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from the editor …
While large rooftop HVAC units provide 
many advantages for the designer and 
building owner, extra consideration must 
be given to the acoustics of these units. 
In this newsletter, we discuss the specific 
acoustical challenges larger units pose, 
and how to address these issues to meet 
the sound goals of the project.
© 2009 Trane All rights reserved

Introduction.  Rooftop HVAC 
equipment provides enticing features 
for the design engineer and cost 
advantages for the owner. Fans, 
ventilation equipment, a heat source, 
compressors, condenser, and controls 
are assembled in a compact unit ready 
for installation on a roof curb. 
Manufacturers assemble, test, and rate 
the entire package as a system. The 
advantage of locating the unit on the 
roof frees up floor space in the 
building.

The convenience of packaged 
equipment has driven a demand for 
increasingly larger units. Packaged 
rooftop equipment is now available 
from several manufacturers in sizes up 
to and beyond 150 tons. The larger 
units' design has also been updated to 
meet industry demand for improved 
efficiency and indoor air quality. 
Greater flexibility in fan choices, 
equipment options, and unit 
configuration is also becoming 
available. 

With these larger units, many factors 
need to be considered in the design of 
the building, such as increased 
structural support, larger electrical 
service, etc. Unfortunately, the 
increased sound levels produced by 
these units are sometimes overlooked. 
Following a fixed set of acoustical 
practices used with smaller units may 
not sufficiently attenuate the increased 
sound levels of the new larger units. 
installed without creating noise problems 
in the occupied spaces, but not without 
appropriate consideration. An acoustical 
review using the source-path-receiver 
acoustical model (see sidebar, p. 3 
"Defining an Acoustical Model") early in the 
design process is critical to achieving the 
desired sound levels. 

The discussion that follows:

• Illustrates how an acoustical analysis 
affects design decisions and helps the 
installation succeed in terms of first cost 
and occupant satisfaction.

• Outlines general and specific acoustical 
considerations for very large rooftop 
units.

Acoustical Analysis, 

Step by Step

An acoustical analysis consists of five 
basic steps:

Step 1: Set acoustical goals for the 

finished space.  It is critical to establish 
the acoustical goals for the finished space 
at the outset of any HVAC project. There 
are always implicit, often subjective, 
expectations for the background sound 
level in occupied spaces. It is much easier 
to produce a successful installation if you 
understand these expectations before 
designing the installation. The risk involved 
in waiting until the unit is installed is 
considerable because the cost of quieting 
an installed unit always exceeds the cost 
of applying the same treatment during 
installation. 

Also be aware that once a unit is installed, 
some changes, e.g., switching to a 
different fan size, will not only be 
expensive but could affect the unit’s UL 
rating.
r these three points when 
defining desired sound levels:

1. As a general rule, lower sound levels 
cost more to achieve. 

2. All spaces in the building do not have 
the same sound requirement; a low-
cost, quiet installation takes advantage 
of this point. 

3. Successful acoustics requires a team 
effort. The team should include the 
owner, engineer, architect, equipment 
manufacturer, and contractor.

Sound goals will vary depending on how 
the space is used. Once the sound 
goals are understood, state them using 
an appropriate descriptor such as NC 
(Noise Criteria) or RC (Room Criteria). 

Step 2: Identify each sound path and 

its elements.  Large rooftop HVAC 
installations have four types of paths 
(Figure 1, p. 2):

1. Airborne sound follows the airflow 
path. Supply airborne sound travels the 
same direction as the supply air. Return 
airborne sound travels against the 
airflow direction. Airborne sound also 
includes sound generated by the 
ductwork and diffusers.

2. Breakout sound passes through 
duct walls into the plenum space, then 
through the ceiling and into the room. 

3. Roof transmission sound passes 
through the roof deck (both within and 
outside the roof curb), plenum space, 
and ceiling into the room. 

4. Structure-borne sound differs from 
the other sound paths in that it is 
vibrational energy transmitted through 
the framework of the building. This 
energy may come directly from the 
vibration of the sound source or from 



Figure 1. Large rooftop: Four types of sound path
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airborne sound energy transferred to 
the structure.

Step 3: Perform a path-by-path 

analysis.  Once each path has been 
identified, individual elements can be 
analyzed for their contribution. For 
example, the supply airborne path 
includes various duct elements (e.g., 
elbows, straight duct, junctions, 
diffusers) and a room-correction factor. 
Algorithms available from ASHRAE can 
calculate the acoustical effect of each 
duct element. The effect of changing 
an element (e.g., removing the lining 
from a section of ductwork) can be 
examined. A software tool like the 
Trane Acoustics Program™ (TAP) 
simplifies this process. 

