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Report on Proposals  –  November 2009 NFPA 204
_______________________________________________________________________________________________
204-1     Log #CP1

_______________________________________________________________________________________________
Technical Committee on Smoke Management Systems,

Review entire document to review and update references to other organizations documents.
Update the referenced documents as follows:

National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02169-7471.
NFPA 72®, National Fire Alarm Code®, 2007 edition.
NFPA 220, Standard on Types of Building Construction, 2006 2009 edition.
NFPA 255, Standard Method of Test of Surface Burning Characteristics of Building Materials, 2006 edition.
NFPA 259, Standard Test Method for Potential Heat of Building Materials, 2003 2008 edition.

ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.
ASTM E 84, Standard Test Method for Surface Burning Characteristics of Building Materials, 2004 2008a.
ASTM E 136, Standard Test Method for Behavior of Materials in a Vertical Tube Furnace at 750°C, 1996 2004.

.
FM Global Technologies LLC, 1301 Atwood Avenue, P.O. Box 7500, Johnston, RI 02919.
FM 4430, Approval Standard for Heat and Smoke Vents, 1980 2007.

National Institute of Standards and Technology, 100 Bureau Drive, Gaithersburg, MD 20899-1070.
DETACT-QS (Detector Actuation — quasi-steady) software.
DETACT-T2 (Detector Actuation — time squared) software.
GRAPH graphics code.
LAVENT (Link-Actuated VENTS) software.

Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096.
UL 793, Standard for Automatically Operated Roof Vents for Smoke and Heat, 1997 2004.

Merriam-Webster's Collegiate Dictionary, 11th edition, Merriam-Webster, Inc., Springfield, MA, 2003.
To conform to the NFPA Regulations Governing Committee Projects.  The committee intends to revisit

the updating of the referenced documents during the ROC preparation phase.  The proposed updates are simply based
on the currently available editions of the documents.  The committee is not in possession of the actual standards so as
to review them for consistency with the other provisions of NFPA 204.

_______________________________________________________________________________________________
204-2     Log #2

_______________________________________________________________________________________________
Bob Eugene, Underwriters Laboratories Inc.

Revise text as follows:
2.3.4 UL Publications.
Underwriters Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096.
ANSI/UL 723, Test for Surface Burning Characteristics of Building Materials, 2003, Revised 2005
UL 793, Standard for Automatically Operated Roof Vents for Smoke and Heat, 1997 2003, Revised 2004.

Updated referenced standards to include the most recent revisions. ANSI/UL 723 is added based on a
proposal to 3.3.14.1.

1Printed on  8/28/2008



Report on Proposals  –  November 2009 NFPA 204
_______________________________________________________________________________________________
204-3     Log #3

_______________________________________________________________________________________________
Bob Eugene, Underwriters Laboratories Inc.

Revise text as follows:
3.3.14.1 Limited-Combustible Material. Refers to a building construction material not complying with the definition of

noncombustible that, in the form in which it is used, has a potential heat value not exceeding 8141 kJ/kg (3500 Btu/lb),
where tested in accordance with NFPA 259 and includes either: (1) materials having a structural base of
noncombustible material, with a surfacing not exceeding a thickness of 3.2 mm (in.) that has a flame spread index not
greater than 50; or (2) materials, in the form and thickness used having neither a flame spread index greater than 25 nor
evidence of continued progressive combustion, and of such composition that surfaces that would be exposed by cutting
through the material on any plane would have neither a flame spread index greater than 25 nor evidence of continued
progressive combustion, when tested in accordance with NFPA 255 or ASTM E 84 or ANSI/UL 723. [220, 2006]

NFPA 5000 TCC directive (5000-3 Log #1b) directed that NFPA 255 be removed and that both
ASTME84 and UL 723 be referenced wherever NFPA 255 was previously referenced.  NFPA 255 is to be withdrawn in
2009 upon the recommendation of the Fire Test Committee. The Fire Test Committee has recommended that ASTM
E84 and UL 723 replace NFPA 255. ANSI/UL 723 should be editorially added to Chapter 2 in accordance with the NFPA
Manual of Style.

The Committee Action is based on the text shown as being extracted from NFPA 220. NFPA
220, 2009 edition was just processed and will be available in October of 2008.  The committee will review any changes
to the definition during their ROC meeting.

_______________________________________________________________________________________________
204-4     Log #5

_______________________________________________________________________________________________
Craig L. Beyler, Hughes Associates, Inc.

Replace existing chapter in its entirety with the following:

***Include 204_L5_R_doc***

The current edition merely requires that a performance analysis be performed and accepted by the
AHJ.  The new chapter provides design information to be used in designing systems for sprinklered buildings and
provides requirements for the required performance analysis called for in the current text.  This expansion of the chapter
provides more detailed requirements that will improve the design of vent systems in sprinklered buildings.
Note:  Supporting material is available for review at NFPA Headquarters.

