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I: Summary:

It is an acknowledged fact that the Cold Corridor and fire detection & suppression systems
interact with each other in a way that is not always understood very well. If both subjects
are not integrated from scratch and a few basic principles are not followed a data centre
might find itself confronted with disapproval by insurance companies and AHJ's (authorities having jurisdiction). This is a waste of time and effort which can be easily be avoided.
Daily practise shows that a good integrated design can always be made, no matter the
type or size of data centre.
The complexity of fire safety design is partially related to the different stakeholders involved and their natural preferences. An insurance company has the tendency to focus on
the building asset and the value of the infrastructure, fire departments and other AHJ's
focus on the safety of people and preservation of the building mainly. The Data Centre operator wants to secure his business continuity and IT-hardware. In-time inventory of these
different preferences guarantee a well integrated design. Project delays will be avoided.
The integration of fire safety and cooling best principles is not so straightforward and the
standards are mostly dedicated to deal with the topics individually. Only the NFPA 75 (National Fire Protection Agency) currently addresses the impact of the Cold Corridor design
to fire detection and suppression systems in specific terms. According to the NFPA 75, Cold
Corridors, curtains and hot collar systems are considered obstacles but the documentation
does not exactly explain why. Nevertheless they provide guidelines on how to mitigate
the effects of the obstruction and make sure that fire safety is not compromised. Insurance companies, on the other hand, can be more prescriptive in the type of solutions they
want to see. In general, clean agent suppression is still considered the ideal solution for
safeguarding IT-processes to continue while sprinkler systems are considered the best way
to protect a building. The required solution depends much on the context in which the
IT-room is located.
The type of extinguishing, water or clean agent, affects the Cold Corridor design in a different way. In both situations one has to make sure that the spray patterns are effective
in all cases. Values for clearance and coverage determine suppressant effectiveness. If an
obstruction is too close spray patterns are negatively influenced and not all locations can
be reached. Another effect, that especially takes place with clean agent (gas) suppression
are the pressure effects during suppression. One has to make sure that the pressure that
momentarily exists during suppression doesn't damage the infrastructure construction.
By adding pressure relief vents combined with capacity sizing, pressures can be controlled
and damage to construction and IT-equipment prevented.
Three actual cases show a completely different application of the Cold Corridor system
but due to the fact that the fire detection and suppression was integrated with cooling
best principles early in the project a well integrated design is achieved. So an integrated
approach in an early design stage combined with a few basic principles in mind assures
that in many different situations a well integrated design between cooling and fire safety
can be achieved.
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Chapter 1:
Introduction

The Cold Corridor concept has been up and running since 2006 and has helped many
data centres to effectively improve their energy efficiency by separating hot from cold
air. The long track record of the Cold Corridor has shown its key relevance. As experience
progresses from project to project the role of the Cold Corridor within the IT-infrastructure is increasingly better understood. Due to an industry progress solutions are subject
to continuous improvements, including the Cold Corridor. Whether it involves security
aspects, improved air-flow performance, increased luminosity or self supporting constructions, one would be amazed how a simple looking construction can cover so many
aspects. One of these aspects is how to create a good fire safety system in combination
with a Cold Corridor design.
Daily practice has shown that a combination between a Cold Corridor and a fire detection/suppression system must be made with great care in the design stage to have both
the energy gains as well as a reliable fire suppression system. A few specific combination
were not discussed with all the stakeholders from the beginning and have therefore lead
to insurance approval issues. This resulted in extra pressure on the project planning.
Guidelines about the integration of cooling and fire safety best practises are scarce and
the topics are usually considered separately. In this paper the Cold Corridor and fire detection and suppression are brought together showing how they interact with each other.
The whitepaper concludes with three actual projects showing that when cooling and fire
safety are considered together in the design phase of a project, a good integrated design
can always be made.

Chapter 2:
Cold Corridor®
and Fire
Detection &
Suppression

Recently there have been a few projects where the construction of the Cold Corridor has
been regarded, by insurance companies and AHJ (authorities having jurisdiction), as an
obstruction to fire suppression systems. It involved a specific combination of water-mist
as the single suppressant in combination with the Cold Corridor. At that moment it came
as a surprise and put a lot of pressure on the project planning. On the Minkels side, it has
resulted in a rapid new development of a special ‘pivoting roof’ construction of the Cold
Corridor. A satisfactory and approved solution was presented in the end but it triggered
the writing about the topic of Cold Corridor design and fire detection and suppression.
Traditionally water(mist) sprinkler installations are used to protect buildings/premises
and gaseous clean agents to protect IT equipment. This is advocated in the standards
and by insurance companies. A data centre industry in search for cost-effective solutions
might find itself ending up with a combination that creates a new set of challenges.
The reason why there have been approval issues is basically because the construction of
the Cold Corridor is regarded as an obstruction to normal water sprinklers spray patterns
and coverage areas. Intuitively this is understandable. Due to the roof construction fires
occurring in the Cold Corridor or below the perforated tiles will not be reached effectively.
Despite the intuitively understandable arguments of this it also raises questions about
the fundamentals on which these decisions are taken. Why exactly is a Cold Corridor
system more of a danger to fire suppression systems than two single rows of racks?
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Among this and other integration questions, the rules that have to be followed to create a
successful integration between the Fire Safety design and the Cold Corridor do not seem to be
so straightforward. In search for solid guidelines chapter 3 deals with the mind-sets of different stakeholders concerned with Fire Safety design to understand their role in the process and
their responsibility. In chapter 4 several important standards are consulted to extract some
basic rules and find some proof on how to judge the Cold Corridor in relation to fire safety.
Chapter 5 will touch some of the interesting basic topics of fire safety design which impact the
Cold Corridor design. Chapter 6 shows 3 example projects where a successful combination has
been made between fire detection/suppression and the Cold Corridor. In Chapter 7 a glimpse
is given of recent developments towards the Cold Corridor design to enhance Fire Safety design. Chapter 8 sums up the relevant information gathered in this whitepaper.
Although Minkels is not a fire expert, essentially, much knowledge has been gathered over the
years by intensively working together with fire safety engineers in projects to get good integrated designs. This paper will not validate fire suppression techniques itself but restrain itself
to considerations with respect to the Cold Corridor design.

