=)
—
—

W% IBPSA NORDIC

I

Balazs FURTON, Fanni PETRESEVICS, Balazs NAGY

BIM-based building physics
modelling of ventilated facade
systems

22 August 2022 Budapest University of Technology and Economics



5

The structure of this presentation

* Introduction, importance of the topic
Research gquestions

Methodology

« Simplified method

* BIM to BPM workflow summary

* Numerical model

Result assessment

Conclusion
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Introduction, importance

« Reduction of the energy consumption in the
construction industry with all means necessary

« Ventilated facades are a common system to improve the
thermal envelope’s performance of a building

 Calculating the thermal transmittance of such structures
IS not straightforward, due to thermal bridging

« Source of additional losses: changes in geometry and
Inhomogeneities

BIM-based building physics modelling of ventilated fagade systems
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Aim of this research

« To explore, whether the simplified, everyday-used methods are “close enough” to determine the total
thermal transmittance of ventilated facade systems

» What is the difference between the results of a full numerical simulation and the simplified method?

 Demonstrate a use case for detailed BIM models for building physics modelling by isolating the effects
of particular subsystems

AUTB,simn = Uw,corr * (1 + X) - Uw,corr

nap*Af*ds . (ﬁ)z

AUf simp = @ * o Ren

AUb,simp = nfixed * Xfixed + nsliding * Xsliding

VS.

Uw,tot,simp = (Uw + AU TB,simp T AU Fsimp T AUb,simp

numerical model

simplified” method (4 cases, 3 assessment methods)
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Simplified method - thermal bridging (AU+g)

* The geometry data is taken from the BIM model for the calculations.

» The correction term for thermal bridges are obtained based on the Hungarian regulation (7/2006
gov. decree)

» The simplified method for considering thermal bridges is to evaluate the length of thermal
bridges (adjoining building elements with the wall)

* The total length is 98.65 m in the modelled building, which divided by the internal surface are of
the wall gives 1.41 m/m2 specific quantity

» 30% increase is necessary due to thermal bridges (y)

AUTB,simp — Uw,corr *(1+x) — Uw,corr
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Simplified method - brackets (AUy simp) and dowels (AUs,simp)

The correction term AUssimp regarding of the dowels can be calculated using ISO 6946

U1 R (B1y2
do Rtn

AUf simp = a *

For obtaining correction terms of the brackets, we used the Hilti thermal bridge catalogue, from
which we included both fixed (xfixed = 0,0534 W/K) and sliding (ysliding = 0,0336 W/K) brackets
fixed on masonry (quantities for nsixed and nsiidcing are obtained from the Archicad model)

AUb,simp - nfixed * Xfixed + nsliding * Xsliding

Therefore, the calculation of the fagcade’s total thermal transmittance using simplified
methods is the following:

Uw,tot,simp = U, +4U TB,simp T AU fsimp T AUb,simp
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Modelling reality, simplifications - the BIM to BPM workflow

1,2,3., 4.
Theoretical and physical
simplifications
1. Adequacy of space boundaries
5., 6. —1.,3.,4,13. 2. Validity of boundary conditions
3. Computational simplifications
4. Use of standards and its simplifications
./ 5. Geometric simplifications
- BIM BPM 6. Perfectly exgcuted structures .
Rea"ty 7 (Building Information Model) — 7 (Building Physics Model) 7. FEA Compatlble mpdel assumed to be alr“ght
8. Steady-state physics
A A 9. Only heat conduction occurs

10. Planar internal surfaces used for U-value calculation

11. Materials modelled using simple geometry and equivalent thermal conductivity
—11., 12— —7.,9., 10. 12. Construction inaccuracies are neglected

13. Neglecting facade cladding and air movement in the ventilated gap

Technological simplifications

7.,8.,9.10.
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Current openBIM to BPM workflow
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the GeometryGym plugin

—

GRAPHISOFT
* Archicad’

