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 Insurance company
• New construction
• 10 year liability
• 26.392 insurance cases 

 Only technical problems:
• 49% moisture problems
• 19% mechanical problems
• 17% cracking
• 16% residential nuisance (HVAC, fire, glass…)

(De Vos, Blommaert, Van Den Bossche, 2020)

 Moisture problems:
• Internal leakage (tubes, sinks)
• Rainwater infiltration (roof, wall)
• Rising damp
• Condensation

Pathologies 



(Blommaert, Daniotti, 
Van Den Bossche 2022)

Pathologies



Pathologies France Pathologies Norway

Bunkholt, Gullbrekken, 
Time, Kvande, 2021AQC, 2022



Who is responsible?

CIB W086, 1993

AQC, 2010



Projections for the future

BodØ
Helsinki

Berlin
Brussels

Milan
Madrid
Athens

Valencia
Bouarfa

Cairo

(Vandemeulebroucke, Van Den Bossche, 2022)



- 20mm tiles
- 80mm tiles supports
- FPO waterproofing layer
- 60mm EPS insulation
- 120mm CLT
- 80mm EPS insulation
- 10mm silicone-based render

Case-study



Case-study

(Habtie, Van Den Bossche, 2023)



Mass loss pine wood (Viitanen)

Case-study
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Moisture transport
• Different transport modes

• Vapour diffusion

• Vapour transport by convection

• Capillary water transport

• Water transport ~Hydraulics

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



Moisture transport
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• Example:
• Concrete d = 10cm, µ = 100
• Annual vapour pressure difference = 400 Pa [1 Pa = 1 kg/(m.s²)]
• Z = 5 1010 m/s
• gv = 80 10-10 kg/m²/s = 0.25 kg/m²/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/m³)
• Outdoor 0°C, 90% RH (4,23g/m³)
• Bedroom of 40m³, ACH 0,5

• gv = 20m³/h * (8,64-4,23)g/m³ =  88,2g/h 

=> 11,3 hours



Moisture transport
• Different transport modes

• Capillary water transport

1 hour WDR

Penetration depth H 
moisture front?
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• Brick (large pores):

• A = 0.50 kg/m²/s½

• wc = 300 kg/m³

• H = 0.10 m

• m = 30 kg/m²

=> 4 seconds



Moisture transport
• Different transport modes

• Vapour diffusion

• Vapour transport by convection

• Capillary water transport

• Water transport ~Hydraulics

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

=> 11,3 hours

=> 4 years

=> 4 seconds

=> 1 second



Vapour Diffusion Fetish

• WDR loads

• Splashing

• Runoff

• Infiltration

• Deficiencies

• Air leakage

• 2D

• 3D

• Materials

• Hysteresis

• Indoor climate

• Outdoor climate

• Salt

• Degradation
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Vapour Diffusion Fetish
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Vapour Diffusion Fetish

• WDR loads

• Splashing

• Runoff

• Infiltration
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• Air leakage
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• Materials
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• Indoor climate

• Outdoor climate

• Salt

• Degradation
(Van den Bossche, Van Den Bossche, 2025)



(Van den Bossche, Van Den Bossche, 2025)



Quantified watertightness performance

ASHRAE Standard 160 – 1%

Independent of cladding or cavity width

North American context

Stochastic nature of water infiltration

requires numerous experiments

How can we quantitatively predict the

watertightness of various wall assemblies?



