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The basic science and engineering of the raised floor was fully developed in the 1960s and 
was described in detail in the 1983 US Federal Information Processing Standard 94.  The 
essential design of raised floors for data centers has remained relatively unchanged for 40 
years. 
 
In the telecommunications business the raised floor has never been common.  The conver-
gence of telecommunications and IT systems raised the question of how to decide which 
approach to use.  Recently, more and more IT data centers are being constructed without the 
use of the raised floor.  A review of the history, capabilities, and limitations of the raised floor 
offers insight into this trend and provides guidance on the most appropriate solution for 
specific data center applications. 
 
 
 
The raised floor was developed and implemented as a system intended to provide the 
following functions: 
 
• A cold air distribution system for cooling IT equipment  

• Tracks, conduits, or supports for data cabling 

• A location for power cabling 

• A copper ground grid for grounding of equipment 

• A location to run chilled water or other utility piping 

 
To understand the evolution of the raised floor, it is important to examine each of these 
functions and what original requirement caused the raised floor to be the appropriate solution.  
In addition, it is useful to see how the original requirement has changed over time.  In the 
following sections, the original and current requirements relating to the above functions are 
contrasted. 
 
 
The raised floor as a cold air distribution system for cooling IT 
equipment 
Early data centers contained equipment of many different shapes and sizes placed at 
unstructured locations so it was impossible to plan in advance where cooling would be 
needed.  Therefore the ability to locate vented tiles to supply cooling where needed was 
necessary. Today, the standardization of IT equipment form factors and airflow allows users 
to plan in advance where rows of IT equipment will be located, and provide cable trays, 
power distribution, and cooling to predetermined locations. This allows for better use of space 
and well defined airflows, yielding significantly higher equipment density and energy efficien-
cy.   Therefore, the need to move cooling pathways is greatly reduced or eliminated in 
modern data centers. 
 
Some early IT equipment actually required that air be provided through the bottom of the 
cabinet.  This has changed and now virtually all equipment uses front to back airflow, 
allowing use in both raised floor and hard floor environments. 
 
Early data centers operated at less than 2kW per cabinet.  At this power density, a data 
center could reliably operate with a raised floor of 0.5m (1.6 feet) depth without creating hot 
spots.  Today’s data centers operate with an average cabinet power density of 5-10kW per 
cabinet or even higher.  To supply air efficiently and uniformly at this power density with a 
raised floor requires the floor depth to be 1m (3.3 feet) or more, with no underfloor obstruc-
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tions.  Even with a 1m raised floor, it is difficult to maintain uniformity of airflow, and often 
some vented tiles actually suck air downward due to the venturi effect.  For more information 
on this topic, see White Paper 121, Airflow Uniformity Through Perforated Tiles in a Raised-
Floor Data Center. 
 
Air conditioners for early data centers were specifically designed to push air down into a 
raised floor.  To design using this equipment required a raised floor.  Today, data center air 
conditioners are available in many configurations, including row-based air conditioners, fresh 
and indirect fresh air economizers, and rear-door heat exchangers.  None of these solutions 
require a raised floor, and some actually work better on a hard floor.  Even the legacy CRAC 
and CRAH type air conditioners offer floor stand options which allow them to be used on a 
hard floor. 
 
 
The raised floor as a path for data cabling 
In early data centers a variety of bulky multi-conductor copper cables connected between IT 
cabinets.  These cables needed to be as short as possible to avoid signal degradation.  The 
raised floor was an ideal location to route these cables, and the presence of cables did not 
impact cooling significantly because the underfloor airflow volume was low enough.  Today, 
data center interconnection cables are either fiber or high bandwidth Ethernet, capable of 
operating over much longer distances.  Easy access to change cables is a common require-
ment, and it is important that cables not impede the airflow to high density IT equipment. 
 
The raised floor was the only practical way to meet the original requirement, but is no longer 
necessary and is poorly suited to the current requirement due to the difficulty of data cable 
access and the better alternative of using overhead cable trays.  For this reason, most new 
data centers today that use a raised floor have some or all data cabling overhead to maxim-
ize underfloor airflow.   
 
