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INTRODUCTION TO
VESDA PIPE
NETWORK DESIGN

When it comes to
protecting critical
infrastructure, data
centers, archives, or
any environment
where even the
smallest trace of
smoke can signal a
catastrophic failure,
VESDA (Very Early
Smoke Detection
Apparatus) systems
have become the gold
standard. Unlike
conventional point
detectors that wait for
visible smoke, VESDA

systems actively draw
air through a network
of pipes to a central
detector, enabling
detection at the
incipient stage of a
fire.  However, the
effectiveness of a
VESDA system hinges
almost entirely on the
quality of its pipe
network design. A
poorly designed
network can lead to
false alarms, missed
detections, or airflow
imbalances that render
the system unreliable.
This comprehensive
guide will walk you
through every critical
aspect of VESDA pipe
network design, from
fundamental principles
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to advanced
optimization
techniques, ensuring
you create a system
that is both sensitive
and robust.

Whether you are a fire
protection engineer, a
facility manager, or a
system designer,
understanding the
nuances of pipe layout,

sampling hole
placement, and airflow
calculations is

essential. The guide
below will serve as
your step-by-step
reference, blending
technical requirements
with practical insights
gained from real-world
installations. Let’s start
by establishing the
core principles that
govern any successful
VESDA pipe network.

NETWORKS
Before diving into
specific design

parameters, it's crucial
to understand how a
VESDA system
operates. A high-
efficiency aspirator fan
creates a vacuum
within a network of
pipes. Small sampling
holes, typically around
2-4 mm in diameter,
are drilled into these
pipes at strategic
locations. Air from the
protected area is
continuously drawn
through these holes
and transported to the
detector unit, where it
is analyzed for smoke
particles. The entire
system must maintain
a consistent,
predictable airflow to
ensure that every

FOUNDATIONAL sampling point

PRINCIPLES OF represents the

VESDA PIPE environment
accurately.
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Key factors affecting
design include pipe
length, number of
sampling holes, hole
diameter, pipe
material, and bend
radius. Every bend,
tee, or reducer
introduces turbulence
and pressure loss. The
goal is to balance the
air intake across all
sampling holes so that
each hole draws air at
a relatively equal rate,
while the total flow
remains within the
detector’s operational
range. Ignoring these
factors can result in
“starved” holes near
the detector and
excessively strong flow

at distant holes,
skewing detection
sensitivity.

The Role

of Pipe
Material
and
Diameter

Most VESDA pipe
networks use rigid PVC,
ABS, or copper tubing.
The choice of material

affects both friction
losses and durability.
For most indoor

applications, PVC is
preferred due to its low
cost, smooth interior,
and chemical
resistance. Outside
diameters commonly
range from 25 mm (1
inch) to 40 mm (1.5
inches). Larger
diameters reduce
pressure drop but
increase material cost
and installation
complexity. The pipe
diameter must be



consistent

throughout the
network to avoid
abrupt changes in flow
velocity. When
transitioning diameters
is unavoidable, use
gradual reducers
rather than sharp
transitions.

Maximum
Pipe
Lengths
and
Branchin

9

Every VESDA detector
model has a specified
maximum total pipe
length per pipe run,

length depends on the
number of sampling
holes, the presence of
bends, and the desired
sensitivity. As a rule of

thumb, keep each
branch length below
80% of the

manufacturer’s

maximum to allow for
future  modifications.
When designing a
branched network
(e.g., a main pipe with
multiple arms), ensure
that the total pipe
length from the
detector to the farthest
sampling point does

not exceed the
system’s capacity.
Balancing airflow

between branches is
one of the most
challenging aspects;
using flow restrictors
or hole size
adjustments can help

equalize sampling
often between 100 and rates.
200 meters. However,
the actual allowable
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DESIGN PROCESS
FOR A VESDA PIPE
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NETWORK

Designing a VESDA
pipe network is not a
one-size-fits-all

activity. It requires
careful mapping of the
protected space,
understanding of
airflow patterns, and
iterative calculations.
Below is a structured
approach that will
guide you from
concept to final layout.