Rhino 7

Budapest University of Technology and Economics

Step Software Description
1. Modelling geometry
2. ) Metadata
Archicad 25 -
3a. Creating IFC translator
3b. Exporting IFC
4. GeometryGym (plugin, Rhinoceros) Importing IFC
5. Rhino 7 Checking model, cleaning model
6. Rhino 7 Exporting STEP file
7. Importing STEP file
8. Organising geometry
9. Creating domains
10 COMSOL Multiphysics 5.6 SR,
11 Creating materials, assigning building physics properties, boundary
' conditions
12. Simulation
13. Exporting results
COMSOL (simpler queries); Excel, Matlab, Mathematica, Anaconda, .
14. . Evaluation
Grasshopper, stb. (complex queries)
15, IFC export, imported with exporting geometry
as STEP

—_—

COMSOL
TiPHYSIcs: &

BIM-based building physics modelling of ventilated fagade systems




Modelled elements and their respective Level of Detall

reality

BIM model (Archicad) BPM model (Comsol)

thermal break

LOG LOI LOG LOI LOG LOI

manufacturer, product,
infinite infinite 350 density, thermal cond., 350 thermal cond.
spec. heat

homogeneous layer homogeneous layer
ceramic block
LOG LOI LOG LOI
manufacturer, product,
infinite infinite 350 density, thermal cond., 350 thermal cond.
spec. heat
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Modelled

elements and their respective Level of Detall

reality

BIM model (Archicad)

BPM model (Comsol)

thermal insulation

homogeneous layer

homogeneous layer

LOG LOI LOG LOI LOG LOI
manufacturer, product,
infinite infinite 350 density, thermal cond., 350 thermal cond.
spec. heat
= . __.f-"'ff
dowel -
LOG LOI LOG LOI LOG LOI
manufacturer, product,
infinite infinite 350 density, thermal cond., 350 thermal cond.
spec. heat
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Modelled elements and their respective Level of Detall

22 August 2022

reality BIM model (Archicad) BPM model (Comsol)
S Same i
W D
prote
: r‘;li I :J i
bracket e oy
LO LOI LOG LOI LOG LOI
manufacturer, product,
infinite infinite 350 density, thermal cond., 350 thermal cond.
spec. heat
bracket fix
LOG LOI LOG LOI LOG LOI
manufacturer, product,
infinite infinite 350 density, thermal cond., 350 thermal cond.
spec. heat
Budapest University of Technology and Economics
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Modelled elements and their respective Level of Detall

22 August 2022

reality BIM model (Archicad) BPM model (Comsol)
R j
W D
prote
: r‘;li I :J i
bracket i
LO LOI LOG LOG 0O
manufacturer, product,
infinite infinite 350 density, thermal cond., 350 thermal cond.
spec. heat
bracket fix

LOI LOG LOI LOG LOI
manufacturer, product,
infinite infinite 350 density, thermal cond., 350 thermal cond.
spec. heat
Budapest University of Technology and Economics
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The data granularity problem  — :

Bulk densty [1g/m') Tyt Bt n Moisture lkg/m')

Poosty [m'/m'} Layer Thickness [} 1

Spec. Het Capacity (VkghE Theemal Conductivy. Design Value [W/mi:
Thermal Conductnity (W/mKE Color

Water Vapour Défusion Resstance Factor [ -}

@ Building Maternisls ? x
H D Hame Priarity Editable: 1 E 50
O o Praster - Gypsum | " Marmes :
o C0ecoz Plaster - Lime Sand | Rockwool Furock FB1 B — i — — iy
W E w03 ! % o1 o o8 o8 1
+ E1lst-00 Wiengsberger X-therm 1 il e = e
[mmEE Air Space ] * CLASSIFICATION AND PROPERTIES — = i ok [Conc] [V
Eglrm &ir Space - Frame 1 CLASSICATIONS
PR-04 Alumindum 1 B ARCHICAD Classification - v 2.0 Mineral Thermal Insulation : y 2
[ Brick 1 - k(T.Phi) (W/(m*K))
ClMecos Brick - Finish 1 . e — %
I sr-02 Brick - Structural | ~ EETrE e x10
[ Congrete 1 » COMBUSTION [Materials]
ElEst04 Concrete - Structural | . - - 3.9
ClMero3 Conerete Black - Filler 1 " e T
E BE Concrete Black - Structural 1 PHYSICAL PROPERTIES
DDIF'M F:UNW"? 1 Load from Catalog Open Catalog...
E0ecor Fire Frocting | Themal Conductaity 0032 Wk 3.8
Eazu.m GEMERIC - ENVIRONMENT J| Density 75,000 mt
[ GEMERIC - EXTERMAL CLAD 1 130,000 Mgk
CIes-00 GEMERIC - EXT EEN:L FILLE 1 -
o0 = Embodied Energy 14,300 Mifkg L] 3.7
EM-00 GENERIC - EXTERMAL MEM | Embogied Casban 1,080 KOsk ‘
100 GEMERIC - INSULATION i
CIicoa GEMERIC - INTERNAL CLAD Il
OO0 =00 GEMERIC - INTERHAL FILLEIN] 3.6
ElEra-00 GENERIC - PREFABRICATED 1 -2 0 =
e - " x107° W/(m-K)
ewn Deiete. Conce
B 3.5
3.4
Example for the necessary data granularity (dependance of z 3.3