 
The raised floor as a path for power cabling 
In early data centers IT equipment was often hard-wired by electricians using dedicated 
circuits.  Equipment often required that power connections enter through the bottom.  The 
raised floor provided the best way to run circuits to early IT equipment, and operators could 
access and change circuits by removing floor tiles.    
 
Today, IT equipment and cabinets are designed to allow power connections through the top 
or bottom. Using modular PDUs or overhead busway allows much more convenient circuit 
changes than working with underfloor “power whips” and conduit.  The airflow requirements 
for high density equipment can be significantly impeded by underfloor power cables.  A major 
problem with raised floors is the air leakage around power cables at the PDU and at the rack 
cabinets, which can significantly reduce the energy efficiency of the data center.  See White 
Paper 159, How Overhead Cabling Saves Energy in Data Centers. 
 
The raised floor was well-suited to the original requirements for power distribution but today 
has major disadvantages regarding airflow blockage, air leakage, and access for wiring 
changes.  The increasing use of overhead busway and the desire to ensure wiring does not 
block airflow has led to the common use of overhead power distribution in both raised floor 
and hard floor designs.  Therefore, the raised floor no longer has an important role in power 
distribution.  
 
 
The raised floor as  a ground grid for grounding of equipment 
Early data centers depended on solid grounding between interconnected IT equipment to 
preserve signal integrity for ground referenced communication such as parallel communica-
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tion busses and RS-232 signals.  Data centers were commonly constructed with a copper 
“signal reference grid” to which all equipment was bonded with a special (typically a flat 
braided) grounding conductor.  Signal reference grids needed to be close to IT devices and 
were typically located under the raised floor or even integrated into the raised floor frame-
work.  Today, all copper communication technology such as Ethernet, RS-485, or optical fiber 
is “balanced” and/or galvanically isolated and no longer depends on grounding between IT 
devices.  Grounding remains essential for safety, but this function is provided through every 
plugged connection by the grounding wire supplied by every branch circuit.  Therefore, the 
signal reference grid function which was often implemented as part of a raised floor system is 
no longer necessary.  In fact, in legacy data centers equipped with a signal reference grid, it 
is quite uncommon to find any equipment connected to it. 
 
 
The raised floor as a location to run chilled water or other utility 
piping 
The raised floor was the only practical way for early data centers to meet the requirement to 
deliver water piping to water-cooled IT equipment such as early mainframe computers.   
Today, a very small number of water-cooled IT devices are found in data centers, but some 
newer cooling system designs still require water distribution within the IT space, including 
designs based on: 
 
• Row-based chilled water coolers 

• Rear door heat exchangers 

• CRAH units distributed within IT space to meet high density requirement 

• Direct water-cooled IT devices 

 
The raised floor remains a natural location for water supply systems in cases where water is 
required throughout the IT room.  Note that in traditional CRAH systems where the air 
conditioners are located at the periphery of the IT room, it is practical to deliver water to those 
units via pipes on or through walls without a raised floor.  
 
Overhead water distribution systems are available and are commonly used for row-based 
chilled water cooling (see Figure 4 described later in this paper).  However, while overhead 
cooling is practical for row-based cooling and an occasional water cooled IT device, it 
remains impractical for rear door heat exchangers (due to the quantity of pipes) and for 
CRAH units located centrally in the IT space (due to the size of the pipes).  If underfloor 
piping is selected, then a raised floor is required but it only needs to have a depth of 0.4m (16 
inches) or less.  The decision to use water cooling for IT devices, IT pods, or row-based 
coolers is one of the most compelling reasons to consider a raised floor, but in this case the 
raised floor does not handle airflow so it can be lower in height and cost, and avoids many of 
the other challenges discussed later in the paper that are caused by making a deep raised 
floor. 
 
