
09/11/2021

1

VIP 41: Impact of wind on 
building airtightness test
VALÉRIE LEPRINCE – INIVE

NOVEMBER 8TH– AIVC & TIGHTVENT WEBINAR
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AIVC project: Working Group Impact of 
Wind on airtightness test 
Objective:
◦ Better understand the uncertainty due to wind on the airtightness test 

◦ Provide a literature review on the subject

◦ Improve the airtightness test method (inc. calculation) for a better reliability 
and feasibility.

Output (March 2021):
A “Ventilation Information Paper” published by AIVC : 
https://www.aivc.org/resources
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Why do we care about wind?

Minimum airtightness requirement 
included in the regulation (in 2016)

Building airtightness tests have become very common in several 
countries

◦ Tests required with a target value 
 Necessary to have reliable tests

 Not too many limitations on allowable test conditions

Sources of uncertainty :
◦ Measurement device (accuracy precision) → Calibration
◦ Calculation assumptions (regression analysis, model)
◦ Tester behavior → Training, competent tester schemes
◦ External conditions (wind, stack effect)
 Not properly addressed in ISO 9972

Allowable test conditions:
◦ The zero-flow pressure shall not exceed 5 Pa for the test to be valid.
◦ In some very windy regions it is difficult to perform a test in accordance 

with the standard. 

No minimum requirement included
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Content

Part 1: The physic

Part 2: Literature review

Part 3: How to limit the impact? 

Impact of wind on building airtightness tests
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Impact of wind on 
building airtightness test
PART 1: REASONS BEHIND – THE PHYSIC

𝑬 𝒒 =
𝒒𝒆𝒔𝒕 − 𝒒𝒏𝒐𝒘𝒊𝒏𝒅

𝒒𝒏𝒐𝒘𝒊𝒏𝒅
=
𝑪𝒆𝒔𝒕. 𝜟𝒑𝒓𝒆𝒇

𝒏 − 𝑪𝒕. 𝜟𝒑𝒓𝒆𝒇
𝒏

𝑪𝒕. 𝜟𝒑𝒓𝒆𝒇
𝒏

=
𝑪𝒖𝒑 𝜟𝒑𝒊 − 𝒑𝒖𝒑

𝒏
+ 𝑪𝒅𝒐𝒘𝒏 𝜟𝒑𝒊 − 𝒑𝒅𝒐𝒘𝒏

𝒏 − 𝑪𝒕 𝜟𝒑𝒊 − 𝜟𝒑𝟎
𝒏

𝑪𝒕 𝜟𝒑𝒊 −𝜟𝒑𝟎 𝒏
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Part 1: The physics behind the impact of 
wind on the result
At least 4 issues: 
◦ Error due to wind variation (between before/after and during the test)

◦ Impact on the external pressure sensor

◦ Uncertainty due to wind fluctuations (wind never steady over the whole test)

◦ Model error

The wind has an impact on the result of the 
airtightness test despite the zero-flow pressure 
subtraction
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Wind variation

The wind impact is not necessarily the 
same before/after and during the test

1st issue
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Pressure measurement 

Wind Wind

Theoretically In practice 

The extrernal
pressure is 
“absolute”

The external pressure 
gauge is behind or in 

front of an obstacle (the 
building or else)
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Pressure measurement 

Wind

The extrernal
pressure is 
“absolute”

Wind The external pressure 
gauge is behind or in 

front of an obstacle (the 
building or else)

1𝜟𝒑𝟎 = 𝒑𝒊 − 𝒑𝒆𝒙𝒕 𝜟𝒑𝟎 = 𝒑𝒊 − 𝒑𝒆𝒙𝒕 +
𝟏

𝟐
𝝆𝑪𝒑𝒈𝒂𝒖𝒈𝒆𝑼²

2nd issue
To limit this impact ASTM E 779  method suggests a pressure tap on 
each face of the building that is then averaged using a manifold. 
=> It is not the equilibrium pressure but the averaged pressure 
difference of the building envelope that is measured in this standard

In practice we measure:Theoretically the calculation assumes:
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Wind fluctuations

𝜟𝒑𝟎 > 𝟏𝟎𝑷𝒂

𝜟𝒑𝟎 < −𝟏𝟎𝑷𝒂

Indoor pressure varies 
of more than 20 Pa 
within a few minutes
→ large induced 
uncertainty 

3rd issue
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And even in a perfect world, it does not 
work well (Model error)…