thermal conductivity on temperature and rel. humidity). y\T/"
Mapping the WUFI “moisture storage function” to COMSOL'’s ~ 260 1
“‘water content”.
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Differentiation base of “cases” - isolating subsystem effects

Dowel
<5
-~
-
- -')
=
~
- r-’_‘;

used for fixing the thermal insulation to the wall construction fixing thg facade system to the load-bearing

construction (bracket+anchors+thermal break)
how many? 444 pieces 69 fixed + 107 movable
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Baseline Dowels-only Brackets-only FULL model
Case01 ~ Case03 Case 04

,..-
AAAEAATAS

base geometry

dowels X X
brackets X X
isolatethe effects of geometrical isolate the effects of the isolate the effects of the calculate the total thermal
use case thermal bridging (adjoining thermal insulation fixes load-bearing structure of the transmittance based on the
edges, inhomogenities) (point-like effects) facade system numerical model

gg{crfdion racter Wrgsim = (%'ATUT'ABUI"AWUW'AWUW)/AW AUf,sim = (QZ B Ql)/ (A 'AT) AU b,sim = (QB - Ql)/ (A ' AT) AUfs,sim = (Q4 B Ql)/ (A ' AT)
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Volume: Temperature (degC)

erature (degC)

Slice: Temperature (degC)

Temperature distribution,
in the structure (BASE)
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Volume: Temperature (degC) Slice: Temperature (degC)

20

lice: Temperature (degC)

slice: Temperature (degC)

Temperature distribution,
in the structure (FULL)
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Correction factor assignment

Baseline
Case 01

AU

22 August 2022

B

Dowels only
Case 02

AUs

Y

Brackets only
Case 03

AUp——

>

Uw tot Calculation
Sim, 1

AUfg——

_)

Uw,tot,sim,l = Uw + AUf,sim + AUb,sim + AUTB,sim

Uw,tot Calculation

Sim,2

Budapest University of Technology and Economics
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FULL model
Case 04

Y

Uw tot calculation
Sim,3

Q
Untot,simz = Uw + AUfosim + AUrgsim  Uwtotsims = G = ArUr = ApUp — AuqUya) /Ay
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Result assessment

0,44
Refer to Simulated results Simplified
:Enqt,h(S—lO,) calculation 0,4
Sim,1 Sim,2 Sim,3 (W/m2K)

paper W/m2K) | (Wim2K) | (Wim2K) < 0,36

N

€032 +—
Uw 0,1754 0,1754 - 0,1754 § !

—a

Q 0,28 +—
AUs 0,0124 - - 0,0151 ~ 024 L = Uw,tot Utb

IS m Ufs Ub
AUy 0,0325 - - 0,1047 a 0,2 +— .

®© | ]

= 0,16 +— = Uf Uw
AUss - 0,0420 - = g

S 0,12 —

<
AUW,corr 0,2203 0,2174 - 0,2952 ~ O 08 o —
AUTs 0,134 0,134 - 0,0886 0,04 —

O T T T 1
Uw tot 0,3543 0,3514 0,3514 0,3838 FE'. ‘g_ ‘g g‘.
n ) 7 n
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Result assessment - difference in correction factors

Refer to Simulated results . .
Simplified

Eq, (8-10,) calculation
inthe . . .