Chapter 3:
Fire Safety
Stakeholders

The purpose of a fire safety design revolves around ensuring the following:

1. People

2. Property

3. Environment 4. Business
Continuity

Figure 1: Objectives fire
safety

In general the safety of people comes first. Directly related to the safety of people is the building construction and the infrastructure inside these buildings . The role of Minkels is to first
guarantee the safety of people, which applies to the Cold Corridor system in such a way to
ensure that it can do no harm to people under any circumstances and that a safe escape is
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guaranteed at all times. Second comes the contribution to business continuity of the ITprocesses.
Despite the fact that the protection of people, property, environment and business continuity are considered equally important in a well engineered fire safety plan, there are differences between the several stakeholders. Each stakeholder has his own topics in mind.
While business continuity is most important for the IT end-user, IT in fact has limited
value to insurance companies and fire fighters. It’s the responsibility of the data centre
designer to manage all these stakes early in the project in a way that realises approval,
acceptable insurance premiums and creates a data centre environment that guarantees
business continuity for the IT-end users.

3.1 Authorities Having Jurisdiction (AHJ)
Business
Continuity

Persons

Environment

Real Estate/
Hardware

The AHJ, authority having jurisdiction, can be a local fire department, a representative
commission of the municipality, a private company accredited for the job or even an insurance company. The AHJ has the responsibility to apply the codes or standards to the situation at hand and have legal authority to approve a system. Since the standards and codes
often leave room for interpretation, approval can differ from region to region. Especially
when certain constructions are not mentioned explicitly in the codes or standards, like the
cold aisle containments, they are subject to local interpretation of the codes and standards.
In general the AHJ has the safety of people as its top priority. Which means that good
escape routes must be present and the construction of the building must have a certain
resistance to fire. The use of fire compartments, applied fire and smoke classifications to
building material and minimal combustible load is validated. The Cold Corridor is never
considered to be compromising the fire safety in combination with gas suppression systems. Things change obviously when only a water sprinkler installation is present.

3.2 Data centre Operator

Business
Continuity

Persons

Environment

Real Estate/
Hardware

The Data centre owner in the end is responsible for a good fire safety plan while meeting
the business continuity goals which are reflected in the SLA’s (service level agreements)
to his customers. Today more tools become available for him to make the right decisions
at the right moment. A Dutch initiative called ‘Model-IBB’ is concerned with providing a
framework in which integral fire safety systems can be designed for a multitude of applications. It pays special attention on how to deal with all the stakeholders in a project and
provide checklists to get an approved design.
The data centre operator wants to secure his hardware and at the same time wants to
secure the IT-processes of his customers, the IT-end-user. For him it’s important to reach
certain SLA levels, for example the uptime guarantees. Concern for persons and the environment have slightly less attention.
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3.3 Insurance companies

Business
Continuity

Persons

Environment

Real Estate/
Hardware

Insurance companies play a crucial role in the whole fire system approval process. In some
situations they also fulfil the role of the AHJ and thereby have legal authority as well. An
insurance company is good at estimating the risks involved and thereby adjust insurance
premiums appropriately. Since they have extensive ‘loss’ data and conduct their own
research they are a knowledgeable partner as well. The risk that is insured is the residual
risk and equals fire risk minus the fire proofing. This usually means that the more is spent
on recognized prevention the lower the residual risk is effecting the insurance premium.
Despite the fact that insurance companies have an integral approach to fire safety the
building is still considered the most valuable asset. Risks to hardware, persons and environment can also be estimated quite accurately, but the financial consequences of downtime are a bit more tricky.
What they will advocate preferably are systems to which they can assign a risk profile with
a high confidence level. Traditionally insurance companies demand for water-sprinkler
installations to safeguard the building and advocate gas suppression systems to protect
valuable IT-assets. New combinations like the combination of water mist with the Cold
Corridor have in specific situations led to disapproval. Water mist for example is still quite
'new' to the data centre industry and has far less loss data available than water sprinkler
installations. Despite the fact that one can question the additional risk of a corridor over
two single rows of rack, or question whether a fire can start directly below the Cold Corridor roof, the fact remains that the industry until now has minimal fire test data on the
configuration. This unknown risk is a true risk for an insurance company.

3.4 IT end user
Environment

Business
Continuity

Real Estate/
Hardware

The IT-end user is the most distant stakeholder in this process and is certainly not part of
the fire safety design team. His stakes however are among others represented by the data
centre owner, which is responsible for the uptime. So the stakes for the IT-end user are
business continuity and the preservation of hardware in case of collocation.

3.5 Supplier/Manufacturer

Persons

The suppliers are usually slightly out of the scope in the beginning phase of a data centre
design and are not a true member of the fire safety team in a traditional sense. However
due to their expertise on product level they can provide valuable information on how their
product would affect fire safety. If product modifications are required, early involvement
will provide time to make qualitative adjustments and give time to test these if necessary.
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Chapter 4:
Standards

Although many standards touch the subject of fire detection and suppression in data
centres only few give specific information, or relate to, the interaction with Cold Corridor
or IT-infrastructures in general. Only the newly released 2013 edition of the NFPA 75 has
specific remarks related to ‘cold aisle containments’ and ‘hot collar’ systems and is therefore subject of interest here. In what way does the Cold Corridor influence fire safety?