 
 
The examination above indicates that the raised floor was a very effective and practical way 
to meet the original requirements of early data centers.  It is also apparent that many of the 
original requirements that dictate the use of the raised floor no longer exist.  In fact, data 
center requirements have evolved and changed significantly.  It is important to consider the 
potential problems that are unique to the raised floor, which need to be considered when 
making a choice between a raised floor and a hard floor design.  
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Earthquake 
The raised floor greatly increases the difficulty of assuring or determining a seismic rating for 
a data center.  Supporting equipment above the floor on a grid greatly compromises the 
ability to anchor equipment.  Because each installation is different, it is almost impossible to 
test or validate the seismic rating of an installation.  This is a very serious problem in cases 
where a seismic withstand capability is specified. 
 
In and around Kobe Japan, during the great earthquake of 1995, data centers experienced an 
extraordinary range of earthquake damage.  Many data centers which should have been 
operational within hours or days were down for more than a month when a large number of 
supposedly earthquake-rated raised floor systems buckled, sending IT equipment crashing 
through the floor.  Damaged equipment needed to be pulled out and repaired or replaced in 
complex and time consuming operations. 
 
During the World Trade Center collapse of 2001, nearby data centers which should have 
survived the tragedy were seriously damaged and experienced extended down time when 
vibrations experienced by the buildings caused raised floor systems to buckle and collapse. 
 
A down time of 5 weeks as was typical near Kobe, corresponds to 50,000 minutes as 
compared with the 5 minutes per year of downtime required to achieve 5-nines reliability.  
This is 10,000 times worse than the 5-nines design value.  If earthquake downtime is 
considered 10% of the availability budget, then the data centers near Kobe could not achieve 
5-nines reliability unless an earthquake of that magnitude were to occur only once every 
100,000 years, which would not be a realistic assumption. 
 
When a raised floor is used, there are a number of factors that contribute to the earthquake 
resilience of the system.  First, the design of the raised floor pedestals and stringers must be 
sufficiently robust for the load requirement.  Second, the system must be supported with 
appropriate bracing, which must be more complex and expensive as the height of the floor is 
increased to handle modern IT equipment.  Third, during stress the system can generate high 
longitudinal forces against the perimeter walls, which must be engineered to withstand this 
force or the system will collapse.  Fourth, the tiles must be installed at all times as the tiles 
are a critical part of the strength of the system.  Many otherwise well designed data centers 
frequently violate this fourth requirement as tiles are routinely removed for access to under-
floor areas. 
 
To verify all the conditions of earthquake resistance, engineers can use mathematical models 
which simulate the resistance of the structure and the magnitude of the strengths generated 
by the simulated event, which generates a stress analysis such as shown in Figure 1.  Then, 
the engineers have to verify that the walls and floor system are designed to withstand the 
expected forces. All this engineering process could discourage using raised floor in highly 
seismic areas. 
 

 
 

Figure 1 
Example of an engineering 
stress analysis of a raised 
floor 
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Earthquake resilience is one of the reasons why telephone central office facilities do not use 
raised floors and is a reason why more high availability data centers are using hard floor 
designs. 
 
 
Access 
The fact that equipment turnover in a modern data center is around two years gives rise to 
the situation where data and power cabling is subject to frequent change.  Cables are 
accessible under a raised floor when tiles are lifted, but the matrix of stringers can make it 
impractical to modify the cable paths.  The impact of cables on airflow is typically not 
modeled during the design of the floor, and a common problem is that cables restrict airflow 
and create overheating of IT equipment.  The use of underfloor cable trays to guide cabling 
often makes the airflow problems even worse. 
 
Removing tiles in a high density data center (>6kW average per rack) for purposes of cable 
access can significantly disrupt the airflow to other IT cabinets, especially if multiple tiles are 
lifted at once.   
 
For these reasons, if a raised floor is used for airflow in a high density environment, it is 
not advisable to locate power or data cables underfloor.   Since hard floor data center 
designs already need overhead cabling, this essentially means that all new high density data 
centers, whether raised floor or hard floor, should use overhead cabling.  Note that overhead 
cable trays also create special hazards because cable changes require personnel to work 
from ladders, with the associated safety issues. 
 
