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Fabreeka® International has a proud history in structural engineering. The company has been
providing designers and contractors with the highest quality engineered materials for over 50
years.


Fabreeka's® engineered materials and systems meet exacting customer requirements in
numerous commercial, industrial and military applications including bridges, parking garages,
airplane hangars and power plants.


Following are a few examples of the many applications for Fabreeka's® products in Structural
Engineering.


Engineered Applications


Fabreeka's® experience has been called upon many
times by Consulting Engineers to assist them in finding
solutions to the problems created by motion, shock,
vibration and structure-borne noise.


From specially designed damping rings to control
excessive motion on steel exhaust stacks to emergency
stops on missile silos to prevent damage in case of
hydraulic failures, Fabreeka's® engineering department
works closely with customers to assist them in finding
the solutions to difficult design problems.


Bearing Pads


Fabreeka® has a number of products which are suit-
able for use as bearing pads. These products eliminate
concrete spalling because they make up for structural
irregularities, rotation and nonparallel surfaces as well
as preventing electrolytic action between dissimilar
materials.


Fabreeka® resilient, preformed fabric pads, the orignal 
MIL-C-882 material, are used in high load carrying
applications, where performance and reliability are critical.


SA-47 preformed, fabric reinforced pads are used on a myriad of concrete connections
because they provide an economical alternative to Fabreeka® pads, while exhibiting high-
er load carrying capacity than unreinforced elastomeric pads.
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Vibration Isolation


Fabreeka's® resilient, preformed fabric pads, washers, bushings
and custom-made parts have been used extensively to reduce
structure borne noise and vibration in numerous applications.


Fabreeka® systems including INFABTM or Fabcel® elastomeric
materials provide the ultimate in building base insolation.


Whether for an inertia block to prevent transmission of vibration
to or from equipment, a room to protect sensitive medical or
computer equipment, or even base isolation for an entire building
to help eliminate disturbing influences from the outside,
Fabreeka® has the expertise to provide an engineered solution to
your vibration problems.


Slide and Expansion Bearings


Fabreeka's® SBX Structural Expansion Bearings are the original
slide bearings, setting the standard for engineering excellence
since they were introduced in 1960.


Fabreeka's® SBX Bearings consist of an upper and lower unit.
The upper unit includes a mirror finish stainless steel facing
which is structurally bonded to an attachment plate.


The lower unit is comprised of a Fabreeka® resilient, preformed
pad surfaced with PTFE. A rigid confining substrate integrally
bonds the PTFE to the pad, which is then structurally bonded to
an attachment plate.


When the upper and lower units are mated, the stainless steel
slides on the PTFE surface with an extremely low co-efficient of
friction.


SBX bearings are individually designed to meet the cost and
performance requirements of each project.


Fabreeka® also manufactures a complete line of custom expan-
sion bearings for a variety of industries, including bearings for
high temperature applications.
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Fabreeka® Drain Trough System


The Fabreeka® Drain Trough system is a flexible water
drainage system for use on roadway bridges and overpass-
es. Designed for installation under the expansion joint fin-
gers, these flexible troughs channel water into rigid down
spouts and avoid water dripping on vehicles passing under
the bridge.


The Fabreeka® Drain Trough system will not rust. It is spe-
cially suited to applications where drainage contains road
salt. Fabreeka's® Drain Trough system has been in use
since 1966 and is approved for use in most states. It is
available in two thickness gauges for regular and heavy
use, and can be custom sized for any bridge width. There
are many applicable anchoring techniques. Please consult
the Fabreeka® Engineering Department for design advice
regarding affixing schemes and configuration considera-
tions.


Fabreeka® Drain Trough System Specifications


Material shall be composed of multiple plies of polyester/nylon fabric laminated with elastomer,
vulcanized to form a composite laminate. Physical properties of the composite laminate shall
meet the following requirements:


Number of Laminates 2 ply (1/8") 3 ply (3/16")
Weight of Laminate (minimum) 0.75 0.85
lbs/sq ft


Thickness (inches) 0.135 0.165
±0.020 ±0.031


Tensile Strength (minimum) 850 1,300
lbs/in of width


Elongation at Tensile Strength (maximum) 30% 30%
percent
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Lamp Post Pads


Fabreeka® Lamp Post pads are an excellent and economical
way to dampen out shock and vibration induced by wind
and traffic. A flat pad is constructed from our exclusive SA-
47 or Fabreeka® pad material to the exact size, shape and
bolt pattern of the lamp post or highway sign base.
Additionally,  Fabreeka® washers and bushings are utilized
to completely isolate the lamp post from transmitted vibra-
tion. Reduction in vibration means longer bulb life and less
maintenance. The pads also help to evenly distribute load-
ings and adapt to any irregularities in the concrete mount-
ing surfaces.


Bridge / Guard Rail Pads


Fabreeka® Guard Rail pads are used to make the installa-
tion of railings simpler and more efficient. A pad is supplied
to the size of the contact area of the rail support. The pad
evenly distributes the loading and hold down force from
the bolts by conforming to the irregularities of the concrete
surface.  


During installation, the pad is set down over the protruding
threaded mounting studs. The guard rail support is posi-
tioned and the rails placed. The anchor nuts can then  be
torqued in place and the pad will allow the support to con-
form to the concrete support structure. The guard rail sup-
port is held securely and reduces deformation to the sup-
port or damage to the concrete.


The pads are constructed from SA-47 which is a high quali-
ty elastomer containing a random distribution of synthetic
fibers, vulcanized and cured into a slab form. High com-
pressive strength and limited creep characteristics distin-
guish this material from typical unreinforced elastomeric
pads. The durability of Fabreeka Bridge Rail pads makes
them an excellent alternative to epoxy and grout installa-
tion methods.
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Slide Bearings


Stack Damping Rings


Bearing Pads


Base Isolation


Thermal Break/ThermaI Insulation


Weather Stripping


Emergency Door Stops


Light Pole Vibration Dampers


Heat and Air Conditioning Duct Isolation


Transformer Mounts


Air Conditioner Chiller Mounts


Computer Room Isolation


Rail Pads for Elevators


Roof Cranes


Pumps / Motors


Fan Isolation


Typical Applications
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Fabreeka® Products
for Building and Construction


Fabreeka® Preformed Fabric Pads
The Original MIL-C-882 Material


Fabcel® Pads


SBX
Structural Expansion Bearings


Fabreeka®
Custom Fabricated Parts


SA-47 Pads


Fabreeka-TIM®
Thermal Insulation Material/Thermal Break
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Vibration and Shock Control
Solutions for Industry







Isolation Washers and Bushings
Fabreeka® isolation washers and bushings are used to eliminate
metal-to-metal contact and break the vibration or shock transmission
path. Washers & bushings are typically used in conjunction with
Fabreeka pads or Fabcel pads where the reduction of impact shock or 
isolation of transmitted vibration is required. Bushings are manufactured
with the same properties as Fabreeka pad, and therefore offer years of service
under the most severe operating conditions.


Fabreeka® brings nearly a century of experience providing vibration and shock isolation 
solutions for customers worldwide. Our company provides vibration isolation and shock 


control solutions for a diverse range of industries from iron and steel, oil and gas, 
automotive and aircraft manufacturing, to mining and military. 


Fabreeka® Pad
Fabreeka® pad is the original fabric reinforced, elastomeric pad which is 
exceptionally suited for the reduction of impact shock and used for mounting
heavy machinery where absorption of impact shock and isolation of
transmitted vibration is desired. Fabreeka pad has a relatively high 
damping rate of 14% of critical, and twice the value of damping for 
natural rubber and unreinforced elastomers. It has a natural frequency as low as
12 Hz, is impervious to most oils and solvents and is resistant to the effects of steam,
water, mildew and brine. 


Fabcel® Pad
Fabcel® vibration isolation pad is manufactured using the same nitrile compound that
was developed in 1962. Designed to provide low frequency vibration isolation
and reduction of impact shock, it can have a vertical natural frequency as low
as 5.0 Hz and a horizontal natural frequency as low as 3.0 Hz. Fabcel pad has
been used for mounting machinery and sensitive equipment where absorption
of impact shock or isolation of transmitted vibration is desired. It can withstand
loads up to 300 psi, has a high energy storage rate per unit volume which makes it
ideal for certain shock isolation applications. 


DIMFAB 280
DIMFAB pads are a proven solution where structure-borne noise, vibration and shock
isolation is required on surface ships and in submarines. DIMFAB exhibits good
drift resistance and can withstand hostile environments. It is easy to install, cut
with scissors or a sharp knife, and is easily stacked for greater thicknesses. Typical
isolated equipment on vessels includes propulsion systems, communications 
equipment, electrical and hydraulic equipment and reciprocating machinery.  


Fabreeka-TIM® Structural Thermal Break
Fabreeka-TIM®, thermal break or thermal insulation material, is manufactured
from a fiberglass-reinforced laminate composite. The properties of this 
material provide a thermally efficient, energy-saving product that prevents
thermal bridging in structural connections. Fabreeka-TIM is a load bearing
thermal break used between flanged steel connections. The primary benefit is
that it maintains structural integrity, while reducing energy loss.







