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Raised-floor air distribution for office environments

aving worked for many years in de- ~ “Well, you seem to like it, so go ahead. But if it does
H sign, facilities management (owner),  not work, it's your neck.” Needless to say, this alter-

and, presently, as a di- native design was not installed.
vision manager for one of the By JACK TERRANGVA, PE, With those responses, what de-
‘ largest property management and Division Manager, signer, engineer, or facilities or prop-
real estate firms in the country, it Colliers ABR Inc. erty manager would want to put
| has been my experience that new New York, NY their “neck” on the line? If the inno-
j ideas and approaches are some- vators of the early 18th and 19th
| times metwith much skepticism and resistance. centuries had adopted this attitude and always had
Too often, when a “new” design approach is pre-  to worry about job security—as so many talented

sented to ownership (and I have been onboth sides  and innovative people of today must—the Indus-

of the table), the first question usually asked is  trial Revolution may never have occurred.

“How much more will this cost me?” If the answer On the other hand, our counterpart, the archi-

to that question is satisfactory to ownership, the  tect, is always looking for something new, innova-

next question will usually be, “Where else has this  tive, and groundbreaking. Usually, this is not only

design approach been implemented?” Responses  encouraged by the owner/client, but also funded by  FjgURE 1. Elevation of
have ranged from, “This is not building standard,”  him or her. The reason for this is that the architectis  gypical overhead

to, “Show us where else this system is installed and ~ encouraged to do something original and to leave  gycted air distribution
then maybe we will consider it.” The best response  their “signature on the landscape.” Engineers, on  system. Note the lower
I have ever heard, from a senior manager I was  the other hand, go with what has worked in the  cejling heights
working for while in facilities management was: ~ past. necessary for large
ductwork, conduits,
piping, etc. (Raised

I
“CONVENTIONAL DUCTED SYSTEMS * floors for power and
data are not shown in
Pros & Cons ! this illustration).

ABVANTAGES:
* Supply and return air is distributed entirely through
galvanized sheet-metal ductwork, making it a “cleaner”
system.
.' Complete zoned VAV control for both peripheral and ‘:Wm
internal areas. ‘ l
e Atthe presenttime, this system is more familiar to || R S e | B
both ownership and maintenance staffs. A gy Lower ceiling height  # %
DISADVANTAGES: Supply through ducted
* Increase in quantity of ductwork needed, increasing Re'ufrn lhr'ough ceiling diffusers
material and labor installation costs. seilingigriles 0
e Since most ductwork will be larger, ceiling heights must
be fower.
* Increased controls costs.
* Reduced flexibility in future retrofits resulting in
| additional future costs.
[ E Referto Figures 1 and 2 for a typicalraised-floor and

3 VAV ducted “conventional” system. f

{
i

Conventional overhead ducted system
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Raised-floor air-distribution system

ACBVANTAGES:

' = Early studies have shown that
underfloor systems save energy. Since
underfloor systems only need
approximately 0.1 in. of external static
pressure for proper floor-diffuser
performance, overall external fan delivery
static pressure can be reduced to
approximately 0.5in.(compared to 1.5to 2
in. with overhead systems). This results in
reduced fan horsepower and energy
consumption, not to mention reduced first
electrical and mechanical installation
costs.
= Reduction of installation costs due to
all work being performed at the floor level
instead of above the ceiling.

« Increased safety for construction
workers {less climbing, fadders, etc.).

»  Reduced ductwork and duct sizes
results in higher ceiling heights.

= VAV-box maintenance, repair, and
controls are simplified.

= Each person has individual controf over

| his or her own air supply.

» Due to the increased supply-air
temperature (approximately 60 F to 67 F)

| hours of usage of an air-side economizer

can be increased, reducing operating
costs and extending the life of the central-

| plant equipment.
» Energy savings can be obtained at the

central plant. The chilled-water
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Registers either
in or adjacent to

1l 5

7-to-18 in. raised floor

FIGURE 2. Elevation of a raised floor air distribution system. Note the strategic location
of floor grilles, raised floor heights, and high ceiling heights.

temperature no longer will need to be
distributed in the 44 F-to-49 F range. 50 F-
to-54 F water is more than adeguate to
provide 60 F-supply air.

Fioor diffusers or grilles can be
rearranged if the office layout changes.
This is accomplished by moving the entire
access floor panel with the diffuser to
another location.
= Since air flow is from the floor to the
ceiling, heat from lighting is removed
before it enters the occupied zone by the
ceiling-located return. This will result in
better heat removal.
= The system is self-balancing, since the
entire system, in theory, will operate at the
same pressure.

