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Debate on smoke vents – raging for some time



Krisman et al



 Gravity smoke vents < 3 m2

 Storage occupancies

 Sprinklered & unsprinklered

 Numerical simulations and large-scale tests

Scope of Work
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Smoke Vents – Effect on Sprinkler Performance

During a fire, will a heat / smoke vent operate 

prior to a ceiling sprinkler?

If so, can its operation compromise the 

ceiling sprinkler system's ability to protect the 

warehouse?
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 Large-scale testing and numerical modeling

 Unsprinklered and sprinklered storage occupancies 
considered

 Wide range of conditions considered
 Storage/ceiling height

 Commodity type

 Ignition scenario

 Quality of sprinkler protection

 Gravity smoke vents < 3 m2

Risk Analysis – Overview
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Unsprinklered Storage Occupancies
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Sprinklered Storage Occupancies

 Unsprinklered results showed that smoke vents 
alone do not provide property protection benefit

 For sprinklered occupancies:
 Will smoke vents open before sprinklers?

 If they do, will they affect sprinkler performance?

 How effective are smoke vents once sprinklers operate?



[PUBLIC]

Probability of Smoke Vents Opening Before Sprinklers

 Smoke vents can be operated in several ways:
 Manually, automatically

 Ganged, individually

 Left open for ventilation

 Smoke vents will have the greatest impact on 
sprinklers when they are open first

 What is the likelihood of automatic smoke vents 
opening before sprinklers?
 Calculated using numerical modeling for wide range of 

conditions
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Probability Calculation

Under One (U1) Between Two (B2) Among Four (A4)
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Results

 Likelihood inherently low 
(fewer vents than sprinklers at 
ceiling)

 Likelihood decreases with 
increasing vent activation 
temperature
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Test Case 1

 Cartoned Unexpanded Plastic 
(CUP)

 7.6 m  (25 ft) storage under  
9.1 m (30 ft) ceiling

 Worst-case ignition scenario

 K240 (K16.8) QR pendent @ 
2.4 bar (35 psi)

 Protection in FM Global DS 8-9
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Model Results

Smoke vents delayed 
sprinkler operations

However, no negative 
effect of smoke vents on 
sprinkler performance 

Unvented                         Vented
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Large-scale Fire Tests - Configuration
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Test Video – Vented vs. Unvented
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Results at Recommended Protection Level

Unvented

Vented

42-51s
50-59s

Unvented Vented

# of 

sprinklers
12 5 6 9

Fire Spread Acceptable

Ceiling 

Temperature
Acceptable
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Test Case 2 – Marginal Protection

 Class 2 commodity

 7.6 m  (25 ft) storage 
under  9.1 m (30 ft) 
ceiling

 K160 (K11.2) QR upright 
@ 1.7 bar (25 psi)

 Protection not in FM 
Global DS 8-9 but in 
NFPA 13 
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Test Results at Marginal Protection Level

64 s 64 s –vent opens77 s 77 s –1st sprinkler opens 130 s –1st sprinkler opens130 s 

Smoke vents delayed 
sprinkler operations

Adverse impact 

 # of sprinklers

 Fire damage

Unvented                         Vented
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Smoke Vent efficacy reduced 
after sprinklers operate

 Downward momentum 
transfer from spray to smoke

 Cooling of ceiling layer

Efficacy of Smoke Vents after Sprinklers Operate

𝑉𝑒𝑛𝑡𝑒𝑑 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 =
𝐻𝑅𝑅 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑆𝑚𝑜𝑘𝑒 𝑉𝑒𝑛𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝐻𝑅𝑅
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Summary

Unsprinklered –

No property loss 

prevention 

benefit

Probability of automatic 

smoke vents opening 

before sprinklers is low

In worst-case scenarios

Adequate 

protection

No adverse 

effect

Marginal 

protection

Some 

adverse effect

Generalizable results

 Storage/ceiling height

 Commodity type

 Ignition scenario

 Gravity vents ≤ 3.7 m2
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www.fmglobal.com/research-and-
resources/research-and-
testing/research-technical-reports

Research Technical Report

http://www.fmglobal.com/research-and-resources/research-and-testing/research-technical-reports
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Thank You
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thomas.roche@fmglobal.com

Thank you – any questions?
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