Fabsorb®


Fabsorb® material absorbs machine-induced energy, limits the 
transmission of higher frequency disturbances and provides isolation from


steady-state and induced shock and vibration. The natural frequency of
Fabsorb is dependent on load and type of material, and ranges from 12 Hz to


50 Hz. Fabsorb material is specifically designed for vibration isolation 
applications of support foundations for machine tools, shock testing 


equipment, grinders and similar equipment. Fabsorb is impervious to most
chemicals and performs consistently over a wide range of temperatures.


SA-47® Pad
SA-47® bearing pad provides compensation for surface irregularities and non-


parallel load bearing surfaces in precast concrete, building and construction
applications. The reinforced elastomeric bearing pads can also be provided
with a Teflon® surface for use in expansion bearings and pipe slides. SA-47


pads can withstand compressive loads up to 7,000 psi and are impervious to
most oils and resistant to the effects of steam, water, mildew and brine. 


FAB-EPM HP®


FAB-EPM HP® material is a mixed cell polyurethane foam specifically 
designed to provide low frequency vibration isolation for building and
machine foundation isolation. The natural frequency of FAB-EPM HP is


dependent on load and type of material and ranges from 6 Hz to 40 Hz.
FAB-EPM HP material is manufactured in many densities, 


which allows for optimal isolation performance.  


Precision-Aire™ Leveling Isolators (PAL)
PAL pneumatic isolators provide superior low frequency vibration 


isolation. These isolators are ideally suited for conditions where height 
control and low frequency vibration control must co-exist. Fabreeka PAL 


isolators meet the critical needs of metrology instruments, electron 
microscopes, inspection stations and precision manufacturing equipment. 


PAL isolators react quickly to changes in the supported load and to center of
gravity shifts by automatically re-leveling to a preset position.


Precision-Aire™ Pneumatic leveling Isolators  (PLM)
The Fabreeka® PLM series pneumatic isolation mounts are low 


frequency vibration and shock isolators which provide both 
attenuation of disturbing vibration and equipment leveling. For 


vibration control applications, the pneumatic portion of these mounts
provide significant reduction of vibration occurring at frequencies above


5.0 Hz. For shock or impact applications, the outer elastomeric wall 
construction provides a high deflection shock mount.   


www.fabreeka.com







Vibration Isolators and Shock Mounts


Tech Products manufactures a complete line of isolation
products for the most rugged environments. Applications
include portable gensets, military vehicles, off-highway and
construction equipment, truck/bus engine mounts, hybrid/electric 
vehicles and many other engine driven applications. In addition to
the standard line of products, Tech Products offers custom molded
solutions and specialty elastomers.


Light Load Isolation Products


Tech Products also produces compact isolators for 
protection of lightweight equipment. Typical applications include


small pumps and compressors, electronics, radiators, avionics,
computers, medical equipment and other sensitive applications.


Engineering and Design


Tech Products offer engineering assistance for all vibration
and shock applications. Engineering services include a six


degree-of-freedom computer analysis, product testing and
field vibration testing. Tech Products also have design 


capability for custom molded isolation products.


Mounting Feet and Leveling Mounts


Tech Products manufactures mounting feet and leveling
mounts for all sizes of equipment. The product line covers mount loads
of 6 lbs to 13,000 lbs. Common applications include presses, molding
machines, conveyors and other industrial equipment.


The Tech Products division of Fabreeka International manufactures elastomeric vibration
and shock isolation products for industries including power generation, 


off-highway/construction, military, transportation, hybrid/electric vehicles, medical, 
electronics, HVAC and many more.


www.novibes.com







Services - Total and Complete Anti Vibration Solutions


In addition to having product knowledge, engineers at Fabreeka® are well versed in the 
additional aspects of vibration isolation. We regularly use the experience we have gained on 
previous applications and projects to provide our customers with the proper vibration isolation 
recommendations for a total vibration control solution.


Vibration Site Survey and Analysis Services


Low frequency vibrations and large shock inputs can affect the accuracy,
repeatability and throughput of precision machines and equipment. Most
precision machine tool and measuring machine manufacturers have 
established allowable vibration specifications for their machines. Fabreeka 
utilizes highly accurate instrumentation to quantify the amplitude and frequency of
vibration to make proper vibration control recommendations. 


Fabreeka® Finite Element (FEA) Analysis Services


Examining mode shapes in a vibrating structure is a valuable
step in adjusting vibration amplitudes by varying the 
stiffness, mass or damping. A finite element analysis will
define and model the mode shapes and response 
frequencies of a structure, as well as the response of the
isolation system to machine-induced inputs and/or 
environmental inputs.


Fabreeka® Consulting and Project Management Services


Fabreeka® has an organized program structure to maximize the
responsiveness and communication among all parties. Relationships
we have developed on similar projects in the past will help to 
maintain the quality and schedule of your program. Our Engineers
can supervise critical phases of construction and prototype testing
and provide responsibility for the design, installation and testing of
your isolation system. Design review meetings are held with 
customers as part of overall project management.


Providing solutions for unwanted vibration and shock can sometimes involve more than
providing the correct isolator. Our customers ask for solutions for many applications


which require additional design effort to provide a complete isolation result.


Fabreeka® has been committed to providing the utmost in quality and service to our
customers since our incorporation in 1917. The experience of our technical staff in


addressing vibration isolation concerns will prove invaluable on your project.
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Fabreeka pads are the original “fabric reinforced” bearing


pad used in industry since 1918. The multiple laminations


of rubber and fabric allow for large loading with minimal


creep and virtually no shape factor associated with unrein-


forced bearing pad materials.


Fabreeka pads were first used as a bridge bearing in 1936


and are commonly used as a structural bearing element


accommodating surface irregularity and rotations between


load bearing faces. Fabreeka material is also used for vibration and shock applications.


Fabreeka® Bearing Pads


Physical Properties
PROPERTY TEST SPECIFICATION


Hardness: ASTM D2240 90±5
Shore “A”


Tensile Strength: ASTM D412 5,500 psi (min)


Ultimate Elongation: ASTM D412 17% (max)


Compressive Strength: 10,000 psi (min)


Modulus of Elasticity: 23,000 psi (max)


Environmental: MIL-E-5272 Pass


• Distributes load between two structural elements evenly


• Accommodates non-parallel, load bearing surfaces


• Allows for rotations up to 0.02 radians under high pressure


• Ultimate compressive strength of 20,000 psi


• Meets AASHTO 18.4.9.1, MIL-C-882 and most state DOT specifications


• Provides vibration and shock isolation in structural applications


Features and Attributes







Specification for Fabreeka® Bearing Pads
The bearing pads shall be manufactured of all new (unused) materials and composed of multiple
layers of prestressed 50/50 cotton-polyester blend duck, 8.1 ounce per net square yard, duck warp
count 50 ± 1 threads per inch and filling count 40 ± 2 threads per inch,  impregnated and bound
with a high quality, oil-impervious nitrile rubber compound, containing rot and mildew inhibitors
and anti-oxidants, compounded into resilient pads of uniform thickness. The pads shall withstand
compressive loads perpendicular to the plane of laminations of not less than 10,000 psi before
breakdown.


FAB 1000-305  03/14:12/16


Additional Products for Building & Construction


SA-47 Bearing Pads PTFE Bearing Pads Structural Expansion Bearings Flexible Drain Trough
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Reducing structure-borne noise &
Impact shock and vibration


Fabreeka® Pads







Fabreeka® resilient laminated fabric
pad is a scientifically designed and
manufactured material composed of
layers of tightly twisted, closely
woven lightweight duck. Each layer is
impregnated with an elastomeric com-
pound containing mold and mildew
inhibiting agents. The properties of Fabreeka are exceptionally suited for the reduction of
impact shock, vibration and structure-borne noise. 
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Fabreeka® pads are comprised of organic materials,
and properties may vary from lot to lot. All technical
values contained in this literature are averages and
can vary depending upon test procedures. Please 
consult Fabreeka's Engineering Department for design
assistance at 1-800-322-7352 or 781-341-3655.


Fabreeka meets the following specifications:


Military: MIL-C-882


Military
Environmental: MIL-E-5272A


D.O.T. Federal Standard Specifications for Construction
Administration: of Roads and Bridges on Federal


Highway Projects (1985). 
FP85 paragraph 555.17,
page 378, Preformed Fabric Pads and
page 506, bedding of masonry plates in
FP96.


AASHTO: Standard Specifications for Highway 
Bridges. Preformed Fabric Pads:
16th Edition - 18.10.2
17th Edition - 18.4.9.1
2nd ED.LRFD - 18.10.2


PCI: Prestressed Concrete Design Handbook
7th Edition (2010) Part 6, paragraph
6.10.3, Bearing Pad.


Strength in Compression


Fabreeka will withstand loads between 10,000 psi (69 MPa) and 20,000 psi
(138 MPa) before breakdown, depending upon size and thickness of the
pad. In general, compressive stresses should not exceed 2,000 psi (13.8
MPa) for long life, freedom from set and high factor of safety.


Compression


Fabreeka is compressible due to its composition
and does not depend on flow to give necessary
deflection. It substantially retains original length
and width under compression and impact.


