to an analytical model.
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State of the art building simulation software...

There are two key issues which

hinder interoperability.

Architects are not aware of the

simple rules for creatin
model with good space

definition.

It takes 1 hour to make

aware of these simple

g d

them
rules

1.3 Wall Voids and Walls made of Multiple Flements
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There can be no wall voids that do not contzm rooms. As an example, see the
picture above — two existing rooms are separated by two walls with 2 void between
them. The geometry would be mcorract if 2 gbXML was made from this model; the
two rooms would have ne link and their walls would be marked as the wrong type.

Possible solutions:
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1. Mzke one of the walls non-rcom-boundmg.

This is one of the quickest solutions. and is best applied m cases where the
wall void is very small or the wall separates off an area which logically belongs to the
larger room (eg. a2 small storage arez. or 2 thim wall hiding toilet cistemns). In the case
above it wouldn’t be a very good solution as the wall void is thick, as is the wall itself,
and makmg the wall non-room-bounding has mereased the floor area of the left-hand
room significantly.
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2. Place 2 new room between the two walls.

This 1s another quick solution, and is best applied m cases when the wall void
is wide. For thimner voids (less than zbout 300mm) it should be avoided. In this case
the wall void s quite wide and this solution would be reasonable.
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State of the art building simulation software...

Second, the geometry data in a gbxml file is an approximation of the architectural
model .

advantage, fewer surfaces, hence faster simulations

Disadvantage, gaps inthe geometry, hence loss of space integrity

Thin gap in a corner
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The Tas 3D model uses solid modelling techniques which are topologically
robust.

-Space boundaries are always enclosed by surfaces.

-The adjacency of rooms — surfaces and edges are explicitly represented in the data
structure.

- Integrity of the analysis model is guaranteed before simulation starts
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The Tas 3D model gbxm| import creates an analytical model.

Identifies gaps in the space boundaries, incorrectly orientated surface
and adjacency problems and fixes them.

218 complex spaces (43MB gbxml) 225 simple spaces (7MB gbxml)

100 adjacency
53 small gaps and
16 orientation fixes

240 adjacency 118 small gaps and 117 orientation fixes

gbxml files from revised architectural models may be MERGED into existing Tas models
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3D view of Tas model generated from gbxml data

¥ Tas 3D Modeller - [3D Analysis - all zones displayed]

! @) File Edit Building View Tools Window Workspace Analysis Daylight Help
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Model data courtesy of
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] FO02 Stair 5
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[ FOO4 Cffice 2

[ FOO5 Servery Store

] FODS Office 3

I FO07 Stair 4

I FO0S Main Pool Spectators
[T FO10 Stair 2 -
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[ Extemal Wall

I intemal Wall

[ Ground Floor

[ Intemal Foor

[ Exposed Floor

[ Intemal Ceiling -

Day Apply |
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H ﬁWindows ’Shades
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I Curtzin Wall: 1800mm
I Ct! Glass (5): Store Front ..
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daylight render

Tas daylight is based an
adaptive radiosity

CIE 171,2006 compliant
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Fast multi zone
daylight simulations Lux levels (<)
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Inside and
outside
specular
reflection
analysis
using ray
tracing over
the radiosity
results
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Hourly Lighting Gain
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Space daylight data
automatically used

in energy simulation
to calculate daylight

savings
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State of the art building simulation software...

(R ER

CBDM — E—
Calibrate sampled beam and diffuse daylight o v EEERIy CUNE |3
analysis against equivalent solar gains from R ——
thermal simulations. e e T
Display Grid Size Io3~,-m— Select Zones... I
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¥ Tas 3D Modeller - 110125 8748 el run7_adl2a_ba.t3d
File Edit Building View Tools Window Workspace Analysis Daylight Help

aN=2" ) S8 AeerRobN OO08MAA G066 [alE
F oo LA IA G EE R B ‘ '

E] Plan View - Ground Floor !] 3D Analysis - <unzoned>, EL_P_N1, EL 1.1, EL_P_W1,.., _!J Daylight Analysis X

[ternal SOIar heroto... 0.0m
. @ [l excheque.. 0.0m
d dayllg ht @ [ building ... 00m

