Why building physics did not solve moisture problems (yet)

It’s your fault
VDF: Vapour Diffusion Fetish

Instagram
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Pathologies

O Insurance company O Only technical problems: O Moisture problems:
* New construction * 49% moisture problems * Internal leakage (tubes, sinks)
* 10 year liability * 19% mechanical problems * Rainwater infiltration (roof, wall)
* 26.392 insurance cases * 17% cracking * Rising damp
* 16% residential nuisance (HVAC, fire, glass...) ¢ Condensation
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Pathologies
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Pathologies France Pathologies Norway
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Who is responsible?

country design execution material wuse unknown
Finland 50 30 10 10
France 30 60 10
Germany (former Fed.Rep.Germ.) 50 25 25
Germany (former Germ.Dem.Rep.) 40 40 20
Great Britain 40 50 10
Netherlands 40 35 10 i0 5
Norway 45 40 15
usa 50 25 15 10
average 43 38 14
Czechoslovakia 5 70 25
Hungary 20 38 42
Poland 15 63 22
average 13 57 30 CIB W086, 1993
703779
20 20
18 8
16 6
14 4
12 5 1995 3 1999
10 0 2000 a 2004
8 8 W 2005 4 2009
6 6 . All together
4 4
2 I |
. 0 — - | -_ 0
LT} 1 2 3 4 5 6 7

GHENT 1 Design defects 3 Incidents 5  Conservation/user defects 7  Others AQC, 2010
UNIVERSITY 2 Execution Defects 4  Material defects 6  Imprecise cause



Projections for the future
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Case-study

—— -20mm tiles

- 80mm tiles supports

- FPO waterproofing layer

- 60mm EPS insulation
-120mm CLT

- 80mm EPS insulation

- 10mm silicone-based render
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GLT fioos - Wetting 2016-2017 maisture contont profile

Case-study
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Why building physics did not solve moisture problems (yet)

It’s your fault

Prof. Nathan Van Den Bossche
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Moisture transport

 Different transport modes
* Vapour diffusion
 Vapour transport by convection
e Capillary water transport

* Water transport ~Hydraulics

How long does it take to transport 1kg of moisture?




Moisture transport

 Different transport modes

* Vapour diffusion

Pi 7 Pe — Pi 7 Pe Impact surface transfer coefficients is negligible
Zii  2.pd/8, 5, =2.101° [ kg/msPa=s]

g =
* Example:
e Concreted =10cm, u =100
* Annual vapour pressure difference = 400 Pa [1 Pa = 1 kg/(m.s?)]
e Z=51019m/s
* g,=80101%kg/m%s =0.25 kg/m?%year (31.536.000 s/year)

=>4 years



Moisture transport

 Different transport modes

» Vapour transport by convection

* Example:
* Indoor 20°C, 50% RH (8,64g/m?)
e Outdoor 0°C, 90% RH (4,23g/m?3)
e Bedroom of 40m3, ACH 0,5
* g,=20m3h * (8,64-4,23)g/m3= 88,2g/h

=> 11,3 hours

temp. Pg Cma
['C] [Pa] [g/m
35 HE2T 38 56
34 hd2d 37 hd
33 5033 35,62
32 4757 33,77
3 4496 320z
30 4245 30,34
28 007 26,73
28 3Jraz 27 21
27 567 25,75
26 J363 24 36
25 31639 25,05
24 2985 21,78
23 2811 20,55
22 2645 18,43
21 2488 18,35
2 2340 17,28
1 2198 16,30
18 2085 15,37
¥ 1938 14,47
16 1818 13,65
15 1708 12,85
14 155849 1207
13 1498 11,36
12 1403 10,65
1 1313 10,01
10 12249 840




Moisture transport

 Different transport modes

e Capillary water transport

Penetration depth H
moisture front?

S S S

1 hour WDR

* Brick (large pores):

* A=0.50 kg/m?s"

* w_=300 kg/m?3
* H=0.10m
* m =30 kg/m?

