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BEE‘Q%'ESJTAT Scope of presentation

1. Multimodel method: motivation and usage

2. Extension of Multimodel method for BIM design
space exploration

3. Integration of uncertainty in BIM information
space

4. Simulation and collection of computed metrics
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= Multimodel:

= Initially developed in German research project , Mefisto™ (2009-2012),
further development since then:

» buildingSMART ,MMC Project"
= DIN-SPEC 91350
= ISO/NP 21597 (Information Container for Data Drop)

= Proposes a method and a data exchange model for integrating and linking
together information from different engineering domains

= Offers a exchangeable project data resource for enabling and easing
collaboration in building design and construction.

» Integrate heterogeneous and domain-specific data into a common data
exchange model while maintaining native data formats.
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=  Goals of this work:

Enabling building design optimization with regard to several criteria
reflecting different engineering domains.

Integrate different heterogeneous information from different
application domains for the sake of a energy-efficient building design

Allow for making and modelling several changes in this information
Support uncertainty analysis of different building design options

In one single simulation request, simulates n (1 to hundreds) different
building design options
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PR
DRESDEN Background: multimodel method

Multimodel = set of m application models and n link models + annotations as metadata.

Application Model
= Embedded or referenced

= Multiple files and formats (IFC, Multimodel Container (MMC)
GaebXML, CSV, etc.)

= Link Model e b P Application model 1
= |inks.xml Domain d, Format f, LoD [, Phase p, Status s
= LinkModel.xsd

= Multimodel metadata \b S Application model 2
= mulitimodel.xml Domain d, Format f, LoD I, Phase p, Status s
» MultiModel.xsd

= Container KO O Application model 3
= Contain all data mentionned above Domain d, Format f, LoD [, Phase p, Status s

(e.g. as zip file)

Domain d, Format f, LoD [, Phase p, Status s
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Example of Multimodel for construction

planning
g At . Eirg " Unit Price 49,76 €
Bill of Quantities
[GAEB-XML]
— e — .
N FEEEES
e _— IfcColumn
MM > :=a= ID = i$a0q12 Storey 16
Building [IFC]
Multimodel \ ,,,,,, . -
= %*/' Task Start 21.06.2013
- iy % ID = 343456 12:00:00
Schedule [MS Project]
Link Model > Link
Multimodel:

Explicit, neutral & I1D-based links between the application model’ s elements
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Multimodel Container used as exchange
model within a collaborative design work

= Simplified BPMN diagram of a design workflow focusing on building energy
S g &R &
0 g %etup building fesults al:d Desi | Design
o @ requirements S R approved
8 S visualization
= @ “ :
5 o Design discarded,
S S redesign required
o | CAD design '« 1 .
|5} %)
() )
> a
= \:J
g2 | = v
= ) o} B
° LeVi] ¢
= | O il CRisk analysis Stochastic J
m © o) ] configuration sampling
Translation {o \
s requirements SR
) into KRIs T b P
o 4
A 4
o0 g mulation pre- mulation post-
8 % processing simulation processing
w o
10/08/2017 TU Dresden, Institute of Construction Informatics, Prof. Dr.-Ing. Raimar J. Scherer 7/MAX




TECHNISCHE
@ UNIVERSITAT
DRESDEN

Extension of MM for support of different
design solutions and uncertainty analysis