The Committee has developed Committee Proposal 204-5 (Log CP#2) to address the
integration of sprinklers systems with smoke/heat vents.  The subjects and topics of this proposal have been considered
in the development of that proposal.  See Committee Recommendation, Action and Statement on Proposal  204-5  (Log
CP#2) .

2Printed on  8/28/2008
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Chapter 11 Venting in Sprinklered Buildings 

11.1 General 
11.1.1* The design vent area shall equal the vent area required to exhaust the most 
challenging fire predicted for the combustibles. 

11.1.2 The design fire shall be the most challenging fire consistent with the hazard. The 
fire growth rate shall be determined for the fire initiation location that maximizes the 
growth rate. The design fire shall grow to a steady state heat release rate that is capable of 
operating all sprinklers within the design area of the sprinkler system. The design fire 
shall include a growth period following Section 8.3, followed by a steady fire heat release 
which is of sufficient size to operate sprinklers over the full design area of the sprinkler 
system. 

11.1.3 Vents shall be operated based upon sprinkler water flow alarm with a one minute 
delay to vent operation after first sprinkler operation to assure operation of sprinklers 
which can apply water the fire area before vent operation. 

11.1.4 Vent and inlet areas shall be determined using algebraic calculations in accordance 
with Section 11.2 or by use of a computer-based simulation model in accordance with 
Section 11.3. 

11.1.5 The design fire used in the evaluation of a proposed vent design shall be in 
accordance with Section 11.1 and with Chapter 8. 

11.1.6 The vent system protection area shall be coincident with the sprinkler system 
protection area.  

11.1.7 The vent system protection shall be designed specifically to match the hazard 
rating of the sprinkler system 

11.1.8 The sprinkler system shall be installed in accordance with NFPA 13. 

11.1.9 Sprinklers and vents shall be positioned so that no sprinkler is located within the 
plan area of the vent opening. 

11.1.10 If draft curtains are used, they shall be placed at the center of an aisle no less than 
eight feet in width. Sprinklers shall be located within one half the design spacing on 
either side of the curtain per NFPA 13 requirements for sprinkler placement with respect 
to walls. 

11.2 Algebraic Calculations 
11.2.1 Vents systems, other than those complying with Section 11.3, shall be sized and 
actuated to meet the design objectives in accordance with section 11.2. The algebraic 
methods of 11.2 shall be used only for building heights of  8.2 meters or less. 

11.2.2 Design Concepts 

11.2.2.1 Steady state shall be assumed as illustrated in Figure 11.2.2.1, where symbols 
are as defined in section 1.6. 

Figure 11.2.2.1 Schematic of Venting System in Sprinklered Buildings 
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11.2.2.2 The design basis heat release rate shall be the fire size that causes sprinklers over 
the design area to operate. This value shall be 10 MW unless an alternate value 
acceptable to the AHJ can be determined by an approved analysis. 

11.2.2.3 At steady state, the mass flow rate into the smoke layer shall be equal to the 
mass flow out of the vents (mp =mv) 

11.2.3 Mass Flow Rate in the Plume 

11.2.3.1 The mean flame height shall be calculated in accordance with the following 
equation: 

 L= -1.02D+0.235Q2/5     (11.2.3.1) 

Where 

L = mean flame height above the base of the fire (m) 

D= base diameter of fire (m) 

Q=total heat release rate (kW) 

11.2.3.2 The virtual origin, zo, is the effective point source of the fire plume and shall be 
calculated in accordance with the following equation: 

 zo= 0.083Q2/5-1.02D     (11.2.3.2) 

Where 

zo= virtual fire origin relative to the base of the fire (m) 

D= base diameter of fire (m) 

Q=total heat release rate (kW) 

11.2.3.3 Smoke entrainment relationships shall be applicable to axisymmetric plumes. 

11.2.3.4 When the mean flame height, L, is below the smoke layer boundary (L<zs), the 
mass flow rate in the fire plume shall be calculated in accordance with the following 
equation: 

 mp= [0.071Qc
1/3(zs-zo)5/3][1+0.27 Q2/3(zs-zo)-5/3]  (11.2.3.6) 

where 
mp= mass flow rate in the plume (kg/s) 

Qc= convective heat release rate =0.7Q (kW) 

zs= height of the smoke layer boundary above the base of the fire (see 11.2.3.8) (m) 

zo= height of the virtual origin above the base of the fire (if below the base of the, so is 
negative) (m) 

11.2.3.5 When the mean flame height, L, is equal to or above the smoke layer boundary 
(L≥zs), the mass flow rate shall be calculated in accordance with the following equation: 

 mp=(0.0056Q)zs/L      (11.2.3.7) 

mp= mass flow rate in the plume (kg/s) 

Q= heat release rate  (kW) 
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zs= height of the smoke layer boundary above the base of the fire (m) 

L = mean flame height above the base of the fire (m) 

11.2.3.6 For line-like fires where a long narrow plume is created by a fuel or storage 
array, the smoke production calculated in accordance with this standard shall be 
applicable only if the height of the smoke layer boundary above the base of the fire (zs) is 
greater than or equal to four times the largest horizontal dimension of the fire (Ws). 