Infiltration percentages as input for hygrothermal simulations
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We need to know 4 things
% through cladding
% crossing cavity
Drainage & retention
% crossing WRB





Siding Masonry Panels with open joints

Infiltration percentages depend on cladding type and vary linearly with pressure 
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EXTERIOR CLADDING SURFACE

DISCONTINUOUS

LAP JOINTS OPEN JOINTSSEALED JOINTS

Panels Blocks

CONTINUOUS

High 
robustness

Low 
robustness

High WM Low WM High WM Low WM

e.g. stucco
(1.47%)

e.g. glass, 
precast concrete

e.g. vented vinyl 
siding with tight 

air barrier

e.g. vinyl siding
(0.27%)

e.g. curtain walls
(0.02%)

e.g. mortared bricks 
(10.03%)*

e.g. mortared bricks 
with cracks (44.6%)*

e.g. fibre cement or 
natural stone panels 

(26%)

e.g. glued concrete 
blocks with open head 

joints (83.42%)*e.g. curtain walls
with tilted pressure 

plate
(0.20%)
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Average 
robustness

e.g. ETICS
(0.78%)

High WM Low WM High WM Low WM

e.g. vented vinyl 
siding but with 
open butt joints

e.g. vinyl siding 
with open butt 
joints (1.84%)

ROBUSTNESS = likelihood of cracks and deficiencies
ΔP = Pressure difference over cladding
WM = level of workmanship = quality of joints
* Percentages are only valid in saturated conditions

ΔP ≈ 0 ΔP ≈ 0ΔP > 0 ΔP > 0



Infiltration percentages with QPA-method as input for hygrothermal simulations
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We need to know 4 things
% through cladding
% crossing cavity
Drainage & retention
% crossing WRB





Effect of cavity with on drainage and rain water transfer



Infiltration percentages with QPA-method as input for hygrothermal simulations
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Water infiltrates staple punctures without applied pressure difference



Infiltration percentages with QPA-method as input for hygrothermal simulations
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Retention: 200g/m²



MSbarrier = WDR*Icladding * Icavity
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Mortared masonry
Clear cavity  30 mm
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Superior
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Implementation of rainwater infiltration in hygrothermal simulations

Minimum

1% - according to ASHRAE 160

Retention 200 g/m2
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Simulate the exterior surface absorption first 
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CFD         +      HAM      +      DEGRADATION MODEL  



106 104 102 10 1m 10-1 10-2 10-3 10-4 10-5  …  10-9

(Vanderschelden, Van Den Bossche, 2025)



(Vanderschelden, Van Den Bossche, 2025)



(Vanderschelden, Van Den Bossche, 2025)



Hyperspectral imaging Our Hyperspectral setup:

 Every pixel: 3 → 31 properƟes

 VIS and NIR
visible, VIS 

NIR, near infrared

Important for 
vegetation detection

(Soubrier, Van Den Bossche, 2025)



Normalized Difference Vegetation Index (NDVI)
Proxy presence of plants and their healthiness

NASA’s Terra Satellite

(Soubrier, Van Den Bossche, 2025)



Case study of this research:  Combining RGB-HSI-UAV

 Photogrammetry using consumer-grade 
software

 Publicly available 

 Static websites, long term storage

 Opensource technology (Potree)

 Accessible for low-specs clients

↳ can be hosted on Raspberry Pi
https://telin.ugent.be/~psoubrie/Horst/

(Soubrier, Van Den Bossche, 2025)



(Soubrier, Van Den Bossche, 2025)



Brute force search: better normalized difference index

 31 bands to choose from

 Minimizing RMSE
 Veg: 1, non-veg: -1 

 Maximizing separation vegetation 
from building materials

 Result: 473nm & 525nm 

(Soubrier, Van Den Bossche, 2025)



 No false positive tail

 Vegetation healthiness tail

 More false negatives

 Less cluster separation

 Less sensitive to orientation

Brute force search: better normalized difference index

(Soubrier, Van Den Bossche, 2025)



Even more complex: XGBoost

 Perfect classification on 
binary annotated set

 Using ALL bands

 Lack intermediate values for 
regression

(Soubrier, Van Den Bossche, 2025)



Hourly rainfall over 1year

Yearly rainfall 
[mm]

N

(Vanderschelden, Van Den Bossche, 2025)



Average CHTC over a year

CHTC
[W/m2K]

N

(Vanderschelden, Van Den Bossche, 2025)



Algae prediction

Improved Avrami model (Vanderschelden, Van Den Bossche, 2025)
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