URBAN DESIGN VARIANTS
Variants Variants
Alternative-1 (original state) Variant Type-1 WWR Variant Type-4 Heating system H
ZUBLIN Variant-1.1 35% Variant-4.1 District heating 3 Ievels Of M UItI mOdEI
ANENOe: Variant-1.2 50% Variant-4.2 Natural Gas ° °
Variant-4.3 Solar heating data Va rlatlons:
Variant Type-2 Orientation
Variant-2.1 0°
Variant 22 150° = Design alternatives:
Variant Type-3 Fassade/Shell
Variant-3.1 Heavy -
Variant-3.2 Lightweight one IFC mOdeI eaCh
Alternative-2 (increased size) Variant Type-1 WWR Variant Type-4 Heating system n H H .
ZUBLIN Variant-1.1 35% Variant-4.1 District heating D esl g N varia nts .
FRAE O Variant-1.2 50% Variant-4.2 Natural Gas
Variant-4.3 Solar heating .
Variant Type-2 Orientation u Based on d eS|gn
Variant-2.1 0° .
Variant 2.2 150" alternatives
Variant Type-3 de/Shell
Variant-3.1 Heavy = one Link Model
Variant-3.2 Lightweight h
eac
Alternative-3 (changed position) Variant Type-1 WWR Variant Type-4 Heating system
ZUBLIN Variant-1.1 35% Variant-4.1 District heating . . .
Variant-1.2 50%| _|Variant-4.2 Natural Gas = Stochastic realizations:
Variant-4.3 Solar heating
Variant Type-2 Orientation
Variant-2.1 0° 1 H
Variant-2.2 180° Based on deSIgn
; . variants
Variant Type-3 Fi Shell
Variant-3.1 Heavy
Variant-3.2 Lightweight
= Set of randomly

sampled values of
some specific

IFC model as central product model Data from other application models: product templates, district variables
energy system model, etc.
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DRESDEN

workflow

Tolerance| Target Performance Value Range | Tolerance

Stochastic Variables

Building

Some application models are
associated with uncertainty: e.g.
occupancy model, climate
model, energy system...

Sampling-based approach
applicable with existing market
solvers (e.g. TRNSYS,
EnergyPlus...)

Stochastic variables transformed
into a set of sample values
included into MMC

Outdoor

Building Model
Construction templates

Failures

Climate model
Occupancy model
Energy system model

Dedicated N
element :
properties SRCIEEIT? Dgitrfwrmgt]ils::c
A“"’."ys!s Application
Application
TT =

Building Model |

Construction templates

Climate samples

Occupancy samples

Sampling Service

Energy system model |

Reliability samples |
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Risk metrics derived from uncertainty and

its simulation

Stochastic variables (Regressors)

Climate

L .
. Building usage
Uiy

e

.

Cost KRIs

Sustainability KRIs

Vulnerability KRIs

Operation costs variance
Maintenance costs variance

Investment costs variance

Energy demand variance

CO2 emission variance

System failure rate
Average unvailability

Mean Time to Failure
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DRESDEN Occupancy Modelling

Occupancy modelling for energy simulation:

= QOccupants interact with the energy system in two ways, indirectly by emitting heat,
and directly by interacting with the energy system or energy relevant appliances (e.qg.
light switches)

= Foundation for both is the presence of the occupant

Method: 1st order Markov Chain (Richardson et al., 2008)
= Simulates number of present/active occupants per zone

= Differentiates between zone types (e.g. kitchen, bureau, ...) and day types (e.g.
weekday, weekend)

= Flexible modelling and fast computation time

Sampling service:

Occupancy data (room types and max nb of occupants) preliminary linked with IFC model
in MMC

&:) Use of “transition probability matrices”

&:} Generation of samples (time series of occupant numbers)
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Data generated by sampling for occupancy:

= From each transition matrix, an arbitrary number of samples can be generated
» Time series representation:

Simulation Output

3

Graphical representation of 1
2 ez sample of occupant numbers

s \
u I |

00:00:00 02Z00:.00 04:00.00 060000 08:00.00 10:00:00 12Z00.00 14:00.00 160000 180000 20.00:00 2200:.00 O00:00.00

number of active occupants
—

time of day

» Tabular representation for further usage in energy simulation tools:

Time.stamp Occupancy.density. 1l Occupancy.density.? Occupancy.density.3 Occupancy.density.4

97 16.880 e.15 e.1e e.1e e.ee

98 16.167 e.15 .15 e.15 e.ee

o0 16.3332 @.15 @.15 @.15 @.ee

100 16.588 e.18 @8.15 @.15 a.ee

101 16.667 o.00 Example of 4 samples with 10
102 16.833 e.12 e.15 @.15 .00

103 17.008 0.10 0.15 0.15 0.00 minute time step and occupancy
104 17.167 e.1e .15 e.2e e.ee . 2