BISABVANTAGES:

> Floor slab has to be kept clean at all
times. Should be implemented as part of
the building 0&M program.

s QOccupants may close off their register,

resulting in increased supply-air flow
through adjacent registers.

s Humidity problems due to the higher
supply-air temperatures. Space humidity
should be monitored through the BMS. To
satisfy IAQ and as recommended by
ASHRAE, an upper rH limit of 60 percent in
summer should not be exceeded.

« Due to the higher supply air
temperature, more supply-air may be
necessary to satisfy the same space loads
(delta T is less). It should be stated, though,
that this has not been found to be a
problem. Since the floor diffusers have a
throw of approximately 6 or 7 ft, this will
preserve the stratification layer at the
ceiling. Testing has shown that there is
100-percent mixing in the occupied zone.
The ceiling stratification resdlts in supply
and return temperatures of approximately
17 Fto 20 F (delta T). This is the typical
delta T found in “conventional” systems.

Breaking from this mold, the intent
of this article is to offer a “design
guide” to raised-floor air distribution
within an office environment.

WHY CONSIDER RAISED-FLOOR AIR
DISTRIBUTION?

Design criteria. Office buildings in-
clude both peripheral and interior
spaces. The peripheral space can ex-
tend from 8, 10 or 12 ft from the exte-
rior wall. This space is usually reserved
for offices that are occupied by the cor-
porate elite. Since the wall usually hasa
large glass area, these zones have vari-
able loads thart are dependent on the

time of year, time of day, glass con-
struction, shading coefficients, and
weather. During the winter, heating is
required in these spaces; during che
spring and fall, one side of the building
may require heating while the other
side requires cooling; and in the sum-
mer, full cooling is the norm.

The interior zones will most likely
have a steady cooling load year round.
These loads are usually due to lighting,
equipment, and people. Typical values
used for cooling-load calculations are 1
to 2 w per sq ft for lighting, 1 to 3 w
per sq ft for equipment (depending on
use), and a population density of one
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person per 100 sq ft (assuming 8-by-8-
ft workstations).

As stated in the “ASHRAE 1999 Ap-
plications Handbook,” the general in-
door design criteria used for office
spaces is 70 to 74 F in winter (at 20-to-
30-percent RH) and 74 to 78 F in sum-
mer (at 50-to-60-percent RH).

SYSTEM COMPARISONS

As with all types of systems, thereare
bound to be advantages as well as dis-
advantages. It’s up to the design engi-
neer and owner, after weighing these
advantages and disadvantages, to de-
cide which type of system to imple-
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ment. The advantages and disadvan-
tages of both systems can be found in
the sidebars “Raised-Floor Systems:
Pros & Cons,” and “Conventional
Ducted Systems: Pros & Cons.”

GENERAL DESIGN CONSIDERATIONS

Architectural. The first item to coordi-
nate with the architect is the location of
the AC units, which will distribute the
supply air to the raised-floor plenum
space.  haveseen these AC units ducted
until the duct reaches beyond the “core”
or center area of the floor. I've also seen
these units simply supplying air directly
to the raised-floor plenum, with no
ductwork. Depending on the floor area
and the location of the core, either the
middle of the core or the end of the core
is the ideal location. With this method,
AC-unit quantities usually are in multi-
ples of two. .

Second, a raised-floor height must
be established. Published test data per-
formed by the Center for the Built En-
vironment (a University of California
at Berkeley collaborative with industry
manufacturers that is sponsored by the
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National Science Foundation) recom-
mend a minimum raised-floor height
of 7 in. with 3 in. clear of any obstruc-
tions (cables, conduits, etc.) for ideal
system performance and distribution.
However, typical raised-floor heights
are usually 12 to 18 in.

The third item that must be deter-
mined are the type of floor grilles to be
used, and the coordination of their spe-
cific locations. On the market today
are speciality access floor products
specifically designed for raised-floor
distribution. These grilles are heavy
duty to withstand foot traffic. They
can come with an actuator and damper
that can modulate depending on space
conditions, and can be either ducted or
non-ducted. Additionally, there are fan
powered boxes thac are available with
either electric or hot-water reheat. To
avoid any confusion during construc-
tion, it is recommended to sit down
with the architect or interior designer
and mark up a furniture plan to show
where all registers are to be located.