4.1 NFPA 75: Standard for the Fire Protection of Information Technology
Equipment (2013 edition)
The NFPA is at this moment the only standard which makes specific statements on hot/
cold aisle containments in data centres. For reasons of concern related to sprinkler spray
patterns, smoke detection, clean agent nozzle clearance and coverage additional paragraphs related to hot/cold aisle containment and collar systems have been added. Collar
systems are ducts at the rear end or top of a rack, directly guiding the hot air into the return air plenum. Additionally the NFPA 75 sets some boundaries on the use of obstruction
removal systems, like the newly released Minkels 'pivoting roof' system which is explained
in chapter 7.
What's relevant to the Cold Corridor design is that the material properties are expressed
in a maximum flame spread index of 50 and smoke development of 450. Since glass and
metal are the dominant materials these indices are not an issue. Further it addresses that
in situations where aisle containment systems are installed, the existing suppression
and detection systems shall be evaluated, modified, and tested as necessary to maintain
compliance with the applicable codes and standards. They refer to the NFPA 13, which is
concerned with the design of sprinkler systems and the NFPA 2001, which is concerned
with the design of clean agent suppression systems(see 4.2 and 4.3). Another statement
says that collar and containment systems shall not be considered plenums, which means
that special ‘plenum-rated’ material is not required. Due to the relatively higher temperature ranges in data centres detectors' activation temperatures shall be raised as well. You
don't want a cooling failure to immediately trigger your fire suppression system.
A special chapter of the NFPA 75 is devoted to obstruction removal systems, of which
the ‘pivoting roof’ system by Minkels is an example. First it states that when obstruction
removal systems are used, special modification to the detection and suppression systems
are not required. It states that an automatic means of smoke detection shall ensure the
removal of the obstruction before the suppression system is activated. However, the
obstruction removal system cannot endanger a safe escape of people. After obstruction
removal the protection level must be as intended. Upon activation all the obstructions
must be removed within the suppression zone. The releasing devices shall be listed for
the application. An additional note is made that only smoke detection based activation
provides a proven means of obstruction removal. Thermal, mechanical or fusible links still
need further research to prove effectiveness.
To the exact question relating to why a corridor is considered an obstruction and a rack’s
roof system is not isn't answered. It just states that the Cold Corridor obstructs proper
operation of sprinkler systems.
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4.2 NFPA 13: Standard for the installation of sprinkler systems.
The NFPA 75 refers to the NFPA 13 because it does go into detail about how to adjust the
water based sprinkler design system when faced with an obstruction. Each data centre
building can be different and the basic rules must be applied and checked within each
project. The main theme is to ensure that normal coverage and clearance areas can be
maintained such that the intended suppression effectiveness is maintained. Coverage
means the extent to which the water based suppressant is able to reach all locations in
the room where a fire can occur. Clearance refers to the minimal free area directly around
the nozzle. If obstructions are too close, the water based suppressant cannot fully atomize
leading to capacity problems. For example the minimal clearance from nozzle to obstruction shall be between 1,2-1,8 m. Spacing between sprinkler heads is normally 4,6 m and in
extra hazard situation can be reduced to 3,7 m. High airflows, > 1 m/s, do effect coverage
and clearance levels.
Also the NFPA 13 does not provide more substantial ground to value the Cold Corridor as
unacceptable obstruction. It merely states how to design a sprinkler system around an obstruction. The fact is that for any object in the whitespace area the sprinkler design needs
to be modified.

4.3 NFPA 2001: Standard on Clean Agent Fire Extinguishing systems (2011)
The NFPA 2001 relates to the dimensioning of clean agent extinguishing systems like inert
gas or HFC's. It states that each room, raised floor or ducted ceiling shall have fire detection and suppression in place. The same issues as with sprinkler systems, like clearance
and coverage, do apply to clean agents as well. Both the NFPA 13 and 2001 need to be carefully applied in a data centre environment because of the specific issues with obstructions
and airflow patterns.

4.4 BICSI 002-2010: Data Centre Design and Implementation Best Practices
This document refers to the NFPA documents mentioned above but speaks out more profoundly. It states that water sprinklers must be installed if the IT-room is part of a building
that is protected by water sprinklers. If the Data Centre is a stand-alone facility the suppression system can be either water-based, gas or both. Furthermore it states that water
sprinkler systems are not suitable for suppressing fires inside ITE cabinets and if IT equipment needs to be protected, clean agent suppression systems must be used. This supports
the questions being raised why a Cold Corridor is more of an obstruction than a cabinet if
water is not suitable to suppress fire in neither of them.

4.5 Dutch Building Code (Bouwbesluit 2012)
National Building Codes provide a valuable source of reference for AHJ’s to validate a
design. It provides a basic framework with legal authority and is considered crucial to any
fire safety design. These documents are especially focused on guaranteeing a safe escape
of people in case of fire and the preservation of the building to create sufficient escape
time to a safe place. It does not specifically focus on the preservation of IT-equipment or
business processes.
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The National Building Code for the Netherlands is called “Bouwbesluit 2012”. The exact
performance levels of the National Building Codes will differ from country to country but
the principles concerning safety of people, property and the environment are the same.
There is a trend of European harmonization going on. For example, from this year July on
construction materials must meet European guidelines (EU nr. 305/2011) and CE marking
shall be accompanied with a declaration of performance. Over the years the differences
between the National Building Codes will reduce. Until then, a few important conclusions
related to the Cold Corridor are extracted from the Dutch Building Code:
The Data Room itself is belonging to the category of ‘light industry’ which means that
the presence of people is subordinate. This both holds for the IT-room and the technical
room. The consequences are far less strict requirements concerning escape route, size of
fire compartments and fire resistance of constructional elements. A Cold Corridor itself
is not considered a fire compartment since it does not limit or restrain fire. In fact, due to
the forced airflow in the IT-equipment it can be considered quite open. This results in a
minimal number of requirements from the Dutch Building Code related to the Cold Corridor design. Although the Cold Corridor can be part of an escape route, since people can
work inside the Cold Corridor, their presence is considered accidental and the number of
people working simultaneously in the IT-room is small. Their activities are considered for
maintenance purposes only and therefore the rules for an escape route do not apply. This
means that also the sliding doors at the end of the row are approved. However an employee working in the Cold Corridor must be able to leave the corridor in a safe and secure
way. The Cold Corridor can therefore be manually opened from the inside and has clear
identification how it should be operated. Due to the improved transparency of the Cold
Corridor roof, room based emergency lighting is able to sufficiently lighten the corridor in
cases of emergencies. Since already a few decades server rack doors contain special hinges
that allow a rotation of 170° degrees giving maximum space to a safe escape also in narrow corridors. Due to the low density of the people the allowable escape route length may
reach up to 60 meter. This is more then enough for IT-rooms.