11.2.3.7 If zs is smaller than 4 Ws, the smoke production rates calculated in accordance 
with this standard shall be increased by the factor (4Ws/zs)2/3

. 

11.2.3.8 The base of the fire shall be the lowest point of the fuel array 

11.2.4 Mass Flow Rate Through the Vents 

11.2.4.1 The mass flow rate through each vent shall be calculated in accordance with the 
following equation: 

 ( )
2

2

2
,

2
,

, 2

1
T

TTTgd

T
T

AC
AC

AC
m oo

o

o

iic

vvc

vvd
v

−

⎟
⎠
⎞

⎜
⎝
⎛+

= ρ&     (11.2.4.1) 

where: 
m˙ v = mass flow through vent (kg/s) 
Cd,v = vent discharge coefficient 
Av = vent area (m2) 
ρo = ambient density (kg/m3) 
g = acceleration due to gravity (9.81 m/s2) 
d = smoke layer depth (m) 
To = ambient temperature (K) 

T = smoke layer temperature at the vent (K) 
Cd,i = inlet discharge coefficient 
Ai = inlet area (m2) for the individual vent, ie the total inlet area divided by the number of 
exhaust vents. 

11.2.4.2 The discharge coefficients for vents and inlets used shall be those provided by 
the vent or inlet manufacturer. If no data are available, the discharge coefficient shall be 
taken from Table 11.2.4.3 unless an analysis or data acceptable to the AHJ are provided 
by the designer to validate the use of an alternate value. 

Table 11.2.4.3 same as current Table 9.2.4.2 

11.2.4.3 The smoke layer temperature, T, used in 11.2.4.1 shall be determined as follows: 

 Within the area of operating sprinklers, the smoke layer temperature shall be 
taken as the sprinkler activation temperature (temperature rating), Tact. For vents outside 
the sprinkler operating area, the temperature shall be taken as: 

ambTABrrT += −1)(  

where ( )ambactop TTrA −= , π/Sop Ar = ,  

Formatted: Not Highlight
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AS is the sprinkler design area, and B=0.65. 
 

11.2.4.4 The smoke layer depth used in 11.2.4.1 shall be less than the depth of the draft 
curtains if used, or should be taken as 0.12 H if draft curtains are not used. 

11.2.5 Required Vent Area and Inlet Area 

11.2.5.1 The minimum vent area shall be the vent area required to satisfy Section 11.2.2.3. 

11.2.5.2 The minimum inlet area shall be the inlet area required to satisfy Section 
11.2.2.3  

11.2.6. Detection and Activation 

11.2.6.1 Operation of the first sprinkler shall be determined in accordance with NFPA 72, 
National Fire Alarm Code for fusible links. 

11.2.6.2 Detection Computer Programs. 

11.2.6.2.1* As an alternate to the calculations specified in 11.2.6.1, DETACT-T2 shall be 
permitted to be used to calculate detection times in continuous growth and t-squared fires. 

11.2.6.2.2* As an alternative to the calculations specified in 11.2.6.1, DETACT-QS shall 
be permitted to be used to calculate detection times in fires of any fire growth history. 

11.2.6.2.3 Other computer programs determined to calculate detection times reliably shall 
be permitted to be used when approved by the AHJ. 

11.3 Models 
11.3.1 Vents, other than vent systems designed in accordance with Section 11.2, shall be 
sized and actuated to meet design objectives in accordance with Section 11.1 and shall 
use methods described in Section 11.3. 

11.3.2 The computer model Fire Dynamics Simulator (FDS) or other approved 
mathematical models shall be used to assess the effects of the design fire and to establish 
that a proposed vent system design meets design objectives.  

11.3.3 When models other than FDS are used, evidence shall be submitted to demonstrate 
efficacy of the model to evaluate the time-varying events of a fire and to calculate the 
effect of vent designs reliably in terms of the design objectives. 

11.3.4 The design fire used in the evaluation of a proposed vent system design in 
accordance with Section 11.3 shall be determined in accordance with Chapter 8 and 
Section 11.1.2. 

Definitions: 

Ganged operation: Process whereby multiple vents are opened simultaneously based 
upon a signal generated independent of the vents themselves. The signal may be 
generated by a detection system, water flow alarm, or manual means. 