This step typically entails at least two 
iterations for each path. The first pass 
establishes the acoustical performance 
of the initial design. Subsequent 
passes determine the effect of adding 
various acoustical treatments. 

Step 4: Sum the results to determine 

the acoustical performance of the 

installation.  The sound level at a 
receiver location is the sum of all the 
sound paths for that location, both 
from the rooftop unit and from other 
sound sources. After the contributions 
of the individual paths are calculated, 
add them together to determine the 
sound level at the receiver location. If 
the sum exceeds the goal, another 
round of path attenuation calculations 
is required.
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Step 5: Compare the summations 

with the acoustical goals in the 

context of the project budget.  Once 
a design meets the acoustical goals for 
the project, everyone on the team 
must understand the work and costs 
required to implement the design. It 
may also be prudent to review the cost 
of meeting the acoustical goals and 
reconsider equipment options that 
were initially rejected due to cost. 

Additional guidance on creating a 
rooftop sound analysis can be found in 
the Trane application manual and 
ASHRAE Journal article listed in the 
reference section.

Specific Considerations for 

Very Large Rooftops

As rooftop unit size increases, building 
and duct construction details play a key 
role in determining the sound levels in 
the occupied space. Review of 
generalized acoustical models for large 
rooftop applications indicate that the 
three critical sound paths are return 
airborne, return breakout, and supply 
breakout. The models also show that if 
acoustics are not considered, an 
application can have sound levels that 
are too high. However, acceptable 
sound levels in the occupied space can 
be achieved with proper attention to 
unit selection and application details.

This section uses a generalized 
acoustical model to show how both 
unit and application choices impact the 
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potential NC in an occupied space. As 
described in the previous section, an 
accurate estimate of sound pressure in 
the occupied space requires a unique 
acoustical analysis for each application. 
The NC values in this section are based 
on a generalized model and do not 
indicate what the sound will be in any 
particular application.

Quiet the Source.  One way to lower 
the sound level in the occupied space 
is to reduce the sound produced by the 
rooftop unit. Operating conditions, fan 
selection, optional equipment, and 
cabinet choices all have an impact on 
the amount of sound produced by the 
rooftop unit.

Solid Surfaces . Some rooftops come 
standard with solid double-wall 
construction throughout. This helps 
prevent dirt and moisture from 
adhering to the surfaces but makes the 
surfaces less absorptive to sound.

For applications that do not require all 
solid surfaces in the airstream, one or 
more sections of the unit may be 
available with a sound absorbing lining 
(either with or without a perforated 
plate) and a moisture barrier to 
separate the lining from the airstream. 
Units rated following ARI 260 test 
methods indicate that the addition of 
lining can result in a sound reduction 
on the order of 4 to 6 dB in the critical 
125 Hz octave band.
roviding insights for today’s HVAC system designer



Defining an Acoustical Model 
Understanding acoustic fundamentals is a 
prerequisite to making sound decisions for 
any type of HVAC installation. A simple 
acoustical model starts with identifying the 
following:

Source: Object from which the sound 
originates.

Receiver: Location where the sound will be 
measured.

Path: The route the sound travels from the 
source to the receiver.  

Source: Large rooftop units contain a 
number of sound sources, including 
compressors, condenser fans, supply fans, 
return fans, and exhaust fans. Each source 
has a unique sound quality and level. All play 
a role in determining the sound the receiver 
hears. 

An accurate building application acoustical 
analysis depends on accurate sound data 
for the rooftop equipment. Ducted sound 
power levels, such as "ducted discharge" 
for the supply duct and "ducted inlet" for 
the return duct, should be measured in 
accordance with ARI Standard 260, Sound 
Rating of Ducted Air Moving and 
Conditioning Equipment. This test 
standard assures that the ducted sound 
data for the rooftop accurately reflects the 
contributions of all the internal unit sound 
sources, including the effects of the 
cabinet, at the specified operating 
conditions.

Receiver: The receiver is simply the location 
where you are concerned about the sound. 
This could be the conference room, an open 
office area, a theater, or, for outdoor sound, 
the property lot line. A given sound source 
may have several receiver locations.

Path: Most acoustical variability lies in the 
path. For that reason, it deserves particular 
attention. Sound from a single source may 
take more than one path to the receiver 
location. For example, sound from the 
supply fan follows the ductwork and enters 
the room through the diffuser. Sound also 
"breaks out" through the wall of the supply 
duct and enters the room through the ceiling 
tile. 