4.6 EN 1047-2: 2009: Secure storage units - Classification and methods of
test for resistance to fire - Part 2: Data rooms and data containers
This standard provides, on top of national building codes, a set of more strict requirements for the protection of IT-equipment from outside events. A general accepted figure
states that two third of the IT-rooms being affected by fire is caused by an event occurring
outside the IT-room. Not only the temperature rise, but also the penetration of water and
smoke through the walls into the IT-room will disrupt a normal operation. National building codes are not equipped to provide specific protection for sensitive IT-equipment. The
EN 1047-2:2009 states lower limits for allowable temperatures (dT=50 K) and humidity
levels (<85%) in the IT-room when in an adjacent room fire occurs. This puts a bigger pressure on the design of the fire compartment. It has however no legal authority and is therefore not always considered. Although this standard does provides a very good addition it
does not relate to Cold Corridors placed in typical data centres directly. Only when these
are part of containerised data centres do they reflect any relevance.
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4.7 TIA 942: Telecommunications Infrastructure standard for data centres
The TIA provides minimal content on fire safety engineering. It refers to the NFPA 75 and
relating documents. This emphasizes the importance of the NFPA 75 document once
more. It does state a minimum clearance height above cabinets of 460 mm. Water sprinkler installation are considered the most basic level of protection and should be so-called
pre-action systems which provide a higher level of protection to accidental activation. In
the ‘informative’ appendices the TIA states in relation to water sprinkler installations that
for a raised floor the effectiveness is minimal if floor height is smaller than 410 mm and in
case where the combustible load is minimal sprinklers are not required under the raised
floor. For the protection of the IT-equipment gaseous suppression is favourable. Due to the
flooding principle gas can penetrate IT-equipment at any location. This requires however a
proper sealing of the room to maintain gas concentration levels in the room for a certain
period of time. Additionally the TIA 942 recommends the use of aspiration detection additionally to traditional point smoke detectors, since high air velocities in a data centre
smoke is diluted and high sensitivity detection is required.
In summary, the TIA recommends the use of pre-action water sprinklers for the minimum
safety of a building and clean agent (gas) suppression system to protect the IT-equipment
in combination with aspiration detection systems. The TIA-942 was published in 2005 and
since then has formed the basis for many data centres designs including the combination
of Cold Corridors, since 2006, and to fire safety designs.

4.8 Insurance companies:
Although insurance companies are not a standard as such they play an important role in
the whole fire safety design and approval. Due to their extensive ‘loss’ data combined with
internal research insurance companies have profound opinions on technical solutions and
to what extend they reduce the risk. Where standards leave room for interpretation, insurance companies can be more prescriptive in the type of solutions applied. They consider
water(mist) to be effective for protecting the building and gas agents to protect sensitive
IT-equipment and business processes.
On prevention level the minimization of combustible loads within the IT-room is emphasized. Housings shall be non-combustible. Also outside the IT-room combustible load must
be minimized. The focus is clearly on prevention in combination with an early detection
and a form of gas suppression as much as possible. When water sprinkler installations are
used for suppression they must be brought within the Cold Corridor. Detection can stay
at room level. Due to the lack of a standardized test method and validated data not all
insurance companies advocate removable roof systems. This will depend from project to
project. The NFPA 75 is more open-minded as long as the obstruction is removed in-time.
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Chapter 5:
Key Aspects of
fire safety design

The field of fire system engineering is a specialized and extensive industry with many
stakeholders involved as is explained in the beginning. The role of Minkels is to take into
account the various aspects of fire safety and translate them to the IT-infrastructure products in general and here specifically in the design of the Cold Corridor system.
A fire system design can roughly be divided in three parts. That is prevention, constraining
and fire fighting. Prevention relates to all efforts that contribute to lowering the risk of occurrence. Constraining relates to minimizing the damage when a fire has started. Following the National Building Codes and the use of fire approved products constructions supports this part. A well designed detection system with appropriate actions is an important
part of limiting the potential devastating effects of a fire. The third part is the actual fire
fighting itself, which in our case is merely the activation of the suppression system. Once
this stage is reached it’s important that the suppressant does the job well and effectively.
The main effort should be dedicated to prevention. This reduces the residual risk and
thereby the cost of insurance premiums. By meeting the standards and design guidelines
important pre-work is done. A few topics are explained and made specific for their interaction with the Cold Corridor design.

