
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

MEWS Workshop [Proceedings], pp. 1-9, 2003-02-05

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=95f1ce63-edbf-4415-8196-6987578a407f

https://publications-cnrc.canada.ca/fra/voir/objet/?id=95f1ce63-edbf-4415-8196-6987578a407f

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

hygIRC benchmarking experimental work
Maref, W.



 
 
 
 
 
 
 HygIRC benchmarking experimental work  
 
 
 
 
 
 
 
 
 
 

Maref, W.  
 
 
 
 
 
 
 
 
 IRC-ORAL-478  

 

 

www.nrc.ca/irc/ircpubs 
 

http://www.nrc.ca/irc/ircpubs


hygIRC benchmarking experimental work
Presented by

Wahid Maref

On behalf of

MEWS Research Team
Institute for Research in Construction, Ottawa, Canada

February 05, 2003



Research TeamResearch Team

Team Work

• Daniel Booth 
● Mike Lacasse 
● Wahid Maref
● Mike Nicholls
● Daniel Perrier
● Yvon Tardif



BenchmarkingBenchmarking

Building practice

Q
Ideal Wall

Climate characterisation

Model Simulation
hygIRC Output

Wetting tests

Material properties

Benchmarking

Response curve

--Climate Severity-->
--W

al
l R

es
po

ns
e-

->

With leakage in

without leakage in



OutlineOutline

• Objectives - approach
• Small-, mid- and full-scale
• Simulations
• Experiments
• Results
• Summary



Objectives - approachObjectives - approach

• Evaluate drying process of wood-based 
components in wood-frame construction

• Benchmark model  (hygIRC) prediction of drying 
rate of wood-based components

Approach -
• Establish drying rates for OSB sheathing board - alone -

and wrapped in sheathing membrane
• Monitor total Moisture Content over time
• Subject specimens to nominally steady-state conditions



Benchmarking criteriaBenchmarking criteria

If the agreement between the experimental and 
simulated drying curves is around 5% in terms of 
drying times as well as the shape of the drying 
curves derived from the experiments, it is 
acceptable for practical purposes



Starting point for the experimentsStarting point for the experiments

Moisture
Content ?

And.. ?
?????

Moisture
Transport ?

Thermal
Properties ?

How to conduct a full  scale Moisture
response of wall assemblies experiments?



General approachGeneral approach
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Experimental approachExperimental approach

SIMULATION

Step 2: Mid ScaleStep 2: Mid Scale

EXPERIMENT

ANALYSIS 

& 

VERIFICATION

SIMULATION

Step 1: Small ScaleStep 1: Small Scale

EXPERIMENT

ANALYSIS 

& 

VERIFICATION

SIMULATION

Step 3: Full ScaleStep 3: Full Scale

EXPERIMENT

ANALYSIS 
& 

VERIFICATION



EXPERIMENT ANALYSIS & VERIFICATION
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Hygrothermal analysisHygrothermal analysis

• Finite Volume

• Finite Difference

• Finite Element

Materials propertiesMaterials properties

Boundary conditionsBoundary conditions

• Vapor

• Liquid

• Phase change

• Air  flow

• Gravity
• Density

• Thermal conductivity

• Vapor permeability

• Liquid diffusivity

• Sorption

• T and %RH

• Driving rain 
intensity

• Air pressure

• Radiation (solar,...)

Numerical MethodsNumerical Methods

Moisture transportMoisture transport



SimulationsSimulations

• Liquid transport through sheathing membrane 
not modeled

• Air movement not explicitly considered
• Contact between membrane and OSB 

sheathing was assumed to be perfect
• Initial moisture content of the membrane was 

set at 0%



Experiments — approach / test parametersExperiments — approach / test parameters

• Temperature and RH inside test chamber 
controlled 

• Total weight of specimens obtained from 
periodic measurements using weighing system

• Moisture Content derived from dry weight 
measurement

• Moisture Content  from moisture Pins 
(Delmhorst)



Small-scale experiments   Small-scale experiments   

• Objectives

– Material properties (Task 3)
– Calibration of MP on OSB
– Technical information for the development of Mid & 

full-scale experiments.



Small-scale experiments apparatus-
Moisture pins calibration on OSB (150x150)
Small-scale experiments apparatus-
Moisture pins calibration on OSB (150x150)



Small-scale experiments –
Duracrete (300x300)
Small-scale experiments –
Duracrete (300x300)

• Duracrete (All hygrothermal properties were 
determined for the specific product)- 3 specimens

• Start with a high level of known moisture content 
(Total immersion in water for 24 to 36 h)

• Place in a chamber of constant Temperature, RH 
and air flow velocity and allow to dry through the 
major surfaces



Small-scale experiments –
Boundary conditions
Small-scale experiments –
Boundary conditions
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Small-scale experiments –
Results
Small-scale experiments –
Results
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Simulations parametersSimulations parameters

• Measured Initial Conditions
• Measured Boundary Conditions
• Measured Air-Flow Rates
• Measured Properties for Duracrete
• Mass Transfer Coefficient from Literature 