=> 4 seconds



Moisture transport

 Different transport modes
* Vapour diffusion =>4 years
* Vapour transport by convection => 11,3 hours

 Capillary water transport => 4 seconds

* Water transport “Hydraulics => 1 second

How long does it take to transport 1kg of moisture?




Vapour Diffusion Fetish

: \sl\;[:gsmgs T T — Reality
«  Runoff (f) WUFI

* [Infiltration
» Deficiencies
* Air leakage
« 20
e 3D
* Materials
* Hysteresis
* Indoor climate
* Qutdoor climate
e Salt
GHENT * Degradation

UNIVERSITY




Vapour Diffusion Fetish
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Vapour Diffusion Fetish
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Vapour Diffusion Fetish

 \WDR loads
* Splashing
e Runoff

* [nfiltration

* Deficiencies

* Air leakage

e 2D

e 3D

* Materials

* Hysteresis

* Indoor climate
* Qutdoor climate

* Salt
2 « Degradation
UNIVERSITY
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Quantified watertightness performance
ASHRAE Standard 160 - 1%

— Independent of cladding or cavity width
— North American context

— Stochastic nature of water infiltration
requires numerous experiments

8.

el

_
//Z' How f:an we quaqhtatwely predlcjt the
- watertightness of various wall assemblies?

GHENT
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Infiltration percentages as input for hygrothermal simulations

We need to know 4 things
% through cladding
% crossing cavity

/ (3)

e | A | LS _ _
Drained wall assemblies Undrained wall assemblies Drainage & retention
% crossing WRB
WDR Icladding |cavity Ibarrier WDR |cladding Ibarrier
> L d—-d—d > Ld—1d
1 2 1 3

Cladding
Cavity
Barrier
Cladding
Barrier

—
LTI
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Infiltration percentages depend on cladding type and vary linearly with pressure
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EXTERIOR CLADDING SURFACE ROBUSTNESS = likelihood of cracks and deficiencies
| AP = Pressure difference over cladding
CONTINUOUS WM = level of workmanship = quality of joints
| * Percentages are only valid in saturated conditions

High

| 1 |
High Average Low
robustness robustness robustness

Low

INFILTRATION RESISTANCE

e.g. glass,
precast concrete DISCONTINUOUS
1
| / |
SEALED JOINTS OPEN JOINTS

AP=0 AP >0 AP=0 AP>0 Panels Blocks
| | , , | | . I e.g. fibre cement or e.g. glued concrete
High WM Low WM High WM Low WM High WM Low WM High WM LowWM  natural stone panels  blocks with open head
) i (26%) joints (83.42%)*
eg. ventgd V}ﬂvl e.g. curtain walls o nw(;a(;tgr;/d)?rlckg.g. mortared bricks jomts { )
siding with tight (0.02%) S with cracks (44.6%)

air barrier



Infiltration percentages with QPA-method as input for hygrothermal simulations

We need to know 4 things
% through cladding
% crossing cavity

/ (3)

eI | - WAl [0 1
Drained wall assemblies Undrained wall assemblies Drainage & retention
% crossing WRB
WDR Icladding |cavity Ibarrier WDR |cladding Ibarrier
> L 6—-d— > Ld—1
1 2 1

Cladding

Cavity
Barrier
Cladding
Barrier

—
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Drainage of infiltrated

rainwater in wall T
assemblies: Test methw' DOt 10 117 17642991221 121902

experimental $SAGE

quantification, and
recommendations

Stéphanie Van Linden' (), Michael Lacasse” and
Nathan Van Den Bossche'