1. Site
Survey
and Risk
Assessme

STEP-BY-ﬂ'EP

Begin by walking the
facility. Identify high-
risk areas such as
server racks, electrical
panels, cable trays,
and storage of
flammable  materials.
Note the ceiling height,
air conditioning vents,
and obstacles like
beams or light fixtures.
For open-plan spaces,
consider stratification:
smoke from a small fire
may rise slowly and be
diluted before reaching
ceiling-mounted

detectors. In such
cases, VESDA
systems with pipe
networks located
near the ceiling or
even under raised
floors can offer
superior detection.
Document the room’s
dimensions, ambient
temperature, and
airflow patterns from



HVAC systems.

2.
Determin
e
Detector
Location

Place the VESDA
detector unit itself in a
accessible but clean
environment, typically
outside the protected
area or in a low-risk
corridor. The detector
must be mounted at a
height where its
display and controls
are easily reached for
maintenance. Ensure
the pipe network can
be routed to the
detector without
excessive bends. Avoid
running pipes near
sources of
electromagnetic

interference, as this

can affect the
detector’s internal
Sensors.

3. Pipe
Routing
and
Sampling
Hole
Layout

Lay out the primary
pipe runs along the
ceiling, following the
structure of the
building. Use a grid
pattern with spacing of
about 5-10 meters
between parallel runs,
depending on ceiling
height and detector
sensitivity. For
example, in a data
center with a 3-meter
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ceiling, sampling holes
every 4-6 meters along
each run is common.
Each sampling hole
should be positioned
directly above or near
the likely fire source.
For server cabinets,
consider dropping a
flexible tube from the
main pipe into each
cabinet - a technique
known as “in-
cabinet” sampling.

Mark the location of
each sampling hole,
which should be
oriented upward if the
pipe is above false
ceilings, or downward if
the pipe is exposed.
The hole diameter
typically starts at 2.5
mm and can be
increased near the end
of a long run to
compensate for

pressure loss. Use a
consistent hole
pattern for

symmetrical areas, but
adjust hole sizes where

airflow varies.

4.
Calculate
Pressure
Loss and
Airflow

This is the most
technical step. The
goal is to ensure that
the pressure at each
sampling hole is within
a narrow range (ideally
+10% of the average).
Use manufacturer-
provided software
(e.g., VESDA Design
Tool, ASAP) or manual
calculations based on
Darcy-Weisbach

equations for pressure
drop. Key inputs
include pipe length,
number of bends (each
90° bend adds
equivalent pipe length



of about 1-2 meters),
hole diameter, and
total flow rate. Many
professional designers
use the “equal
pressure drop”
method, where holes
are sized to maintain
constant pressure
along the pipe. For
example, smaller holes
near the detector and
larger holes at the far
end.

5.
Balancing
the
Network

Once the theoretical
layout is complete, a
physical balancing
process during
commissioning is
necessary. Using an
airflow meter, measure
the actual flow through

each sampling hole.
Adjust hole diameters
(drill larger or insert
restrictors) until all
holes draw within a
predefined tolerance.
This step is often
iterative and may
require test smoke to
verify detection times.
Document the final
hole sizes and
locations for future
maintenance.

CRITICAL DESIGN
PARAMETERS AND
BEST PRACTICES

Beyond the basic
steps, several
advanced
considerations can
make or break a
VESDA pipe network
design.

Sampling
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Hole Size

Spacing

Hole diameters
generally range from 2
mm to 6 mm. Larger
holes draw more air,
which can accelerate
detection but also
increase the risk of
false alarms from dust
or air currents. Hole
spacing should follow
the principle of
“coverage area” - each
hole covers a circular
area with a radius
roughly equal to the
ceiling height. For a 4-
meter ceiling, space
holes no more than 8
meters apart. In high-
value areas, reduce
spacing to 4-5 meters.
Never place holes
directly in an air
conditioning stream, as
this can dilute smoke

concentration.

Bends,
Elbows,
and
Fittings

Every fitting adds
resistance. Use long-
radius elbows instead
of standard 90° elbows
when possible. The
number of bends
should be minimized; if
unavoidable,

compensate by
reducing hole sizes or
increasing pipe
diameter. Tees
should be avoided
on long runs unless
carefully designed to
balance flow. Instead,
use a “loop”
configuration where
the pipe forms a closed
loop, which inherently
balances pressure



across all sampling
points - a technique
often used in large
warehouses.

Altitude
and
Temperat
ure
Effects

Air density affects flow.
At higher altitudes, the
lower air density
reduces the mass flow
of smoke into the
detection unit. You
may need to increase
hole sizes or extend
sampling time.
Similarly, extreme
temperatures (below
0°C or above 50°C) can
alter pipe expansion

10

materials rated for the
environment and
account for thermal
expansion in pipe
supports.