5.1 Fire detection: Buying time
An early detection creates time to respond correctly to a starting fire and preventing it
reaching a flaming fire stage, see figure 2. A combination of several type of detectors can
detect a fire at a different moment of the fire propagation and can evoke actions which do
not immediately have to result in fire suppression. A very early starting fire can be an overheated wire which releases some coating gasses. This can go on for many days and sometimes even disappear for a while. Many data centre operators use these very initial alarms
to visually inspect the room and try to find the origin of the fire. It might, for example,
result in replacement of a power supply or reducing the power load on a certain group.
Dependant on what needs to be protected a specific combination of detectors are required to cover the whole range of combustion products. Traditional sprinkler systems in
buildings have a combination of point smoke and heat sensitive glass bulbs in sprinkler
heads. For data centres it is strongly recommended, by the standards and insurance companies, to use sensitive aspiration smoke detection in combination with the traditional
detection to detect incipient fires.
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Figure 2: Fire Detection
scheme
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Location of detection:
Each stage of a fire requires a different detector, see figure 2. Theoretically the preferred
location of detection is a function of the detection response rate in relation to the smoke
and heat release rate of the combustibles in the room. Due to it's location, type of housing
and type of detection technology each detector requires a certain time to respond. The dimensions of the room, air speed and the type and size of the combustibles determine how
fast a fire can develop and how fast it must be detected. Creating the exact timing scheme
can be quite complex since it requires to calculate different fire scenarios. Therefore a
detection system needs to be tested before it goes into operation. What can be expected
is that by using a sensitive aspiration detection system, a starting fire can be detected at a
moment that it is still slowly progressing. In this stage there is still time left to locate the
source.
The very initial products of a starting fire, before it becomes visible smoke, can only be
detected by a sensitive aspiration detection device. The particles are still very small and
diluted. They follow the main current of airflow and are located there where all the air will
certainly pass. In a raised floor situation, with a Cold Corridor and perimeter CRAC units
this is in many situations the return air inlet of the CRAC unit. Sprinkler heads with heat
sensitive glass bulbs are placed at the ceiling since heat accumulates there. Usually the
grid is more dense above hazardous areas. Point smoke detectors can be placed to the
ceiling as well but also under raised floors. Flame detectors are not used in the data centre
environment. If hot/cold aisle containment is used in a closed loop cooling situation both
the room as well as the racks or corridor needs detection because separated airflow loops
are present. The examples in chapter 5 show how fire experts have adjusted the detection
in function of different cooling setups.
A good detection benefits from a good hot/cold separation, thermally and airflow wise.
This advocates the use of airflow optimised cabinets and accessories (whitepaper 04). One
can imagine that if air recirculates or bypasses it flows around in circles inside the IT-room
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without ever reaching the aspiration detection units. Especially in high flow environments
these effects are amplified. One of the consequences of placing the aspiration detectors
at the CRAC return is that locally high airflows are present. They dilute the concentration
levels but due to a high sensitivity of aspiration detection units this is not a problem.
Robustness of detection:
In order to avoid accidental suppression it's important that multiple detectors need to be
triggered before suppression can be activated. It is common practice that minimally two
detectors within a single physical area need to be triggered before a suppression system
can be activated. In relation to the data centre environment, and the different cooling
strategies that are applied, one has to take into account the independent airflow loops
that can exist. For example, in a closed loop cooling solution, the conditioned air flowing around between cooler and IT-equipment forms an independent airflow loop from
the rest of the IT-room. Therefore both areas should have multiple detectors loops. Other
separated areas can be a raised floor or ducted ceiling when they are not part of a single
cooling area.
Another aspect of robustness relates to the sensitivity levels of the detectors. In many cases the sensitivity levels of point smoke detectors are considered the right level to prevent
from accidental suppression. If aspiration detection is supposed to trigger a suppression,
the alarm levels are adjusted to a sensitivity level similar to that of point smoke detectors.
The cases referred to in chapter 6 show some practical application of these principles.

Figure 3: Detection range
for different type of
detectors

smoke detection range
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5.2 Fire suppression
The final stage is the suppression itself. If all the previous methods and systems have
failed suppression is activated. In this stage fire is really going on. Fire suppression is a
theme which requires close consideration in relation to the Cold Corridor® design. It first
of all relates to the proper selection of sprinkler system and/or extinguishing agents. The
Cold Corridor® embodiment affects the spray patterns of nozzles and impacts the areas
that can be covered by the suppressant. Additionally during suppression the Cold Corridor®, just like the IT-equipment, must be able to deal with short term pressure fluctuations.
Selection of extinguishing agent:
Good suppression is related to first of all choosing the right extinguishing method for the
given situation. Gaseous extinguishing agents are extremely well suited for the protection of high-value electronic equipment. They leave no residue and can penetrate the ITequipment everywhere as long as a certain volume concentration level is reached. Water
sprinkler installation provide an effective way to protect a buildings construction since
they have a high heat capacity.
The working principle of fire extinguishing mechanisms is related to interfering with the
fire ingredients. The basic ingredient of a fire are often explained using the fire-tetrahedron, see image below.
The basic four ingredients of a fire are:
Figure 4: Fire-tetrahedron,
ingredients of a fire.

1.
Fuel: to vaporize and burn. The fuel molecules
have to be in a vapour (gas) state to participate in a fire
but can originate from a solid, liquid or gaseous state.

heat

fuel
oxygen

2.
Oxygen: to combine with fuel vapour. For the
oxidation process of fuel molecules oxygen is required.
Air normally contains by volume 21% oxygen, 78% nitrogen and 1% other gasses.

3.
Heat: to raise the temperature of the fuel
vapour to its self-ignition temperature. The fuel molecules must be at an elevated temperature to oxidize
chain reaction
or combust. Once a fire has started the heat generated
by the initial reaction will raise the temperature of adjacent molecules and in that way
start a chain reaction.
4. The fourth is not truly an ingredient but represents the chemical reactions taking place
between fuel, oxygen and heat. The reason for this fourth component is that especially HFC’s work by interfering with the chemical reaction in their way of suppression
If one of the ingredients is missing a fire will not start or if one of the ingredients is

MINKELS

17

WHITEPAPER 05

Integration of the Cold Corridor® with Fire Suppression Systems

removed the fire will go out. All extinguishing mechanisms function by removing one or
more of these ingredients. Roughly they can be categorized in the following overview:

Table 1: Working
mechanism of fire
extinguishing mechanisms

Type

Method

Water

Water(dry/wet type)

Fuel

Oxygen

Heat

Chain
reaction

Water Atomizing
Water mist
Inert Gases

CO2
NO2 (IG-100)
IG-55 (f.e. Argonite)
IG-541 (f.e Inergen)