𝛥𝑝0 = 𝑝𝑖 − 𝑝𝑒𝑥𝑡 =
𝐶𝑢𝑝

1
𝑛 𝑝𝑢𝑝 + 𝐶𝑑𝑜𝑤𝑛

1
𝑛𝑝𝑑𝑜𝑤𝑛

𝐶𝑢𝑝

1
𝑛 + 𝐶𝑑𝑜𝑤𝑛

1
𝑛
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… as the problem is not linear (n≠1)
Windward side

Impact under-estimated in 
pressurisation, over-

estimated in depressurisation

Leeward side
Impact over-estimated 
in pressurisation, 
under-estimated in 
depressurisation
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Model error
U

(m/s)

External

pressure 

(Pa)

Cup/Ct
Δp0

(Pa)

Internal pressure |Δpi|

10 Pa 25 Pa 50 Pa 100 Pa

p+ p- av. p+ p- av. p+ p- av. p+ p- av.

3
pup=1,35

pdown=-2,7

0,25 -2 -2% 2% 0% -1% 1% 0% 0% 0% 0% 0% 0% 0%

0,5 -0,6 0% -1% -1% 0% 0% 0% 0% 0% 0% 0% 0% 0%

0,75 0,6 1% 2% 2% 1% -1% 0% 0% 0% 0% 0% 0% 0%

5
pup=3,75

pdown=-7,5

0,25 -4 1% -14% -7% 1% -3% -1% 1% -1% 0% 0% 0% 0%

0,5 -0,8 4% -14% -5% 2% -4% -1% 1% -2% 0% 1% -1% 0%

0,75 0,6 -5% -1% -3% -1% 0% -1% -1% 0% 0% 0% 0% 0%

10
pup=15

pdown=-30

0,25 -7,2 18% -267% -125% 18% -91% -37% 11% -21% -5% 6% -9% -2%

0,5 -0,9 -14% -87% -51% 8% -48% -20% 6% -12% -3% 4% -5% -1%

0,75 0,6 -86% -7% -47% -16% -8% -12% -6% 2% -2% -2% 2% 0%

In some cases, some 
leakage flow in the 
opposite direction

If the whole building is pressurized (respect. depressurized) averaging 
the results of a pressurized and a depressurized test decreases the error.

4th issue
𝑬 𝒒 =

𝒒𝒆𝒔𝒕 − 𝒒𝒏𝒐𝒘𝒊𝒏𝒅
𝒒𝒏𝒐𝒘𝒊𝒏𝒅

=
𝑪𝒆𝒔𝒕. 𝜟𝒑𝒓𝒆𝒇

𝒏 − 𝑪𝒕. 𝜟𝒑𝒓𝒆𝒇
𝒏

𝑪𝒕. 𝜟𝒑𝒓𝒆𝒇
𝒏

=
𝑪𝒖𝒑 𝜟𝒑𝒊 − 𝒑𝒖𝒑

𝒏
+ 𝑪𝒅𝒐𝒘𝒏 𝜟𝒑𝒊 − 𝒑𝒅𝒐𝒘𝒏

𝒏 − 𝑪𝒕 𝜟𝒑𝒊 − 𝜟𝒑𝟎
𝒏

𝑪𝒕 𝜟𝒑𝒊 −𝜟𝒑𝟎 𝒏
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To sum up: 4 main wind issues

Wind variation Pressure measurement 
location

Wind fluctuations Model error
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Impact of wind on 
building airtightness 
tests
PART 2: QUANTIFICATION, LITERATURE REVIEW
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Literature review presented in the VIP
Simulations:

• Impact of steady wind

• Impact of unsteady wind

Laboratory measurements

On-site measurements
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Error due to steady wind: 
Very sensitive to leakage distribution
- 50 Pa: < 12% up to 10 m/s; 
< other uncertainties up to 6 m/s
- 10 Pa: < 60% up to 10m/s
- 4 Pa: main uncertainty at 4m/s

Carrié&Leprince, 2017

Error due to steady wind: 
Very sensitive to leakage distribution
- 50 Pa: < 12% up to 10 m/s; 
< other uncertainties up to 6 m/s
- 10 Pa: < 60% up to 10m/s
- 4 Pa: main uncertainty at 4m/s

Carrié&Leprince, 2017

Quasi-steady compressible and 
isothermal models:
- Much larger uncertainties than 

average wind alone.
- Significant impact of wind frequency
Carrié&Mélois, 2020

Quasi-steady compressible and 
isothermal models:
- Much larger uncertainties than 

average wind alone.
- Significant impact of wind frequency
Carrié&Mélois, 2020

CFD Study:
The ACH increases from about 100% 
during a windy day (mean velocity of 5 
m/s): Gusts create a pressure 
difference around 50 Pa
Kraniotis et al., 2014