(ASHRAE, Lewis’ Relation)



Small-scale experiments –
Comparative results - Duracrete
Small-scale experiments –
Comparative results - Duracrete
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Experimental steps – Mid & Full-scaleExperimental steps – Mid & Full-scale

Target Boundary Conditions

20°C
30%  RH
Saturated material

Target Boundary Conditions

20°C
30%  RH
Saturated material

PreconditioningStep 1

AssemblyStep 2

Initial weighingStep 3

Start experimentStep 4

ExperimentsExperiments



Apparatus - Climate chamber - EEEFApparatus - Climate chamber - EEEF

Environmental Exposure Envelope FacilityEnvironmental Exposure Envelope Facility

Specimens and 
weighing apparatus 
are placed in EEEF

EEEF maintains 
T and RH profile over 
course of experiment

Smart reader ( T , RH %)Smart reader ( T , RH %)

- 47 to 48 ± 1 ºC
10 to 100% RH ± 3% RH
- 47 to 48 ± 1 ºC
10 to 100% RH ± 3% RH



Apparatus – Full-Scale weighing systemApparatus – Full-Scale weighing system

TENSION LOAD 
CELLS

SUPPORTING 
FRAME

PNEUMATIC 
CYLINDERS

TEST PANEL 
TO BE 

WEIGHED

AUTOMATIC CONTROLAUTOMATIC CONTROL



Apparatus – Mid-Scale weighing systemApparatus – Mid-Scale weighing system

Load cellsLoad cells

Support beamSupport beam

Pneumatic pistonPneumatic pistonPneumatic pistonPneumatic piston



Mid-scale experiments- PreconditioningMid-scale experiments- Preconditioning

Remained in chamber for 2-d

Water
Specimens

Immersed in bath for 5-d



Mid-scale specimens: OSB + membranesMid-scale specimens: OSB + membranes

Wet OSB
Membrane

Membrane+ +

1-m

0.8-m



Initial & boundary ConditionsInitial & boundary Conditions

0

5

10

15

20

25

30

35

40

45

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Time (Days)

Te
m

pe
ra

tu
re

 (°
C

)

0

10

20

30

40

50

60

70

80

90

R
el

at
iv

e 
H

um
id

ity
 (%

)

T (°C)
RH %

8/4/99 23:26 8/25/99 23:26

8/13/99 15:36

8/20/99 17:36

8/22/99 20:268/16/99 9:16



Mid-scale experimental results - Set #1Mid-scale experimental results - Set #1
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Mid-scale experimental results - Set #1Mid-scale experimental results - Set #1
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Mid-scale experimental results - Set #1Mid-scale experimental results - Set #1
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Mid-scale experiments-
Initial and Boundary Conditions
Mid-scale experiments-
Initial and Boundary Conditions
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Mid-scale experimental results-
Specimen 4
Mid-scale experimental results-
Specimen 4
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Mid-scale experiments-
Comparative results - Specimen 4
Mid-scale experiments-
Comparative results - Specimen 4
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Full-scale experiments - PreconditioningFull-scale experiments - Preconditioning



Full-scale wall configurationFull-scale wall configuration

10-mil Polyethylene film

11.5-mm OSB Sheathing

38-mm x 89-mm wood stud frame



Initial & boundary ConditionsInitial & boundary Conditions

Conditions in the Mezzanine (Full Scale)
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Full-scale results - Set # 1 Full-scale results - Set # 1 
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Starting point for the experimentsStarting point for the experiments

simulation?

And.. ?
?????

?

Experiment?

What is wrong?



Perfect Contact

Ext Int

OSB sheathing

Top Plate

Bottom Plate

Polyethylene

Air Gap

Air Gap
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Full-scale results - Set # 1 Full-scale results - Set # 1 
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Full-scale experiments-
Wall configuration
Full-scale experiments-
Wall configuration
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Full-scale experiments-
Set # 4 wall configuration
Full-scale experiments-
Set # 4 wall configuration

6 mil polyethylene
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Envelope Environmental Exposure Facility (EEEF)Envelope Environmental Exposure Facility (EEEF)

Wetting of 
material or 
assembly

measure rate of 
weight loss 

(drying) under 
controlled 
conditions

Comparison to model 
predictions



Full-scale experiments –
Boundary conditions
Full-scale experiments –
Boundary conditions

Conditions in the EEEF (Test 4)
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Full-scale experiments-
Comparative results – Set # 4
Full-scale experiments-
Comparative results – Set # 4
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SummarySummary

• The result obtained by a simulation depends on the 
level of accuracy and details provided by the 4 
ingredients of the model

• Moisture transport
• Material properties
• Boundary conditions
• Numerical methods

• All material properties used in simulation were 
characterized in the IRC lab.



SummarySummary

• Overall agreement between the experimental and 
simulated drying curves is good in terms of drying 
times as well as the shape of the drying curves 
derived from these experiments

• hygIRC can adequately duplicate and help predict 
hygrothermal behaviour of wall components

• Benchmarking further enhances confidence when 
using hygIRC to undertake broader parametric 
studies
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