/@ [ 99 bishop... 0.0m =

Jd |eS F—vm—m;r;lﬁ;ter 3D View Filter

<all sets>

[ JeLls

[ ELI East 1
I ELI Westl
I EL_P_C_NW1
[ EL_P_C Sw1
I EL_P_C SW2
EL_P_C_SE1
] EL_P_C_NEL
[ EL_P_C_NE2
[ ELPEL

<null>
[ External Wall
I Internal Wall
[ Ground Floor
[ Exposed Floor
[ Roof
[ Internal Floor
[ Internal Ceiling
I Core wall

EE EL win 1.0m

M EL win1.75m

M EL win 22m

M EL window narrow
I EL window x narrow

WM EL_ window

Entrance Lobby - uppe...

@ Windows ’ Shades
Ready

ﬁ Drawings

P NUM SCRL
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d plant and control
] to building simulation

/ Perimeter

[ Prevents supply temps > 16 C ]

Sets Exchanger temperature to minimise cooling load

| System | Plant | Zone | Fuel So...

Name
‘jﬂ Basic Componerts
mE[ Heating Col

o lﬂ Cooling Coil

ox| DXCoi

-]
O Junction

TE‘ Steam Humidifier

Tﬂ] Spray Humidifier

ecvAV FCU

2 Fow Components

[~ —
(_"Fan

[Checks whether any chilled beams are in use]

[Ensures cooling and dehumidification requirements are metl

Turns off dehumidification when beams are not in use]

100%

Air side schematic

60%
Air

o Return Air Temperature
>
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| — "_’. |Pr0portiona| Band DegC
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Dynamic building thermal simulation uses a ‘Heat Balance Method’
as described in ASHRAE Fundamentals 2013 page 18.14

Smart coupling of building and plant simulation

Room ‘weighting factors’ can be calculated before plant simulation

Annual building simulation
completed in 80 sec.

When plant operation alters the zone energy balance applying the
time series weighting factor adjustments ‘corrects’ the result

Preconditioning
)

T
AHU-OA

el [ Very accurate for simple adjustments, e.g. ventilation changes are

35 m‘— BE: typically within 1% of the exact solution

* i

Coupled space weighting
factors and systems annual
simulation 16 sec.
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State of the art building simulation software...

Smart coupling of building and plant simulation

As well as calculating the target zone’s
response, the effect of a temperature
pulse on its neighbouring zones can be
calculated and stored

When the plant simulation alters a zone’s

Annual building simulation energy balance, the effect on neighbours
completed in 80 sec. is included and building heat balance is
s retained. Very important for underfloor
| e rff systems and perimeter core zones in
e e open plan

Coupled space weighting Convective and radiant weighting factors
factors and systems annual are calculated so systems with varying o -
simulation 16 sec. proportions of convective/radiant split v

may be modelled. \

\ / e e e
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Automation Interface

UK Building Regs >
Studio 2013 )\ Tas UK Building Regulations Studio 2013

automates the
calculation
procedure for Part
L/EPC. It is multi-
core enabled,
simulating actual,
notional and
reference models
simultaneously.

Start a new UK

| ~mmo
\\) Regulations Project...

Open an existing UK

ACCfed”:ed by CLG m Regulations Project...
1st May 2014
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Studio automatic generation of notional & reference buildings,
multi-core simulation and report generation.

r—Generation Options
IF‘»:—rr’n:nnﬂ building steps for all sourcesets ;l
Esaina: Generate ulate Retrieve enerate te
s Building ilding Results ystem tems &
@ @ ) @ k2 )
© R L Q *) L
Reference o @ @ ) o >
2) Nat Applicable
Task | state | Progress |
-3 Generate Buildings [ Completed |
! o/ Actual: huddersfield |eisure.tbd Completed [ Completed |
« Notional: huddersfield leisuretbd Completed [ Cormpleted | T
: o/ Reference: huddersfieldleisure.tbd Completed Completed | 218 Zone bU||d|ng
-3 Simulate Buildings EEEEEE 00000 ] .
= Actual: huddersfield leisuretbd ~ Day 251 Part L and EPC anaIyS|s
== Notional: huddersfield leisuretbd Day 172 . .
..== Reference: huddersfieldleisuretbd Day 48 [-__- Completed In 10 mInUteS
- [ Retrieve Results —
i == Actual Queued [ |
== Notional Queued [ |
i...==a Reference Queued [ |
= [C3 Generate Systems
== Actual Queued
r-+e= Notiond Queued [ | Part L and EPC analysis
...z Reference Queued [ |
B[ Simulate Systems for changes to plant and
== Actual Queued .
= Notional Queued [ controls design are
i...==a Reference Queued [ | . .
- [CJ Generate Documentation [ | Completed N 25 mlnuteS
i.em Actual Queued
== Notional Queued
i..== Reference Queued [ |
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BP Tas 3D Modeller - sloping shade and argon fill

