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ISO CONSTRAINTS

3ISO 9972 & Zero-flow pressure

Zero-Flow Pressure Differences

• Δp0 = Pressure difference between inside and outside 

when a building is not artificially pressurized

• ISO 9972 defines constraints to limit the influence of 

wind + temperatures

• Constraints for valid measurements:

1. IΔp0I < 5 Pa 

2. Lowest Δpst = 10 Pa or 5 x IΔp0I

ISO CONSTRAINTS EXCLUDE MANY BUILDINGS FROM BEING 

TESTED!

4ISO 9972 & Zero-flow pressure

Understanding airflow errors and effectiveness of ISO 

constraints:

• What is the error of the measured airflow induced by Δp0?

• Which parameters influence Δp0 in detail?

• Does pressure tap position have an influence on Δp0 ?

• Are there alternative constraints that could be applied when 

the ones in ISO 9972 are impossible to reach (e.g., for high-

rise buildings)?
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STACK EFFECT MODEL

5ISO 9972 & Zero-flow pressure
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➢ Always negative

➢ Depends on:

• Temperature difference

• Building height

• Pressure exponent 

• Leakage distribution

𝑝𝑠 ≈
𝜌0
𝑇0
𝑔 ∆𝑇 𝐻

𝑧𝑠 =
𝐶𝑡
𝐶𝑏

x x

∆𝑝𝑡

∆𝑝𝑡= ∆𝑝𝑏 + 𝑝𝑠

5

6



ISO 9972 AIRFLOW ERROR
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Calculation procedure and assumptions in ISO 9972:

Correction of the measured pressure station with Δp0:

Contrary to the assumption in ISO 9972:

Airflow error: 

qest = 𝐶𝑒𝑠𝑡 ∆𝑝𝑠𝑡 − ∆𝑝0
𝑛

𝐶𝑒𝑠𝑡 ∆𝑝𝑠𝑡 − ∆𝑝0
𝑛 = 𝐶𝑏 ∆𝑝𝑏

𝑛 + 𝐶𝑡 ∆𝑝𝑏 − 𝑝𝑠

𝐶𝑒𝑠𝑡 ≠ 𝐶𝑟𝑒𝑎𝑙 = 𝐶𝑏 + 𝐶𝑡

𝛿𝑞

𝑞
=
𝐶𝑒𝑠𝑡 − 𝐶𝑟𝑒𝑎𝑙

𝐶𝑟𝑒𝑎𝑙

H
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𝑛

𝐶𝑟𝑒𝑎𝑙 ∆𝑝𝑠𝑡 − ∆𝑝0
𝑛 − 1=

𝐶𝑏 ∆𝑝𝑏
𝑛 + 𝐶𝑡 ∆𝑝𝑏 − 𝑝𝑠

𝐶𝑟𝑒𝑎𝑙 ∆𝑝𝑠𝑡 − ∆𝑝0
𝑛 − 1

Stack measurement position of Δp0

∆𝑝0,𝑠 = −
𝑝𝑠
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Τ1 𝑛
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𝑝𝑠 ≈
𝜌0
𝑇0
𝑔 ∆𝑇 𝐻

𝑧𝑠 =
𝐶𝑡
𝐶𝑏Airflow error:

𝛿𝑞

𝑞 𝑠

=
𝐶𝑏 ∆𝑝𝑏

𝑛 + 𝐶𝑡 ∆𝑝𝑏 − 𝑝𝑠
𝐶𝑟𝑒𝑎𝑙 ∆𝑝𝑠𝑡 − ∆𝑝0

𝑛 − 1 𝑥𝑠 =
𝑝𝑠
∆𝑝𝑠𝑡

𝛿𝑞

𝑞 𝑠

=
1 + 𝑧𝑠 1 + 𝑥𝑠

𝑛

1 + 𝑧𝑠 1 +
𝑥𝑠

1 + Τ1 𝑧𝑠
Τ1 𝑛

𝑛 − 1 ∆𝑝𝑏 = ∆𝑝𝑠𝑡
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a) b)

Next to the building

Pressure difference 

across envelope

WIND MODEL – PRESSURE TAP POSITIONS
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Windward
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Leeward

Façade 

Wind

𝑞𝑢𝑝 𝑞𝑑𝑜𝑤𝑛

𝑞𝑏𝑑

𝑝𝑎𝑏𝑠,𝑖

𝑇𝑖 = 𝑇𝑒

xx

∆𝑝𝑢𝑝 ∆𝑝𝑑𝑜𝑤𝑛

xx

𝑝𝑎𝑏𝑠,𝑒

∆𝑝𝑒𝑞
Wind

Further away 

from the building

Equilibrium internal 

pressure

a) b)

Not clearly defined in ISO 9972 

which one to use!
or

UNDERSTANDING ZERO-FLOW PRESSURE 
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Upwind measurement position of Δp0