Abstract

Drainage reduces the amount of water able to infiltrate toward the interior of wal
assemblies. However, 2 portion of the infikrated water r in the bly after
drainage has occurred. The degree to which this retained portion of water affects
durability of the wall assembly can be evakuated by means of hygrothermal simulations.
However, the number of studies reporting information on the retention percentage that
can be applied as input for hygrothermal simulations and on the drainage performance
of wall assemblies is. in general, quite limited. Therefore, an experimental study was
developed, to assess governing test methods to evaluate drainage characteristics and to
quantify retention of water in wall test specimens having various cavity widths and incor
porating different draimage materials. It was concluded that apart from the absolute
amount of retained water, the hteral spreading of water in the cavity and the overall
wetted area, should also be considered, thereby resulting in reporting the retaned
amount relative to the wetted area. The htter vakies provide more detailed information
on the behavior of water in the cavity. Additionally, it was conduded that a clear cavity
of | mm can drain water more eficiently than a cavity of 10mm. As well, the surface
texture of drainage materials affected the spreading and retention of water within the

"Ghart Uriveruity, Faculty of Engneering and Architecturs. Bullding Physcs Rnewrch Group, Gene, Belgum
*National Research Councl of Canada, Coratruction Research Centre, Omtama, ON. Canach
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Effect of cavity with on drainage and rain water transfer

B DRAINAGE CAVITY
T | . |
5 T _ CLEAR P'-*’""T‘!' DRAINAGE MEDIUM
R | | '
= KE=0 KE»* 0D
- | | . B
E- O<w=<3mm 0<w=<10 mm :-: B :-.: )
= N 3w < 5imm 10<w <20 mm :
20 =w < 30 mm (BL1%
- E N < 10 i 20.=w < 30 mm [51.1%) 20 o
T < w < 40 mm
20 mm=w = Linm [2.5% %
! GO mm< w 05% . 0%
e.0. air space between two |
layers of building paper, e.g. cavity of facade
cavity with furring strips systems with open |oints ’
[Van Den Bergh & Yan . 1 & |
Vaeranbergh (20227, Verreth T T
& Callens (2020]]

KE = Kinetic Energy

KE =0 water enters cavity through cracks ar small deficiencies after breaching of meniscus
KE == Owater enters cavity through large openings in an unobstructed manner

w = cavity width




Infiltration percentages with QPA-method as input for hygrothermal simulations

We need to know 4 things
% through cladding
% crossing cavity

/ (3)

e | A | LS _ _
Drained wall assemblies Undrained wall assemblies Drainage & retention
% crossing WRB
WDR Icladding |cavity Ibarrier WDR |cladding Ibarrier
> L 6—-d— > Ld—
1 2 1

Cladding
Cavity
Barrier
Cladding
Barrier

—
LTI
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WRE stapled to 0SB

Staple
Blotting paper underneath WRB
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INFILTRATION RESISTANCE

WM = fevel of warkmanship = quality of applicationfjoints
= Based on visual observations
** Based on the finding that the ratic between high and low robustness is 1710

o
al: (2D06]] (L6%Y"*

= DRAINAGE BARRIER
= , 1 !
COMNTIMEIDS EISCONTINUOLUS
High Average Low
robustness robustness robustness
[ [ [
.0, liguid applied membrane, In I
situ biown PUR [Renofase (2017]]
2
=
= I 1
FOILS PANELS
1 i
:‘ : See figure on next
HI1;|I PE Low PE page
| | i : |
High L
WM WM SEALED LAP JOINTS LAP IDINTS
|
| | | [ ]
. [ |
4. FHaer High Low High Low
perforated WH WM robustness robusiness
hydrophobic | | | I
PR | | | |
we.:!tlj-f:r resistive B0 t,la.pe[l High Low High Low
barries [[hapter 3] polymerkc based WM WM WM WH
waather-resjstive | | I | | | | :
parrier | &0, overlapping
[Dorin et al. No staple Stapie wiilfillg No staple Staple
(2006)] punctures punctunes — - punctures punctures
| | RIS SRS | |
o, ovpriapping  Perforoted WRB e, overlapping  eg. overlapping
ROBUSTNESS = likelikood of cracks and deficiencies polymeric hased WRR [Westan Bt ai building paper  building paper with
PE = Pressure Equallration potential t with staple punciures.  (2006]] with defect at lap  <taple punclures

[Chaptes 3] [Lacasse [2006],
Weston et al.