105 17.3332 @.15 @.15 e.2e @.ee denSIty (occupa nt/m )

106 17.588 @.15 @.15 e.2e e.1e

107 17.667 @8.15 a.2e @8.25 a.1e

108 17.833 @.15 e.2e .25 e.1e

109 18.080 @.15 e.15 .25 e.15

110 18.167 e.15 .15 e.25 e.15

111 12.333 @.15 e.1e @.25 e.1e

112 1z.588 e.2e e.1e @.25 @.ee

113 12.667 a.2e a.18 @8.25 a.8e

114 18.833 e.20 e.18 .25 .00

115 19.080 @.15 e.18 .25 .00
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Climate data

= For enhanced accuracy, the climate data samples are real weather data records from
the past that are formatted in the weather data format TRY.

Reihenfolge der Parameter:

RG TRY-Region

IS Standortinformation

MM Monat

DD Tag

HH Stunde (MEZ)

N Bedeckungsgrad

WR Windrichtung in 10 m Héhe iber Grund

WG Windgeschwindigkeit in 10 m Hoéhe iiber Grund

t Lufttemperatur in 2m HShe iiber Grund

p Luftdruck in Stationshdhe

X Wasserdampfgehalt, Mischungsverhdltnis

RF Relative Feuchte in 2 m Héhe iber Grund

W Wetterereignis der aktuellen Stunde

B Direkte Sonnenbestrahlungsstdrke (horiz. Ebene)

D Difuse Sonnenbetrahlungssti@rke (horiz. Ebene)

I¥ Information, ob B und oder D Messwert/Rechenwert

% Bestrahlungsstdrke d. atm. Warmestrahlung (horiz. Ebene)
E Bestrahlungsstdrke d. terr. Wiarmestrahlung

IL Qmalitdtsbit fiir die langwelligen Strahlungsgriben

RG Is MM DD HH N WR WG t =

o

9 1 1 1 1 3 200 3.1 -3.6 969.1
] 1 1 1 2 1 1s&0 2.4 -4.8 966.6
k] 1 1 1 3 0 160 2.4 -5.8 964.5
k] 1 1 1 4 1 1%0 2.2 -5.7 963.8
] 1 1 1 5 2 130 2.5 -5.7 983.0
] 1 1 1 & 4 170 2.0 -5.0 262.2
k] 1 1 1 7 5 160 3.0 -5.2 961.5
9 1 1 1 8 6 170 3.0 -3.5 961.0
] 1 1 1 @ 7 180 5.0 -2.7 960.5
k] 1 1 1 10 7 1980 5.0 -0.9 959.9
] 1 1 1 11 & 1&0 7.0 -0.3 958.2
] 1 1 1 12 & 170 6.0 1.2 958.1
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B e e s e R R R R
o R T A R =L

£

[Achtel]
1
[m/2]
[°c1
[hPa]
[g/ kgl
[%]
[W/m*=]
[W/m=]
[W/m*=]
[W/m*®]
RF w
77T -1
80 -1
78 -1
78 -1
70 -1
82 -1
60 -1
589 -1
58 -1
46 -1
46 -1
37 -1

{1..15}

(1,21
{1..12}
{1..28,30,31}
{1..24})
{0..8;9}

{0:;10..360.:999}

{1..100}

{0..98}

abwdrts gerichtet: positiv
abwarts gerichtet: positiv

{1;2;3:4;9}

abwdrts gerichtet: positiv
aufwdrts gerichtet: negativ
{1;2:3;4;5;6:7;8;9}

B D IK I E IL
] o9 206 -285 9
0 o9 2086 -285 9
0 o9 204 -283 9
0 [ -] 207 -286 9
1] [ -] 202 -280 9
0 [ -] i -288 9
0 [ -] 221 -287 9
] o9 223 -2%4 39
[ 38 9 249 -300 9
11 75 9 239 -306 9
a7 T8 9 238 -309 9
106 a7 9 249 -316 39
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Variables:

- Outdoor temperature
- Wind speed

- Wind direction

- Humidity

- Solar radiation

- Etc..