Windward

Façade 

Leeward

Façade 

Wind

𝑞𝑢𝑝 𝑞𝑑𝑜𝑤𝑛

𝑞𝑏𝑑

𝑝𝑎𝑏𝑠,𝑖

𝑇𝑖 = 𝑇𝑒

∆𝑝𝑢𝑝

x

∆𝑝0,𝑢𝑝 = −
𝑝𝑢𝑝 − 𝑝𝑑𝑜𝑤𝑛

1 + Τ1 𝑧𝑤
Τ1 𝑛

𝑝𝑢𝑝 = 𝐶𝑝,𝑢𝑝
𝜌0
2
𝑢2 𝑝𝑑𝑜𝑤𝑛 = 𝐶𝑝,𝑑𝑜𝑤𝑛

𝜌0
2
𝑢2

𝑧𝑤 =
𝐶𝑑𝑜𝑤𝑛
𝐶𝑢𝑝

➢ Always negative

➢ Depends on:

• Upwind pressure

• Downwind pressure

• Pressure exponent 

• Leakage distribution

𝑞 = C ∆𝑝𝑛

x
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UNDERSTANDING ZERO-FLOW PRESSURE 
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Upwind measurement position of Δp0

Windward
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Façade 
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𝑞𝑢𝑝 𝑞𝑑𝑜𝑤𝑛

𝑞𝑏𝑑

𝑝𝑎𝑏𝑠,𝑖

𝑇𝑖 = 𝑇𝑒

x

∆𝑝𝑢𝑝

∆𝑝0,𝑢𝑝 = −
𝑝𝑢𝑝 − 𝑝𝑑𝑜𝑤𝑛

1 + Τ1 𝑧𝑤
Τ1 𝑛

𝑝𝑢𝑝 = 𝐶𝑝,𝑢𝑝
𝜌0
2
𝑢2 𝑝𝑑𝑜𝑤𝑛 = 𝐶𝑝,𝑑𝑜𝑤𝑛

𝜌0
2
𝑢2

𝑧𝑤 =
𝐶𝑑𝑜𝑤𝑛
𝐶𝑢𝑝

𝑞 = C ∆𝑝𝑛

=
1 + 𝑧𝑤 1 + 𝑥𝑤

𝑛

1 + 𝑧𝑤 1 +
𝑥𝑤

1 + Τ1 𝑧𝑤
Τ1 𝑛

𝑛 − 1

𝛿𝑞

𝑞 𝑤,𝑢𝑝

=
𝐶𝑒𝑠𝑡,𝑤,𝑢𝑝 − 𝐶𝑟𝑒𝑎𝑙,𝑤

𝐶𝑟𝑒𝑎𝑙,𝑤

Airflow error:
𝑥𝑤 =

𝑝𝑢𝑝 − 𝑝𝑑𝑜𝑤𝑛
∆𝑝𝑠𝑡 x

Downwind measurement position of Δp0

∆𝑝0,𝑑𝑜𝑤𝑛=
𝑝𝑢𝑝 − 𝑝𝑑𝑜𝑤𝑛

1 + 𝑧𝑤
Τ1 𝑛
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Windward

Façade 

Leeward

Façade 

Wind

𝑞𝑢𝑝 𝑞𝑑𝑜𝑤𝑛

𝑞𝑏𝑑

𝑝𝑎𝑏𝑠,𝑖

𝑇𝑖 = 𝑇𝑒

x➢ Always positive

∆𝑝𝑑𝑜𝑤𝑛

∆𝑝0,𝑢𝑝 = −
𝑝𝑢𝑝 − 𝑝𝑑𝑜𝑤𝑛

1 + Τ1 𝑧𝑤
Τ1 𝑛

𝑞 = C ∆𝑝𝑛

x

Airflow error:

𝛿𝑞

𝑞 𝑤,𝑑𝑜𝑤𝑛

=
𝑧𝑤 + 1 − 𝑥𝑤

𝑛

1 + 𝑧𝑤 1 −
𝑥𝑤

1 + 𝑧𝑤
Τ1 𝑛

𝑛 − 1
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Equilibrium measurement position of Δp0

∆𝑝0,𝑤,𝑒𝑞 =
𝑝𝑢𝑝 + 𝑧𝑤

Τ1 𝑛𝑝𝑑𝑜𝑤𝑛

1 + 𝑧𝑤
Τ1 𝑛

UNDERSTANDING ZERO-FLOW PRESSURE 

13ISO 9972 & Zero-flow pressure

Windward

Façade 

Leeward

Façade 

Wind

𝑞𝑢𝑝 𝑞𝑑𝑜𝑤𝑛

𝑞𝑏𝑑

𝑝𝑎𝑏𝑠,𝑖

𝑇𝑖 = 𝑇𝑒

x➢ Can be positive or negative 

depending on the leakage 

distribution! 