Chemical Gases

NovecTM -1230 by 3M

HFC's*
FM-200, FE-25,
*These represent the new HFC's in replacement of Halon 1301
Roughly there are two methods for applying an extinguishing agent: total flooding and
local application. The term total flooding is used in relation to all extinguishing methods
where the complete room is ‘flooded’ with the extinguishing gas or water(mist) in order
to fill the room with a certain volume % required to extinguish the fire. This is typical for
gas agent suppression. The local application principle involves an extinguishing agent
being released locally where a fire has been detected. This is typical for water sprinkler
systems. Clean agent extinguishing mechanism with a total flooding principle work well
together with the Cold Corridor since they are able to penetrate the IT-equipment and
extinguish hidden fires. The equipment can continue to keep running.
In data centres for the protection of IT-equipment the gas mixture IG-55 is often used. This
is a gas suppression based on a mixture of 50% argon and 50% nitrogen. It leaves no residue on the IT-equipment and processes can continue afterwards. Each type of extinguishing method requires different aspects to take into account in relation to the Cold Corridor.
The relevant aspects are explained in more detail in the remainder of this chapter.

Table 2: Suppressant versus
Cold Corridor® impact

Type of
suppressant

Cold Corridor Design

Water(mist)

ɖ
ɖ

Gas (inert and
chemical)

ɖ
ɖ
ɖ

MINKELS

During suppression the obstructive nature of the Cold Corridor
shall be removed before activation of the sprinkler system.
In the absence of a removable construction sprinkler heads can
be integrated in the Cold Corridor roof.
Pressure relief vents are integrated based on the specification of
Fire Experts to accommodate a correct pressure relief.
Suppression must be dimensioned in such a way that pressure
difference over the IT-equipment is around zero.
In closed loop situations the nozzles have to be integrated in the
cabinet.
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Sprinkler/Clean Agent dimensioning:
Water(mist) sprinkler design is about calculating the right amount of suppressant to enter
the room. The NFPA 13 is one of the standards to help dimensioning this. Since the exact
phenomena of extinguishing is quite complex the industry works with certain rules of
thumb to estimate the amount of suppressant needed per square meter. In general this
means the bigger the room the lower the density of water being poured in the room per
square meter.
Inert gases are applied in a flooding situation where it’s important to achieve a certain
concentration level in the end-situation. These required concentration levels are standardized but vary among the standards, NFPA 2001 and ISO 14520. To reach the right volume
concentration levels without submitting the construction to disproportional pressures it's
important to assign the right capacity to each nozzle. In a traditional Cold Corridor setup
with a raised floor and perimeter CRAC cooling, see figure 5, the volume which is covered
by the Cold Corridor is assigned to the raised floor plenum volume. In that way pressure
arrives to the IT-equipment from both sides simultaneously preventing from causing any
negative airflow through the servers due to large pressure differences over the server.
Figure 5: Dimensioning of
clean agent suppressants.

Zone 3: Volume Ducted Ceiling [m³]
Zone 2: Volume IT Room [m³] - Volume Cold Corridors[m³]

Zone 1: Volume Raised Floor [m³] + Volume Cold Corridors[m³]
fire suppression zones

Coverage and Clearance:
The terms coverage and clearance both hold for water(mist) sprinkler systems as well as
for gas suppression systems. The coverage area is the area which the sprinkler or nozzles
can reach in m2 and clearance is the minimum distance between a nozzle head and an
obstructive area that is required to fully atomize the suppressant, see figure 6. For data
centres this is set at 1,2-1,8 m in the NFPA 13. Both coverage and clearance are a measure of
the conditions under which a suppressant can be effective. Each obstruction impacts the
coverage and clearance levels and can reduce the effectiveness of the suppressant. To compensate for this one can choose a different type of nozzle with a different spray pattern,
increase capacity, and/or increase the density of nozzles. For each type of suppressant
there are different guidelines. For water sprinkler systems the distance between the nozzles equals the radius of it’s coverage area. This is called ‘head-to-head’ coverage. Normal
dimensioning programs assume a complete open room and adjust the number of nozzles
to this size. For data centres one has to review the standards and reapply them. The NFPA
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13 deals with the water sprinkler systems and the NFPA 2001 with clean agent suppression systems. When designing a suppression system the embodiment of the Cold Corridor
and IT-infrastructure in general needs to be taken into account in an early stage since they
impact suppression effectiveness
Figure 6: Relevant
parameters for suppression
effectiveness.

interval spacing [m]

α

min. clearance (1,2-1,8 m)

coverage area [m²]

Pressure effects:
During suppression a clean agent or water(mist) sprinkler system forces the suppressant
under pressure to enter the room. For water these pressure are quite moderate, 1-2 bar, for
chemical gasses around 25-40 bar and for inert gasses in combination with special pressure reducing valves around 40-60 bar. The discharge time varies between 10 seconds for
chemical gasses, 60 seconds for inert gasses and many minutes for water. Especially with
the gas suppressants the room experiences a pressure increase. Flooding factors for inert
gasses state that approximately half of the room’s volume is added with the extinguishing gas to get the right concentration levels. That means if no pressure relief valves are
present and there is no room leakage the final pressure in the room can become 1,5 bar.
This can severely damage the constructions in the room and the IT-equipment. A room
has a natural level of leakage, wall throughputs etc. This is minimized to maintain a certain concentration level for at least 10 minutes but large enough to make sure that pressures larger than 500 Pa do not exceed during suppression. Nowadays several manufactures provide special nozzle techniques which provide a lower and more gradual pressure
release pattern. Still, natural leakages are not sufficient to prevent damage to the room
and infrastructure. Pressure relief vents are required at room level and potentially within
the cold corridor in a closed loop with row-based cooling units. In that situation nozzles
are brought into the Cold Corridor as well. In chapter 6 an project example is given.
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Chapter 6:
Three Typical
Data Centre
Applications

In this chapter three real life data centres configurations are shown where the interaction
between cooling and fire detection and suppression go hand in hand without compromising cooling nor fire safety. In the example projects Minkels has been heavily involved
together with fire safety design experts creating an integral solution. These examples are
selected because specific solutions were applied in these projects to maximize both cooling and fire safety topics and show that a good integral design can always be made, no
matter the restrictions.