CFD Study:
The ACH increases from about 100% 
during a windy day (mean velocity of 5 
m/s): Gusts create a pressure 
difference around 50 Pa
Kraniotis et al., 2014

• A better characterisation of unsteady winds
• A better knowledge of leakages behaviour

What is needed?
• include the stack effect
• simulate multi-zone buildings

Literature review presented in the VIP
Simulations:

• Impact of steady wind

• Impact of unsteady wind

Laboratory measurements

On-site measurements
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What is needed?
• define how the wind shall be modelled
• model the environment 

Outdoor measurement with steady artificial wind at 4 Pa:
- high wind speeds (4 m/s – 9.5 m/s) in one direction induce 16% to 24% 

lower results of air permeability
- wind becomes mostly insignificant under 3.5 m/s

Zheng et al., 2018

Outdoor measurement with steady artificial wind at 4 Pa:
- high wind speeds (4 m/s – 9.5 m/s) in one direction induce 16% to 24% 

lower results of air permeability
- wind becomes mostly insignificant under 3.5 m/s

Zheng et al., 2018

For an indicator at 4 Pa:
• Leakage mostly leeward side: ISO 9972 method 

more reliable than a 1-point method and a 2-point 
method, for all wind speeds

• Leakage mostly on the windward side: a  1-point  
analysis (pressure station at 50 Pa or 100 Pa) gives 
lower error when the wind is above 4 m/s. 

Mélois, 2020

For an indicator at 4 Pa:
• Leakage mostly leeward side: ISO 9972 method 

more reliable than a 1-point method and a 2-point 
method, for all wind speeds

• Leakage mostly on the windward side: a  1-point  
analysis (pressure station at 50 Pa or 100 Pa) gives 
lower error when the wind is above 4 m/s. 

Mélois, 2020
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Literature review presented in the VIP
Simulations:

• Impact of steady wind

• Impact of unsteady wind

Laboratory measurements

On-site measurements
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What is needed?
• More studies to draw general conclusions
• Control some parameters (leakage repartition etc.) for parametric studies

6000 tests in 6 houses; recommendations :
- Below 3 m/s, multi pressure point testing ; about 

10% better for a 4 Pa reference than single-point
- Above 6 m/s, single point testing at 50 Pa
- Averaging pressurization and depressurization 

tests reduces the uncertainty by about 12%.
Walker et al., 2013

6000 tests in 6 houses; recommendations :
- Below 3 m/s, multi pressure point testing ; about 

10% better for a 4 Pa reference than single-point
- Above 6 m/s, single point testing at 50 Pa
- Averaging pressurization and depressurization 

tests reduces the uncertainty by about 12%.
Walker et al., 2013

High-rise building (60m), tests in 
windy AND not windy condition
- By averaging the results : 

possible to obtain
reproducible results

- Averaging measured values 
on 3 sides: reduces wind
impact

Rolfsmeier and Simons., 2019

High-rise building (60m), tests in 
windy AND not windy condition
- By averaging the results : 

possible to obtain
reproducible results

- Averaging measured values 
on 3 sides: reduces wind
impact

Rolfsmeier and Simons., 2019

Test module in open terrain: 
- Change in wind speed higher impact on uncertainty than change in wind direction
- The  test  becomes even more reliable when wind direction (and therefore pressure 

distribution) changes a lot during the test. 
- When the wind blows against the fan, the main source of error is due to this direct flow 

of wind on the fan (overlaps other source of error due to wind). 
Kraniotis et al, 2020

Test module in open terrain: 
- Change in wind speed higher impact on uncertainty than change in wind direction
- The  test  becomes even more reliable when wind direction (and therefore pressure 

distribution) changes a lot during the test. 
- When the wind blows against the fan, the main source of error is due to this direct flow 

of wind on the fan (overlaps other source of error due to wind). 
Kraniotis et al, 2020

Minimizing the wind 
impact on airtightness 
tests results

November 8th, 2021 VALÉRIE LEPRINCE - IMPACT OF WIND ON AIRTIGHTNESS TEST 20
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Main recommendations for minimising 
wind impact

• Increase the duration and frequency of the measurements: 30 to 60 s and 1 data /s (> 10 points/data)

• Monitor the wind during the entire test to detect variations

Improve zero-flow pressure measurement

• Let gauges at the same location during the whole test

• Use T-pieces and put the pipe some distance away

Choose carefully the location of pressure taps

Use a weighed method for the regression

• Average the results of pressurization and depressurization tests 

• Single-point test to estimate a flowrate at 50 Pa or at 4 Pa with wind > 5 m/s (multipressure-point when < 5 m/s)

• Carry out similar pressure measurements during the airtightness test than during the zero-flow pressure 
measurement (duration and frequency); use an average of the same number of values over the same time interval.