 
Floor loading 
Typical equipment racks can reach 1000kg (2000lb) in weight capacity, and may need to be 
rolled to be relocated.  In addition, the equipment used to move and locate equipment needs 
data center access.  Special reinforcement of the underfloor support structures may be 
required in a raised floor environment, and in some cases the load capability may be 
restricted to certain aisles.  Ensuring floor loading requirements are not exceeded requires 
significant cost and planning. 
 
The full load capability of a raised floor is only realized when all of the tiles are in place.  The 
buckling (lateral) strength of the floor is increased by the presence of the tiles.  However, 
individual tiles and even entire rows of tiles are seen routinely pulled in a data center when 
required cabling changes or maintenance are performed.  Ideally, the raised floor should be 
designed so that its structural integrity does not depend on the tiles being installed, however 
this may add extra cost and complexity to the system.  
 
 
Loss of data center space to ramps 
In almost most cases, the installation of a raised floor requires that ramps be provided to 
allow people and equipment to move up from the building floor level to the raised floor level1.  
A ramp is required at all main egress points, so most data centers require at least two ramps.  
These ramps and their surrounding areas consume a considerable amount of space, 
especially in a high density data center where the total height of the floor requires a longer 
ramp.  The typical maximum slope of a ramp is a pitch of 1:12, which means a 1 meter raised 
floor requires a ramp of 12 meters (39 feet) long.  The total space consumed by such a ramp 
with appropriate width, landings, etc is typically around 15 m2 (161.5 ft2), corresponding to 30 
m2 (323) ft2) for two ramps.  This may not be a significant area for a low density data center, 

                                            
1 Mechanical lifts are an alternative to ramps that consume less space but are more costly. 
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but for a high density data center located in a commercial building this can be a significant 
cost or a loss of space of more than 10 IT cabinets.     
 
 
Headroom 
In some potential data center locations the loss of headroom resulting from the installation of 
a raised floor is not acceptable.  This can limit the options for locating a data center or create 
extra costs.  In Japan, for example, it is sometimes necessary for the floor of the next 
overhead level of the building to be cut out to create a double-height space in order to gain 
the headroom required to install a raised floor. 
 
 
Conduit 
When cabling is run under a raised floor it may become subject to special fire regulations.  
The raised floor is considered under some construction codes to be an “air plenum”.  Due to 
the moving and distributed air many fire codes consider a fire in an air plenum to be a special 
risk.  Therefore, cabling under the raised floor is often required to be enclosed in fire-rated 
conduit, which may be metal or a special fire rated polymer.  The result is considerable cost 
and complexity to install this conduit, and a particularly difficult problem when conduit 
changes are required in an operating data center.  This situation will vary based on local 
regulations. 
 
 
Security 
The raised floor is a space where people or devices may be concealed.  In the case of data 
centers which are partitioned with cages, such as co-location facilities, the raised floor 
represents a potential way to enter and access caged areas, especially as the depth of raised 
floors creates significant underfloor space.  Some co-location facilities that do not use a 
raised floor cite this as a benefit of eliminating the raised floor. 
 
 
Power distribution 
The number of branch circuits per square foot in the modern data center is much greater than 
it was at the time when the raised floor architecture was developed.  During the mainframe 
era, a single hardwired high amperage branch circuit could service a cabinet using 6 floor 
tiles or 2.2 m2 (24 ft2).  Today, this same area could contain two racks, each of which could 
require 12 kW of 120V circuits with an A and B feed, for a total of 12 branch circuits.  The 
density of the resulting conduits associated with this dramatic increase in branch circuits 
represents a serious obstacle to underfloor air flow as shown in Figure 2.  This can require a 
raised floor height of 1.2 m (4 ft) to ensure the needed airflow.   
 