Example of weather data time series in the
TRY format. Data for Chemnitz, Germany,
retrieved from DWD (Deutscher
Wetterdienst)
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DRESDEN system

Passive scope Energy Energy

Distribution Source

Solar thermal
energy suppl Energy Use Availability

Energy

Transformation

operaling (y/n

Energy Energy

Energy Source Distribution
o ti
Distribution me

Availability B 1

5

2

E’ - Energy

® o Transformation
&

time

East-West Street

Energy
Energy Distribution Availability

Availability Distribution g
— >
= 2 -
2 - Energy B o
g =7 TranSformation g- TTTTTTTITIT I T I I T I I T T I T T T I T ITTTT
g- TTTTTTTITTI I T T T T T I T T I T T ITITTITT Energy Energy

Source Transformation time

time

L
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TECHNISCHE Application to reliability analysis of energy

UNIVERSITAT
DRESDEN system
B L L
A ‘%‘ LI
System LI LJ L Failure

0.000 60.000 120.000 180.000 240.000  300.04 Simu | ation

Time, (t)

Top/Down curves expressed as a set time series
embedded in the Multimodel Container and linked to
related ES components:

) Energy system component failures ) Energy system
time Component A|Component B{Component C component N time failures
instant 0 1 1 1 1 instant 0
instant 1 1 0 1 1 instant 1 1
instant 2 1 1 1 1 instant 2 1

0 1 1 1 0

1 1 1 1 1

1 1 0 1 1

1 1 1 0 0

1 1 1 1 = 1

|I 1 0 1 1 1

1 1 1 1 1

0 1 1 0 0

instantn 1 0 1 1 instant n 1
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Data variation model example for energy
simulation in early design

OO e W

o e
[

13

WW W W W W W W W
(R R S S =

SRS
(=)

43

110

<?xml version="1.

0" encoding="ASCII"?>

<VM:scope 1d="dcl5fad4l-c409-4725-a6d0-2e8bddadebac" scale="building"/>

<VM:variables>

E<VM:datavariationMedel xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:VM="http://www.cib.tu-dresden.de/DatavariationModel” znalysis="uncertainty analysis" domain="energy simulation" id="EnergyAAl">

<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable
<VM:variable

designation="LinkModel" id="855fb49a-3e6a-487b-all7-3796ddf96829" IDref="Null" resourceURI="../links/*.xml"/>
designation="climateModel" domain=vclimate" 1d="52004766-65eb-4a47-ab91-63de27e2d8bf"><VM:relatedObject idr

xsi:type="VM:ObjectProperty"
ObjectProperty"”
:0bjectProperty”
:ObjectProperty"
:0bjectProperty”
ObjectProperty"”
ObjectProperty"
bjectProperty”
:0bjectProperty”
:ObjectProperty"
:0bjectProperty”
:ObjectProperty"
:0bjectProperty”
:ObjectProperty"

:0bjectProperty”

:ObjectProperty"

:0bjectProperty”

:ObjectProperty"

:0bjectProperty”
xsl:type="VM:ObjectProperty"
xsi:type="VM:0ObjectProperty"

xsl:type="VM:
x31:type="vM:
type="VM:

- </VM:variables>

designation="OccupancyModel"
designation="occupancyMedel”
designation="OccupancyModel"
designation="occupancyMedel”
designation="OccupancyModel"
designation="occupancyMedel”
designation="OccupancyModel"
designation="occupancyMedel”
designation="OccupancyModel"
designation="occupancyMedel”
designation="OccupancyModel"
designation="occupancyMedel”
designation="OccupancyModel"
designation="occupancyMedel”
designation="OccupancyModel"
designation="occupancyMedel”
designation="OccupancyModel"
designation="occupancyMedel”
designation="OccupancyModel"
designation="OccupancyMedel”

domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="ocecupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"
domain="occupancy"

.