Adapt the pressure difference sequence

November 8th, 2021 VALÉRIE LEPRINCE - IMPACT OF WIND ON AIRTIGHTNESS TEST 21
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T E C  - THE ENERGY CONSERVATORY

Improving Air Tightness Measurements

in Windy Conditions

With Gary Nelson

Introduction

Gary Nelson

• Founder of TEC – The Energy Conservatory

• Physicist and Engineer

• Inventor of the Minneapolis Blower Door™, Minneapolis DuctBlaster®

and TrueFlow® Grid

• Recognized member of global building science community

1
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Agenda

• Improving Air Tightness Measurements in Windy Conditions

• Results from testing several outdoor tap locations and designs 

simultaneously

• Testing very tall buildings

• Outdoor pressure measurements testing a 35-story building

What Happens During a Blower Door Test?

• A blower door test is typically done at an 

induced pressure difference of 50 Pascals.

• The blower door fan is adjusted to change the 

pressure difference between inside and outside 

the building by 50 Pa and the flow is measured.

• The induced pressure difference (in a single 

zone building) will be the same everywhere  

(Pascal's principle), so it should not matter 

where you measure.

• However, wind fluctuations create noise and we 

want to select the measurement location to 

minimize this noise

A Blower Door Test induces a pressure 

difference between inside and outside.

- 50 Pa wrt to outside

3
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• TEC’s historic advice has been to 

measure at ground level on leeward side 

for best results

• Others have recommended to measure 

far away from the house

• Ensure measurement duration is 

extended to 30 seconds or more.

• Recent work by Prignon, et al has 

suggested optimal measurement periods 

of 60 to 120 seconds in windy weather.

Blower Door Test in Windy Conditions

Steady measurement of house to outdoor 

pressure is important to minimize impact of wind

Wind Direction

Where and How Should Outdoor Pressure be Measured? 

Tested 8 locations at the same time

• Used TECLOG software collecting 

extended data (hours) at 1 sec averages

• To compare performance of each 

location, calculated standard deviation of 

(20) sets of 30 second data (10 minutes)

• The lower the standard deviation, the 

better the technique, as previously 

discussed in AIVC papers by Christophe 

Delmotte, Martin Prignon and others

• Gary’s House:  n50 = 1, Volume = 850 m3

N
S

E

W

Testing Outdoor Pressure Locations
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Testing Outdoor Pressure Locations

Tested 8 locations at the same time

• East side, ground level with tee

• North side, ground level with tee

• South side, ground level with tee

• West side, ground level with tee

• East of house by 5.5m, 2 m above ground with Dwyer sensor

• East of house by 5.5m, ground level with tee

• Northwest corner of property, 2 m above ground with tee

• Northwest corner of property, ground level with tee

• Indoor barometric pressure (Paroscientific barometer)
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Method for Collecting and Analyzing Data

• Logged data from each location for several hours

• Raw data collected with 1 second averages

• Selected several 10-minute periods which had high wind

• Split 10-minute periods into twenty 30-second averages to 

approximate normal measurement durations needed for a

multi-point test

• Calculated the standard deviation of the twenty averages to 

allow comparison of the various locations and designs

Testing Outdoor Pressure Locations

Data Summary

77

2244

33

N

S

EW

11

NW Wind at 6 m/s

11

22

33

77

55

66

44

88

88

5.5 m

55 66

5.5 m

Channel Avg (Pa)
Std Dev 

(Pa)

East Side, tee -5.58 0.52

North Side, tee -4.7 0.81

South Side, tee -6.79 1.25

West Side, tee -5.44 1.05

5.5 m East, Dwyer 2m up -4.52 0.69

5.5 m East, ground w/tee -5.55 0.87

NW Corner, 2m up w/tee -2.85 1.59

NW Corner, ground w/tee -4.19 1.03

Generally, Leeward side appears best.