Path analysis stresses the importance of unit 
location. The sound at a receiver location 
diminishes as the distance between the 
source and receiver increases. Increased 
path length allows for the attenuation of 
Fan Configuration. Units may be 
configured with supply fan only, supply 
and exhaust fan, or supply and return 
fan. Although unit configuration isn't 
generally based on acoustical 
considerations, each choice has a 
unique impact on sound produced by 
the unit. If design flexibility allows, 
check all available configurations to find 
the one that is best for the application.

Supply Fan Only. This configuration 
will have higher sound levels at the 
discharge opening but relatively low 
levels at the return. A supply fan only 
configuration tends to perform well 
overall because of the plenum 
attenuation created by the heat and coil 
sections on the discharge side, and 
mixing and return sections on the inlet 
side of the fan (see Figure 2).

The supply fan is the dominant sound 
source in rooftop units. To help 
attenuate the supply fan discharge 
sound, consider using the largest 
supply fan available in each tonnage 
size. Larger fans run at a lower speed 
and are typically quieter. Unit 
selections have shown a 10 dB 
reduction in the 250 and 500 Hz octave 
bands at 32,000 cfm and 5" of fan 
static for some fans. (Of course, unit 
sound data is dependent both on fan 
type and operating point, so check all 
available fan selections for a particular 
operating point.)

Acoustic Stall 

Fans enter a region of acoustical stall prior to 
entering aerodynamic stall. When operating in 
acoustical stall, the fan will reliably move air; 
however, the fan sound modulates, making it 
impossible to provide accurate acoustical 
data. In addition, when the fan is operating in 
the acoustical stall region, the low frequency 
sound generated by the fan will increase 
quickly with even a small reduction in airflow. 

Fans should not be selected in the acoustical 
stall region when acoustics are an important 
application consideration. It should also be 
providing insights for today’s HVAC system designer

sound by absorption, transmission loss, or 
spreading. The individual elements of the 
sound path show these effects. When path 
lengths are short—for example, a rooftop 
placed over occupied space—it can be 
difficult to attain sufficient reduction in the 
sound before it reaches the receiver.

noted that a fan selected above the acoustical 
stall region could unload into the stall region; 
check the selection at part load conditions to 
avoid this problem.
In general, moving to a larger fan will 
lower the sound level for a given flow 
and pressure drop. However, moving 
to a larger fan may also move the fan 
closer to a region where "acoustical 
stall" occurs (see the sidebar "Acoustic 
Stall").

The cost implication of changing the 
fan type should also be considered. It 
may be more cost effective to quiet the 
unit/installation by another method.

Return/Exhaust Fan. In some cases 
the addition of a return fan will lower 
the discharge sound level; however, 
return and exhaust fans increase sound 
levels at the return opening. The model 
shows that switching from a supply fan 
only to a supply and exhaust fan 
configuration increases the sound in 
the occupied area below the rooftop by 
3 NC. Switching to a supply and return 
fan may result in an 11 NC increase 
over the supply fan only unit. The 
change in supply sound depends on 
both the type and operating point of 
the return/exhaust fan used. 

Sound radiated from the return 
opening comes from the inlet of the 
supply fan plus the exhaust or return 
fan. Adding a return fan may cause the 
return airborne and breakout sound 
paths to set the sound levels in the 
occupied space. Return fans generally 
result in higher sound levels in a space 
than exhaust fans when the inlet to the 
return fan is mounted directly above 
the return ductwork. Sound from a 
sidewall-mounted exhaust fan is 
attenuated by the plenum effect of the 
return section. Also, different fan types 
and operating points may be used for 
the two fans so the sound created will 
be unique to each fan at each operating 
point. 

To lower the sound being transmitted 
through the return air opening, 
consider the following: 

1. Review the sound data for return vs. 
exhaust fan for your conditions to 
determine which configuration 
results in the lowest sound levels. 
Also look at all fan options for each 
configuration. Changing to a larger 
Trane Engineers Newsletter volume 38–2 ● 3



Figure 2. High level of path attenuation

supply fan

return silencer and return ductround supply duct

ceiling tile

Quiet Curb™

su
p

p
ly

retu
rn
supply and return fan size can have a 
significant effect. A typical selection 
showed switching to the larger 
return fan at 27,000 cfm and 2" of fan 
static will reduce the 250 and 500 Hz 
bands by 4 and 5 dB respectively.

2. Consider using a horizontal 
connection (if available) for the unit 
return and running the return duct 
over the roof before penetrating the 
building. Running the return duct 
over the roof has several 
advantages:

• Low frequency sound will break 
out of the duct walls to the 
outdoors, thereby reducing the 
sound entering the building.

• Lining the duct run on the roof will 
provide attenuation at the mid and 
upper frequencies.