Set and Creep


One of the great advantages of Fabreeka is the
fact that increased deflection due to creep over
long periods of time is limited to about 5 percent of
original thickness. When stresses are removed, permanent set of Fabreeka is also limited to about 5 percent
of original thickness. This explains the continued high isolating efficiency of Fabreeka through long periods of
continuous hard service.


Density - 74 lbs/ft3 (1185 Kg/m3)


Fabreeka is a registered trademark of Fabreeka International, Inc.







Fabrication
Fabreeka is furnished in the form of pads, washers,
bushings and special molded shapes in accordance
with customers' specifications and drawings. Special
units with steel or plastic bonded to Fabreeka are
also available.


Tolerances: English Metric
Pad Length/Width ±1/16" 1.6 mm
Pad Thickness (avg) ±5% 5%
Washers OD/ID ±1/16" 1.6 mm
Bushings OD/ID ±1/32" 0.8 mm
Bushing Length ±1/32" 0.8 mm


Sizes
Fabreeka is manufactured in nominal thicknesses of:


English Metric English Metric
1/16" 1.6 mm 9/32" 7.0 mm
3/32" 2.4 mm 11/32" 8.8 mm
1/8" 3.2 mm 1/2" 12.7 mm
5/32" 4.0 mm 5/8" 16.0 mm
3/16" 4.8 mm 3/4" 19.0 mm
15/64" 6.0 mm 1" 25.4 mm


Other thicknesses are available by simply combining
and bonding the above standard thicknesses.
Thicknesses shown are nominal and tolerances 
average. Please contact Fabreeka International for
actual thickness and tolerance values.


Fabreeka® Pad as Thermal Break
K = 1.9 BTU/Hr/ft2/in/°F K = 0.274 W/m*°K


R value = T/K R value = heat flow resistance


K = thermal conductivity T = Pad thickness (in, m)


Fabreeka pad can be used in applications where:
• a load bearing pad and thermal break/thermal


insulation is required
• vibration control and thermal break/thermal 


insulation is required (i.e. roof mounted 
equipment, piping, etc)


• uneven or textured surfaces exist (i.e. concrete to
concrete or concrete to steel columns)


• other applications where only compressive loads
are applied


Fabreeka pad is not recommended for structural
moment connections, such as balconies and
canopies. Fabreeka-TIM® structural thermal break is 
recommended for structural moment connections.


Compressive Modulus
Fabreeka's load-deflection curve is nonlinear, there-
fore its modulus varies with load and is determined
by:


It approaches a maximum of 23,000 psi (158 MPa)
at loads up to 2,000 psi (13.8 MPa).


As with compressive modulus, Fabreeka's static
spring rate varies with loading. The formula is:


Damping
Fabreeka has a high damping value (damping con-
stant is 0.14). Its ratio of successive amplitudes (2 to
1) is about 4 times that of natural rubber and 100
times that of steel. The log decrement is 0.69.
Fabreeka's high damping is attributed to its large
energy loss per cycle (Hysteresis) 25% to 45%.


Hardness and Stability
The Shore A Durometer hardness of Fabreeka is very
high. This combined with a limited compressibility
affords a greater degree of stability than is found in
other types of vibration isolators.


Electrical Insulation
Fabreeka has a dielectric strength of 12,500 volts
(210 volts/mil) and a resistivity of 8.5 x 109 ohm-cm.
(Insulating material classification requires a resistivity
greater than 105 ohm-cm.) Natural rubber has a
resistivity value of 1015 ohm-cm. Dielectric Constant
is 9.34 with a Power Factor of 0.201 and a Loss
Index of 1.881. All the above values are for Fabreeka
at standard room conditions of 73°F (23°C) and
50% relative humidity.


Service Life
The unusual strength of Fabreeka and its ability to
withstand conditions of service commonly encoun-
tered both in and out of doors insures long life and
constant efficient performance.


Resistance to Water, Oil and Heat
Fabreeka is impervious to most oils and is resistant
to the effects of steam, water, mildew and brine.
Continuous temperature exposure limits for long life
are 200°F (95°C) max and -65°F (-55°C) min.
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Introduction
Impact shock and vibration problems encountered in industry, with their
resulting losses in efficiency, repair costs and human discomfort, have been
serious in the past and are intensified with the advent of heavier impact
machinery and high speed machine tools.


Combining more than 65 years of field experience in virtually all phases of
industry with sound engineering principles and knowledge of its product,
Fabreeka International is well equipped to analyze these problems and make
recommendations. This topic briefly illustrates the action and effectiveness of
Fabreeka in reducing the transmission of impact shock.


Theory of Shock Isolation
A machine which transmits impact to its foundation initiates disturbances of
varying intensities according to the work it performs. To illustrate the theory of
impact shock reduction, consider such a machine (forging hammer, punch
press, etc.) mounted rigidly on its foundation, a condition of maximum trans-
mission of impact shock into the surrounding ground and structures. The
ensuing disturbances are often so pronounced as to prohibit proper operation
of adjacent equipment, in addition to reducing the operating life of the
machine itself.


A simple example of an impact shock condition is a rigid object of given
weight being dropped through a given vertical distance onto a floor. See
Figure 1A. The maximum impact force that would be transmitted into the
floor depends upon the deflection in the floor necessary to bring the object to
rest. The smaller the deflection in the floor, the larger will be the maximum
impact force (if the given weight and vertical drop are kept constant). 


In order to determine this impact force, the kinetic energy of the object the
instant before it contacts the floor must be calculated. This kinetic energy is
equal to the weight of the object multiplied by the vertical distance through
which it falls. The floor must absorb this kinetic energy in bringing the object
to rest after impact.


For example:


Now assume the floor is a normally rigid concrete structure which will deflect
1/64" (0.0004 meters) before the object is brought to rest. We must analyze
the load-deflection curve of the floor to determine the maximum impact force
(F1) transmitted.


It can safely be assumed the curve will be a straight line. In other words, any
load (force) on the floor will be a linear function of the resulting deflection in
the floor. See Figure 1B.


The crosshatched area beneath the floor's load-deflection curve in Figure 1B
represents the kinetic energy absorbed by the floor in bringing the object to
rest. Since this area is a simple triangle, the relationship between (F1) impact
force transmitted, floor deflection and kinetic energy developed-and-absorbed
is:
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How Fabreeka Functions in Absorbing Impact Shock


Figure 1B - Floor-Load vs. Deflection


Figure 1A - Direct Impact on Floor







F1 can be calculated as follows:


This means that when the object strikes the floor, the impact
force transmitted into the floor builds up from a value of 0
to a maximum value of 12.8 x 106 lbs (56.94 x 106 newtons
[N]) as the floor simultaneously deflects from 0 to 1/64"
(0.0004 m) in absorbing the kinetic energy of the falling
object.


Let's assume this magnitude of force is objectionable and
must be reduced by 75 percent. To bring about such a dras-
tic reduction, a Fabreeka pad will be placed on top of the
floor to take the full impact of the falling object and absorb
most of the kinetic energy. The amount of energy remaining
for the floor to absorb will be what it takes to build up a
maximum impact force of 25 percent of its previous value
without the Fabreeka pad. In addition, the floor's deflection
is greatly reduced.


Note the crosshatched areas for the floor (Es) in Figure 2B
and Fabreeka pad (Ef) in Figure 2C, each representing the
portion of the initial kinetic energy it absorbs.


It is evident that a state of equilibrium must exist between
the forces developed in the floor and the Fabreeka pad as
they absorb the kinetic energy of the falling object. This
force is F2 or 3,200,000 lbs (14.2 x 106 N).
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We must now calculate what portion of the kinetic energy
each absorbs; i.e. floor and Fabreeka pad respectively:


Since it is known that a load of 12.8 x 106 lbs (56.94 x 106


N) produces a deflection of 1/64" (0.0004 m) in the floor
and the slope of the floor's load-deflection curve is constant,
then by proportion we can calculate Ds as follows:


Knowing (Ds), we can now compute Es:


Remembering:


We can now find what portion of the original KE the
Fabreeka pad absorbs.


Note: Fabreeka absorbs 93.75% of KE, while the floor only
absorbs 6.25%.


Figure 2C - Fabreeka Isolator-Load vs. DeflectionFigure 2B - Floor-Load vs. DeflectionFigure 2A - With
Fabreeka Isolator
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The next step is to determine the area and thickness of the
Fabreeka pad to satisfy the established conditions.


Fabreeka has a safe working stress of up to 2,000 psi (13.9
MPa) if impacts are infrequent. Conversely, if impacts occur
frequently (one per second), stress is limited to 500 psi (3.5
MPa). However, there is a safety factor of at least 5 to 1
because Fabreeka's compressive stress is in excess of 10,000
psi (69 MPa). In this example, we will assume the impacts
are relatively frequent and will therefore limit the working
stress to 1,000 psi (6.9 MPa). The minimum area (Af) there-
fore is:


We must now find the mathematical relationship between
the stress developed in Fabreeka as a result of absorbing the
kinetic energy. This relationship is derived from Fabreeka's
stress vs. deflection curve. For convenience, we have plotted
stress vs. deflection in percentage of original thickness. (See
Figure 3.) This then allows us to determine deflection for any
thickness of Fabreeka. The area under this curve gives us the
energy stored per unit volume of Fabreeka having the fol-
lowing units:


The area under the stress vs. strain curve has been
determined mathematically and a new curve plotted
relating stress vs. stored energy per unit volume of
Fabreeka. (See Figure 4.)