 
 
Increasing the height of the raised floor to create additional space for cables compromises 
the structural integrity and compounds cost, floor loading, and earthquake issues.  Again this 

Figure 2 
Example of how cabling 
can block airflow under 
a raised floor 
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indicates that when a raised floor is used for air distribution in a high density data center, the 
power distribution should be located overhead to avoid compromising the airflow. 
 
 
Cleaning 
The raised floor is an area which is not convenient to clean.  Dust, grit, and various items 
normally accumulate under the raised floor and are typically abandoned there since the 
difficulty and accident risk associated with cleaning this area are considered to be serious 
obstacles.  The act of removing a floor tile may cause dramatic shifts in the air motion under 
the floor, which can and has caused grit or even objects to be blown out into equipment or 
the eyes of personnel.  Therefore, consideration of a raised floor data center must come with 
the commitment for mandatory maintenance and cleaning generally in the form of a profes-
sional cleaning service contract. 
 
Cabling tends to be abandoned under raised floors during transitions. Cabling is frequently 
not removed because it is difficult to extract without potentially disturbing other cabling.  Over 
time, a considerable amount of unused cable accumulates underfloor, blocking airflow.  Some 
vendors like IBM offer special services to help customers identify and extract excess under-
floor cabling. 
 
 
Safety 
A tile left open poses a severe and unexpected risk to operators and visitors moving in the 
data center.  In data centers with 1.2 m (4 ft) or higher raised floors, the risk of death 
resulting from a fall into an open tile location increases greatly.  People operating in a raised 
floor environment should be properly trained to mark the area of operation and put in place all 
the typical precautions to avoid accidents.   
 
 
Cost 
The raised floor represents a significant cost.  The typical cost of raised floor including 
engineering, material cost, fabrication, installation, and inspection is on the order of $215 per 
square meter ($20 per square foot).  Furthermore, the maximum space that might be 
ultimately utilized by the data center is normally built-out with a raised floor whether or not the 
current, near term, or even the actual ultimate requirement requires the use of this space.  
The cost of $215 per square meter does not include the extra costs associated with power 
and data cabling. This also does not include any modelling, structural engineering, reinforce-
ment, or changes to the data center walls required to allow the system to meet any seismic 
requirements. These components may add up to a considerable cost, which should only be 
incurred if it is actually required. 
 
 
 
Although more and more installations have eliminated the raised floor due to the above 
reasons, many data centers are still designed using a raised floor.  Interviews with users of 
raised floors conducted by Schneider Electric have identified the following reasons for this 
choice:  
 
 
Perception 
The raised floor is an icon symbolizing the high availability enterprise data center.  For many 
companies, the presentation of their data center is an important part of facility tours for key 
customers.  When raised floors are used for underfloor cabling, the data center presents a 
visually neater look.   The raised floor is typically much whiter in color than a hard floor so the 

Reasons for 
designing with a  
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data center illumination levels are brighter.  Data centers that do not have a raised floor may 
be perceived by visitors or customers as incomplete or deficient or less than the highest 
quality.  The raised floor is sometimes used to reinforce the image of a data center, even 
when not used for cooling.  In some cases, raised floors have been installed that are not used 
for cooling or wiring and, in fact, have no function at all other than to create the desired 
image, for example by gluing tiles down to a hard floor.  This issue of image is a major barrier 
to the elimination of the raised floor, which is slowly changing as more and more data centers 
utilize hard-floor designs. 
 
 
Familiarity 
There is much more collective experience in the design of raised floor air distribution design 
and designers are therefore more confident predicting system performance.  Some data 
center designers have always designed with a raised floor and are therefore uncomfortable 
proposing different designs.  Many data center professionals have only managed raised floor 
data centers in the past and are uncomfortable working with a new design.  The means of 
cooling in a hard floor data center are not fully understood2 by all operators and there is a 
misperception that hard floor designs are only suitable for hyperscale data centers and small 
server rooms. 
 