x

𝑝𝑎𝑏𝑠,𝑒

∆𝑝𝑒𝑞

𝑞 = C ∆𝑝𝑛

𝑧𝑤 =
𝐶𝑑𝑜𝑤𝑛
𝐶𝑢𝑝

Equilibrium measurement position of Δp0

∆𝑝0,𝑤,𝑒𝑞 =
𝑝𝑢𝑝 + 𝑧𝑤

Τ1 𝑛𝑝𝑑𝑜𝑤𝑛

1 + 𝑧𝑤
Τ1 𝑛
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Windward

Façade 

Leeward

Façade 

Wind

𝑞𝑢𝑝 𝑞𝑑𝑜𝑤𝑛

𝑞𝑏𝑑

𝑝𝑎𝑏𝑠,𝑖

𝑇𝑖 = 𝑇𝑒

x x

𝑝𝑎𝑏𝑠,𝑒

∆𝑝𝑒𝑞

𝑞 = C ∆𝑝𝑛

Airflow error:

𝛿𝑞

𝑞 𝑤,𝑒𝑞

=
1 − 𝑥𝑤,𝑢𝑝

𝑛
+ 𝑧𝑤 1 − 𝑥𝑤,𝑑𝑜𝑤𝑛

𝑛

1 + 𝑧𝑤 1 −
𝑥𝑤,𝑢𝑝 + 𝑧𝑤

Τ1 𝑛𝑥𝑤,𝑑𝑜𝑤𝑛

1 + 𝑧𝑤
Τ1 𝑛

𝑛 − 1
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∆𝑝𝑧𝑓= −
𝑝𝑓𝑜𝑟𝑐𝑒

1 + Τ1 𝑧 Τ1 𝑛

𝛿𝑞

𝑞
=

1 + z 1 + 𝑥 𝑛

1 + 𝑧 1 +
𝑥

1 + Τ1 𝑧 Τ1 𝑛

𝑛 − 1

Wind Stack

𝑝𝑓𝑜𝑟𝑐𝑒,𝑠 = 𝑝𝑠 ≈
𝜌0

𝑇0
𝑔 ∆𝑇 𝐻𝑝𝑓𝑜𝑟𝑐𝑒,𝑤,𝑢𝑝 = 𝑝𝑢𝑝 − 𝑝𝑑𝑜𝑤𝑛

𝑥𝑤 =
𝑝𝑓𝑜𝑟𝑐𝑒,𝑤

∆𝑝𝑠𝑡

𝑧w =
𝐶𝑑𝑜𝑤𝑛
𝐶𝑢𝑝

𝑥𝑠 =
𝑝𝑓𝑜𝑟𝑐𝑒,𝑠

∆𝑝𝑠𝑡

𝑧𝑠 =
𝐶𝑡
𝐶𝑏
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x x
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Range of parameters

SIMULATION OF VARIOUS BUILDING SCENARIOS
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3 million wind and 7 million stack pressure scenarios!
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Stack measurement position of Δp0

Most leaks at 

the bottom

Most leaks at 

the top

Full dataset ISO constraints Alternative

→ Fully pres/depres building with a 

margin of 10 Pa!

𝑧𝑤 =
𝐶𝑡
𝐶𝑏

IΔp0I < 5 Pa 

IΔpst,lowI > 5 x IΔp0I

KEY FINDINGS

18ISO 9972 & Zero-flow pressure

Upwind measurement position of Δp0

Most leaks 

upwind

Most leaks 

downwind

Full dataset ISO constraints Alternative

→ Fully pres/depres building with a 

margin of 10 Pa!

𝑧𝑤 =
𝐶𝑑𝑜𝑤𝑛
𝐶𝑢𝑝
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Downwind measurement position of Δp0

Most leaks 

upwind

Most leaks 

downwind

Full dataset ISO constraints Alternative

→ Fully pres/depres building with a 

margin of 10 Pa!

𝑧𝑤 =
𝐶𝑑𝑜𝑤𝑛
𝐶𝑢𝑝

KEY FINDINGS
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Equilibrium measurement position of Δp0

𝑧𝑤 =
𝐶𝑑𝑜𝑤𝑛
𝐶𝑢𝑝

Most leaks 

upwind

Most leaks 

downwind
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KEY FINDINGS
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Equilibrium measurement position of Δp0

ISO constraints
Alternative

→ Fully pres/depres building with a 

margin of 10 Pa!

𝑧𝑤 =
𝐶𝑑𝑜𝑤𝑛
𝐶𝑢𝑝

SUMMARY AND CONCLUSION

22ISO 9972 & Zero-flow pressure

• ISO 9972 constraints reduce significant flow errors

• High-rise buildings or buildings in windy locations are often 

impossible to test 
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SUMMARY AND CONCLUSION
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Alternative: Pressurizing or depressurizing the entire building with a 

margin of 10 Pa would → same range of error!

Downwind Upwind Equilibirum Stack Downwind Upwind Equilibirum Stack

ISO constraint 45% 1% 3% 3% 13% 2% 3% 13%

New constraint 12% 5% 12% 6% 16% 15% 15% 14%

Pressurization Depressurization

Downwind Upwind Equilibirum Stack Downwind Upwind Equilibirum Stack

ISO constraint 45% 16% 73% 16% 16% 45% 75% 45%

New constraint 15% 16% 16% 16% 16% 15% 15% 16%

Pressurization Depressurization

Max. probable error:

Max. possible error:

PUBLICATION

24ISO 9972 & Zero-flow pressure
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