


































SMOKE RELEASE MANAGEMENT IN A WAREHOUSE 
 

Toto Supriyono 

Pasundan University, Mechanical Engineering Department, Bandung 
Jalan Dr. Setiabudi No. 193, Bandung, 40152, Indonesia 

Email: toto_supriyono@yahoo.com 
 

Herry Mulyajaya 
PT Teamworx Indonesia, BOP, Building C, Groundfloor 

Jalan TB Simatupang No. 41 Cilandak, Jakarta Selatan, 12550, Indonesia 
 
 

Abstract 
 

This paper describes smoke releasing calculation for a warehouse in a pharmaceutical industry. Fire 
protection for the warehouse consists of an automatic sprinkler and an internal hydrant box. Moreover, 
smoke release windows also should be provided for releasing the smoke to a location which is remote 
from the fire. A vent system shall be designed to slow, stop, or reverse the descent of a smoke layer 
produced by fire in a building, by exhausting the smoke to the exterior. Also, it shall be designed in 
accordance with the standard by calculating the vent area required to achieve a mass rate of flow 
through the vents that equal the mass rate of smoke production. Moreover, it shall limit the descent of 
the smoke layer to the design elevation of the smoke layer boundary. Air inlets shall be provided for 
supplying makeup air for vent systems. Air inlets consisting of louvers, doors, dampers, windows, 
shutters, or other approved openings shall be designed and constructed to provide passage of outdoor 
air into the building. The mass flows of smoke, fresh air inlet and window’s area required for releasing 
the smoke will be estimated with an assumption of the warehouse as a building that has a large space 
where the fire size is steady. The smoke releasing calculation has been done referred to ASHRAE 1999 
and NFPA 2001 as well as SNI 03-657-2001 standard and the minimum cross section of the window’s 
area to vent the smoke is found 2.64 m2, approximately. The calculation result based on the standard 
has been compared to the rule of thumb method, it gives 7.15 m2. 
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1. Background of Problem 

Figure 1 shows a warehouse schematically. It has 
65 m, 22.1 m, and 11.83 m of length, width, and 
height, respectively. Some windows will be provided 
on the wall for both releasing smoke and fresh air 
intake when the building in fire. Those will be 
located at 9.65 m from floor for smoke release 
window and at 1.74 m from floor for fresh air intake 
window. The property inside the building is assumed 
as a compartment that has fire size 25000 kW as a 
typical rate of heat release per unit floor area. The 
approach established for estimating both the mass 
flow and windows area is by treating the building as a 
building that has a large space where the fire size is 
steady.  

In warehouse fires, smoke flows to locations 
remote from the fire. A smoke detector located inside 
will sense the smoke in the building and will send 
signal to a fire alarm system so that the window 
actuator operated by pneumatic will open the 
windows and then the smoke will be released through 
the smoke release windows. In addition to, an 
automatic head sprinkler will active when the 
temperature rating is achieved. Hence, both the 

smoke release and fresh air intake windows have 
a function as a vent and an inlet system. 
 
2. Vent System 

A vent system shall be designed to slow, 
stop, or reverse the descent of a smoke layer 
produced by fire in a building, by exhausting the 
smoke to the exterior. Also, it shall be designed in 
accordance with the standard by calculating the 
vent area required to achieve a mass rate of flow 
through the vents that equal the mass rate of 
smoke production. Moreover, it shall limit the 
descent of the smoke layer to the design elevation 
of the smoke layer boundary. 

Alternative vent system designs shall be 
permitted to be developed in accordance with this 
standard by calculating the vent area required to 
achieve a mass rate of flow through the vents that 
are less than the mass rate of smoke production, 
such that the descent of the smoke layer is slowed 
to meet the design objectives. 

Normally, closed vents shall be designed to 
open automatically in a fire to meet design 
objectives or to comply with performance 
objectives or requirements. Vents, other than 



thermoplastic drop-out vents, shall be designed to fail 
in the open position such that failure of a vent-
operating component results in an open vent. Vents 
designed for remote operation shall utilize approved 
fusible links and shall also be capable of actuation by 
an electric power source, heat-responsive device, or 
other approved means. Vents are designed to be 
activated by smoke detection, sprinkler water flow, or 
other means of detection.  

 
3. Inlet System 

Air inlets shall be provided for supplying 
makeup air for vent systems. Air inlets consisting of 
louvers, doors, dampers, windows, shutters, or other 
approved openings shall be designed and constructed 
to provide passage of outdoor air into the building. 
Air inlets shall be installed in external walls of the 
building below the height of the design level of the 
smoke layer boundary and shall be clearly identified 
or marked as air inlets.  

To satisfy the vent system requirements, air 
inlets shall consist of one of the following:   
 A single unit (air inlet) in which the entire unit 

(air inlet) opens fully with the activation of a 
single detector 

 Multiple units (air inlets) in rows or arrays 
(ganged air inlets) in which the units (air inlets) 
open simultaneously with the activation of a 
single heat detector, a fusible link, a smoke 
detector, a sprinkler water flow switch, or other 
means of detection to satisfy the vent system 
requirements 
Air inlets and their supporting structures and 

means of actuation shall be designed such that they 
can be inspected visually after installation. Air inlets 
shall be either constantly open or automatically 
placed in the open position after a fire is detected. Air 
inlets shall be designed to open in a fire to meet 
design objectives or to comply with performance 
objectives or requirements. Air inlets shall be 
designed to fail in the open position such that failure 
of an air inlet–operating component results in an open 
air inlet. Air inlets shall be opened using an approved 
means as the opening force. Air inlet opening 
mechanisms shall not be prevented from opening the 
air inlet by debris, or internal projections. 