Sim,1 Sim,2 Sim,3 (W/m2K)
paper (W/m2K) | (W/m2K) | (W/m2K)
Uw 0,1754 0,1754 0,1754
AUt 0,0124 0,0151
AUp 0,0325 0,1047
AUrss 0,0420
AUw,corr 0,2203 0,2174 0,2952
AUts 0,134 0,134 0,0886
Uw tot 0,3543 0,3514 0,3514 0,3838

22 August 2022
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0,44

o
w
N

0,28
0,24

o
N

0,16

Thermal transmittance [W/m?K
o
=
N

0,08
0,04

 ~1%

m Uw,tot

m Ufs

Sim,1

Sim,2

Sim,3
Simp
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Result assessment - difference in correction factors

Refer to Simulated results . .
Simplified

Eq, (8-10,) calculation
inthe . . .

Sim,1 Sim,2 Sim,3 (W/m2K)
paper (W/m2K) | (W/m2K) | (W/m2K)
Uw 0,1754 0,1754 0,1754
AUt 0,0124 0,0151
AUp 0,0325 0,1047
AUrss 0,0420
AUw,corr 0,2203 0,2174 0,2952
AUts 0,134 0,134 0,0886
Uw tot 0,3543 0,3514 0,3514 0,3838
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0,44
0,4
0,36

o
w
N

0,28
0,24

o
N

0,16

Thermal transmittance [W/m?K]
o
=
N

0,08
0,04
0

~9%

Sim,1

Sim,2
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Result assessment - difference in correction factors

Refer to Simulated results . .
Simplified

Eq, (8-10,) calculation
inthe . . .

Sim,1 Sim,2 Sim,3 (W/m2K)
paper (W/m2K) | (W/m2K) | (W/m2K)
Uw 0,1754 0,1754 0,1754
AUt 0,0124 0,0151
AUp 0,0325 0,1047
AUrss 0,0420
AUw,corr 0,2203 0,2174 0,2952
AUts 0,134 0,134 0,0886
Uw tot 0,3543 0,3514 0,3514 0,3838
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0,44
0,4
0,36

o
w
N

0,28
0,24

o
N

0,16

Thermal transmittance [W/m?K]
o
=
N

0,08
0,04
0

-33%

BIM-based building physics modelling of ventilated fagade systems

— —
— | N | ™ o |
£ £ = £
n (92] 9] n

m Uw,tot

m Ufs

Utb

Ub

Uw




Result assessment - difference in correction factors

Refer to Simulated results . -

Eq, (8-10,) Slmpllflgd

in the _ ) _ calculation
Sim,1 Sim,2 Sim,3 (W/m?2K)

paper (W/m2K) | (Wim2K) | (Wim2K)

Uw 0,1754 0,1754 0,1754

AUss 0,0420

AUwcorr 0,2203 0,2174 0,2952
AUrs 0,134 0,134 0,0886
Uw,tot 0,3543 0,3514 0,3514 0,3838
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0,44 -

0,4

o
w
(o)}

o
w
N

0,28
0,24

o
N

0,16

o
=
N

0,08
0,04
0

Thermal transmittance [W/m?K]

266,8%

m Uw,tot

. m Ufs

Sim,1

Sim,2
Sim,3
Simp
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Conclusions

* In this paper, we presented the BIM-based building physics modelling of a
ventilated facade system.

» The results showed that numerical modelling gave lower corrected wall thermal
transmittance as well as total thermal transmittance than simplified results,
meaning, that the simplified method overall means design safety.

» However, the effect of the brackets was significantly higher, while the effect
of linear thermal bridges was significantly lower, if we compared the
numerical modelling results to simplified methods.

* The demonstrated BIM-based numerical thermal performance simulation
workflow provides essential and gap-filling information for practical, BIM-based
facade design and BIM-based building physics modelling

BIM-based building physics modelling of ventilated fagade systems
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Thank you
for your attention!

Balazs FURTON, PhD student, furton.balazs@emk.bme.hu
Fanni PETRESEVICS, MSc student, petresevics.fanni@edu.bme.hu

Balazs NAGY PhD, assistant professor, nagy.balazs@emk.bme.hu
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