Amend title of Chapter 9 as follows: 

Chapter 9 Sizing Vents for Nonsprinklered Buildings  



204_L5_F09/ROP 
5 

Formatted: Centered

Prediction of Smoke and Heat Vent flow with Simultaneous Fire Sprinkler Operation in a 
Warehouse 

The following is a discussion of the results of simulations performed in the report 
“Analysis of the Performance of Ganged Operation of Smoke and Heat Vents with 
Sprinklers and Draft Curtains.” All simulations discussed below utilize the same 
geometries discussed in the aforementioned report, for the case of long, steady burning 
heat release rate curve (HRR3).  This heat release rate curve is selected as worst case for 
the successful operation of the sprinkler system (i.e. containment is achieved, but 
suppression is not achieved). Four simulations are analyzed following a preliminary 
heuristic to determine the design optimization of ganged smoke and heat vent operation 
after fire sprinkler activation. Two scenarios correspond to a fire in the center of the 
sprinkler and vent coverage area without draft curtains (v1c0h3) and with draft curtains 
(v1c1h3). The other two scenarios correspond to a fire located near the corner of the 
coverage area closest to the center of the warehouse without draft curtains (v1c0h3fco) 
and with draft curtains (v1c1h3fco). This set of simulations provides a sensible test 
matrix for examining the validity of the predictive heuristic. All data from the FDS 
simulations represents a time averaged value of the period from vent actuation to the end 
of the steady burning period calculated for each vent. Quasi-steady smoke flow behavior 
is observed during this time period. 
 The upper layer temperature is challenging to predict given the cooling effects of 
the sprinkler system. The heuristic assumes that the temperature behaves similarly to a 
ceiling jet, given the constraint that the ceiling jet temperature must match the sprinkler 
activation temperature at the edge of the design area. Given the classical ceiling jet 
behavior that temperature decays with the inverse of the radius, a simple temperature 
model can be produced. This temperature is representative of a maximum ceiling jet 
temperature, and not an average upper layer temperature as is used in predicting buoyant 
vent flows. Thus, the temperature model should over-predict actual upper layer 
temperatures, but this over-prediction is corrected to some extent by the factor 65.0=B  
in the mass flow expression. The modeled maximum ceiling jet temperature: 

ambTArrT += −1)(   

where ( )ambact TTA −= 62.7 for 62.7>r m, is compared to measured upper layer 

temperatures from the FDS simulations in Figure 1 where 5.15=ambT  C, 0.74=actT C, 

and 8.445=A  K/m. The presumed smoke layer temperature can be approximated using 
the factor 65.0=B : 

ambu TBArrT += −1)(  

As illustrated by the dashed line in Figure 1. The comparison of temperatures illustrates 
the predicted result that the model over-predicts the actual upper layer temperature, but it 
is encouraging that the upper layer temperature is similar in trend to that predicted by the 
model.  
 The smoke layer depth is assumed to be equal to 12% of the ceiling height, and 
constant throughout the vent area. This assumption is compared to actual smoke layer 
depths as measured at each vent in the FDS simulations in Figure 2. The predicted layer 
depth is approximately 1 m, where the actual layer depth ranges from approximately 0.5 
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m to 2 m for 62.7>r m. The FDS data indicates that the smoke layer depth is slowly 
increasing with radius away from the fire, however this growth is very small. The 
assumption of 12% of the ceiling height is a valid characteristic layer depth for these 
scenarios. 
 The mass flow rate for a vent as a function of radius away from the fire is 
predicted as: 

( )
amb

ambambventvent TAr
rAHTCAm
+

= −

−

1

2/12/1
2/12/1 12.088.2 ρ&  for 62.7>r  

and ( ) ( )
act

ambact
ambambventvent T

TT
HTCAm

2/1
2/12/1 12.088.2

−
= ρ&  for 62.7≤r  

following the assumptions for temperature and layer depth discussed above. The 
predicted mass flow rate is compared to actual mass flow rate measured in the FDS 
simulations in Figure 3. The actual mass flow rates illustrate significant scatter in 
comparison to the model prediction. However, the model provides a characteristic and 
conservative estimate of the actual mass flow rate for each vent.  
 In order to evaluate the performance of the system, it is useful to determine the 
overall mass balance of the hot smoke layer. A successful performance metric suggested 
in NFPA 204 is to balance the mass flow into the smoke layer with the total mass flow 
vented. The mass flow into the smoke layer is determined by entrainment into the fire, 
and plume. The SFPE Handbook chapter written by Heskestad provides sufficient 
guidance for predicting the mass rate of entrainment. The challenge lies in describing the 
fire geometry used in the FDS simulations. The fires prescribed in the simulations 
correspond to a 10 MW steady fire ( 35.0=λ  radiative fraction) occurring within a 
commodity rack storage. The rack storage effectively limits the amount of air that can be 
entrained by the fire before entering the smoke layer. This is advantageous for design of a 
smoke venting system, given that fewer vents are necessary in order to achieve mass 
balance over time. Such geometry specific advantages should be ignored in the design of 
a smoke venting system to ensure a conservative and robust design. Thus it shall be 
assumed that the design fire occurs at the floor level with no restriction to mass 
entrainment due to the presence of commodities. This will provide a maximum possible 
rate of entrainment, to be used as a basis for the smoke venting design configuration.  
 The prescribed fire in the FDS simulations corresponds to an equivalent 20 m2 
source area (216 ft2) with an equivalent diameter, 5=D  m. Following the correlation for 
flame height: 