Operating mechanisms for air inlets shall be jam-
proof, corrosion-resistant, dust resistant, and resistant 
to pressure differences arising from applicable 
positive or negative loading resulting from 
environmental conditions, process operations, 
overhead doors, or traffic vibrations. 

Air inlets designed for remote operation shall be 
activated by approved devices and shall be capable of 
actuation by an electrical power source, heat-
responsive device, or other approved means. 
 
 
 

4. Smoke management in large space 
(atrium) 
The term atrium is used in a generic sense to 

mean any of these large spaces.  Most atrium 
smoke management systems are designed to 
prevent exposure of occupants to smoke during 
evacuation. The following are approaches that 
can be used to manage smoke in atrium: 
 Smoke filling. This approach consists of 

allowing smoke to fill the atrium space while 
occupants evacuate the atrium. It applies only 
to spaces where the smoke filling time is 
sufficient for both decision making and 
evacuation. 

 Unsteady clear height with upper layer 
exhaust. This approach consists of 
exhausting smoke from the top of the atrium 
at a rate such that occupants have sufficient 
time for decision making and evacuation. 

 Steady clear height with upper layer 
exhaust. This approach consists of 
exhausting smoke from the top of the atrium 
in order to achieve a steady clear height for a 
steady fire. 

 
 The design fire has a major impact on the 
atrium smoke management system. Fire size is 
expressed in terms of rate of heat release. Fire 
growth is the rate of change of the heat release 
rate and is sometimes expressed as a growth 
constant that identifies the time required for the 
fire to attain a particular rate of heat release. 
Design may be based on either steady fires or 
unsteady fires.  
 It is nature of fires to be unsteady, but the 
steady fire is a very useful idealization. Steady 
fires have a constant heat release rate. In many 
applications, use of a steady design fire leads to 
straight forward and conservative design. 

 
Unsteady fires are often characterized by the 
following equation: 
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Type growth times are listed in Table 1 below. 

 
Table 1 Typical Fire Growth Times 

 
Unsteady 

fires 
Growth time tg, s 

Slow 600 
Medium 300 

Fast 150 
Ultra fast 75 
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Table 2 Steady Design Fire Size 

 
 kW 

Minimum fire for fuel-
redistricted atrium 

2000 

Minimum fire for atrium with 
combustibles 

5000 

Large fires 25000 
 
The following experimental correlation of the 
accumulation of smoke in a space due to a steady fire 
is the steady filling equation: 
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The above equation is appropriate for, 

 
 
 
 
 
 
 

 
Figure 1 illustrates smoke exhaust from the hot 

smoke layer at the top of an atrium to maintain a 
steady clear height. The smoke flow into the upper 
layer from the fire plume depends on the heat release 
rate of the fire, clear height, fuel type, and fuel 
orientation. The following is generalized plume 
approximation that does not take into account the 
specifics of the material being burned. 
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The clears height z is the distance from the top of 

the fuel to the interface between the “clear” space and 
the smoke layer. Because a smoke management 
system generally must protect against a fire at any 
location, it is suggested that the top of the fuel be 
considered at the floor level. 

 
Volumetric flow is expressed as, 
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The cross section area of windows can be 
calculated by the following equation: 
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Rule of thumb method 

In practice, the following equation is used 
generally to calculate the cross section area for 
smoke release windows: 

Av = 0.50 % x foot print area     (6) 
Ai = 0.75 % x foot print area               (7) 

 
5. Smoke release and fresh air intake area  

 
The minimum cross section area for smoke 

release can be estimated by a combination of 
equations (3), (4) and (5). With idealization fire 
size steady (25000 kW) and z = 0.2, the minimum 
cross section of smoke release windows can be 
obtain. 

The convective portion qc of the heat release 
rate in equation (3) can be expressed as 

 
qc = 0.7 q 
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Where, q = 25000 kW, thus the convective heat 
release rate is 17500 kW. 
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So, the mass flow rate of plume is  
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 From equation (4), the volumetric flow of 
exhaust gas, Q = 26.4 m3/s. Generally, Air flow 
velocity through the windows has range 2.5 – 10 
m/s. Thus, the minimum area of cross section 
windows is 
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Rule of thumb method 
 From equation (6) and (7), the cross section 
area for smoke release windows Av and fresh air 
intake Ai are 
 
Av = 0.50 % x foot print area  
     = 0.5 % x 1430 m2  
     = 7.15 m2  
 
Ai = 0.75 % x foot print area  
    = 0.75 % x 1430 m2  
    = 10.73 m2   
 

Thus, by the rule of thumb method, the cross 
section area is 7.15 m2 and 10.73 m2 for smoke 
release and air intake window, respectively. 
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6. Summary 

From the above explanation about smoke 
management and calculation can be summarized as 
follows: 
 
a. Smoke release and fresh air intake windows has 

function as vent and inlet system to flows smoke 
to location remote the fire. 

b. The minimum cross section of vent system is 
2.64 m2. Alternate calculation by the rule of 
thumb method gives 7.15 m2 and 10.73 m2 for 
vent and inlet area, respectively. 
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8. Abbreviation and Unit 
 
m  = Mass flow, kg/s 
z  = Clear height from floor, m 
h  = height of building, m 
H  = Windows elevation from floor, m 
Q  = Heat release, kW 
qc  = Convective heat release, kW 
Q”  = Heat release per area floor, kW/m2

V  = Flow velocity, m/s 
Av  = Window’s area, m2

A  = Floor area, m2

ρ  = density of plume, kg/m3

t  = time, s 
tg = growth time, s 
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Figure 1 Smoke exhaust in a Warehouse 
schematically 
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