6.1 Cold Corridor® with perimeter CRAC Cooling
Description: Very common setup with multiple Cold Corridors on a raised floor cooled by
perimeter CRAC. Cold air is forced under the raised floor and through perforated tiles enters the Cold Corridor. The technical room is separated from the IT-room. Only local power
distribution is present at the perimeter of the room.
Figure 7: Cold Corridor®
with 'pivoting roof'
construction

Special feature: A pivoting Cold Corridor roof system is applied to allow the combination
with a water-mist sprinkler. In this way the obstructive nature of the Cold Corridor does
not effect the design of the sprinkler system since it’s roof will be removed before the
sprinkler system is activated. A heat sensitive glass bulb burst at 57°C, releasing a mechanism, guaranteeing a timely opening of the roof before the water sprinkler system is activated. Normal spray coverage and clearance guidelines still hold and the sprinkler design
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does not need any special modification.
Typical application: This type of configuration is most seen at the larger data centres
(>300m2). Both corporate and commercial data centres apply this traditional way of
cooling. The combination with a water-mist sprinkler system is becoming more common.
Water-mist can provide an effective way for suppressing a fire but it cannot guarantee the
saving of IT-equipment.
Cooling: An energy efficient solution is created by applying the Cold Corridor in combination with a raised floor and CRAC cooling which provides conditioned air to the raised
floor. Air-optimised cabinets are used to make sure air from the CRAC units are used optimally. Overhead cabling is becoming more standard and creates an unobstructed raised
floor plenum. The IT-floor height of 4 metres creates low speed and homogeneous return
airflow patterns.
Fire Prevention: The Cold Corridor contains no flammable material, metal and glass only.
The technical room is separated from the IT-room. Only local power distribution for the
two corridors is provided at the perimeter of the room. Back up power and main distribution takes place in the technical room which is a separate fire compartment.
Detection: The presence of an aspiration detection allows for an early intervention. The
aspiration detection is located at the return inlet of CRAC units and can sample all the air
in the IT-room. Additional smoke detection provides a robust level of detection because
minimally two point smoke detectors have to be triggered before suppression takes place.
A pre-action water-mist sprinkler system is present and provides a two-stage activation,
the chance on accidental suppression is thereby minimized.
Fire Suppression: Water-mist is used as the single suppressant. Only the IT-floor is suppressed and the heat sensitive glass bulbs in the sprinkler heads can be locally triggered.
Before the sprinkler system is locally activated (at 67°C) the patented 'pivoting roof' construction has opened already at 57°C.

6.2 Cold Corridor® with row-based cooling
Description: The setup is a so called hybrid loop application. A combination of a Cold
Corridor® with rear glass doors provides a hot air containment as well. Row-based coolers
supply conditioned air to the Cold Corridor. Big advantages of this setup are the wide cooling capacity range (2-24 kW/rack) and a high level of independency from the remaining
IT-floor and redundancy. The close proximity of the cooling device towards the heat load
guarantees an optimal air usage and steady temperatures. Water piping is located in a
small raised floor providing supply to the row-based coolers from the bottom.
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Figure 8: Cold Corridor®
with row-based cooling.

Special feature: In this configuration Minkels integrated pressure relief vents in the Cold
Corridor construction based on the calculations of fire experts. This protects both the ITequipment and mechanical infrastructure from excessive damaging pressures. Inside the
corridor detection and suppression takes place.
Typical application: This application is typically used in small to medium corporate data
centres with rooms ranging between 50-300 m2 where especially there is a height restriction. The IT-room is usually located in a normal office building which have a slab tot slab
height ranging between 2,6-3,5 meter and explains the need for an independent compact
cooling solution. This particular project took place in the basement of an existing office
building.
Cooling: The Cold Corridor is applied to enhance energy efficiency of the cooling system
and the row-based cooling units provide an optimal airflow. An accurate temperature
control, at three height levels, creates steady conditions.
Fire Prevention: The room is free of any additional combustible load beyond IT-equipment
and cabling. The corridor is made of sheet metal plate and doors at the rear contain glass.
The raised floor is fire retardant according to F30. The IT-room and the technical room are
separated and both are fire compartments.
Detection: Per corridor two separated aspiration detection systems are present which
both need to given an alarm before activation can be triggered. The detectors are placed
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on the ceiling within the Cold Corridor. Aspiration detection in this area provides the only
required sensitivity level due to the higher airflows inside the corridor. Each detector has
a pre-alarm and a normal alarm. The pre-alarm serves to trigger for a manual inspection
and is set at a very sensitive level, the normal alarm escalates to the fire-panel and is set
at a sensitivity level comparable to that of a traditional point smoke detector. Only if the
fire alarm receives an alarm from two detectors, the gas fire suppressant is activated. In
the area around the corridors traditional smoke detectors are mounted to the ceiling.
Together the aspiration smoke detection as well as the point smoke detectors are connected to the fire panel to provide a grid of detectors which is sensitive but steady enough
to prevent from accidental activation.
Fire Suppression: A gas based suppression system is applied with an inert gas (IG-55).
The cylinders are stored in the technical room. The technical room and IT-room are two
separated suppression areas. The rest of the building contains a water sprinkler system,
but does not stretch out to the IT-or technical room. The nozzles of the gas fire suppressant are both located inside the corridor as well as outside. In this way it is guaranteed
that pressure build up will execute simultaneously inside the corridor as well as outside
putting a minimal pressure difference over the Cold Corridor construction. To make sure
that the gas suppressant is also able to penetrate the small raised floor, some vented tiles
are used. For additional safety pressure relief vents are integrated in the Cold Corridor
construction as well. The IT-room itself also contains pressure relief vents to get rid of high
pressures. Since gas suppression is used, IT-operation continues and cooling keeps running as well.