( )( ) 02.11249.0
5/2

−
−

=
D

Q
D
L λ , ( Q  in kW) 

provides an equivalent flame height of HL >= 25.3  m, suggesting the use of Heskestad 
Equation (40) for a strong plume. Likewise, the virtual origin is calculated following: 

02.1083.0
5/2

0 −=
D

Q
D
z

 

providing 8.10 −=z  m which plays a substantial role in Equation (40). Evaluation of 

Equation (40) where HyHz u 88.0=−= provides 63=entm&  kg/s as the mass flow rate 
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into the smoke layer. This mass flow rate is the performance metric for any vent design 
configuration, such that the summation of all of the vent flows shall be greater or equal to 
this value in order to achieve mass balance of the upper layer (i.e. constant layer height). 
Similarly, since the mass flow rate through the vents increases with smoke layer depth, it 
is possible to determine a steady state layer in the event that more mass is entrained than 
vented following the heuristic above. This would require modification of the model 
expression for entm&  to account for a general layer depth (different from HyH u 12.0=− ). 

It is then the duty of the vent system designer to demonstrate that the predicted layer 
depth is within acceptable performance criteria. 
 Both the total predicted and actual mass flow rates through the heat and smoke 
vents are presented in Table 1. The predicted mass flow rates are determined given the 
location of the fire and the relative radial distance to the center of a vent. Clearly, each of 
the simulations demonstrates venting sufficient enough to balance or exceed the mass rate 
of production of smoke. A suite of validation tests are planned to ensure that the vent 
prediction heuristic is conservative in predicting the minimum vent area required to 
achieve appropriate smoke venting. This suite will include removal of commodities, 
equivalent fire source at the floor level, modification of vent number (and spacing), and 
modification of ceiling height. The two tests with the fire in the corner of the sprinkler 
and vent coverage area appear to be the most challenging scenarios for achieving the 
mass balance criteria. This configuration should be used as the design basis to ensure that 
the design heuristic is conservative enough to account for the limiting scenario. 
 
 
  ***Insert Figure 1 here*** 
 
 
Figure 1. Ceiling Jet/Layer temperatures as a function of radial position. The model curve 
is the maximum temperature used for sprinkler activation. The Presumed curve is an 
average temperature to be used in the venting equation. The Presumed curve should be 
compared with the FDS data points. 
 
 
  ***Insert Figure 2 here*** 
 
 
Figure 2. Ceiling jet/layer depth, d, as a function of the radial position.. Data points are 
FDS results. 
 
 
                         ***Insert Figure 3 here*** 
 
 
Figure 3. Comparison of vent flow rate data (FDS) with the simple vent flow model. 
 
Comparision of total vent flows predicted using the simple model compared to FDS 
results. 



 

 

 

 

Figure 1. Ceiling Jet/Layer temperatures as a function of radial position. The model curve is the 
maximum temperature used for sprinkler activation. The Presumed curve is an average 
temperature to be used in the venting equation. The Presumed curve should be compared with 
the FDS data points. 



 

Figure 2. Ceiling jet/layer depth, d, as a function of the radial position.. Data points are FDS 
results. 



 

Figure 3. Comparison of vent flow rate data (FDS) with the simple vent flow model. 

 

Comparision of total vent flows predicted using the simple model compared to FDS results. 

Test 
Predicted Rate of 

Venting (kg/s) 
Actual Rate of 
Venting (kg/s) 

V1C0H3 80 98 

V1C1H3 80 99 

V1C0H3FCO 68 66 



V1C1H3FCO 68 82 

 



Report on Proposals  –  November 2009 NFPA 204
_______________________________________________________________________________________________
204-5     Log #CP2

_______________________________________________________________________________________________
Technical Committee on Smoke Management Systems,

Add content to completely replace current Chapter 11 to address the proper integration of
sprinklers along with smoke and heat vents.