 
Location for water piping 
An increasing number of data centers utilize close coupled coolers such as row-based air 
conditioners or rear-door heat exchangers.  In a few cases IT equipment is water cooled. 
These systems require water distribution piping within the data center.  While the water may 
be distributed overhead or underfloor, some users prefer the underfloor location as it tends to 
make the data center look less cluttered and it avoids the issue of any potential overhead 
piping leaks or condensation.  Such a raised floor system does not distribute air and needs to 
be only high enough to contain the piping, so the raised floor can be less than 0.5m (1.6 ft) 
high, simplifying the design and reducing cost.  An example of this use is shown in Figure 3.  
This is a very appropriate use for a raised floor, even though it is not used to distribute air.   
 
 

 
 
 

                                            
2 Raised floor data centers are simple to understand because there is an obvious delivery of cold air 

near server inlets.  Hard floor data centers almost always work on the principle of scavenging hot 
exhaust air and removing heat so that all ambient air is cool, so there is often no clearly identifiable 
source of cool air near the IT loads.  While technically this hard-floor approach is actually more 
efficient, it is more difficult to visualize its function. 

Figure 3 
A raised floor that is used for 
water pipe supply to row-
based coolers in a high density 
application and not used for 
airflow.  The raised floor would 
need to be much higher to 
supply the required air 
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Cooling design 
Data center designers and operators value the flexibility that is provided by raised floor 
cooling designs.  The raised floor provides opportunity for the data center operator, without 
the need for specialized contractors, to move air vent tiles around in order to achieve a 
desired temperature profile.  Such ad-hoc changes are much more difficult in a system using 
overhead ductwork or using water piping. Some operators feel that without a raised floor they 
are giving up some of their ability to manage hot spots or control cooling.    
 
 
 
The costs and problems associated with a raised floor can be eliminated only if a practical 
and available alternative exists.  Fortunately, there is now a considerable amount of experi-
ence designing hard-floor data centers. The key issues of how to cable and how to cool in a 
hard floor environment are addressed: 
 
 
Cabling in a hard-floor environment 
The previous discussion explained why overhead cabling is a best practice for any data 
center, even if it uses a raised floor for cooling.  Data cabling is located in overhead cable 
troughs, and power cabling is either in cable troughs or distributed via busway.   Therefore, 
the requirements for cabling in a hard-floor or raised floor environment are essentially the 
same.  However, in a hard floor environment it is common to utilize a suspended ceiling as an 
air return (as described later), so adequate space for cable trays must typically be provided in 
the space above the IT cabinets and below the suspended ceiling. 
 
 
Cooling in a hard-floor environment 
The raised floor, when operating ideally, distributes cool air close to the inlets of the IT 
equipment.  An alternative approach must provide an equivalent or better function to ensure 
that IT equipment is provided cool inlet air, and not fed the hot exhaust air generated by 
neighboring IT equipment. There are four basic ways to accomplish this in a hard floor 
environment: 
 
• Rear door heat exchangers – In this case individual racks are provided with cooling 

coils and tempered chilled water is supplied to each rack.  The thermal output of a rack 
is essentially neutralized at the rack by the cooing coil, so the rack exhausts cool air to 
the room.  In this way all IT equipment has access to cool inlet air without the need for 
CRACs or air distribution systems.  Minimal supplemental cooling is required.  This ap-
proach can be very expensive and is mainly applied when there is a zone in a data 
center of very high density (20kW or greater average over an area).  This can be de-
ployed on a hard floor, but is often found deployed on raised floors where the floor has 
been found incapable of providing the necessary airflow because of limited height or 
underfloor congestion.  It is the least common approach used to provide cooling in a 
hard-floor environment. 

• Row-based cooling with hot aisle containment – In this case groups of racks are 
configured in a pod and row-based coolers are located within the pods.  The hot aisle 
of the pod is enclosed to contain the exhaust air and ensure it is directly processed by 
the row-based coolers.  The coolers discharge cool air into the room so all IT equip-
ment is provided cool intake air.  This approach is very effective in small to medium 
sized data centers in commercial office buildings.  An example of how the water piping 
is supplied to row-based coolers on a hard floor environment is shown in Figure 4 be-
low.  It is also widely used to allow deployment of high density equipment on raised 
floors, where the existing raised floor has insufficient cooling capacity. 

