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* 1.Introduction
- Complexity and scale levels
- My computational laboratory

- 2.Combined heat, moisture, air, stress models for
(building) constructions

- 3.From Material [*mm] to EU [~Mm] scale level

- 4 .Conclusions



* What is a 'Complex system'?

* Where are Complex systems in the built
environment?



Complexity and Scale levels

 The whole is greater than the sum of the individual parts



- Butterfly effect: Small parameter variations may produce
large variations in the long term behavior of the system.



* Where are the dynamic complex systems at the
built environment ?

Everywhere and on several scales



Complexity and Scale levels
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Material ~ mm Present dynamic complex systems:
Material Physics
*Durability



Complexity and Scale levels

Building ~ 10 m Present dynamic complex systems:
Building Physics
*Indoor climate
*Building systems



Complexity and Scale levels

Urban Area ~ km Present dynamic complex systems:
Urban Physics
*Urban Climate
*Urban district systems



Complexity and Scale levels

EU~1Mm Present dynamic complex systems:
Global climate Physics
e (Future) Climate
* Mapping



Multi Systems & Control

ODE
SimuLink

My computational laboratory

Multi Buildings
'HAMBase'
MatlLab

PDE
\ Comsol

Multi Details

A
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Tools PDEs

Comsol
O 3D Moisture

Hunting Logde St. Hubertus

¥ ae: 320




Tools ODEs

Building systems failure modeling

SimulLink

Dutch Maritime Museum




My computational laboratory

http://archbps1.campus.tue.nl/bpswiki/index.php/Hamlab
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Topic
Scale

Heat

Moisture

Air

Stress

~ mm

~ km

~ Mm




Heat

N Heat Moisture
Scale

Air

Stress

~ mm

~ km

~ Mm




Application 1:
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Heat+Moisture

N Heat Moisture Air
Scale

Stress

~ mm

~ km
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- Potential T, LPc oT
C, " =V-(K,;VT +K,VLPc)
- PDE co§ff|C|ents fgrmulatlon C.. OoLPc _V (K, VT +K,,VLPc)
» Material properties ot

 function of T, LPc
LPc=""1og(Pc)
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PDE coefficients lookup
tables calculated in MatLab
using:

heat conduction
coefficients

specific heat

density

liquid permeability
moisture retention curve
vapour permeability

oT

C, —=V-(K,,VT+K,VLPc)

ot

OLPc
LPc a t

Ew) —»
Elw) ——»

Solw) =™ %

AW ——

REERY

=V -(K,,VT +K,,VLPc)

Co{LPc, T)
En(LPe,T)
Ka(LPe,T)
Crp(LPc,T)
Ky (LPe,T)
Eg(LPc,T)



C, % =V (K, VT +K,VLPc)

C,p. % =V-(K,,VT +K,,VLPc)



Sealing layer, O Teas Pag

0.5 mm

Load bearing |
layer, A

Insation
layer, B

qg=h-(T,-T)+1L,-B-(p; —p)
g=p-(p.—p)






LPc based model RH based model

Thanks to: Natalie Williams Portal (visit today, 4:00-5:30, Silchersaal)



Heat+Moisture+Air

Moisture

Air

Stress

~ Mm
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PDEs

Heat:pCp%+V-(—/WT)+pCpu-VT =0

Air :%+V.(—KVP)=O;U=KVP

Moisture : % +V-(-DVp,)+u-Vp, =0

Boundary values

Heat: Flux:n-(AVT)=h(T,, —T);Insulation :n-(AVT) =0
Air : Pressure: P = Py; Insulation :n-KVP =0
Moisture: Flux:n-(DVp,)= B(p,.c —P,); Insulation:n-(DVp,) =0



Air velocity
=0

Air velocity Air velocity

+10 um /s -10 ym /s
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A (so far immeasurable) low air movement of order 10-°
m/s seems to have significant impact on the RH



Heat+Moisture+Air+Stress

N Heat Moisture Air Stress

~ Mm




aT
pCp— = V(kVT)

dPv

at

V(D(Pv)VPv)

[1]

2]

Ey x Ty
Vyx 1
(Ey) " &5 (Jy)+
yxy D 0 L Txy
Gy
a, Ky
0 0

where:

£x&y = normal strain components [-]

Yxy = shear strain component associated with
two axis [-]

Viy. Vyx = Polsson’s ratio [-]

E.. E, = Young’s moduli [N/m’]

Gyy = shear modulus [N/m?]

Uy, Oy = linear thermal expansivity [m/mK]

6 = temperature [°C]

Kx. Ky = linear deformation due to changes in
moisture content [m/m(kg/m?)]

W = moisture content [kg/m?]

Thanks to: Zara Huijbregts (visit today, 4:00-5:30, Silchersaal)
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Heat, including Building Scale

N Heat Moisture Air Stress
Scale

~ mm

~ km

~ Mm




Application 5



Heat, including Urban Scale

N Heat Moisture Air Stress
Scale

~ mm

~ km

~ Mm




Application 6




Thanks to: David van Reenen
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Heat, including EU Scale

N Heat Moisture
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« Weather Stations

* Used as boundary
values for the external
climate



* Subject building
constructions to
external climates

* Map performances



- COMSOL is a state-of-art Multiphysics modeling tool for doing
research in the area of building physics

- High performance on
1,2 & 3D capabilities
» 6rid & solvers techniques
- Visualization
* Flexibility due to PDE abstraction level

- Also an excellent tool for education

* Our models are available at http://sts.bwk.tue.nl/hamlab/



http://sts.bwk.tue.nl/hamlab/

- Thank you

* Questions?


http://sites.google.com/site/josvanschijndelresearch/home/CV2A4v3_ENG.pdf?attredirects=0