1d="£3591cc8-b9e4-47hb4-99%ad-ed35eccfl8be" ><VM:
id="ffb1836f-98c7-4edb-9c2b-e6056aaec83a" ><VM:
1d="c0121b47-cT7e4-4621-9389-c3290elalb04"><VM:
1d="8£9d7760-1b8d-4407-8364-8d6db463e0c8" ><VM:
1d="T7ccbe3c9-5a53-4ab2-ac49-a8d30a6lfe56" ><VM:
id="9456de9¢c-5022-4da9-bffc-68b97Tb0f14cd" ><VM:
1d="59e48776-c2d8-4800-9¢00-768ea9f40ac8"><VM:
1d="739£3d8e-5983-41cd-b24b-78a780b93873" ><VM:
1d="2e586e8d-efbc-4782-933d-0897£60cde83"><VM:
id="ec0a2e79-c7£f1-4951-9c42-2a3¢05629b7b" ><VM:
1d="fb30£fffa-98e8-4773-b650-4d60a1415584"><VM:

="ab380b4e-1ff9-48e1-8162-06798565c883" ><VM
1d="d246431c-87a8-4296-8b14-0b7b0eac7349"><VM:
id="630fbec6-85ae-46¢6-bc39-83322be82100" ><VM:
1d="cc388e6e-0ef5-46d0-98a4-75b7c 781491 " ><VM:
i1d="4156364b-dla0-4f5e-8be4-907eebl9a919" ><VM:
1d="8098e806-bc6f-4ecb-8ada-07e67abdef2" ><VM:
id="1c60924b-4d4e-4c2a-b5ab-a97d502e38ad" ><VM:
1d="64213a9f-10e2-456a-9f£0-174e25bc668L"><VM
id="c477£41d-1193-4d7e-ad39-dc2d011d57c2" ><VM:

relatedobject
relatedobject
relatedobject
relatedobject
relatedobject
relatedobject
relatedobject
relatedobject
relatedobject
relatedobject
relatedobject
:relatedobject
relatedobject
relatedobject
relatedobject
relatedobject
relatedobject
relatedobject
:relatedobject
relatedobject

f="101vY¥cpcHSKRRK15VOLOXK" /></VM:

1dref="0hz2F78STEVRJFgZBLYPYD"/
idref="1HHL8Ca8L4N8YCcXgiLNXaR" /
idref="0WXncI4nX1CgNWla$GeCUT"/
idref="1HHL8Ca8L4N8YCcXgiLNXauU" /
idref="1HHL8CaB8L4N8YCcXgiLNXhT"/
idref="1HHL8Ca8L4N8YCcXgiLNXal"/
idref="0WXncI4nX1CgNWla$GeCFA"/
idref="1HHL8Ca8L4N8YCXgiLNXbE" /
idref="1HHL8CaB8L4N8YcXgiLNXhH"/
idref="1HHL8Ca8L4N8YCcXgiLNXas" /
idref="1HHL8CaB8L4N8YcXgiLNXak"/
idref="1HHL8Ca8L4N8YCcXgiLNXba" /
idref="0WXncI4nX1CgNWla$GeCU4" /
idref="0WXneI4nX1CgNWla$GeCu2" /
idref="1HHL8CaB8L4N8YcXgiLNXav"/
idref="1HHL8CaBLANBYCXgiLlNXay" /
idref="1HHL8CaB8L4N8YCcXgiLNXbi"/
idref="26wap3eTLAr84McnfgUoZL" /
idref="2Gwap3eTLAr84McnfgUoZM" /
idref="26wap3eTLAr84McnfgUoZB" /

/M

/M

/VM:
/VM:
/VM:
/VM:
/VM:
/VM:
/VM:
/VM:
/VM:
/VM:

/VM:
/VM:
/VM:
/VM:
/VM:
/VM:
/VM:
/VM:

variable>

ivariable>
variable>
variable>
variable>
variable>
variable>
variable>
variable>
variable>
variable>
variable>
ivariable>
variable>
variable>
variable>
variable>
variable>
variable>
variable>
variable>

