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TECHNISCHE

DRESDEN Scope of presentation

Multimodel method : motivation and usage

Extension of Multimodel method for BIM design
space exploration

Integration of uncertainty in BIM information
space

Simulation and collection of computed metrics
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DRESDEN Intentions

A Multimodel:

A Initially developed in German research project AMefisto i ( 2 -2@19),
further development since then:

A buildngSMART AMMC Proj ect fi
A DIN -SPEC 91350
A ISO/NP 21597 (Information Container for Data Drop)

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

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

A Integrate heterogeneous and domain -specific data into a common data
exchange model while maintaining native data formats.
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DRESDEN Intentions

A Goals of this work :

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

p>N

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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SRR
DRESDEN Background: multimodel method

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

A Application Model
A Embedded or referenced

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

A Link Model e \b o Application model 1
A links.xml Domain d, Format £, LoD I, Phase p, Status s
A LinkModel.xsd

A Multimodel metadata \b b Application model 2
A mulitimodel.xml Domain d, Format £, LoD I, Phase p, Status s
A MultiModel.xsd

A Container KO O Application model 3
A 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 - o Iztelrg 10 Unit Price 49,76
Bill of Quantities
[GAEB-XML]
— e — .
o SREEEE
e _— IfcColumn
MM > :=a= D = $a0q12 Storey 16
Building [IFC]
Multimodel \ ssssssss . =
=0 %*/' Task Start 21.06.2013
,,,,,,,, P G % ID = 343456 12:00:00
Schedule [MS Project]
Link Model > Link
Multimodel:

Explicit, neutral & ID -based linksbetween the application modslelements
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TECHNISCHE Multimodel Container  used as exchange
DRESDEN model within a collaborative design work

A Simplified BPMN diagram of a design workflow focusing on building energy

Building project
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= £ visualization
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,Q into KRIs A , interpretation
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% 8_ mulation pre Energy mulation post
ch é processing simulation processing
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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 1
ZUBLIN Variant-1.1 35% Variant-4.1 District heating 3 Ieve IS Of M u Itl m Od e I
ANENOe: Variant-1.2 50% Variant-4.2 Natural Gas H H
Variant-4.3 Solar heating d ata Varl atl O n S
Variant Type-2 Orientation
Variant-2.1 0° - . .
A Design alternatives:
Variant Type-3 Fassade/Shell
Variant-3.1 Heavy
Variant-3.2 Lightweight A one IFcrnOdeI eaCh
Alternative-2 (increased size) Variant Type-1 WWR Variant Type-4 Heating system A H H
ZUBLIN Variant-1.1 35% Variant-4.1 District heating A DeS I q Warlants
FRAE O Variant-1.2 50% Variant-4.2 Natural Gas
Variant-4.3 Solar heating - .
Variant Type-2 Orientation A BaSGCb n d eS | g n
Variant-2.1 0° .
Variant-2.2 50" alternatives
Variant Type-3 F de/Shell , .
Variant-3.1 Heavy A onelLink Model
Variant-3.2 Lightweight
each
Alternative-3 (changed position) Variant Type-1 WWR Variant Type-4 Heating system
ZUBLIN Variant-1.1 35% Variant-4.1 District heating e . . .
Variant-1.2 50%| |variant-4.2 Natural Gas A Stochasﬂa’eal |Zat|0ns
Variant-4.3 Solar heating
Variant Type-2 Orientation .
Variant-2.1 0° 1
Variant-2.2 180° A Baser n deSIg n
. — variants
Variant Type-3 Fi Shell
Variant-3.1 Heavy
Variant-3.2 Lightweight A Set0f random Iy
1 1 \ ] sampledvaluesof
| o o somespecific
IFCmodelascentralproductmodel Datafrom other applicationmodels product templates, district variables
energysystemmodel, etc.
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TECHNISCHE Integration of uncertainty in analysis

workflow

Tolerance| Target Performance Value Range | Tolerance

Sochastic Variables

Building
element
properties

Outdoor
Temperature
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A

Someapplicationmodelsare
associatedvith uncertainty. e.g.
occupancymodel, climate
model, energysystenX

Samplingbasedapproach
applicablewith existingmarket
solvers(e.g. TRNSYS,
EnergyPIluX 0

Stochastioczariablestransformed
into a setof samplevalues
includedinto MMC

Dedicated inisti
! Deterministic
Stochastic i i
1 Simulation
Analysis Application
Application PP
=

Building Model

Energy system model

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

Stochastiovariables (Regressors)

Climate

. Buildingusage

TG EEN OO TRD KO 1A WG 280 200 030
o

| m Componentfailures

Operationcostsvariance
Maintenancecostsvariance
CostKRlIs
Investmentcostsvariance