We can now use Figure 4 to find the required thick-
ness of the Fabreeka pad at a stress of 1,000 psi (6.9
MPa):


Figure 3 - Stress vs. Deflection for Fabreeka
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Load


PSI


AVERAGE DEFLECTION


Thickness in Inches and (mm)


14 ply 17 ply 21 ply 31 ply 39 ply 48 ply 64 ply
15/64" 9/32" 11/32" 1/2" 5/8" 3/4" 1"
(6mm) (7mm) (9mm) (13mm) (16mm) (19mm) (25mm)


.003" .004" .005" .006" .008" .010" .013"
(.08mm) (.10mm) (.13mm) (.15mm) (.20mm) (.25mm) (.33mm)


.005" .006" .007" .010" .013" .015" .021"
(.13mm) (.15mm) (.18mm) (.25mm) (.33mm) (.38mm) (.53mm)


.008" .009" .012" .017" .021" .025" .034"
(.20mm) (.23mm) (.30mm) (.43mm) (.53mm) (.64mm) (.86mm)


.010" .012" .015" .022" .028" .033" .044"
(.25mm) (.36mm) (.38mm) (.56mm) (.71mm) (.84mm) (1.12mm)


.012" .015" .018" .027" .033" .040" .053"
(.30mm) (.38mm) (.46mm) (.69mm) (.84mm) (1.02mm) (1.35mm)


.014" .017" .021" .031" .038" .046" .061"
(.36mm) (.43mm) (.53mm) (.79mm) (.97mm) (1.17mm) (1.55mm)


.016" .019" .024" .034" .043" .052" .069"
(.41mm) (.48mm) (.61mm) (.86mm) (1.10mm) (1.32mm) (1.75mm)


.018" .021" .026" .038" .048" .057" .076"
(.46mm) (.53mm) (.66mm) (.97mm) (1.22mm) (1.45mm) (1.93mm)


.019" .023" .028" .041" .051" .062" .082"
(.48mm) (.58mm) (.71mm) (1.05mm) (1.30mm) (1.57mm) (2.08mm)


.020" .024" .030" .044" .054" .066" .087"
(.51mm) (.61mm) (.76mm) (1.12mm) (1.37mm) (1.68mm) (2.21mm)


.022" .026" .032" .047" .058" .070" .093"
(.56mm) (.66mm) (.81mm) (1.19mm) (1.47mm) (1.78mm) (2.36mm)


.024" .029" .036" .052" .065" .078" .104"
(.61mm) (.74mm) (.91mm) (1.32mm) (1.65mm) (1.98mm) (2.64mm)


.027" .032" .039" .057" .071" .085" .113"
(.69mm) (.81mm) (.99mm) (1.45mm) (1.80mm) (2.16mm) (2.87mm)


.029" .035" .042" .062" .077" .092" .123"
(.74mm) (.89mm) (1.07mm) (1.57mm) (1.96mm) (2.34mm) (3.12mm)


.031" .037" .045" .066" .083" .100" .132"
(.79mm) (.94mm) (1.14mm) (1.68mm) (2.11mm) (2.54mm) (3.35mm)


.033" .039" .048" .070" .088" .105" .140"
(.84mm) (.99mm) (1.22mm) (1.78mm) (2.23mm) (2.67mm) (3.56mm)


0.35


0.69


1.40


2.10


2.80


3.40


4.10


4.80


5.50


6.20


6.90


8.30


9.70


11.00


12.40


13.80


Load


MPa


The following Fabreeka pad is required to reduce the impact
force to the floor by 75%.


Note: 1 MPa = 1 MN/m2 = 1N/mm2 = 10 Kg/cm2
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A purely mathematical solution instead of the graphical solu-
tion is also possible. The equation for the curve in Figure 4 can
be used as follows:


Rearranging terms and solving for Tf:


Note: The graphical and mathematical answers will be within
5% of each other.


Solutions for Difficult Impact Shock Problems
The impact problem just analyzed is a simple one, but the
energy theory used can also be applied to solve the more diffi-
cult problems encountered in industry. For example, in the
Steel Mill, Fabreeka components have been designed and used
in bumper assemblies for stopping the motion of hot ingots or
to cushion the manipulating tables from the impacts of flipped
ingots. In the Forge Shop, the same energy theory is used in
conjunction with other basic engineering laws to design
Fabreeka Anvil Pads for Forging Hammers. 


In addition to cushioning the initial impacts, Fabreeka offers
high inherent damping. This means that a smaller portion of
the absorbed energy will be expelled in the form of rebound.
Dynamic loading tests performed on a Roelig testing machine
indicate the range of energy loss per cycle is 25 to 45 percent
of the total mechanical energy stored by Fabreeka. 


An impact machine not only produces impact shock, but the
impacts themselves produce internal vibrations that can be
quite harmful if not quickly damped out. Fabreeka has this
ability due to its high damping or internal hysteresis.


The Fabreeka pad performs a double function, that of
impact shock (discussed in this section) and vibration isola-
tion, which is discussed in the next section.


Case Study of Impact Shock - Bumper Application
This particular case study revolves around a steel mill requir-
ing a bumper to cushion a bundle of steel plates being con-
veyed. The following calculations would apply to any type of
bumper application.


Given:
Steel Plate Bundle Weight = 15,000 lbs (6803 Kg)
Bundle Strikes Bumper at = 120 ft/minute (36.6 m/minute)
Bumper Area Available = 9" x 9" (0.229 m x 0.229 m)


Step 1: Limit stress buildup in Fabreeka to 1,500 psi (10.35
MPa).


Referring to Figure 4


Stress vs Energy Stored per Unit Volume of Fabreeka at
1,500 psi (10.35 MPa):


Stress vs Energy Stored per Unit Volume of Fabreeka at 1500
psi (10.35 MPa) (Figure 4)


Step 2: Divide the KE/Unit Volume into the total KE to get
the Fabreeka pad volume required:


Step 3: Divide the volume by the bumper area to get the
proper Fabreeka pad thickness.


Referring to Figure 3


Hence the plate bundle is stopped in a 1/4" (6 mm) displace-
ment (deflection) in lieu of otherwise instantaneous stop.
Remembering that the impact force developed is in direct
proportion to the stopping distance (deflection in this
instance), a greater stopping distance means a smaller
impact force, and vice versa.


Conclusion
Use the following Fabreeka pad size:


Figure 4 - Mechanical Energy Stored Per Unit Volume vs.
Resultant Compressive Stress
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Introduction
The analytical treatment of steady-state vibra-
tion is fundamentally different from the treat-
ment of shock conditions. Vibration is a contin-
uing disturbance in which an oscillating motion
exists at a constant frequency or combination
of frequencies. It is a steady-state condition
when the pattern of vibration amplitude is
repeated during each cycle. Damped vibration
exists whenever the pattern is repeated with
successively diminishing amplitudes.


Any mechanical system possessing mass and
elasticity is capable of vibration. Systems capa-
ble of vibration are obviously varied in form and
may often execute complex motions. The num-
ber of independent coordinates required to
describe the motion of a system designates the
number of degrees of freedom of the system.
Vibration is thus classified as having "one",
"two" or "many" degrees of freedom.


Shock, as contrasted to vibration, is a transient
condition wherein the equilibrium of a system is
disrupted by a suddenly applied force or by a
sudden change in force direction. This distur-
bance and the ensuing reaction of the system
in restoring equilibrium constitute a condition
of shock. Isolation of vibration or shock is the
temporary storage of energy and its subsequent
release substantially in its entirety but in differ-
ent time relation. Isolation is thus distinctly dif-
ferent from the absorption or dissipation of
energy.


The two aspects to the principle of isolation
are:


1) ISOLATION OF MOTION - the reduction of
stresses and deflections in members whose sup-
port experiences motion resulting from shock or
vibration.
2) ISOLATION OF FORCES - the reduction of
forces created by the operation of machinery.


An isolator is a resilient element with controlled
elasticity and damping, which when properly
installed in a mechanical system, will control
the dynamic forces and motions of that system.


The function of a Fabreeka isolator may be best
understood by first reducing it to its simplest
form. See Figure 5. The system includes a rigid
mass (m) supported by a mass-less spring (k) 


How Fabreeka Functions in Reducing the Transmission
of Vibration and Structure-Borne Noise


Figure 5


having viscous damping (c). The mounted equipment is represented by
the mass, while the spring and dampener together simulate the elasticity
and damping of a Fabreeka isolator. Isolation is attained through proper
frequency relations; that is, comparing the frequency of the disturbing
vibration with the natural frequency of the mass (equipment) on its iso-
lator.
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Natural Frequency
In a steady-state, single-degree-of-freedom system, the natu-
ral frequency is the number of cycles of vertical oscillations
that a mounted system will carry out in a unit of time when
displaced from its equilibrium and permitted to vibrate freely.