H <vM:variants>
<VM:variant description="" name="A2V1"
<VM:variationByURI id="linkvariant0"
</VM:variant>
<VM:variant description="" name="A1vVli"
<VM:variationByURI id="linkvariantl"
</VM:variant>
<VM:variant description="" name="A1lV2"
<VM:variationByURI id="linkvariant2"
</VM:variant>

H <VM:variant baselinevariantID="£960e9ba-9df8-4358-a045-7c7¢94318cad" samplelndex="1" type="stochastic realization" VariantID:”fSGOe9ba-9df8-435B-a045-7c7c94318ca4_st01">

<VM

<VM

<VM:
<VM:
<VM:
<VM:
<VM:
<VM:
<VM:

variationByURI
variationByURI
variationByURI
variationByURI
variationByURI
variationByURI
variationByURI

:variationByURI
<VM:
<VM:
<VM:
<VM:
<VM:
<VM:

variationByURI
variationByURI
variationByURI
variationByURI
variationByURI
variationByURI

:variationByURI

<VM:
</VM:variant>
<VM:variant baselineVariantID="£960e9ba-9df8-4358-a045-7¢7c94318cad"

variationByURI

domain="climate" id="aa8dd35e-623e-4523-869¢c-777894d93cd4" variableId="5200d766-65eb-4a47-ab91-63de27e2d8bL">../models/samples/climate2.dat</VM:variationByURI>
variableId="£3591lcc8-b9e4-47b4-99ad-ed35eccfl8be >,
variableId="£fb1836f-98c7-4edb-9c2b-e6056aaec83a’>.
variableId="c0121b47-c7e4-4621-9389-c3290elalb04" >,
variableId="8£9d7760-1b8d-4407-8364-8d6db463e0c8">.
variableId="Tccbe3dc9-5a53-4ab2-ac49-a8d30a61fe56">.
variableId="9456de9c-5022-4da%-bffc-68b97b0f14cd">.
variableId="59e48776-c2d8-4800-9e00-768ea9£40ac8" >,
variableId="739£3d8e-5983-41lcd-b24b-78a780b93873">.
variableId="2e586e8d-efbc-4782-933d-0897£60cde83">.
variableId="cc0a2e79-c7£1-4951-9c42-2a3c05629b7b" >,
variableId="fb30fffa-98e8-4773-b650-4d60a1415584 ">,
variableId="ab380b4e-1£f9-48el1-8162-06798565c883">.
variableId="d246431c-87a8-4296-8b14-0b7b0eae7349">.
variableId="630fbec6-85ae-46c6-bc39-83322be82100">,
variableId="cc388e6e-0ef5-46d0-98a4-75b7c7814e91" >,

domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"
domain="oeccupancy"

id="23e4187e-al44-4ad8-944£-084a92e7952d"
1d="162911lba-1b42-4aee-8ec2-380a37£8b373"
1d="3110a391-d0b2-42£2-b668-9£9425ebas808"
id="cclde837-14f1-41c4-becl-51019857287a"
id="722¢83ee-6£66-4d55-a8le-£41414561c47"
1d="4c9a8068-1723-41lee-b370-88b700b06324"
id="da6df5b6d-dd70-4£13-b264-4296ce6a7bco"
id="aflc6ldf-lae9-4c38-9fb7-363bc3340e9e"
id="1b1dc590-2347-495e-acd9-212eb9£37868"
1d="8e32e7b3-9a30-4d38-8£21-6432841a9869"
id="5aclc28e-b2¢5-4bea-a710-5459c0b38b8E"
id="cddaf5a8-96ec-47d9-890£-b37017£558a0"
id="7££198e6-11laf-4936-all3a-aal6935ccebs”
1d="9153bc99-11b1-476£-b96£-182c25085¢cLfL"
id="88£7536£-d7ac-465£-ba05-£81113£c977d"

sampleIndex="2"

type="design variant" varlantID="£960eS%ba-9dfB8-4358-a045-7c7c94318cad">
variableId="855fb49a-3e6a-487b-all7-37964df96829">../1links/A2V1.xml</VM:variationByURI>