Integratin
g with
Fire
Alarm
Systems

VESDA detectors
typically connect to a
building’'s fire alarm

control panel (FACP)
via relay outputs. The
pipe network design
must not interfere with
other fire detection
systems; in fact,
VESDA often serves as
a very early warning
supplement. Ensure

and contraction, that any activated
potentially causing VESDA alarm does not
leaks or blockages. Use cause immediate
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suppression release
without human
verification, unless the
facility requires it.
Coordinate with the fire
alarm designer to set
appropriate alarm
thresholds.

COMMON
MISTAKES IN
VESDA PIPE
NETWORK DESIGN
AND HOW TO
AVOID THEM

Even experienced
engineers can fall into
traps. Here are the
most frequent errors
encountered in field
installations.

e Overlooking
Obstructions:
Ceiling beams,
pipes, or cable
trays can block
smoke paths.
Position sampling
holes in clear air
spaces, or run
pipes below

11

obstructions.
Ignoring HVAC
Airflow:
Conditioned air
can dilute smoke
or create false air
currents. Do not
place holes
directly under
supply vents.
Use CFD
(Computational
Fluid Dynamics)
modeling for
complex spaces.
Inadequate
Hole Sizing:
Using uniform
hole diameters
on long networks
leads to severe
imbalance.
Always adjust
hole sizes along
the pipe run.
Too Many
Bends: Each 90°
bend is
equivalent to
adding 1-2
meters of pipe
length. Excessive



bends starve the
far end of air.

e Poor Access for
Maintenance:
The detector unit
and sampling
holes must be
accessible for
regular testing
and cleaning.
Avoid placing
pipes inside
sealed ceilings
without access
panels.

SPECIAL
APPLICATIONS:
VESDA PIPE
NETWORK DESIGN
FOR UNIQUE
ENVIRONMENTS

The principles above
apply broadly, but
certain environments
demand tailored
approaches.

12

Data
Centers
and
Server
Rooms

Here, the primary
concern is detecting a
smoldering cable or
power supply before it
causes downtime. Use
a combination of
ceiling-level and in-
cabinet sampling.
For ceiling-level pipes,
space holes every 3-5
meters. For in-cabinet
sampling, run flexible
10 mm tubing from a
main pipe into each
cabinet’s cold aisle or
return air path. Ensure
that the total flow from
all cabinet tubes does
not overload the pipe
network. Often,

12
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dedicated VESDA
zones per row are
required.

Warehous
es and
High-Bay
Storage

Ceiling heights of
10-15 meters and
densely packed goods
Create stratification
challenges. Install
VESDA pipes at
multiple heights - e.g.,
near the ceiling and at
5-meter intervals -
using separate
detectors or
multiplexed sampling.
Use larger diameter
pipes (40 mm) to
reduce pressure loss
over long distances.
Sampling holes should
face downward and be
protected from forklift

13

damage.

Cleanroo
ms and
Pharmace
utical
Facilities

These environments

require non-
contaminating
materials. Use

stainless steel pipes or
approved PVC with low
particle shedding. The
detector unit must be
located outside the
clean area. Sampling
holes should be flush
with the pipe surface
to minimize dust
accumulation. Airflow
balancing is critical
because even minor
imbalances can cause
air currents that
disrupt the cleanroom



environment.

TOOLS AND
SOFTWARE FOR
VESDA PIPE
NETWORK DESIGN

Modern design relies
on computational tools
that simulate airflow
and pressure losses.

XTools (Xtralis’
official design
software) is the

industry standard for
VESDA systems. It
allows you to input
pipe lengths, hole
locations, and fittings,
then calculates
pressure at each hole
and total flow. Other
tools like PipeFlow or
Aspire (for

14

aspirating systems)
can also be used, but
ensure compatibility
with your detector
model. Manual
calculations using
spreadsheet formulas
are still valid for small
networks but should be
verified with software
for complex layouts.

Key parameters to
input in software:
ambient temperature,
altitude, pipe
roughness, and desired
sensitivity (e.g.,
0.005% obs/m to 0.1%
obs/m). The software
will output a report
showing flow rates per
hole, worst-case hole
pressure, and warning

14
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