Example of one data set on one building.
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The Goal is to Find A Quiet Location

Location of Adjacent Buildings can Impact Rules of Thumb

Recommendations to Minimize Effect of Wind

Wind Speed Outdoor Pressure Tap Location Measurement Duration

< 2.2 m/s More than 2 m from fan 10+ seconds

2.2 – 4.5 m/s Leeward side, more than 2 m from fan 10+ seconds

> 4.5 m/s Leeward side, more than 2 m from fan 30+ seconds

Place Outdoor Tap in Quiet Location

• Place at joint between wall & ground, as low as possible

• Use a Tee, protected from rain

• For higher winds, leeward side of the building

Measurement Duration

• In windy conditions, extend measurement 

duration to at least 30 seconds

When turned on, Wind Assistant 
monitors data during a baseline,  
automatically adjusts baseline & 

POR duration (and other settings) 
to reduce uncertainty in data

13
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Next Steps:  Looking into Performance of Outdoor Tap Designs

Indoor Barometric Pressure Variation

BB Indoor Barometric Pressure
Std Dev =  2.21 Pa

11

77

East Side, ground w/tee
Std Dev =  0.52 Pa

NW Corner, 2 m up, w/tee
Std Dev =  1.59 Pa

15
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Agenda

• Best practices for minimizing the effects of wind

• Results from testing several methods simultaneously

• Testing very tall buildings

• Outdoor pressure measurements testing a 35-story building

Luftdurchlässigkeitsmessung in einem
125 m hohen Gebäude

Projektleitung 
o Emanuel Mairinger, 

Dr. Ronald Mischek, ZT 
GmbH, Wien

Partner
o Johannes Neubig,

Thomas Gayer,  
MA39, Stadt Wien 

Unterstützung 
o Gary Nelson, Collin Olson, 

The Energy Conservatory
o Stefanie Rolfsmeier, 

BlowerDoor GmbH© E. Mairinger

Airtightness Test in a 125 m high Building

17
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Ground Floor
0 m above ground

12. Floor
41 m above ground

22. Floor
73 m above ground

34. Floor
112 m above ground

Nat. Gebäudedruckdifferenzen / nat. building Pressure

+70 Pa+70 Pa

-10 Pa-10 Pa

T E C  - THE ENERGY CONSERVATORY

Improving Air Tightness Measurements

in Windy Conditions

With Gary Nelson

19
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T E C  - THE ENERGY CONSERVATORY

Minimizing the Effect of Wind 

on Air Tightness Tests
With Gary Nelson

How Does Wind Impact Blower Door Measurement

• If the wind is perfectly steady, it would not cause an 

issue.  It is the fluctuation of the wind that causes noisy 

measurements.

• To minimize the impact of fluctuating wind we take 

measures to reduce the amplitude of the noise as well as 

extending the time period for the measurement.

• The measurement of zero flow pressure (or “baseline 

pressure”) is impacted by the  wind and causes an 

uncertainty in the calculated air tightness.  This 

uncertainty is not currently considered in standards.

Question:  Where should we measure outdoor pressure? 

21
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Luftdurchlässigkeitsmessung in einem
125 m hohen Gebäude

Projektleitung 
o Emanuel Mairinger, 

Dr. Ronald Mischek, ZT GmbH, Wien

Partner
o Johannes Neubig,

Thomas Gayer,  
MA39, Stadt Wien 

Unterstützung 
o Gary Nelson, Collin Olson, 

The Energy Conservatory
o Stefanie Rolfsmeier, 

BlowerDoor GmbH© E. Mairinger

Airtightness Test in a 125 m high Building

Testing Outdoor Pressure Locations

Tested 8 locations at the same time

• East side, ground level with tee

• North side, ground level with tee

• South side, ground level with tee

• West side, ground level with tee

• 5.5 m East of house, 2 m above ground,

Dwyer static pressure sensor

• 5.5 m East of house, ground level with tee

• Northwest corner of property, 2 m above ground with tee

• Northwest corner of property, ground level with tee

• Indoor barometric pressure

77

2244
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Testing Outdoor Pressure Locations

Tested 8 locations at the same time

• East side, ground level with tee

• North side, ground level with tee

• South side, ground level with tee

• West side, ground level with tee

• East side 5.5 m away from building

• East side on stand

• Northwest corner of property, up 2 m

• Northwest corner of property, ground
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• East side 5.5 m away from building

• East side on stand

• Northwest corner of property, up 2M
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Testing Outdoor Pressure Locations

Tested 8 locations at the same time

• East side, ground level with tee

• North side, ground level with tee

• South side, ground level with tee

• West side, ground level with tee

• East side 5.5 m away from building

• East side on stand

• Northwest corner of property, up 2M

• Northwest corner of property, ground

11

22

33

77

55

66

44

88

27

28



Building Pressures in Very Tall Buildings

Conclusion:  Measure Outdoor Pressure at Ground Level

Test in Vienna run in 2021 by:

Steffi, Thomas, etc.

Best Practices to Minimize Effect of Wind

Place outdoor tap in quiet location

• > 2M from the exit of the fan, away from  

obstructions. 