Whenever a weight (mass) is mounted on a resilient material
and is subjected to an external force which is suddenly
removed, it will oscillate freely up and down on its mounting
a definite number of times until the oscillation dies out. See
Figure 5A. One complete cycle of this free vibration involves
movement of the weight from the equilibrium position (M),
up through the uppermost position (N), down through the
lower-most position (O), and finally back up to the equilibri-
um position again (P). The amplitude of this cycle is the dis-
tance (A) between the uppermost position (N) and the equi-
librium position. The amplitudes of any of the succeeding
cycles are similarly measured. The repeatability or rate of this
free oscillation is measured in cycles per second (Hertz).


There are only two parameters that affect the natural fre-
quency of a system. These are mass (weight) and stiffness
(spring rate)  as seen in the natural frequency (Nf) formula.


Increasing the weight (mass) or reducing the spring rate will
produce a lower natural frequency, and conversely reducing
the weight or increasing the spring rate will result in a higher
natural frequency.


With a Fabreeka pad, the above relates as follows: An
increase or decrease in weight produces a corresponding
stress change in Fabreeka. An increase or decrease in thick-
ness results in a spring rate change; i.e. a thinner Fabreeka
pad increases the spring rate, while a thicker pad decreases
the rate. This is readily seen in Figure 6. It is also interesting
to observe that Fabreeka's natural frequency decreases as
load is increased up to a level of 400 psi (2.8 MPa), where it
is then essentially independent of loading.


Tests were conducted to determine Fabreeka's actual reso-
nant (natural) frequency for various thicknesses at various
loadings. Forced vibrations were applied and the amplitude
monitored electronically to determine the frequency at which
peak amplitude or resonance occurred for the various loads
and thicknesses of Fabreeka.


The results of these extensive tests are shown in Figure 6,
where static-load (stress) and thickness are plotted against
natural (resonant) frequency. This curve is the result of
dynamic testing and is therefore more reliable than natural
frequencies obtained from static information.


If the weight referred to represents a machine, it would have
a definite natural frequency on its mounting. Furthermore, it
may generate disturbing vibrations of its own while in opera-
tion. These latter vibrations are caused by either unbalanced
moving parts within the machine or an unbalanced condition
arising from the work being performed. These vibrations are
referred to as forced vibrations, and their frequencies are
called forcing frequencies. The major forcing (disturbing) fre-
quency is generally the operating speed of the heaviest parts
of the machine. However, higher secondary frequencies can
sometimes create more of a disturbance than those created
by the operating speed itself, thus requiring that these sec-
ondary frequencies also be isolated. Instrumentation may be
required in some cases to determine the disturbing frequen-
cies.


Figure 5A - Amplitude vs. Time
Figure 6 - Natural Frequency vs. Compressive Stress 


and Thickness
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Frequency Ratio
The forcing frequency divided by the natural frequency is the
ratio that indicates the effectiveness of a vibration isolator.
See Figure 7.


Transmissibility is the percentage of disturbance being trans-
mitted through the isolator (mounting). It is expressed by the
ratio of vibration amplitudes or forces; i.e., it is the ratio of
amplitude or force transmitted to amplitude or force
generated.


For example: If the purpose of an isolator is to reduce the
force transmitted to the support, then:


If on the other hand, support motion must be reduced, then:


Please note in both instances, reduction only occurs when
the transmissibility is less than 1.


Fabreeka isolators (pads) are designed so that the force
transmitted to the foundation is only a small fraction of the
unbalanced force generated and acting on the system. This
is accomplished by designing a Fabreeka isolator with a
lower natural frequency than that of the disturbing frequen-
cy or frequencies (harmonics).


The measure of isolation thus obtained is called transmissibil-
ity. If the machine were mounted rigidly to its support or
foundation (no isolators), the transmissibility would be unity
because the amplitude or force transmitted would be equal
to that generated by the unbalanced machine. This condition
is represented by line AB in Figure 7.


A transmissibility of zero is necessary for theoretically perfect
isolation; however, it is evident from the transmissibility curve
that the frequency ratio would have to be infinitely large.


Alternatively, an infinitely large transmissibility is obtained
when an isolator has no damping (dotted curve in Figure 7)
and the frequency ratio is unity. This latter condition exists
when the natural frequency equals the forcing frequency
and is called resonance. It is apparent that a resonant condi-
tion must be avoided at all costs because it magnifies the ini-
tial disturbance many times its original value. It is further evi-
dent that the introduction of damping as in a Fabreeka isola-
tor (solid curve) greatly reduces this magnification.


Reduction of disturbances do not occur until the frequency
ratio exceeds the value 1.414 and all values below that will
result in magnification. It is desirable to have as low a natu-
ral frequency as practical. However, it is not always possible
to obtain the low natural frequency desired without creating
a very soft, and therefore, unstable mount. In these
instances, effective compromise mountings can be used to
advantage. This will be discussed more fully later under the
heading "Reconciliation of Theory and Practice".


Damping
The time required for the vibration to die out depends upon
the damping characteristics of the isolator. This inherent
property of an isolator resists motion and thereby causes the
free oscillation to diminish quickly. Fabreeka has a large
internal resistance to motion called hysteresis (internal fric-
tion). It is this hysteresis property that converts mechanical
energy of motion into heat which is then dissipated. In free
vibration, a large percentage of the energy is dissipated in
the form of heat during each cycle causing the vibration to
quickly dampen out.


One term used to indicate the amount of damping in a sys-
tem is the damping ratio:


A critically damped system when displaced from its equilibri-
um position will immediately return to equilibrium without
vibrating.


Figure 7 - Transmissibility vs. Frequency Ratio
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The damping coefficient for Fabreeka is 14.3 percent of criti-
cal or:


Another term used is logarithmic decrement, which is the
natural logarithm of the ratio of two successive amplitude
cycles in a free oscillation.


Laboratory tests have been conducted to determine the rate-
of-decay of free oscillation on Fabreeka. A heavy mass
(weight) was placed on Fabreeka (producing a static deflec-
tion), after which a large external force was applied to this
mass-Fabreeka system, so that the induced dynamic deflec-
tion was greater than the static deflection. The force was
released and the weight allowed to oscillate freely on
Fabreeka. An amplitude-vs-time recording was made. (See
Figure 8.) The conditions of weight, externally applied force
and Fabreeka thicknesses were used simulate the actual in-
service conditions. The average ratio of successive amplitude
A/B or B/C etc. is 2.


Fabreeka's Logarithmic Decrement = 0.69


This high ratio of successive amplitudes explains why, for
example, the free motion of a forging hammer anvil on a
Fabreeka isolator is quickly damped out. It is important that
the anvil be motionless before the next blow is struck.


The time necessary to dampen out a free oscillation on
Fabreeka depends upon the natural frequency and initial
amplitude of the oscillation. Low frequency and high initial
amplitude require more time to die out than the reverse con-
ditions of high frequency and low initial amplitude. In Figure
8, it took one-quarter of a second (0.25 seconds) for a typi-
cal oscillation on Fabreeka to die out. In general, the maxi-
mum time to dampen out a typical application with Fabreeka
would be about one-half second.


There are many instances where a machine, while running
up to or slowing down from operating speed, will pass
through resonance with its isolators. The motion of a
machine can build up to such a point that damage occurs if
its isolators are undamped. On the other hand, damped iso-
lators prevent excessive motion, thus damping prevents
excessive movement of the mounted machine. 


It is interesting to note (in Figure 7) that at frequency ratios
above 1.414, the undamped (dashed) curve shows slightly
less transmissibility than the damped (solid) curve. A slight
loss in efficiency occurs when using a highly damped materi-
al, such as Fabreeka, but this is greatly offset by the much-
improved conditions at resonance.


Damping is necessary in an isolator to prevent excessive
motion at resonance and to quickly dampen motion associat-
ed with shock and impact. Fabreeka is such an isolator.


Isolating Machinery from Outside Disturbances
It is necessary at times to isolate a particular machine or
piece of equipment from incoming disturbance that could
not be isolated at its source. For example, a large grinder
performing precision work must be isolated from distur-
bances generated by a forging hammer (source) operating
nearby. If the shock impulses and vibration were left unabat-
ed, they could cause flaws in the work piece being ground.
It is more practical in this case to isolate the offended unit
rather than the offending unit. However, whenever possible,
isolating at the source should be the first consideration.
Sometimes it becomes necessary to isolate both the distur-
bance receiver and transmitter. The same vibration theory
used for reducing transmitted vibrations is used to isolate
against incoming disturbances. In other words, the isolator's
natural frequency must be lower than that of the incoming
disturbing frequency.


Figure 8 - Amplitude vs. Time







Structure-Borne Noise Isolation
The problem of noise has become acute as witnessed by the
introduction of noise exposure limits set by Government reg-
ulations.


Fabreeka's part in isolating noise is one of reducing struc-
ture-borne noise. Fabreeka reduces mechanical vibrations
which can be converted to air-borne noise. For example, the
operation of a machine sets up vibrations within a building
structure. These vibrations travel throughout the structure
causing a wall, panel, ceiling or other surfaces to pulsate.
The movements (pulsations) of these surfaces are transferred
into the air as audible vibrations or noise. This is called
"drum head" or sounding-board effect.