• Suspended ceiling return to CRAC with vented ceiling tiles – This system can be 
viewed as an upside-down raised floor system.  Instead of providing vented floor tiles 
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on the supply side at the IT inlets, in this system vented ceiling tiles are provided at the 
exhaust side of the IT equipment.  Instead of ducting the supply from the CRAC units 
to the raised floor, the air return of CRAC units is ducted to the suspended ceiling.  
This system exhibits performance similar to that of a raised floor, but without ramps 
and other drawbacks of the raised floor, and at a much lower cost.  However, the air-
flows are not fully contained so this approach has many of the inefficiencies of the 
raised floor 

• Hot aisle containment with return to central cooling plant – In this system the IT 
exhaust air is captured and ducted through an overhead plenum back to a central cool-
ing plant.  The containment of the exhaust air with full separation from the IT inlet air 
increases the return air temperature, increasing the efficiency and capacity of the cool-
ing plant.  The plant may be traditional CRAC units, but can also utilize high efficiency 
direct or indirect fresh air economizer systems.  When using an economizer system, 
this approach has the highest cooling energy efficiency which is a key reason why it is 
the approach used in most hyperscale data centers.  However, this approach has also 
been successfully used in co-location facilities and commercial data centers of various 
sizes. 

 

 
 
The pressures to solve the problems of high density, high efficiency, and predictability have 
given rise to the new air conditioning technologies described above based on row-oriented 
and rack-oriented methods.  These new air conditioning systems are tightly coupled to the IT 
loads and integrate into rack cabinets or may be located overhead.  Because of the ability of 
these systems to simultaneously achieve high density, high efficiency, and predictability, their 
adoption is increasing.  One important consequence of these new cooling technologies is that 
they do not require a raised floor.  These technologies are described in more detail in White 
Paper 130, Choosing Between Room, Row, and Rack-based Cooling for Data Centers. 
 
 
Raised floor vs hard floor air containment 
High efficiency high density data centers depend on separation of the hot and cool airstreams 
to maximize cooling capacity and efficiency while eliminating hot spots.  This separation 
takes various forms but when applied to IT pods is typically described as hot or cold aisle 
containment.  In a raised floor environment the most cost effective way to separate the 
airstreams is by implementing cold aisle containment, while in hard floor environments 
the most cost effective way to achieve containment is via hot aisle containment.  While 
both approaches achieve separation of the airstreams, in hot aisle containment personnel 
and ancillary equipment are located in the cool aisle, while with cold aisle containment 
personnel and ancillary equipment are effectively located in the hot aisle.  In practice this 
requires cold aisle containment systems to operate at lower temperatures to provide an 

Figure 4 
Overhead water supply to 
row-based coolers in a 
hard floor environment  
(view is above the racks; 
vertical black pipes are 
water supply) 

http://www.apc.com/wp?wp=130�
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acceptable temperature environment for personnel.  By operating at higher temperatures, hot 
aisle containment provides higher efficiency and capacity for the same cooling plant.  This is 
why the most efficient hyperscale data centers use hot aisle containment, and as a result 
they use hard floors.  For a more complete discussion of hot vs cold aisle containment, see 
White Paper 135, Impact of Hot and Cold Aisle Containment on Data Center Temperature 
and Efficiency. 
 
 
 
The issues and options described above apply to any data center.  However, there are clearly 
types of data centers where hard floors are an obvious choice, and data centers where raised 
floors are more appropriate. 
 
 
Conditions favoring raised floors 
The most compelling reason to use raised floors is where the cooling system requires chilled 
water delivered into the IT space.  As previously discussed, this includes systems based on 
row-based cooling, rear-door heat exchangers, or systems where it is proposed to locate 
CRAH units centrally in the IT space (not at the room periphery).  In these cases the raised 
floor does not handle airflow and need not be very deep, reducing cost and improving safety. 
 