Code issues. The code requirements
when designing either a raised-floor or a

ducted system are quite similar. For ex-
ample, whether the ceiling is being used
as a return plenum or the floor cavity is
being used as a supply plenum, certain
code requirements must be adhered to.
Minimum outside air requirements for
that state or city must be followed
(ANSI/ASHRAE Standard 62-1999,
Ventilation for Acceptable Indoor Air
Qualityis a guideline, nota code). Other
items to address are duct construction
standards, duct supports, and fire and
life safety.

The one difference between the two
design approaches regarding code is
one that is often overlooked by the en-
gineer or designer. As discussed, we are
going to be supplying air through our
raised-floor system. Per Article 100 of
the National Electric Code (NEC), the
definition of a plenum is a device “to
which one or more air ducts are con-
nected and which forms part of the air
distribution system”. Section 300-22
of the NEC addresses power wiring re-
quirements in a plenum (this article
basically states that other than that of
specific types of cables [MI and MC],

Cost Analysis

SCHEME A

An»example analysiswas performed to help.illustrate the
costs associated with a “standard” VAV chilled water
system (Scheme A) versus an underfloor distribution system
with fan coil units serving the peripheral areas (Scheme B). A
layout:for each scheme was completed (refer to Figures 1 and
2). Eachfloor space under consideration is approximately 5,000
sq ft (usable) and.iocated in New York City. The estimated con-

struction costs associated with Scheme A and Scheme B are as

follows:

SCHEME B

Item Cost Item Cost
20-ton AC unit with variable-frequency drive .. ......... $39,500 Two 5-ton downblast ACunits ............c...oeeun.s. $20,000
w/ vibration isolation {materials) Ductwork and acoustic lining (material and labor) .. ... .. $18,000
Ductwork and acoustic lining (material and labor) . ... ...$39,000 Fan-coil units w/vibration isolators (materials) .......... $12,600
VAV boxes (materials and labor) ... ................... $18,000 Fan-coil unit installation .....................ocea.l. $ 6,000
Linear diffusers (plenums, materials, and labor) ......... $10,000 Linear diffusers (plenums, materials and labor) ......... $10,000
Diffusersand retumn grilles . .................vveinn. .. $2,500 AC-unit installation (materials and labor) .............. $11.400
AC-unitinstallation(laboronly) . ...............co.oot. $8,000 - Controls (materials) ............cocoiiiiiiii $14,700
GAUGES vt $1.000 Piping (materialsandlabor) .................. ... .. $34,400
DDC controls (materials) .............ccooeiioinn.. $45,000 Duct and pipe insulation (materials and labor) ... .......$12,000
Piping (materials and labor) .................ccoviiiit. $8,600 Balancing (airandwater) ............oiiiieiienan $3,500
Duct and pipe insulation (materialsand labor) .......... $ 9,500 Startup and supervision ............. So0 S o LT $5,000
Balancing (airandwater) . ...... ... ...l $ 5,000 Electrical (control and power) ...............ooooin. $21,700
Startup and SUPEIVISION ................oiiiiiuiinn.. $ 6,000 Raised-floor VAV-typegrilles ..............cccvvun... $27,000
Electrical (control and power) ............cccoiiiiiiin, $38,000 TOTAL cov vttt et e nness $196,300
TOTAL .o e $230,100

Note: Comparing budget costs for both Scheme A and B, Scheme A is $33,800,
or 17 percent greater than Scheme B. It should be noted that each design is
conceptual in nature and the prices below are budget prices obtained from
various mechanical contractors who were not in a competitive bid. Equipment
substitutions, for example, an inlet vane damper for a variable-frequency drive;
layout; controls (substitute pneumatic instead of using DOC) could all occur,
reducing the project’s cost,
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T: thermostat controlling the outlet damper (Typical for six CFUs)

FIGURE 3. Plan view of a “conventional “
overhead, ducted air-distribution system.

all other cabling must be in conduit or
flexible metal conduit).

Article 800-53 (a) of the NEC ad-
dresses specific requirements for com-
munications cabling in a plenum
(must be type CMP). Fiber optic ca-
bling, which is becoming more com-
mon, but still is basically used as a
backbone or a vertical riser, (not out to
workstations through the raised-floor)
must also comply with Article 300-22
of the NEC.