When isolating structure-borne noise, it is essential that all
conductive paths of vibration be blocked. Fabreeka's multi-
layered construction gives a multitude of interfaces which
offer a high acoustical mismatch of impedances, thus reduc-
ing the transfer of acoustical energy or sound transmission.
Therefore, Fabreeka pads, washers and bushings are required
to completely break the metal-to-metal contact between the
isolated unit and its support. All connections to the unit such
as pipes, cables, ventilating ducts must be isolated as well
with flexible connections and the like.


Air-borne noise radiating directly from the machine (equip-
ment) can be contained by employing an acoustically treated
enclosure. This is isolating at the source. It may be more
practical in some cases to acoustically isolate (insulate) a
room, office or complaint area from the offending noise.


In summary, Fabreeka reduces mechanical vibrations and
blocks the transmission of acoustical energy, both of which
act to isolate structure-borne noise.


Low Frequency Vibration
If a vibration disturbance is of low frequency, special consid-
eration must be given in selecting and applying the isolation
system.


In certain situations, it may prove impractical to place isola-
tors directly beneath the offending unit. For example, a very
soft and therefore unstable mount may be required, in which
case, an inertia block can be placed beneath the unit to be
isolated. This adds resisting mass to the unit as well as stabil-
ity. A suitable number of isolators can then be placed
between the inertia block and its supporting foundation.


A more effective and stable isolation system is thus obtained
by employing the inertia block. Inertia blocks are generally
made from reinforced concrete; however, some have used
steel slabs. Others have attached the offending machine to a
unitizing structural steel base and then poured concrete into
this steel framework thus forming the inertia block.


There are times when Fabreeka is not practical for low fre-
quency vibrations and a softer material is required, such as
our Fabcel® pad. Please contact us to receive a copy of the
Fabcel engineering guide.
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Reconciliation of Theory and Practice
Usually more than one disturbing frequency is present in a
machine. As a general rule, an attempt should be made to
isolate the frequency producing the largest vibration ampli-
tude, while avoiding resonance with the other disturbing fre-
quencies.


There are also instances where unfavorable human response
to particular frequencies (usually high) becomes a major con-
sideration. For example, a single phase electric motor has
two predominant disturbing frequencies. One is at the oper-
ating speed and the other is at twice the current frequency.
If the operating speed of the motor is 1200 RPM and the
current frequency is 60 cycles per second, there are two forc-
ing frequencies, namely, 1200 divided by 60, or 20 cycles per
second operating frequency, and 2 times 60 or 120 cycles
per second, secondary forcing frequency. It is this latter sec-
ondary frequency that can be more disturbing because of
the unfavorable human response. A Fabreeka isolator can be
designed to isolate the higher secondary frequency while
avoiding resonance with the lower frequency or operating
speed of the motor.


If the isolator selected has a natural frequency of 40 cps, a
frequency ratio of 3 exists between it and the secondary fre-
quency resulting in an 84% reduction in the transmission of
this disturbance. See Figure 7. On the other hand, the fre-
quency ratio between the operating speed and isolator is
0.50, which indicates a small magnification. Although more
of the lower frequency amplitude is transmitted, we have
achieved reduction of the most troublesome disturbance.
Practical experience has shown a need for such compromise
isolation. High frequency vibration of a secondary nature
very often transmits objectionable structure-borne noise that
affects personal comfort.


Fabreeka can be applied to effectively isolate these distur-
bances. An example of this is in the Marine industry, where
Fabreeka is used to isolate marine propulsion engines from
transmitting (harmonic frequencies) structure-borne noise
throughout the vessel.


Practical Considerations
In solving vibration problems, it is possible to design an ideal
isolator using accepted theory and end up with unsatisfacto-
ry performance from a practical standpoint. A case in point is
stability. It is seldom possible to design an isolator without
considering the stability requirement. 


Fabreeka, with its limited resilience, minimal deflection and
high strength, often serves as a more practical isolator than
softer materials. For instance, an isolator for a diesel engine
on board a ship can be designed in accordance with accept-
ed vibration theory and yet create greater problems than it
solved. At high speeds or rough seas, the strength and sta-
bility of an isolator are vital to maintain proper alignment of
shafting and to avoid excessive motion which can cause bro-
ken bolts and connections.


Fabreeka, with its limited deflection, has proven to be the
ideal solution in many instances where alignment must be
maintained between driver and driven; i.e., where the rela-
tive deflection between isolators must be minimal.


Satisfactory isolation, therefore, is often a compromise
between theory and practical application. A material having
the limited resilience, minimal deflection, great strength and
high damping of Fabreeka, often yields a better solution
than would a softer material selected on the basis of theo-
retical considerations only. Fabreeka therefore is a practical
material for the reduction of shock and vibration.







The following frequency ratios and their respective transmis-
sibility and reduction values are listed for convenience:


Ratio Transmissibility Percent Reduction


1.414 1.0 0
1.75 0.48 52%


2 0.33 67%
3 0.13 87%
4 0.07 93%


Only the free floating weight on Fabreeka (or any isolator) is
used to determine the natural frequency. Nuts on anchor
bolts should only be tightened until a slight bulge in the
Fabreeka washer is observed. Over-tightening bolts will
decrease the efficiency of Fabreeka by increasing its natural
frequency.


DO NOT MAKE THE MISTAKE OF THINKING THAT ADDITIONAL
BOLT LOAD, WHICH INCREASES THE STRESS ON THE FABREEKA,
WILL DECREASE THE NATURAL FREQUENCY. THIS IS ERRONEOUS
BECAUSE YOU ARE ACTUALLY STIFFENING OR INCREASING THE
SPRING RATE OF FABREEKA WHILE THE FREE STATIC WEIGHT
REMAINS THE SAME. SEE THE Nf FORMULA ON PAGE 9.
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Determining the Proper Fabreeka Isolator
Fabreeka isolators are very simple to design. The following
example illustrates the procedure used:


Example: Use Figures 6 and 7. A machine creates a major
disturbance at operating speed of 3600 RPM.


The weight and bearing area of the machine are such that a
stress of 200 psi (1.40 MPa) is placed on the Fabreeka isola-
tor. Note: The bearing area of Fabreeka is the same as the
machine's. We want an isolator whose natural frequency is
less than half the disturbing frequency:


In Figure 6, we see that at a loading of 200 psi (1.40MPa)
and a thickness of 1-1/4" (31 mm) we get a natural frequen-
cy of 30 cps (Hz). In Figure 7, a transmissibility of 0.40 is
shown for a frequency ratio of 2. This means 40% of the
original disturbance is being transmitted, therefore a 60%
reduction has been achieved. A greater reduction can be
obtained by lowering Fabreeka's natural frequency. This is
accomplished by either of the following:


1) Increase Fabreeka's thickness.
2) Increase the stress on Fabreeka by reducing the Fabreeka
pad area.


Figure 6 - Natural Frequency vs. Compressive Stress and Thickness Figure 7 - Transmissibility vs. Frequency Ratio


Fabreeka's Engineering Department is available for
Engineering, Design Assistance and Consultation. To
make proper recommendations they must know:


1) Nature of your vibration problem.
2) Operating speed of machine and disturbing frequencies to


be isolated.
3) General description of machine, including weight distribu-


tion.
4) Where and how machine is mounted and of what the sup-


porting construction consists.
5) Details on size and shape of machine base, including size


and location of all foundation bolts.
6) Environmental conditions such as temperature, acids, oils,


solvents, radiation, etc.
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Steps in Properly Applying Fabreeka to 
Isolate Vibration


1) Determine the most troublesome disturbing (forcing) fre-
quency.


2) Select the frequency ratio that offers the desired degree
of isolation. See Figure 7 on page 13.


3) Determine the natural frequency that will produce the
selected frequency ratio.


4) Determine the minimum total area of Fabreeka necessary
to insure stable support for the machine. In doing so,
arrange the total Fabreeka area into as many pads as are
necessary to give proper support and to avoid base dis-
tortion. The area of each pad should be in proportion to
the load carried by it, so that the unit loading or stress
on all pads will be approximately the same.


5) Divide the machine weight, including work load, by the
minimum total area to find the static stress on Fabreeka.
(If concrete or steel sub-base is used, the weight of this
should be included in the total weight to be mounted.)


6) Obtain the thickness of Fabreeka required to yield the
desired natural frequency. See Figure 6 on page 13.


7) If foundation bolts are used, provide a Fabreeka washer
covered by a steel washer, and if warranted, a Fabreeka
bushing around every bolt. (See Figure 8.)


8) Provide flexibility in all piping, shafting and other con-
nections to the mounted unit.


9) When two or more units are rigidly coupled or geared
together (i.e., motor-generator sets), they should be bolt-
ed rigidly to a common metal or concrete sub-base to
preserve their alignment. The sub-base is then isolated
on Fabreeka.


10) Fabreeka must be given firm support (a solid foundation)
to function properly. It is important that the isolator and
not its support deflect under dynamic conditions. A soft,
flexible support will greatly reduce Fabreeka's effective-
ness to isolate.


11) If the foundation of an isolated unit is directly on rock
(ledge) or on a ground water pocket and the intent is to
reduce transmitted disturbances, then a greater degree
of isolation is required. Stone and water are extremely
good conductors of vibration and shock waves.


