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A This guidebook describes the different principles of smoke prevention and their

practical implementation by way of natural and mechanical smoke extraction

systems, smoke control by pressurization systems and appropriate partition measures.
In the event of fire, smoke can spread through ventilation systems, but these systems
can play an active support role in smoke prevention.

Realfire and model experiments, as well as consistently improved -upon simulation
methods, allow for robust conclusions to be drawn regarding the effectiveness of
smoke extraction measures, even at the planning stage. This smoke management
Guidebook provides the reader with suitable tools, also through references to
standards and regulations, for evaluating, selecting, and implementing a smoke
control concept that is commensurate with the protection objective.

Fire Safety in Buildings - Smoke Management Guidelines



Associations

Introduction to Fire Safety in Buidlings

Authors:

S



Introduction to Fire Safety in Buildings

¥= ———



Introduction to Fire Safety in Buildings

80 117

70 -

60 -

50 -

40 -

30 -

20 -

10 -

Wi

Figure 1:

Air Conditioning
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Figure 1 shows the number of fire-related deaths by country in relation to population and number of fires
for a select group of countries. These statistics generally only account for victims who were recovered

dead at the scene. Persons who died from fire-related injuries after removal from the scene are generally
not included in these figures. Estimates indicate_that more than 90% of fire-related deaths are not

o

caused by fire, but rather by inhalation of toxic fire gases (smoke).

® Av.Deaths 2010-2014 per 1'000'000 inh.
m Av. Deaths 2010-2014 per 1'000 fires
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International statistics on fire-related deaths
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t1 = smoke detection t, = temperature triggering t3 = arrival fire brigade
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What...

Smoke control systems

Natural smoke and heat exhaust ventilation (NSHEV)

—

Figure 15: Pnnciple of naturs! L <tractio
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The diffe n function of | smoke and heat exhaust ventilation (NSHEV) and smoke and heat
exhaust ventilation systems (SHEVS) have already besn pombed out. As concarns the flow-mechanical
procasses, the main components of NSHEV are the ke and heat exh ventilation equip-
ment (NSHEV or smoke vents) in the roof or upper wall area of the room — or, ideally, supply air surfaces
near the fioor. The smoke extraction and/or flow of the room is based on the pressure differentials re-
sulting from varying temperatures between the room and the envi Di ing such sy
essentially involves the task of determining the size of the NSHEV and supply air surfaces.

Smoke and heat exhaust ventilation system (SHEVS)
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Figure 16 Examples of mechanical smoke extracti

In the cas= of smoke and heat exhaust ventilation systems, ke is d by of
control fans installed in the room's ceiling. There may be additionally mounted smoks control ducts

a fan and individual extraction points in the room and metor-driven smoke control dampers for
targeted guidance and efficient control of the fire gases. The designing of smoke and hea! exhaust
ventilation systems is primarily about determining the fan data with respect to the Y flow,
the inp as well as the temperature class of the smoke control fan and the
size of the requmed supply air surface.
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Pressure differential systems (PDS)

Pressure differential systems (PDS) are installed to prevent the inflow of ke in safety
their lobbies as well as in fire-brigade lift shafts and their lobby areas.
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Eigure 17 Principle shows trol by p differential syst

The typical spread of smoke across lobby doors, which connect the corridor of a floor of origin to a
stairnwell, is shown in Figure 18. In the upper door area, smoke flows from the corridor into the stairwell,
while air from the stairwell is conveyed to the corridor at floor level. This is d by the P ire
ity of such exchange flow i as the tempera-

difference between the two room areas. The i

I I

ture differential rises.

1 Stairwell
m 2 Lobby (airlock)

3 Corridor (Accommodaton
>
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Figure 18: Spreading of smoke from a floor into the stainvell with open lobby doors, without PDS
(schematic outfine}
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Dilution
As concerns the room conditions, smoke control is characterised by dilution due to largely homogeneous




Layeringeé
Layering

An essential element of smoke extraction through layering is a low-impulse air supply in the lower sec-
tion of the room. In this case, the supply air speeds are so small (typical values < 1 m/s) that the supply
air does not trigger a room-filling flow. The air flow is then primarily defined by the plume forming above
the source of the fire. This plume transports the combustion products created by the fire and the heat
flow convectively released to the upper section of the room. They will be extracted and discharged from
the room naturally — ideally, through vents in the ceiling — or mechanically by means of fans. Two gas
layers on top of each other form in the room under such conditions.

Figure 8: Layering of smoke gases (for example, in case of a mechanical smoke extraction sys-
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Pressure differential systeme

Pressure differential systems (PDS)

Ideally, escape routes are kept free of smoke for a sufficient amount of time in the event of a fire. Smoke
control by pressurezation systems have proved to be a qualified method of displacement. This involves
a fan that creates excess pressure for the escape route, thus preventing smoke penetration. The ap-
proach is based on vent surfaces in the area affected by the fire and/or in upstream airlocks. Through
special air discharge vents, the pressure differential is controlled in such a manner that doors to the
escape route can still be opened. Small amounts of smoke that might have spread into the escape route
can be discharged. In addition, the temperature in the escape route is also decreased by blowing in
fresh air. In the event of fire, users will be alerted quickly and can escape, or be rescued, without any
risk. This facilitates the fire-brigade’s fire-extinguishing access.
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Speci fic applicati oné

Creation of smoke compartments by isolation or displacement

In many cases, it is useful to divide fire compartments into smoke compartments. Smoke compartments
prevent or contain the spread of smoke in the building. In ideal circumstances, it allows for smoke to be
extracted at the source, thus keeping escape routes usable for a sufficient amount of time. Smoke com-
partments can be created through structural (e.g., smoke curtains) or equipment-specific measures.

A special type of creating a smoke compartment is vortex smoke extraction. This method uses special
extraction elements (vortex hoods). They allow for a constant, linear capture of the smoke across the
width of the smoke compartment. In addition, they create a high negative pressure near the extraction
point.

Figure 10: Principle of vortex smoke extraction
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depending on the situation. As a rule, additional supply ai

splacement of smoke gases (e.g., through jet fans)
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Dimensioning methods and how these are applied to systems

Dimensioning methods

General

The dimensioning of systems for smoke control is generally based on the protection objective to maintain
a low-smoke layer, the height of which is relative to the height of the building and/or utilisation. Essen-
tially, three methods are used for dimensioning in this context:

+ Zone models,
¢ CFD models (field models),
s  Model experiments.

Especially the first two methods are available to users today as computer programs. Thanks to modern
graphical user interfaces, they are easy to use. But this ease of handling comes at the risk that applica-
tion conditions may be ignored and/or application limits exceeded.

The engineering methods for dimensioning smoke control systems are all derived from the flow-me-
chanical conservation equations for mass

dp 3 alpu,) 0(pu;)
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at ax ay 0z 0, M

pulse (only the x component is stated here; the equations for the y and z components are obtained
through simple index permutation)
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REHVA and (thermal) energy
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