[2006]] [16.3%)"



Infiltration percentages with QPA-method as input for hygrothermal simulations

- B
° L
S g
(M=
— lcanoing , lcaviry , laarRiER
3) e 0.02% 0.01% 0.001%
08% 0.01%
C | - izl | ==k ULt 18% 5.8% 0.2%
Drained wall assemblies Undrained wall assemblies 10% 54, 0.5%
26% 48% 1.6%
ltadaing  leavity  oarrier | cadding  Tparrier 75% 3.4%
WDR: Cla I{i.ta yll> arrie WDR= Cla Ig>‘ d Eh‘
1 2 1 84% 99% 16%
= |7l |5 AE Retention; 200g/m?
T
GHENT
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Infiltration percentages with QPA-method as input for hygrothermal simulations

cavity

WDR_ cladding

<

(Cladding

&

Cavity

Barrier

MS

barrier

= WDR*|

cladding

2,5%

2,0%

1,5%

1,0%

0,5%

Infiltration at outer side barrier (%)

0,0%

ASHRAE 160 - 1.0%

10.0%
12.5%

nn

37 16 41695 210 181321152223 82419 1 122017 14

i Wall number

Mortared masonry
Clear cavity 30 mm
Glass wool panel

l

Mortared masonry
Glass wool panel



Implementation of rainwater infiltration in hygrothermal simulations

Minimum  WDR

v

@ 1% - according to ASHRAE 160

Retention 200 g/m?

Cladding

Advanced WDR

@ According to QPA-method

Retention 200 g/m?or drainage tests
Simulate the exterior surface absorption first

Cladding

Superior ~ WOR —p o

A

@ Based on watertightness tests

Based on drainage tests
Simulate the exterior surface absorption first

—
LTI

GHENT
UNIVERSITY

Cladding
Cavity




Why building physics did not solve moisture problems (yet)

It’s your fault
VDF: Vapour Diffusion Fetish

Prof. Nathan Van Den Bossche
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Hyperspectral imaging

visible, VIS /

~~ .
NIR, near infrared
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Our Hyperspectral setup:

O Every pixel: 3 = 31 properties

Q VIS and NIR

Hypercube
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Normalized Difference Vegetation Index (NDVI)

Proxy presence of plants and their healthiness
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0 Combining RGB-HSI-UAV

O Photogrammetry using consumer-grade
software Aad

O Publicly available
O Static websites, long term storage
L Opensource technology (Potree)

O Accessible for low-specs clients

Scene

Export
JSON DXF Potree

Objects

https://telin.ugent.be/~psoubrie/Horst/

l, can be hosted on Raspberry Pi
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Brute force search: better normalized difference index

70% Index Distribution (MSE=1.7988)
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L 31 bands to choose from .
O Minimizing RMSE
2500 4
= Veg: 1, non-veg: -1
= Maximizi ti tati o . . . J .
aximizing separation vegetation -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6
from building mate ria |S Index: (B734 - 3718) / (3734 + 3718)

1 Result: 473nm & 525nm
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Brute force search: better normalized difference index

O No false positive tail

O Vegetation healthiness tail

O More false negatives
U Less cluster separation

(] Less sensitive to orientation

_——

I
GHENT
UNIVERSITY (Soubrier, Van Den Bossche, 2025)



Even more complex: XGBoost
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Yearly rainfall
[mm]
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Average CHTC over a year (Vanderschelden, Van Den Bossche, 2025)
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Algae prediction
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Why building physics did not solve moisture problems (yet)

It’s your fault
VDF: Vapour Diffusion Fetish

Instagram
Prof. Nathan Van Den Bossche
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