X

Energydemandvariance

SustainabilitkRIs CO2emissionvariance

X

Systenfailure rate

Averageunvailability

VulnerabilityKRIs

Mean Timeo Failure

X

TU Dresden , Institute of Construction Informatics, Prof. Dr. -Ing. Raimar J. Scherer 10/MAX



g
DRESDEN Occupancy Modelling

Occupancy modelling for energy simulation:

A Occupants 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.g.
light switches)

A Foundation for both is the presence of the occupant

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

-

A Differentiates between zone types (e.g. Kkitcher
weekday, weekend)

A 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 Atransition probability matriceso

% Generation of samples (time series of occupant numbers)
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Occupancy Modelling

Data generated by sampling for occupancy:

A From each transition matrix, an arbitrary number of samples can be generated
U0 Time series representation:

Simulation Output

3

Graphicalepresentationof 1

sampleof occupantnumbers

number of active occupants

1

|

\
|

0

time of day

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

U  Tabular representation for further usage in energy simulation tools:

Time.stamp Occupancy.density. 1l

97 1e.888 2.15

98 16.167 e.15

9 16.333 @.15
100 16.588 e.18
101 16.667 8.18
102 16.833 e.le
103 17.e88 e.le
104 17.1&67 e.1e
105 17.333 @.15
106 17.58@ @.15
107 17.667 @8.15
108 17.833 28.15
109 13.e88 28.15
110 18.1&67 e.15
111 18.333 @.15
112 18.58@ e.2e
113 18.667 a.2e
114 18.833 e.2e
115 19.888 28.15

10/08/2017 TU Dresden

Occupancy.density.?

e.18
.15
@.15
@8.15
8.15
2.15
2.15
.15
@.15
@.15
a.2e
e.28
2.15
.15
e.1e
e.1e
a.18
e.18
e.18

Occupancy.density.3
e.le
2.15
@.15
@.15
@.15
28.15
28.15
e.2e
e.2e
e.2e
e.25
28.25
28.25
e.25
@.25
@.25
e.25
28.25
28.25

Occupancy.density.4
e.ee
e.ee
e.ee
.88

0.00 Exampleof 4 sampleswith 10

e.ea

o.00 minute time stepandoccupancy
o density(occupantm?)

@.ee
e.1e
a.1e
e.18
2.15
e.15
e.1e
@.ee
a.8e
e.ea
e.ea
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Climate data

A 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 Hohe
WG Windgeschwindigkeilt in 10
t Lufttemperatur in 2m Hdhe
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.
E Bestrahlungsstdrke d. terr. Wiarmestrahlung

IL Qmalitdtsbit fiir die langwelligen Strahlungsgriben

tber Grund
m HBhe idber Grund
tber Grund

Ebene)

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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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

- EtX

Exampleof weatherdatatime seriesin the
TRYformat. Datafor Chemnitz, Germany,
retrievedfrom DWD (Deutscher
Wetterdienst)
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Passive scope Energy Energy

Distribution Source

Solar thermal
energy suppl! Energy Use Availability

c
Energy g )
Transformation g °
Energy Energy o TTT T T T T T T T T T T T T T T T T T T TTT
Energy Source Distribution _
Distribution time

Availability B 1
5
é - Energy
T o Transformation
ag’- TTTTTT T I T T T I T I T T I T T T TIITIrroIT

time
EastWest Street
Energy
Energy Distribution Availability
Availability Distribution g

5 =

e s 7

2 - Energy 5 .

g =7 TranSformation g- TTTTTT T I T I T T I I I T T I T T TIITITrTITT
g- TTTTTTITTI T T T T T I T I I T I T T TIrTITT Energy Energy
Source Transformation time

time

L Energy

Source
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§ ‘%‘ LI

System LI L] L Failure
Simulation

0.000 60.000 120.000 180.000 240.000  300.04

Time, (t)

Top/Downcurvesexpressedisa settime series
embeddedin the Multimodel Containeandlinkedto
related EScomponents

) Energy system component failures | Energy systen
time Component AComponent BComponent € X component N time failures
instant 0 1 1 1 X 1 instant 0 1
instant 1 1 0 1 X 1 instant 1 1
instant 2 1 1 1 X 1 instant 2 1
X 0 1 1 X 1 X 0
X 1 1 1 X 1 X 1
X 1 1 0 X 1 X 1
X 1 1 1 X 0 X 0
X 1 1 1 X 1 = X 1
X |I 1 0 1 X 1 X 1
X 1 1 1 X 1 X 1
X 0 1 1 X 0 X 0
instant n 1 0 1 X 1 instant n 1
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Data variation model example for energy
simulation in early design
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3 designvariants
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RelatedIFGGUID ¢ne
IfcBuildingand 20IfcRoorr
entities)

1st sample

1 Cimate
o+

20 occupancy
time series

—_—

n samples
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