6.3 Closed Loop Cooling
Description: A single row of 5 racks and two row-based cooling units, in closed loop formation are applied in this small IT-room. Both the cold side as well as the hot side is closed
with glass doors creating a high level of cooling independency from the IT-floor itself. The
room is situated in an office building and has a separate gas suppression system combined with aspiration detection.
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Figure 9: Closed loop
cooling

Special feature: The closed loop cooling solution in combination with only aspiration detection both in the closed racks as well as in the room is a unique solution which provides
adequate protection. What’s very unique is that the suppression system was fully tested
in a 'live' and running environment. At the Minkels website a link can be found to the
movie (www.minkels.com/firesuppression).
Typical application: This small and closed loop setup is typically used by small corporate
data centres, <50 m2, which are located in standard office buildings where room height is
limited. Due to the limited size there is no separation between a technical room and ITroom. The power distribution and back up power by UPS’s is placed inside a rack.
Cooling: The racks and cooling units form a closed loop cooling system which functions
independent of the room. The cooling units supply cold air to both sides and in this way
provide redundancy as well. The cooling units contain air-to-water heat exchangers and
water is supplied from the small raised floor.
Fire Prevention: The IT-room is separated from the rest of the office space and no combustible material is stored in the IT-room or within the racks.
Detection: . A detection piping system extracts sampled air from both the IT-room and the
rack containment and delivers it to two independent aspiration detectors. Suppression is
activated only if both detectors give an alarm. A smoke detector in the room is present but
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is coupled to the building's fire panel and not the IT-room.
Fire Suppression: The building sprinkler system does not stretch out to the IT-room. Instead a dedicated inert gas suppression system (IG-55) is assigned to the IT-room. A single
gas suppression piping system both enters the IT-room, the ducted ceiling and finally
enters the individual cabinets, see illustration above. In this way, during suppression, pressures are exerted in all plenums at once minimizing the hazard of damage. The IT-room
itself has a pressure relief vent to the outdoor environment.

Chapter 7:
Ongoing
Cold Corridor®
Developments
Figure 10: Ongoing
developments

Although the Cold Corridor might look like a simple housing that just separates hot from
cold air it actually plays a central role in the IT-infrastructure. As the concept continues to
be applied in many different situations Minkels understanding of its role has developed,
highlighting more opportunities for next generation developments. The fire detection/
suppression system design alone has already revealed many new opportunities. A few
aspects under development are explained in the picture below.
Pivoting roof trigger mechanism:
One of the specific developments related to the topic of
fire detection and suppression with the Cold Corridor
system is the ‘Pivoting Roof’ that is developed. The
system is being patented because it contains a special
developed roof release mechanism which can be triggered by independent thermal fuses or through a fire
panel. This system gives access to existing building
suppression systems to suppress without any needed
modifications.
Nozzle throughput panel:
On the roof system as special
panel is created which allows the
throughput of nozzles and sprinkler heads through the roof. This
pre-designed feature allows for
an easy integration without
special modifications.

Chapter 8:
Conclusions

Successful integration between the Cold Corridor concept and a fire detection suppression system have been conducted since the introduction of the Cold Corridor system in
2006. By consulting all the relevant stakeholders early in a project adequate combinations
between cooling best practices and fire detection/suppression best practices can always
be made.
From the standards and insurance companies, traditionally water sprinklers are prescribed
to protect the building, safety of people and the environment. The sensitive IT-equipment
is advocated to be protected by the use of an aspiration detection and gas suppression
system. In combination with an aspiration detection system a reliable fire safety system,
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specific for IT-environments, can be created in combination with a Cold Corridor design.
The market is in-search for new combinations, which can reduce the costs of fire detection/suppression down, for example water-mist in combination with Cold Corridor. One
has to realise that new combinations lack a track record, in terms of loss data, and can
count on more scepticism from insurance companies and AHJ’s and lengthen approval
trajectory. Often the principles of equivalence have to be proven of a unique solution and
can increase costs after all. In order to achieve these equivalent levels of fire safety one has
to bear in mind a few basic principles:
ɜ Setup an integral fire safety design team at the start of a data centre design. If a design
is copied from a previous design but is altered slightly, be aware of the consequences
of that alteration.
ɜ Incorporate IT-infrastructure suppliers at an early stage. Early involvement assures approval and minimises project lead-times. Three examples have shown that an early
involvement assures that an integration between the Cold Corridor and fire detection
and suppression systems can always be made.
ɜ Focus on prevention and make sure that on top of national building codes which form
a minimal level, specific standards like the NFPA 75, 13, 2001 are studied and applied
in detail. Do not use common rules of thumb only. IT-infrastructure elements like
the Cold Corridor form an obstruction and have to be accounted for in the fire safety
design.
ɜ For the protection of buildings use water or water-mist sprinkler systems. If IT-equipment needs to be protected, use gas suppression methods like inert gasses, HFC's or
chemical gases.
ɜ Design a detection scheme which apart from smoke detection also includes aspiration
detection. Create a scheme of follow up actions with each alarm level to make sure
that everything is in place to deal with a starting fire in a cost-effective way.
ɜ Make sure that the Cold Corridor and IT-equipment can withstand pressure variations
during suppression. Use pressure relief vents at critical locations and right size each
suppression zone to prevent damage to construction elements and IT-equipment.
Three cases, showing a different integrated solution between fire detection/suppression
and a Cold Corridor system show that when consulted early a good integration can always
be made. Especially during the design stage Minkels can be of added value.
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