• Place at the joint between the wall and the 

ground as low as possible

• Use a Tee at the end of the hose

• Ensure end of hose is protected from rain

• For higher winds, ensure outdoor tap is on 

leeward side of the building

Extend Baseline & POR readings

• Average 10 seconds or more on calmer days

• Average 30 seconds or more on windier days

Wind Pout Location, POR Duration

< 2.2 m/s Outside > 2M from fan, average 10+ sec

2.2 – 4.5 m/s Leeward side, > 2M from the fan, average 10+ sec 

> 4.5 m/s Leeward side, > 2M from the fan, average 30+ sec 
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Agenda

• Best practices for minimizing the effects of wind

• Results from testing several techniques simultaneously

• Testing very tall buildings

• Outdoor pressure measurements testing a 35-story building

Testing to Confirm Best Approach
Data Summary
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Channel Avg Std Dev

P1 East Side -5.58 0.52

P6  North Side -4.7 0.81

P8  South Side -6.79 1.25

P2  West Side        -5.44 1.05

P7  (5.5M East, Ground) -5.55 0.87

P4  (5.5M East, Dwyer)        -4.52 0.69

P3  (NW Corner, 2M Up)    -2.85 1.59

P5  (NW Corner, Ground)  -4.19 1.03
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Testing to Confirm Best Approach
Data Summary

N

S

EW
11

22

33

77

55

66

44

88

Channel Avg Std Dev

P1 East Side -5.58 0.52

P6  North Side -4.7 0.81

P8  South Side -6.79 1.25

P2  West Side        -5.44 1.05

P7  (5.5M East, Ground) -5.55 0.87

P4  (5.5M East, Dwyer)        -4.52 0.69

P3  (NW Corner, 2M Up)    -2.85 1.59

P5  (NW Corner, Ground)  -4.19 1.03

Tests to Confirm Best Approach
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Wind out of Northwest at ~ 6.7 m/s
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Channel # Obs Avg Std Dev

P1  (East)        20 -5.58 0.52

P2  (W)        20 -5.44 1.05

P3  (NW 2M)    20 -2.85 1.59

P4  (Dwyer)        20 -4.52 0.69

P5  (NW grass)  20 -4.19 1.03

P6  (N)        20 -4.7 0.81

P7  (Dwyer, T, 

Ground)        
20 -5.55 0.87

P8  (S)        20 -6.79 1.25

pbaro_Pa 20 7.69 2.21

TBase_F     20 71.79 0.01
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What’s Next?

Channel # Obs Avg Std Dev

P1  (East)        20 -5.58 0.52

P2  (W)        20 -5.44 1.05

P3  (NW 2M)    20 -2.85 1.59

P4  (Dwyer)        20 -4.52 0.69

P5  (NW 

grass)  
20 -4.19 1.03

P6  (N)        20 -4.7 0.81

P7  (Dwyer, T, 

Ground)        
20 -5.55 0.87

P8  (S)        20 -6.79 1.25

pbaro_Pa    20 7.69 2.21

TBase_F     20 71.79 0.01

Performance of different shapesBarometric differences INSIDE the home

Tests to Confirm Best Approach

• Tested 7 different outdoor 

locations simultaneously

• East side 23 feet away from building

• East side on stand

55

66
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Tests to Confirm Best Approach

• Tested 7 different outdoor 

locations simultaneously

• Northwest corner of property

77

88

Tests to Confirm Best Approach

• Tested 6 different outdoor locations 

simultaneously

• Performance compared calculating 

standard deviation of the outdoor 

pressure over 30 second readings

• To gather the data, used TEC TECLOG 

software collecting extended data at 1 sec 

averages
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Significant Research Continues on this Topic

Significant Research Continues on Methods to Minimize Impact of Wind

Tests to Confirm Best Approach

• Tested 7 different outdoor 

locations simultaneously

• Performance compared 

calculating standard deviation 

of the outdoor pressure over 

the 30 second readings

• To gather the data, used TEC 

TECLOG software collecting 

extended data at 1 sec 

averages
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at ~ 6.7 m/s
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Tests to Confirm Best Approach

• Tested 6 different outdoor locations 

simultaneously

• Performance compared calculating 

standard deviation of the outdoor 

pressure over the 30 second readings

• To gather the data, used TEC TECLOG 

software collecting extended data at 1 sec 

averages
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• Tested 6 different outdoor locations 

simultaneously

• Performance compared calculating 

standard deviation of the outdoor 

pressure over the 30 second readings

• To gather the data, used TEC TECLOG 

software collecting extended data at 1 sec 

averages
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Tests to Confirm Best Approach