This article only touches on some of
the code issues. Depending on which
parc of the country your project is lo-
cated in, UBC, UMC, BOCA, and
NFPA areall relevant codes and guide-
lines which must be followed. Always
remember, the authority having juris-
diction always has the final word.

Equipment. Discussing briefly the
equipment used when implementing a
raised-floor system, please note that
there are different approaches that can
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work well. I recently saw ducted fan
power boxes below the raised floor to
provide perimeter office cooling (or
heating if fin-tube radiation is not an
option).This allows for a complete un-
derfloor-distribution type system.

INTERIOR AREAS

As previously discussed under design
criteria, the interior area of the office
space will usually have steady loads
with little or no variations. Therefore,
using a non-modulating floor grille in-
stead of the modulating VAV type will,
in most situations, do the job. Regard-
ing the AC units, there are two basic
approaches that can be implemented.
Either the units can be “data or com-
puter room” type units (or packaged),
or a “standard type”(i.e., non-compu-
ter room type units). The standard unit
will discharge within a ducted system
below the raised floor. In this outline, it
is preferable to use units designed
specifically for underfloor distribution.
These units are of a downblast configu-
ration, come packaged with their own

controls, and can be either chilled wa-
ter, water cooled, or split-system air
cooled. Regarding the control package,
since an office area does not possess the
same critical nature (i.e., tight temper-
ature and humidity control) as thatof a
data center or computer room, it is my
opinion that specifying a high end con-
trol option is not necessary.

EXTERIOR OR PERIPHERAL AREAS

As previously discussed under design
criteria, the peripheral areas have vary-
ing loads. Two approaches can be used
to serve these areas. One is to use in-
duction units located in each office. |
find this approach costly and not very
efficient. The second approach is to use
a ducted fan-coil unit. Fach fan coil
should serve approximately three of-
fices. A motorized damper should be
placed in the ductwork at the fan dis-
charge. Whenadrop inroom tempera-
ture occurs, the thermostat should
modulate the chilled-water control
valve to the closed position. If the space
temperature is still not satisfied, the

o
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T = thermostat controlling the outlet damper {Typical for six CFUs)

thermostat should modulate the dis-
charge damper, decreasing the amount
of supply air. This method gives two
means of controlling temperature
within an office space compared to a
VAV box, which can only modulate be-
tween a maximum or minimum posi-
tion (Figures 3 and 4 show typical lay-
outs for conventional ducted and
underfloor systems).

Heating can be accomplished in
many different ways. A four-pipe-fan
coil unit or a two-pipe unit with a sum-
mer-winter changeover can be used.
This method is not preferred by most
design engineers. The reason being, as
we all know, is that heat rises, so “forc-
ing it down” along the interior skin
does not always do the job. The better
way, in my opinion, is to provide hot
water fin-tube radiation with either a
reset schedule (based on outside air
temperature) or one with thermostatic
controls. It is preferable to have one
thermostat control for both the fan-
coil cooling/supply air and the fin-tube
radiation (with both the fan coil and

fin tube in the same zone). This ap-
proach prevents the possibility of si-
multaneously heating and cooling the
same office space(s).

CONCLUSION

When we think of a raised supply-air
system, what do we think of first? Dis-
tributed data centers and computer
rooms, of course. If we trust cooling
our vital equipment with this method,
the lifeblood of our corporations (“AC
for Computer and Telecommunica-
tions Rooms,” November 1998), why
don’t we trust this method for our of-
fice areas?

Within this article, design criteria,
design considerations, and a compari-
son of a raised-floor systemand a “stan-
dard” ducted system were discussed.
All of the equipment discussed has
been used with excellent results. What
is different has been the application in
which this equipment was used.

In summary, if the design outline
discussed is followed, than a raised-
floor air-distribution system will be a
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FIGURE 4. Plan view of an underfloor air-
distribution system. (Note that in this
illustration, fan-coil units are shown
serving the perimeter areas. A different
approach could be taken using underfloor,
fan-powered boxes.)

success. Before deciding on any system,
an evaluation must occur before imple-
mentation to see if the approach being
considered is the correct one. In the
end, complete client satisfaction is
what the design engineer must strive
for. If user satisfaction can be achieved
at a minimal cost, then the engineer
has met and exceeded his or her re-
sponsibilities as a professional.

Jack Terranova, PE, is division manager of
Colliers ABR Inc. in New York and is also a
member of the HPAC Engineering Edito-
rial Advisory Board. He can be reached at
jterranova@colliersabr.com.
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