type="design variant" variantID="8c5502fl-a64a-492a-b43e-17dc3edl00e3">
variableId="855fb4%a-3e6a-487b-all7-3796ddf96829">../1links/A1V1.xml</VM:variationByURI>

type="design variant" varlantID="bf6a489f-1863-48df-8987-aal774ac9da2">
variableId="855fb49a-3e6a-487b-all7-37964df96829">../1inks/AL1V2.xml</VM:variationByURI>

type="stochastic realization"

variantID="£960e9ba-9df8-4358-a045-7c7¢94318cad

3 design variants

. /models/samples/occupancy_1 1.dat</VM:
./models/samples/occupancy 2 1.dat</VM:
. /models/samples/occupancy_3 1.dat</VM:
./models/samples/occupancy 4 1.dat</VM:
. /models/samples/occupancy_5_1.dat</VM:
./models/samples/occupancy 6 1.dat</VM:
. /models/samples/occupancy_7_1.dat</VM:
./models/samples/occupancy 8 1.dat</VM:
. /models/samples/occupancy_9 1.dat</VM:
./models/samples/occupancy 10 1.dat</VM:
./models/samples/occupancy 11 1.dat</VM:
./models/samples/occupancy 12 1.dat</VM:
. /models/samples/occupancy 13 1.dat</VM:
./models/samples/occupancy 14 1.dat</VM:
./models/samples/occupancy_15_1.dat</VM:

sto2r>

variationByURI>
variationByURI>
variationByURI>
variationByURI>
variationByURI>
variationByURI>
variationByURI>
variationByURI>
variationByURI>

Related IFC-GUID (one
IfcBuilding and 20 IfcRoom
entities)

1st sample

1 Cimate

+

20 occupancy
time series

S

variationByURI>
variationByURI>
variationByURI>
variationByURI>
variationByURI>
variationByURI>

==

<VM:variant baselineVariantID="£960e9%ba-9dfB8-4358-a045-7c7c94318cad"

sampleIndex="3"

type="stochastic realization"

variantID="£960e9ba-9df8-4358-a045-7c7c94318cad

sto3">

(55}

<VM:variant baselineVariantID="8¢5502fl-a64a-492a-b43e-17dc3ed100e3"

sampleIndex="4"

type="stochastic realization"

variantID="8¢5502f1-a64a-492a-b43e-17dc3edl00e3

stolr>

fenlien BenBn
(EEpEE e

10/08/2017

FH <VM:variant baselineVariantID="8¢5502fl-a64a-492a-b43e-17dc3ed100e3"

sampleIndex="5"

type="stochastic realization"

variantID="8c5502f1-a64a-492a-b43e-17dc3edl00e3 sto2">
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BEE‘Q%'ESJTAT Visualization of results from uncertainty analysis

= Visualization of simulation results in term of energy demand for heating by
three different design variants (Granlund Optimizer)

Simulation Synthesis KPI Analysis
Sensitivity Analysis Uncertainty analysis Requirement setup
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KPI: Energy_cost (€/a.m2)
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Simulation Synthesis

KPI: Gas_Emissions (kg/a.m2)

KPI Analysis

Scatter Diagram Hyper Radial Visualization Parallel Coordinate Plot Radar Chart

KPI: Energy_Consumption
(k\Whia.m2)

2504

KRI
Energy_Consumption_Volatility
(KWhia.m2)

Risk-aware decision Making

Decision Value Analysis

KRI:
Energy_System_Unav ailability
(h/a)

KRI: Probability _of_low_IRR (%)

Gl

Vizualisation in KPA Tool

from Granlund
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DRESDEN Conclusion and future Activities

= Conclusion:

= multimodel method extended to fasten and facilitate setting and simulation of a
large amount of variants and uncertainties in a collaborative building design
workflow.

= Method adapted for assessing uncertainty on the basis of standard simulation
tools

= Generic variation model was developed for describing stochastic realizations of
BIM data as well as several types of design alternatives

= Future works:
= Encompass more simulation domains e.g. structural analysis, reliability analysis,
life cycle cost...

= Apply for sensitivity analysis
= Couple with cloud-computing technologies
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Thank you for your attention
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