• Tested x approaches 

simultaneously to see which 

performed best in exactly the 

same conditions

• Test informed by previous AIVC 

papers

• Good data will be informed by 

monitoring the standard deviation 

of the outdoor pressure reading

Tests to Confirm Best Approach

• Tested x approaches 

simultaneously to see which 

performed best in exactly the 

same conditions

• Test informed by previous AIVC 

papers

• Good data will be informed by 

monitoring the standard deviation 

of the outdoor pressure reading
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Best Location to Measure House to Outside Pressure 

Best location is leeward side at ground level

TEC testing in July 2020 show windward side of the 

building generally caused 3x the error of the leeward side 
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30+ Simulated Multi-Point Blower Door Tests
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Summary of Best Practices to Accommodate Wind

NOTES:

• It is important to ensure the exhaust from the blower door fan does not impact 

the outdoor pressure tap measurement. Ensure it is more than 5 feet from the 

exit of the fan and be aware of obstructions. 

• Place end of tube at the joint between the wall and the ground as low as 

possible

• Make sure the end of the hose is protected from rain

Wind 

Speed
Recommended Pout Location

< 5 mph Outside > 5 feet from fan, time averaging = 10 sec

5-10 mph Leeward side of the building, > 5 feet from the fan, time averaging = 10 sec 

> 10 mph Leeward side of the building, > 5 feet from the fan, time averaging = 30 to 60 sec
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Best Practices to Accommodate Wind

Minneapolis Blower Door Wind Tee is now included in the kit.

This simple tee, along with the TEC AutoTest app with built-in Wind Assistant 

makes it easier to comply with Best Practices.

• Ensure the exhaust from the blower door fan does not impact the measurement by 

placing the tap more than 5 feet from the exit of the fan and be aware of obstructions. 

• Place end of tube at the joint between the wall and the ground as low as possible

• Make sure the end of the hose is protected from rain

• For higher wind speeds, ensure outdoor tap is on the leeward side of the building and 

increase your time averaging during the period of record

Wind Speed Recommended  Pout Location

< 5 mph Outside > 5 feet from fan, time averaging = 10 sec

5-10 mph Leeward side, > 5 feet from the fan, time averaging = 10 sec 

> 10 mph Leeward side, > 5 feet from the fan, time averaging = 30+ sec

Agenda

• Best practices for minimizing the 

effects of wind 

• TEC AutoTest with Wind Assistant™

• Review data from initial testing

• Where to get more information
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Automates Testing

TEC Auto Test App for IOS & Android

Wind Assistant™

• Monitors data during a baseline 

and determines if adjustments 

should be made to data 

collection to reduce uncertainty 

in data

• Assistant which can be turned 

on or off

Wind Assistant Makes it Easier to Recognize Windy Conditions and Take the Right Actions
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Bill Test of Lake Home

Calm Conditions Windy Conditions

Summary

• Wind Assistant was turned on 

“Suggest when to Use”

• Detected Wind and asked if I wanted 

to move to default adjustments for 

windy conditions

• Added ~ 20 seconds to each POR 

(period of record)

• Added a slower adjust rate to lock on 

to target building pressure
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Agenda

• Best practices for minimizing the 

effects of wind 

• TEC AutoTest with Wind Assistant™

• Review data from initial testing

• Where to get more information

• Collin and Gary performed multiple Blower Door tests

• Performed over several days

• Wind Assistant in “recommend” mode

• Goal was to confirm following

• Only turns on in windy conditions (where extra test time is worth it)

• Does not when it is not too windy

• It improves data uncertainty when there is significant wind present

• It does not deliver worse data uncertainty than with wind assistant off

Collin and Gary Testing
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• Placeholder – Collin Data slide 1

Collin and Gary Testing

Collin and Gary Testing
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Collin and Gary Testing

Collin and Gary Testing
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TEC has Contributed Other Research on this Topic

• Wind Effect on Residential Testing

• Wind Effect on Midrise Residential

• 4 side average pressure improves 

repeatability, but one pressure was 

often even better although difficult to 

determine ahead of time which side 

that would be.

• Repeated 1-point test at 50 or 75 Pa 

gave more repeatable results than multi 

point for the same amount of time.

Agenda

• Best practices for minimizing the 

effects of wind 

• TEC AutoTest with Wind Assistant™

• Review data from initial testing

• Where to get more information
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Where to get more information

AutoTest if Free - Download from the TEC Website

YouTube Website:  energyconservatory.com
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T E C  - THE ENERGY CONSERVATORY

Questions for Collin?