The second appropriate use for raised floors is for low density data centers where it is difficult 
or impossible to determine the row locations of IT devices in advance.  A very good example 
of this is caged co-location space.  In this case a raised floor of 1M or slightly less can 
support an average density of approximately 5kW per rack and even function with some 
obstructions from underfloor cabling  (the average density of actual co-location space 
typically runs around 3-4kW per cabinet). 
 
 
Conditions favoring hard floors 
Small data centers or server rooms of less than 50 cabinets strongly favor a hard floor 
design.  In these cases the ramps required in a raised floor significantly subtract from the 
available IT space, which is typically premium space.  There are now many cooling technolo-
gies available for these smaller rooms that do not use or require a raised floor, such as the 
popular approach of row-based cooling with overhead piping, or refrigerant based (DX) 
systems.  
 
Hyperscale data centers or data centers based on a standard architecture such as cloud-
based systems favor hard floor designs.  These facilities operate at very high densities and 
often utilize fresh air or indirect fresh air economizer systems, which lend themselves to hot-
aisle containment strategies.  For these facilities, a hard floor design is less expensive and 
actually more energy efficient.  Rooms that have low headroom, such as commercial 
buildings found in Europe and Asia, can be difficult to fit with a raised floor sufficient to 
achieve the power density required. 
 
 
Retrofitting data centers with an existing raised floor 
A common problem is when an existing raised-floor data center is stressed by the introduc-
tion of IT systems operating at higher power density than the floor was designed to support.  
The data center begins to experience hot spots which may be difficult to correct, even if 
additional CRAH units are installed to pressurize the underfloor plenum.  Such data centers 
also tend to have poor energy efficiency because the air conditioners are operated at 
suboptimal conditions.  In these cases, the raised floor is typically 0.5m or less in depth and 
contains many obstructions to airflow under the floor. 
 

Choice of raised 
or hard floor for 
different types 
of data centers 

http://www.apc.com/wp?wp=135�
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While removal of the raised floor is a possible solution to this problem, it is often completely 
impractical if the data center must continue to operate during improvements.  In these cases 
considerable improvement is possible by using row-based cooling to supplement the existing 
raised floor system, or by retrofitting cold aisle containment.  For a complete discussion on 
how to deploy high density IT on an existing low density raised floor, see White Paper 
134, Deploying High Density Pods in a Low Density Data Center and White Paper 
153, Implementing Hot and Cold Air Containment in Existing Data Centers. 
 
 
 
Many of the reasons that led to the development of the raised floor no longer apply.  The 
absence of a compelling requirement for a raised floor combined with the cost and limitations 
of a raised floor in supplying energy efficient cooling to high density data centers, suggests 
that many new data centers should consider designs based on a hard-floor.  Hard floor 
designs are now routinely implemented in all kinds of data centers, and are the dominant 
form in server rooms and hyperscale data centers.  Our experience shows that data center 
operators do not tend to return to raised floors after they have built a hard floor data center.    
 
Nevertheless, data centers are likely to use raised floors for some time due to a large base of 
experience with raised floor design, traditions of locating piping and wiring under the floor, 
and the intangible issues of perception and image.  
 
Data centers that have existing raised floors often have difficulty supplying sufficient airflow to 
newer high density IT loads due to underfloor cable congestion and low plenum height, 
resulting in energy inefficiency and hot-spots.  While moving cabling overhead in such 
situations can improve this condition, cooling solutions such as row-based cooling, hot aisle 
containment, and cold aisle containment can be applied to high-density pods to reduce the 
underfloor airflow requirement and extend the data center life. 
 
  
 
 
 
 
  

Conclusion 
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energy efficiency.  He is an internationally recognized keynote speaker on the subject of high-
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density, scalable data center infrastructure solutions and is a principal architect of the APC 
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For feedback and comments about the content of this white paper: 
 
Data Center Science Center 
dcsc@schneider-electric.com 
 
If you are a customer and have questions specific to your data center project: 
 
Contact your Schneider Electric representative at 
www.apc.com/support/contact/index.cfm 
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