• The duct penetration can be 
moved to a non-sound sensitive 
area of the building.

Quiet the Sound Paths.  Quieting the 
unit helps, but the greatest acoustical 
benefits come from looking at how the 
unit is integrated with the building. 
Changing the installation to attenuate 
the critical sound path(s) can have a 
dramatic effect on sound levels in the 
occupied space. 

Location. Locating a large rooftop unit 
over a sound-sensitive area will either 
result in unacceptably high sound 
levels in the occupied area or add 
considerable cost to prevent the sound 
produced by the unit from reaching the 
occupants. Consider locating the unit 
over a non-sound sensitive area, even if 
it means running the supply and return 
ducts over the roof. External runs of 
duct can provide attenuation of the 
supply and return airborne sound 
before the roof penetration is made. 

Roof Structure. Supply duct breakout 
has commonly been the critical sound 
path for rooftop units, but problems 
with roof transmission are on the rise. 
This is perhaps due to an increased 
awareness and attention to attenuating 
the discharge path, but it may also be 
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due to the increased use of lightweight 
roof structures. 

Sound radiated from the compressors, 
condenser fans, exhaust fans, and the 
casing of the unit will impinge on the 
roof surface surrounding the unit. A 
lightweight roof (metal deck with 
insulation and ballast) provides minimal 
resistance to the transmission of 
sound. 

The poor transmission loss 
characteristic of roofs often becomes 
apparent when taking sound readings 
on problem jobs. With all sound 
producing equipment off, place a radio 
at moderate volume on the roof near 
the unit and go inside and listen. If you 
can hear the radio, roof sound 
transmission is likely to be a problem. 

Increasing the transmission loss of the 
roof generally means adding mass to 
the roof--typically a concrete slab--
around the unit. Thickness and area of 
the slab are dependent on how much 
transmission loss is required to meet 
the sound goals for the job. 

Also avoid unit placement on a flexible 
roof structure that will transform 
vibration from the unit into sound that 
radiates into the building. As with all 
rooftop units, placing the unit in a 
location over a column or other rigid 
support element will minimize this 
problem. Proper support is especially 
important for larger units because of 
the increased mass and vibration 
energy due to larger compressors and 
fans, and high airflow. 

Duct Chase. When a large rooftop unit 
serves several floors of a building via a 
duct chase, properly positioning the 
unit over the chase will have a dramatic 
effect on the sound levels in the 
occupied areas near the unit.

Figure 2 shows a construction that will 
provide a high level of path attenuation. 
A special curb is used that provides 
unit attenuation and brings the supply 
and return openings closer so they can 
be matched up with the chase 
opening. Notice that a short run (height 
of one floor) of return duct is installed 
inside the chase; this provides some 
additional return breakout transmission 
loss that lowers the sound levels in the 
chase. 

Return air openings at the floors are 
supplied with a silencer and a short run 
of lined return duct to provide 
additional attenuation and move the 
return airborne sound away from the 
shaft wall. Round duct is used for the 
supply to reduce duct breakout near 
the chase wall. The generalized model 
shows that removing the short run of 
return duct from the configuration 
shown in Figure 2 results in an 
increase of 10 NC for the supply fan 
only unit and 12 NC for the supply and 
exhaust fan unit. 
providing insights for today’s HVAC system designer



Figure 4. Low level of path attenuation
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Locating either the supply or return 
opening over the chase and then 
ducting the other opening to the chase 
is not recommended (see Figure 3 and 
Figure 4), except for jobs using a 
poured concrete roof curb. Poured 
concrete roof curbs are typically used 
in conjunction with a concrete roof slab 
to minimize roof transmission. With 
the concrete curb, the supply opening 
should be located over the shaft, as in 
Figure 4, with the return duct run 
inside the concrete curb to the shaft. 

In all chase applications, it is important 
that the chase is run all the way to the 
roof deck and is sealed with acoustical 
mastic to the roof deck. Supply and 
return air duct penetrations though the 
shaft wall must also be sealed to 
prevent sound from leaking out of the 
shaft.

General Considerations.  

Operate the Unit as Designed. It is 
quite common to overestimate the 
system static pressure required to 
achieve design airflow. This results in 
the installation of larger motors and/or 
higher fan rpm than required to 
overcome the actual static pressure. To 
compensate for the additional static, 
the air terminal device balancing 

Figure 3. Low level of path attenuation
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dampers are more restricted than 
necessary. These "over-aired" systems 
waste energy and force the units to 
generate excess sound. 