Figure 8 - Typical Fabreeka pad, washer, bushing arrangement.







Fabreeka 1" (25 mm) Thick
Forcing
Freq. Load - P.S.I. (MPa)


C.P.S. 50 100 150 200 400 600 800 1000
(Hz) (0.35) (0.69) (1.04) (1.40) (2.80) (4.10) (5.50) (6.90)


40 - - - - 10 32 39 48
50 - - 6 23 53 61 65 69
60 14 33 45 54 69 74 77 79
70 44 55 63 69 77 81 83 84
80 60 67 73 76 83 85 87 88


90 70 75 79 80 87 88 90 90
100 76 80 83 85 89 91 93 93
120 83 86 88 90 93 94 94 94
140 87 90 91 92 94 95 95 95
160 90 92 94 94 95 95 95 95


180 93 94 94 95 95 95 96 96
200 94 95 95 95 95 96 96 96
240 95 95 95 96 96 96 96 97
280 95 95 96 96 96 97 97 97
320 96 96 97 97 97 98 98 98
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Percent Reduction in Transmitted Vibration


Fabreeka 15/64" (6 mm) Thick
Forcing
Freq. Load - P.S.I. (MPa)


C.P.S. 50 100 150 200 400 600 800 1000
(Hz) (0.35) (0.69) (1.04) (1.40) (2.80) (4.10) (5.50) (6.90)


50 - - - - - 28 37 41
60 - - - - 40 55 61 62
70 - - 12 27 59 68 71 72
80 15 29 40 49 69 76 78 79


90 38 48 56 61 76 82 84 85
100 53 60 64 69 81 86 88 88
120 69 73 76 79 88 92 93 93
140 78 80 84 86 93 94 94 95
160 84 86 88 90 94 95 96 96


180 88 90 92 93 95 97 97 97
200 91 93 93 94 97 97 98 98
240 94 94 95 96 97 98 98 98
280 95 96 97 97 98 98 98 98
320 97 97 98 98 98 99 99 99


Fabreeka 1/2" (13 mm) Thick
Forcing
Freq. Load - P.S.I. (MPa)


C.P.S. 50 100 150 200 400 600 800 1000
(Hz) (0.35) (0.69) (1.04) (1.40) (2.80) (4.10) (5.50) (6.90)


50 - - - - 20 39 48 53
60 - - - 17 52 62 67 69
70 6 23 35 44 67 73 76 78
80 38 46 55 61 75 80 82 83


90 54 61 66 70 80 84 86 87
100 65 70 73 76 84 87 88 89
120 76 79 82 83 89 91 92 93
140 83 85 87 88 92 94 94 94
160 87 88 90 91 94 95 95 95


180 89 90 92 93 95 95 95 95
200 91 93 94 94 95 95 95 95
240 94 95 95 95 95 96 96 96
280 95 95 95 95 96 96 96 96
320 95 95 96 96 97 97 97 97


Fabreeka 5/8" (16 mm) Thick
Forcing
Freq. Load - P.S.I. (MPa)


C.P.S. 50 100 150 200 400 600 800 1000
(Hz) (0.35) (0.69) (1.04) (1.40) (2.80) (4.10) (5.50) (6.90)


40 - - - - - - 13 25
50 - - - - 33 53 54 58
60 - - 17 28 58 67 70 73
70 20 34 45 53 71 76 78 80
80 45 54 60 66 78 82 83 85


90 59 66 70 74 83 86 87 88
100 69 73 76 79 86 88 89 91
120 79 81 83 85 91 92 93 94
140 84 86 88 89 93 94 94 95
160 88 89 91 92 94 95 95 95


180 91 92 93 94 95 95 95 95
200 93 94 94 94 95 95 95 96
240 94 95 95 95 96 96 96 96
280 95 95 95 95 96 96 96 97
320 95 95 96 96 97 97 97 98


Fabreeka 2" (50 mm) Thick
Forcing
Freq. Load - P.S.I. (MPa)


C.P.S. 50 100 150 200 400 600 800 1000
(Hz) (0.35) (0.69) (1.04) (1.40) (2.80) (4.10) (5.50) (6.90)


30 - - - - - 25 35 45
40 - - 24 38 57 63 68 70
50 24 46 58 64 72 78 80 81
60 52 64 72 75 83 85 88 89


70 67 74 79 84 88 90 92 93
80 74 81 85 88 92 93 94 94
90 80 86 90 92 94 94 95 95


100 85 90 92 94 95 95 96 96


110 88 92 94 94 96 96 96 96
120 91 93 94 95 96 96 96 96
130 93 94 95 96 97 97 97 97
140 94 95 96 97 97 97 97 97


These tables can be used to select the desired Fabreeka pad thickness
when forcing frequency and load are known.


Fabreeka 4" (100 mm) Thick
Forcing
Freq. Load - P.S.I. (MPa)


C.P.S. 50 100 150 200 400 600 800 1000
(Hz) (0.35) (0.69) (1.04) (1.40) (2.80) (4.10) (5.50) (6.90)


30 - - 18 33 54 61 65 69
40 28 50 61 68 75 79 81 84
50 59 69 76 79 85 88 90 91
60 72 79 85 87 92 93 94 94


70 80 86 90 92 94 94 95 95
80 86 90 93 94 95 96 96 97
90 90 93 94 95 96 97 97 97


100 93 94 95 96 97 97 97 98


110 94 94 95 95 95 95 96 96
120 95 95 95 95 96 96 96 96
130 95 95 96 96 97 97 97 98
140 96 96 96 97 97 98 98 98
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Fabreeka-PTFE bearing pads are manufactured using


Fabreeka pad material with a Teflon® (PTFE) surface. The


virgin Teflon is heat cured to the Fabreeka pad using a


rigid, laminated thermoplastic (LTP). The rigid LTP layer


prevents the PTFE from expanding/flowing under 


compressive load and rotation (also known as “cold


flow”), as the bearing pad compresses.


Fabreeka-PTFE bearing pads are used for conditions where


it is necessary to accommodate lateral movement (expansion). The PTFE provides a low 


friction sliding surface on the Fabreeka bearing pad, which distributes high compressive


loads and accommodates rotations. In a structural bearing design, polished stainless steel is


typically used as the smooth surface that the PTFE slides against.


Fabreeka®-PTFE Bearing Pads


Physical Properties
PROPERTY TEST SPECIFICATION


Hardness at 78°: ASTM D2240 50-65 Durometer D


Tensile Strength: ASTM D4894/4895 2,800 psi (min)


Elongation: ASTM D4894/4895 200% (min)


Deformation under Load: ASTM D621 4% (max)
78°F - 2,000 psi (1/2” x 1/2” x 1/32”)


Specific Gravity: ASTM D792 2.14 to 2.21


• Commonly used in structural expansion bearings and pipe slides


• Bearing pad meets AASHTO 18.4.9.1, MIL-C-882 and most state DOT specifications


• PTFE (Teflon) surface provides low friction for expansion


• Accommodates lateral movement and rotation


• Allows for rotations up to 0.02 radians under high pressure


Features and Attributes


Note: Please refer to the Fabreeka Bearing Pad specification sheet #1000-005 for the physical


properties of the Fabreeka pad.







Specification for Fabreeka®-PTFE Bearing Pads
The bearing pad shall be manufactured of all new (unused) materials and composed of multiple 
layers of prestressed 50/50 cotton-polyester blend duck, 8.1 ounce per net square yard, duck warp
count 50 ± 1 threads per inch and filling count 40 ± 2 threads per inch,  impregnated and bound
with a high quality, oil-impervious nitrile rubber compound, containing rot and mildew inhibitors and
anti-oxidants, compounded into resilient pads of uniform thickness. The pads shall withstand 
compressive loads perpendicular to the plane of laminations of not less than 10,000 psi before 
breakdown.


The Polytetrafluorethylene (PTFE) self-lubricating surface element shall be composed of 100 percent 
virgin (unfilled) polytetrafluorethylene polymer and bonded to a rigid confining substrate. The sub-
strate shall limit the flow (elongation) of the confined PTFE to not more than 0.009” under load of
2,000 psi for 15 minutes at 78°F for a 2” x 3” test sample. The virgin (unfilled) PTFE shall have a
thickness of not less than 1/32”.
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Additional Products for Building & Construction


SA-47 Bearing Pads Fabreeka Bearing Pads Structural Expansion Bearings Flexible Drain Trough
AASHTO 18.4.9.1
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SA-47 bearing pads are made from masticated rubber


using a blend of recycled rubber compounds and synthetic


fiber reinforcement. The ROF, or random oriented fibers,


provide enhanced compressive strength, stiffness and 


tensile strength when compared to unreinforced or virgin


bearing pad materials.


Since 1947, SA-47 random oriented fiber bearing pads


have been widely used in construction applications such as


structural bearings, precast/prestressed concrete structures and bridges, masonry pads and


railway tie pads. SA-47 material is also used for vibration isolation and shock reduction


applications.