Can also send questions to:

Bill Graber

bgraber@energyconservatory.com

PH:  612-254-2161
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In-situ investigation of  the impact of  

dynamic wind on fan pressurization method

Dimitrios Kraniotis

Dep. of Civil Engineering & Energy Technology

Oslo Metropolitan University - OsloMet

dimkra@oslomet.no

AIVC – TightVent Europe - INIVE

Webinar ‘Impact of  wind on airtightness test results’

8th November 2021

1

Experimental site – Ås, 30 km south of Oslo

2

The file of the meteorological station BIOKLIM of the

Norwegian University of Life Sciences (NMBU)

3d ultrasonic

anemometer

1

2

mailto:*dimkra@oslomet.no


Insulated test house in cross-laminated timber (CLT)

3

In-situ measurements – Overview of temperature

4

• 10 selected days (variation in 3d wind speed and direction)

• Both pressurization and depressurization; 8+8 tests during a day

• In total: 158 tests

< 250 mK

likely that a satisfactory zero flow 

pressure difference can be obtained.
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In-situ measurements – Overview of wind conditions

5

pressurization depressurization

ISO 9972: ‘A wind speed near the ground that exceeds 3 m/s or a meteorological wind 

speed above 6 m/s is unlikely to satisfy the zero-flow pressure difference requirement.’

In-situ measurements – Overview of wind conditions

6

pressurization depressurization

ISO 9972: ‘A wind speed near the ground that exceeds 3 m/s or a meteorological wind 

speed above 6 m/s is unlikely to satisfy the zero-flow pressure difference requirement.’

3.89

6.80

One would expect that Days 7, 8 and 10 would satisfy the zero-

flow pressure difference requirement

WHILE

The Days 1-6 and Day 9 would not satisfy it 

One would expect that Days 2, 4, 6, 7, 8 and 10 would satisfy

the zero-flow pressure difference requirement

WHILE

The Days 1, 3, 5 and Day 9 would not satisfy it 
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ISO 9972:2015 – Criteria control

7

Building leakage rate results (sample: Days 1-7)

8
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ISO 9972:2015 – Results
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ISO 9972:2015 – Results
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ISO 9972:2015 – Results

12

ISO 9972 criteria control

13
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Criteria control - Discussion

14

• The wind-based criterion in ISO 9972:2015 generally predicts the likelihood, 

HOWEVER fails to predict the non-likelihood of zero-flow pressure difference 

requirement;

• The days 7, 8 and 10 have fulfilled the requirement both in the pressurization and 

depressurization tests.

• The days 3, 4 and 6 also fulfil the requirement both in the pressurization and 

depressurization tests.

• The vast majority of tests during the day 5 also fulfil the requirement (only 1 out of 

8 fails in pressurization and 2 out of 8 in depressurization)

• The days 1, 2 and 9 show the worst performance.

One would expect that Days 7, 8 and 10 would satisfy

the zero-flow pressure difference requirement

WHILE

The Days 1-6 and Day 9 would not satisfy it 

One would expect that Days 2, 4, 6, 7, 8 and 10 would

satisfy the zero-flow pressure difference requirement

WHILE

The Days 1, 3, 5 and Day 9 would not satisfy it 

Criteria control – The role of turbulence intensity (?)

15

• On the day 5 - pressurization: the one test that fails to fulfil the requirement has the 

highest turbulence intensity among all tests, i.e. 25.5%, while the other tests have 

between 15.5 and 19.5% (approximately).

• On the day 5 - depressurization: the two test that fail to fulfil the requirement have 

the highest turbulence intensity, i.e. 21%, while the other tests have between 17.5 and 

19.5% (approximately).

14

15



16

Summary of results – Steady state analysis | Pressurization

17

Pressurization: Coefficient of determination & mean wind speed

Day 7: High turbulence intensity! 
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Summary of results – Steady state analysis | Depressurization

19

Depressurization: Coefficient of determination & mean wind speed
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Probability density function of wind speed - Pressurization
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Probability density function of wind speed - Depressurization

23

Wind direction and coefficient of determination
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Probability density function of wind direction and coefficient of

determination
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25

• Pressurization and depressurization: different performance with respect to the fulfilment of the 

criteria as per ISO 9972; Pressurization fulfils ‘easier’ the criteria compared to depressurization

• Pressure difference sequence and lowest target pressure difference show the highest failure 

potential, after the zero-flow pressure difference criterion

• Over 25% of the tests would have been rejected by the ISO, however they fulfil the zero-flow 

requirement.

• Wind fluctuations and turbulence intensity increase the likelihood for failure of the zero-flow 

requirement as well as the uncertainty of the test(s), even in favourable (according to ISO 9972) 

wind conditions

• Wind direction against relatively big leakages increases the uncertainty of the test(s)

• The variation in wind direction is important: when wind direction changes a lot (and therefore 

the pressure distribution around the building), the test becomes more reliable. 
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Thank you for your attention!
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