****See Include 204_LCP#2*******

The committee has a long history of trying to define the best practice methods of using smoke and
heat vents in buildings that are protected with automatic sprinklers.  During this revision cycle, a Task Group was
created to look at the issue and to develop a recommendation that would establish a set of design criteria that would
factor in the range of variables including but not limited to fire growth, fire size, sprinkler operating times and smoke/heat
vent operating times.  The proposal in its current form will limit these concepts and design approaches to fire control
mode sprinkler system designs.
The committee received the Task Group report at the ROP meeting and, fully recognizing this is still a work in

progress, the committee has elected to develop this REJECTED proposal in order to allow further review and vetting of
the concepts as they stand now.  While all areas of the proposal are open for review and comment, including additional
work that will be completed by the aforementioned Task Group, the following items are of particular interest to the
committee.
A.  Validity of using CFD models to show interface with operating times of sprinklers and the smoke/heat vents.
B.  Using FDS to predict operation of first sprinkler, but not for impact of control or suppression features once sprinkler

operation occurs.
C.  Objectives of the smoke/heat venting system may vary and might include life safety, property conservation, fire

fighter safety or some combination thereof.
D.  Considering the limits of the design fire-specifically, looking at a design fire that simulates the design area of the

automatic sprinkler system.  For example, a 2,000 ft2 area for a 20 ft high Group A plastic commodity on racks.
E.  The need for draft curtains in all cases.
F.  Impact or potential if the smoke/heat vents operate before the sprinklers operate, or if the vents cause delay of

additional sprinklers operating, what is the impact of the calculated heat release rates.
G.  Impact of sprinkler design characteristics such as droplet size and velocity and the influence of smoke and heat

vents on those characteristics.
H.  Review of the guidelines for determining the smoke layer temperature.
The committee welcomes public comment on these issues and has crafted a plan of action to continue to resolve these

issues during the ROC phase.

The committee has addressed the  overarching philosophies and concepts involving proper
integration of smoke and heat venting criteria in buildings that are protected with automatic sprinklers.  Additional
refinement to some of the details for the proposal are still needed.  The committee as well as the committee Task Group
will continue to study this issue with a goal of resolving the outstanding issues during the ROC preparation phase.

3Printed on  8/28/2008
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Chapter 11 Venting in Buildings Protected by Control Mode Sprinklers 
11.1 General 
11.1.1* Scope:  This chapter provides requirements for the design of smoke and heat vent 
systems in building areas protected by control mode sprinkler systems. 

A. 11.1.1 ESFR commentary (to be provided later) 

11.1.2 Design Objectives: Design objectives shall include one or more of the following: 

(1) To provide occupants with a safe path of travel to a safe area 

(2) To facilitate manual fire fighting operations 

(3) To reduce the damage to buildings and contents due to smoke and hot gases 

11.1.3 Where Chapter 11 conflicts with Chapters 4-8, Chapter 11 requirements shall take 
precedence. 

11.1.4 Draft curtains shall be optional, except when a remote vent system is to be used as 
air supply inlets. 

11.1.5 The design fire shall have a steady state heat release rate that is capable of 
operating the number of sprinklers contained within the design area of the sprinkler 
system.  

A.11.1.5 This specification of the design fire assures that the vent system will be 
effective under the most challenging fire conditions consistent with successful 
sprinkler system operation. Note that smoke vents will not be effective in 
removing fully cooled gases that have no residual buoyancy.  This has no impact 
on smoke vent system design. 

11.1.6  Sequence of Operation 
 
11.1.6.1 Smoke and heat vents shall not delay the operation of sprinklers.  
 
11.1.6.2* Vents shall be operated after sprinklers have been determined to establish 
control of the fire. 
 

A.11.1.6.2 Adequate time is needed before smoke and heat vents are operated to 
allow control of the fire by the sprinkler system. Sprinklers within a radius of 1-
1/2 times the sprinkler spacing may be needed to operate to allow adequate fire 
control and pre-wetting. The elapsed time between the first sprinkler operation 
and the last sprinkler that is needed to operate to allow fire control will vary 
depending on the details of the occupancy and the sprinkler system design. One 
method of assuring this has occurred is to arrange the smoke and heat venting 
system to be remotely operated by the fire department after they have established 
that the fire is being controlled by the sprinkler system.  
 
In some cases, the design objectives of the smoke and heat vent system are such 
that an earlier or more definitive operation time is needed. In those cases, the 
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designer must assure there is adequate delay in the operation of the smoke and 
heat vent system (after the first sprinkler has operated) to allow needed sprinklers 
to operate. For warehouses, the fire hazard is usually relatively high. This 
necessitates a greater time delay, but human occupant density is low and the 
number of stories are generally limited, so egress time may not be a factor. For 
manufacturing operations, the human occupant load is greater, but the fire hazard 
may be relatively lower, which would indicate a lesser time delay may be 
acceptable. In no case should the time delay be less than 1 minute.  

 

11.1.7  Vent and inlet areas shall be determined using algebraic calculations in 
accordance with Section 11.2 or by use of a computer-based simulation model in 
accordance with Section 11.3. 