~ File Edit Building View Tools Analysis Daylight

Window Workspace

FRN=H" 858G QaaBRd BN 0060660 |

[F]# o [44SR 0% —BEBR - FHIESY

| Tas Facade Designer
IEY
Quick Energy Benchmark Results

Accuracy and speed of
simulation are critical for
parametric studies

uHIces 4 nuin

offices 2 west

efiternal west offices 5 core

offices 1 south

Ready
B Drawmgs

e © - EIE

100
793
I I 72-0
0 I .
larger multiple sloping slopmg shade sloping shades
windows facades 1 shade argon
argon fill fill and pv
offices 1 south
Daylight Solar
PR A A Int |
Building Hame Nk Factor Exceedance " e‘rna
(m2) Blind
(3) (%)
larger windows 107.2299 7.92 -27.46377 False
multiple facades 1 107.2299 6.10 -52.38129 False
sloping shade 107.2299 6.82 -36.28601 False
sloping shade and argon fill 107.2299 6.82 -36.44553 False
sloping shades argon fill and py 107.2299 6.82 -36.47341 False
offices 2 west
Daylight Sol.
g Hoor Area ayligh o Internal
Building Hame Factor Exceedance z
(m2) 3 Blind
(%) )
larger windows 94.24611 8.03 -29.78436 False
multiple facades 1 9424611 6.17 -53.4896 False
sloping shade 94.24611 7.97 -30.68942 False o

EN|M
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~ dgbxml export from
- ~ Tas to Cymap

CENTRAL BUILDING
MODEL

PIPEWORK 17™ EDITION WIRING
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Tas INTEGRATED SERVICES DESIGN ﬁ

A Cymap to Revit Ductwork avi - VLC media player
Media Playback Audio Video Tools View Help

27 BIM Model.CYC - Cymap 2014 Ducting

[Z:W Insert Edit Display Checks View Tools Help

m Floor 1 0|s N CIBSE
00:22 02:35

| -«I-I»-I ) ~|alx| e |
,-.E,J il ]?3 ARG ™ w/g;zzma'

|tl



B Type o keyword or phrase

Upload Mode! Run Cymap 2014 Investigate Help About

Sub-Disciphine
SunPath
Identity 2
ViewTemplate {_ <None> |
ViewName | (3D}
Dependency | Independent

Ceiling Plans
10 - Ceiling Mec!
1 - Ceiling Mecl =
i 3D Views
{30}
Elevations (Building
i Esst - Mech
North - Mech
|~ South - Mech
West - Mech

@ Plumbing
) Legends
& B2 Schedules/Quantities
Sheets (all)

‘ 0 1 B XGRBE R 0 <
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Ecobim

An early concept sustainability design tool
for architects

Compliant with UK Part L, CIBSE, ASHRAE and CEN standards



KEY TECHNOLOGY
Technology Strategy Board Project:

Technology Strategy Board London South Bank A\ 4
Driving Innovation University m Ve rco

* Increased automated analysis

* IPMVP compliance

* Demand control

* Integration with Verco Carbon Desktop
* Integration with TAS:

* Interface with weather station

* Exchange data (Using BIM Protocols)
* Compare model Vs actual

* Identify the ‘Performance Gap’

* Hone model

* Use model to plan substantial refits

30 Month project
Value £822,500 ﬁ;’ Demand


http://goo.gl/J0vbHM
http://goo.gl/J0vbHM

@ﬂ State of the art building simulation software...

Solid modelling 3D geometry
Radiosity and ray-trace daylight simulation

Dynamic building thermal simulation uses a
Heat Balance Method — Reference ASHRAE

Component based plant and control modelling
coupled to building simulation

Copyright © 2010 EDSL www.edsl.net