To minimize noise, operate the rooftop 
at the lowest possible pressure in the 
duct. After installing the rooftop unit 
and its associated air distribution 
system, it must be properly air 
balanced by qualified air balancing 
technicians using calibrated air 
measuring devices. The airside system 
should be balanced to achieve the 
desired airflow at all terminal outlets 

exhaust fan
while maintaining the lowest possible 
fan rpm and system static pressure. 
Utilizing the fan pressure optimization 
control strategy is an excellent way to 
achieve this on VAV systems. (See 
"Energy Saving Strategies for Rooftop 
VAV Systems", Engineers Newsletter 
vol. 35--4, 2006.)

Proper Duct Design. The fans in the 
rooftop unit are not the only sound 
source in the HVAC system. 
Aerodynamic noise is generated at 
duct fittings, e.g., junctions, elbows, 
diffusers, dampers, and take-offs. The 
sound power levels generated at these 
fittings are dependent on airflow 
turbulence, fitting geometry, and 
airflow velocity. Meeting the acoustical 
goals for the job requires all sources of 
sound to be considered. 

Several guidelines for minimizing the 
generation of aerodynamic noise are 
available. The ASHRAE book, "A 
Practical Guide to Noise and Vibration 
Control for HVAC Systems" is a good 
reference source for designing quiet 
HVAC systems as are the ASHRAE 
Handbooks. Careful duct design is 
especially important at the discharge of 
the rooftop unit. Air leaving a rooftop 
unit tends to be turbulent; as a result, 
pressure drop and generated sound 
will exceed what is normally predicted 
for fittings near the unit. 
Trane Engineers Newsletter volume 38–2 ● 5



Closing Thoughts

Don't let noise ruin the advantages and 
convenience of large rooftop units. 
Review the acoustical goals for the 
occupied space during the building 
design process. Use an acoustical 
analysis to identify and attenuate the 
critical sound paths so the sound goals 
for the job can be achieved. Yes, this 
adds cost and takes time but not nearly 
as much time and money as fixing a 
problem job. 

By Dave Guckelberger, application engineer, and 
Jeanne Harshaw, information designer, Trane. 
You can find this and previous issues of the 
Engineers Newsletter at www.trane.com/
engineersnewsletter. To comment, e-mail us at 
comfort@trane.com

References.  

American Society of Heating, Refrigerating 
and Air-Conditioning Engineers, Inc. 
(ASHRAE). 1991. Schaffer, Mark E. "A 
Practical Guide to Noise and Vibration 
Control for HVAC Systems." Atlanta, GA: 
ASHRAE. (Revised every four years)
6 ● Trane Engineers Newsletter volume 38–2

Trane,
A business of Ingersoll-Rand

For more information, contact your local Trane 
office or e-mail us at comfort@trane.com
ASHRAE. 2007. "ASHRAE Handbook-2007 
HVAC Applications," chapter 47. Atlanta, 
GA: ASHRAE.

ASHRAE. 2005. "ASHRAE Handbook-2005 
Fundamentals," chapter 7. Atlanta, GA: 
ASHRAE.

ASHRAE Journal, May 2000, "Practical Guide 
- Controlling Noise From Large Rooftop 
Units" by Dave Guckelberger

Schwedler, M. 2007. "Everything Old is New 
Again," Engineers Newsletter. Vol. 36 
No. 1. La Crosse, WI: Trane.

Trane. 2006. Application Manual: Acoustics 
in Air Conditioning (ISS-IPM001-EN). La 
Crosse, WI

Trane. 2008. Engineering Bulletin: 
IntelliPak™ 20-130 Ton and IntelliPak II 90-
150 Ton Rooftops (RT-PRB022-EN). 
ADM-APN032-EN (May 2009)

Trane believes the facts and suggestions presente
application decisions are your responsibility. Tran
the material presented.
Engineers 
Newsletter

2009 
Schedule

LIVE!

contact your local Trane office for details

mark your calendar for

LEED® 2009 Modeling
and Energy Savings
DVD available on Trane.com

Ice Storage Design
and Application

May 13

Air-Handling Systems,
Energy and IAQ

November 4
d here to be accurate. However, final design and 
e disclaims any responsibility for actions taken on 


	Acoustical Considerations for Large Rooftop Units
	Introduction
	Acoustical Analysis, Step by Step
	Step 1: Set acoustical goals for the finished space.
	Step 2: Identify each sound path and its elements.
	Step 3: Perform a path-by-path analysis.
	Step 4: Sum the results to determine the acoustical performance of the installation.
	Step 5: Compare the summations with the acoustical goals in the context of the project budget.

	Specific Considerations for Very Large Rooftops
	Quiet the Source
	Quiet the Sound Paths

	General Considerations
	Closing Thoughts
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