11.1.8 The design fire used in the evaluation of a proposed vent design shall be in 
accordance with Section 11.1 and with actual full scale fire test data or Chapter 8. 

11.1.9 Where a vent system is activated by a sprinkler flow switch, all vents in the area 
covered by the sprinkler flow switch shall operate together.  

A.11.1.9 It is permissible for vents over a larger area to be operated together, 
whether or not separated by draft curtains. This can allow simpler control. If 
separated by a draft curtain, it can also allow remote vents in other curtained areas 
to be used as a source of inlet air. When control is manual, there is no restriction 
on number or area of vents operated together. 

11.1.10 The sprinkler system shall be installed in accordance with NFPA 13. 

11.1.11 Sprinklers and vents shall be positioned so that no sprinkler is located within the 
plan area of the vent opening. 

11.1.12 Where used, draft curtains shall be placed at the center of an aisle no less than 1.5 
times the sprinkler spacing in width. Sprinklers shall be located within one half the 
design spacing on either side of the curtain per NFPA 13 requirements for sprinkler 
placement with respect to walls. 

11.2 Algebraic Calculations 

11.2.1 Vents systems, other than those complying with Section 11.3, shall be sized and 
actuated to meet the design objectives in accordance with section 11.2. The algebraic 
methods of 11.2 shall be used only for storage heights of 6.1 m (20 ft) or less and 
building heights of 8.2 m (27 ft) or less. 

11.2.2 Design Concepts 

11.2.2.1 Steady state shall be assumed as illustrated in Figure 11.2.2.1 (similar to figure 
9.2.2.1), where symbols are as defined in section 1.6. 

 
***Insert Figure 11.2.2.1 Schematic of Venting System in Sprinklered Buildings*** 

(This is Figure 9.2.2.1 from current edition) 
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11.2.2.3 At the steady state heat release rate, mass flow out of the vents shall exceed  the 
mass flow rate into the smoke layer (mv> mp) 

11.2.3 Mass Flow Rate in the Plume 
11.2.3.1 The mean flame height shall be calculated in accordance with the following 
equation: 

 L= -1.02D+0.235Q2/5     (11.2.3.1) 

Where 

L = mean flame height above the base of the fire (m) 

D= base diameter of fire (m) 

Q=total heat release rate (kW) 

11.2.3.2 The virtual origin, zo, is the effective point source of the fire plume and shall be 
calculated in accordance with the following equation: 

 zo= 0.083Q2/5-1.02D     (11.2.3.2) 

Where 

zo= virtual fire origin relative to the base of the fire (m) 

D= base diameter of fire (m) 

Q=total heat release rate (kW) 

11.2.3.3 Smoke entrainment relationships shall be applicable to axisymmetric plumes. 

11.2.3.4 When the mean flame height, L, is below the smoke layer boundary (L<zs), the 
mass flow rate in the fire plume shall be calculated in accordance with the following 
equation: 

 mp= [0.071Qc
1/3(zs-zo)5/3][1+0.27 Q2/3(zs-zo)-5/3]  (11.2.3.6) 

where 
mp= mass flow rate in the plume (kg/s) 

Qc= convective heat release rate =0.7Q (kW) 

zs= height of the smoke layer boundary above the base of the fire (see 11.2.3.8) (m) 

zo= height of the virtual origin above the base of the fire (if below the base of the fire, zo 
is negative) (m) 

11.2.3.5 When the mean flame height, L, is equal to or above the smoke layer boundary 
(L≥zs), the mass flow rate shall be calculated in accordance with the following equation: 

 mp=(0.0056Q)zs/L      (11.2.3.7) 

mp= mass flow rate in the plume (kg/s) 

Q= heat release rate  (kW) 

zs= height of the smoke layer boundary above the base of the fire (m) 

L = mean flame height above the base of the fire (m) 
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11.2.3.6 For line-like fires where a long narrow plume is created by a fuel or storage 
array, the smoke production calculated in accordance with this standard shall be 
applicable only if the height of the smoke layer boundary above the base of the fire (zs) is 
greater than or equal to four times the largest horizontal dimension of the fire (Ws). 

11.2.3.7 If zs is smaller than 4 Ws, the smoke production rates calculated in accordance 
with this standard shall be increased by the factor (4Ws/zs)2/3

. 

11.2.3.8 The base of the fire shall be the lowest point of the fuel array 

11.2.4 Mass Flow Rate Through the Vents 
11.2.4.1 The mass flow rate through each vent shall be calculated in accordance with the 
following equation: 
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where: 
m˙ v = mass flow through vent (kg/s) 
Cd,v = vent discharge coefficient 
Av = vent area (m2) 
ρo = ambient density (kg/m3) 
g = acceleration due to gravity (9.81 m/s2) 
d = smoke layer depth (m) 
To = ambient temperature (K) 

T = smoke layer temperature at the vent (K) 
Cd,i = inlet discharge coefficient 
Ai = inlet area (m2) for the individual vent, ie the total inlet area divided by the number of 
exhaust vents. 

11.2.4.2 The discharge coefficients for vents and inlets used shall be those provided by 
the vent or inlet manufacturer. If no data are available, the discharge coefficient shall be 
taken from Table 11.2.4.3 unless an analysis or data acceptable to the AHJ are provided 
by the designer to validate the use of an alternate value. 

***Insert Table 11.2.4.3 from current edition -same as current Table 9.2.4.2*** 

11.2.4.3 The smoke layer temperature, T, used in 11.2.4.1 shall be determined as follows: 

 Within the area of operating sprinklers, the smoke layer temperature shall be 
taken as the sprinkler activation temperature (temperature rating), Tact. For vents outside 
the sprinkler operating area, the temperature shall be taken as: 

ambTABrrT += −1)(  

where ( )ambactop TTrA −= , π/Sop Ar = ,  
AS is the sprinkler design area, and B=0.65. 
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11.2.4.4 The smoke layer depth used in 11.2.4.1 shall be less than the depth of the draft 
curtains, where used, or shall be taken as 0.12 H, where draft curtains are not used. 

11.2.5 Required Vent Area and Inlet Area 
11.2.5.1 The minimum vent area shall be the vent area required to satisfy Section 11.2.2.3. 

11.2.5.2 The minimum inlet area shall be the inlet area required to satisfy Section 
11.2.2.3  

11.3 Models 
11.3.1 Vents, other than vent systems designed in accordance with Section 11.2, shall be 
sized and actuated to meet design objectives in accordance with Section 11.1 and shall 
use methods described in Section 11.3. 

11.3.2 The computer model Fire Dynamics Simulator (FDS) or other approved 
mathematical models shall be used to assess the effects of the design fire and to establish 
that a proposed vent system design meets design objectives.  

11.3.3 When models other than FDS are used, evidence shall be submitted to demonstrate 
efficacy of the model to evaluate the time-varying events of a fire and to calculate the 
effect of vent designs reliably in terms of the design objectives. 

11.3.4 The design fire used in the evaluation of a proposed vent system design in 
accordance with Section 11.3 shall be determined in accordance with Chapter 8 and 
Section 11.1.2. 

******************************************** 

Definitions:  Definitions to be added to Chapter 3. 
Ganged operation: Process whereby multiple vents are opened simultaneously based 
upon a signal generated independent of the vents themselves. The signal may be 
generated by a detection system, water flow alarm, or manual means. 

******************************************* 
Amend title of Chapter 9 as follows: 

Chapter 9 Sizing Vents for Nonsprinklered Buildings  
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Add new text as follows:
11.1.2 Where acceptable to the AHJ, automatic smoke and heat vents shall not be required in sprinklered areas of

buildings that are equipped with early suppression fast-response (ESFR) sprinklers installed in accordance with NFPA
13.

Note: This proposal was developed by the proponent as a member of the Building Code Development
Committee (BCDC) with the committee’s endorsement.
It has been suggested in several fire studies related to this subject, as included in the annex section F supplemental

material of this standard, that automatically operated smoke and heat vents in areas of a building equipped with ESFR
sprinklers could have a detrimental effect on sprinkler operation. There is concern that heat could be displaced during a
fire by the activation of vent(s), thus delaying the activation of the sprinklers and debilitating the effectiveness of ESFR
sprinklers intended to suppress the high storage fire arrangement. While it is acknowledged that section 11.1 does not
specifically mandate the installation of smoke and heat vents in the areas protected by ESFR sprinklers, this proposed
language would only highlight the additional concern facing the designer providing the performance analysis in such
protected areas and clarify the intent of the installation standard. The value of smoke and heat vents is recognized for
fire fighting purposes, so only “automatic” smoke and heat vents are addressed; it still may be a viable operation to
provide manually operated vents to provide the tools needed for the emergency responders in a fire event. By using the
verbiage “not required” and “acceptable to the AHJ,” this proposed section would not prohibit the installation of
automatic smoke and heat vents; such a decree would better be suited for the building or fire code referencing this
standard.

The committee notes that it is not up to NFPA 204 to determine the circumstances under
which smoke and heat vents should be required.  That determination needs to be made by the building code or other
occupancy standard that specifies the need for such features or components.  NFPA 204 is charged with establishing
the appropriate level of design criteria when smoke/heat vents are specified for use by some other source document.
The Committee has developed a Committee Proposal 204-5 ( Log CP# 2) to address the design principles associated

with the use of smoke/heat vents in buildings protected with automatic sprinklers.  For the ROP stage, the committee is
limiting the criteria to control mode sprinkler systems only.

If possible, the committee would be interested in receiving a copy of the fire studies noted in the substantiation for this
comment.
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