SA-47® Bearing Pads


Physical Properties
PROPERTY TEST SPECIFICATION


Hardness: Initial ASTM D2240 80±5
Shore “A” Heat Aged* ±10


Tensile Strength:
Initial ASTM D412 754 psi (min)
Heat Aged* ±25%


Elongation:
Initial ASTM D412 15% (min)
Heat Aged* ±25%


Tear Strength:
ASTM D624 150 pi (min)


Low Temperature Brittleness ASTM D2137 Pass


Ultimate Compressive Strength 8,000 psi


*Heat Aged per ASTM D573, Method C, 70H@70°C.


• Distributes load between two structural elements evenly


• Accommodates non-parallel, load bearing surfaces


• Allows for small rotations


• Reduces electrolytic action between dissimilar metal elements


• Twice the compressive load of plain neoprene/nitrile materials


• Provides vibration and shock isolation in structural applications


• Meets most state DOT specifications


Features and Attributes







Specification for SA-47® Bearing Pads
The preformed pads shall consist of a fabric and rubber body. The pad shall be made with new
unvulcanized rubber and unused fabric fibers in proper proportion to maintain strength and 
stability. The surface hardness expressed in standard rubber hardness figures shall be 80 Shore "A"
Durometer ± 10 durometer average. The ultimate breakdown limit shall be no less than 7,000 lbs
per square inch for the specified thickness without extrusion or detrimental reduction in thickness.
The pads shall be furnished to specified dimensions with all bolt holes accurately located.
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Additional Products for Building & Construction


Fabreeka Bearing Pads PTFE Bearing Pads Structural Expansion Bearings Flexible Drain Trough
AASHTO 18.4.9.1


Note: Deflection tolerance = 15%. Average deflections are based on ASTM D575.
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Structural Expansion Bearings (SBX)
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SBX STRUCTURAL EXPANSION BEARING SPECIFICATION


Fabreeka® is a leading manufacturer of products for reducing impact shock and vibration. Fabreeka®
products have also been used successfully to reduce stresses and loads in supporting structures.


Fabreeka® has been a recognized leader in the expansion bearing and pipe slide field, incorporating
the Fabreeka® pad to take up adverse rotation, misalignment conditions and the reduction of 
localized stresses and vibrations within structures.


To complement these expansion bearings, Fabreeka® provides a full line of bearing pad products for
all types of building and construction applications.


wPolytetrafluorethylene (PTFE) self-
lubricating surface bearing element shall
be composed of 100 percent virgin
(unfilled) polytetrafluorethylene polymer
and bonded to a rigid confining sub-
strate. The substrate shall limit the flow
(elongation) of the confined PTFE to not
more than 0.009" under load of 2,000
psi for 15 minutes at 78°F for a 2" x 3"
test sample. The virgin (unfilled) PTFE
shall have a thickness of not less than
1/32". The properties of the PTFE shall
conform to the following requirements:


wThe Bearing Pad shall comply with the
AASHTO Specifications 18.4.9.1 or 
current revision “Preformed Fabric Pads”
and consist of multiple layers of 8 ounce
cotton-polyester duck impregnated with
high quality rubber, capable of withstand-
ing loads of 10,000 psi perpendicular to
the plane of lamination. Actual dimen-
sions are determined by design criteria as
noted on the structural drawings. The
bearing pad shall meet the environmental
requirements of MIL-E-5272 or current
revision.


wThe Stainless Sheet shall be 20 gauge
(GA), meeting AISI Type 304 (ASTM 
A-240) specifications and have a mirror


Fabreeka® Structural Expansion Bearings consist of an Upper Unit and a Lower Unit.


The Upper Unit includes a 10 GA carbon steel plate with a mirror finish stainless steel facing, epoxy-bonded
and/or spot-welded, as required, to the bottom surface.


The Lower Unit is comprised of a Fabreeka® preformed fabric pad surfaced with PTFE. A rigid confining 
medium substrate bonds the PTFE to the pad, which is epoxy-bonded, as required, to a 10 GA carbon steel
plate.


When the Upper and Lower Units are mated, the stainless steel facing slides on the PTFE surface with an
extremely low coefficient of friction. The Coefficient of Friction between the self-lubricating bearing element
(PTFE) and the stainless steel shall not be more than 0.06 at 800 psi compressive loading.


PTFE
Requirement Test Method Value


Hardness at 78°F ASTM D2240 50 - 65 Durometer D


Tensile Strength, psi ASTM D4894 2800 (Min. Avg.)


Elongation % ASTM D4894 200 (Min. Avg.)
Deformation Under Load %


78°F-2000 psi (1/2" x 1/2" x 1/32")
ASTM D621 4 (Max.)


Specific Gravity ASTM D792 2.13 to 2.19


finish of less than 10 microinches R.M.S. (Root-Mean-Square) on
the side in contact with the PTFE. The reverse side shall be pre-
pared for bonding and/or spot welding, as required, to the 
carbon steel attachment plate. The stainless steel shall be 1/4"
smaller than the carbon steel attachment plate all around, and
these shall be bonded together with an epoxy adhesive meeting
the requirements in the Epoxy Table (above).


wTolerances - The bearing pad shall have a shore “A” hardness
of 90 ± 5. The expansion bearing total thickness will be ± 1/16".
The PTFE thickness shall be -0/ + .016.


Epoxy
Requirement Test Method Value


Flexural Modulus ASTM D790 2 x 104


Safe Operating Temperature -60° to 145°C


Linear Expansion Coefficient, in/in ASTM D696 4.8 x 10-5


Bond Strength, psi
(Tensile Shear at 77°F)


ASTM D1002 1,000
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SBX Structural Expansion Bearings are used when
construction tolerances, high load and rotation are
prominent with beam spans being excessive. This
bearing is the most resilient in our full line of
expansion bearings.


Please follow the design criteria on pages 4,
5, 6 of this brochure.


Typical applications include:


• Bridges


• Complex Structures1


1Complex Structures include structures where vor-
tex shedding and seismic conditions are prevalent.


Structural Expansion Bearings (SBX) Guidelines for Applications


Ordering Example for Expansion Bearings


Following is an example of standard order/part numbers:


FAB -  UU -  SBX -  A x B -  C1 -  H D2


Fabreeka® Designation


UU = Upper Unit
LU = Lower Unit


SBX = 20GA SS upper / 1/32” PTFE w/Fabreeka pad lower
STX = 20GA SS upper / 3/32” filled PTFE lower
TTX = 3/32” filled PTFE upper / 3/32” filled PTFE lower
GGX = Graphite upper / Graphite lower


A x B = length (A) and width (B) of sliding surface


C = Fabreeka-PTFE pad thickness
N = No Fabreeka pad


H = Hole
S = Slot
N = No hole or slot


D = Number of holes or slots


Notes:
-10GA carbon steel plates are 1/4” larger on all sides for SBX, STX and TTX bearings.
-All Standard carbon steel plates are 10GA with the exception of bearing type GGX.
1SBX-type Lower Unit only.
2Drawing with hole and slot locations must be provided with order.
Please refer to page 11 for information required to design a special bearing.
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Lower Unit: The “Fabreeka®-PTFE” Lower Unit must be designed first. Size and thickness requirements for the
Lower Unit are easily determined by referring to the “Design Reference Chart” and example on Page 5. 


Upper Unit: The design of the Upper Unit is determined by (1) the dimensions of the Lower Unit, (2) expan-
sion considerations and (3) the type of application, including the lateral restraint system.


Steel:


A 10 GA carbon steel attachment plate to which the Stainless Steel facing is epoxy bonded and/or spot-
welded, as required.


Stainless Steel:


Stainless Steel facing is made 1/4" (6.4 mm) smaller all around than the 10 GA carbon steel attachment
plate.


Steel Sole Plate:


When used with steel bridge beams: Sole plates (supplied by others) welded directly to the beam
flange should be of proper structural integrity. If the attachment plate is welded to an existing sole plate,
it can be as thin as 10 GA (3.4 mm) thick.


When used with concrete bridge beams: Sole plates (supplied by others) should be furnished with
welded studs, so that they may be cast into the beam.


When used in buildings and other structures: Sole plates can be as thin as 1/4" (6.4 mm), depending
on the predetermined design.


HOW TO DESIGN FABREEKA® SBX STRUCTURAL EXPANSION BEARINGS


Notes: 1.0 BEARINGS MUST BE SET LEVEL.


2.0 A masonry/sole plate (supplied by others) can be used beneath the lower unit if there is a need to
distribute the bearing load to meet allowable pressures to the support. Their size and thickness are
determined accordingly.


3.0 The design of shear plates, anchor bolts and other forms of restraints (supplied by others), when
required, will depend on the horizontal forces to be resisted.


4.0 It is preferred that sizing of stainless steel slide surface is calculated at two times the expansion for
proper positioning in all temperatures.


END ELEVATION SIDE ELEVATION
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Bearing Maximum Bearing Rotation Length / Bearing Thickness
Average (L/T)


Compressive Stress Beam Rotation Across (L) - Radians


Radians 0.020 0.019 0.018 0.017 0.016 0.015 0.014 0.013 0.012 0.011 0.010 0.009 0.008 0.007 0.006 0.005 0.004 0.003


800 psi (5.5 N/mm2) 8.0 8.4 8.8 9.4 10.0 10.6 11.4 12.4 13.4 14.6 16.0 17.8 20.0 22.8 26.6 32.0 40.0 53.4


1000 psi (7.0 N/mm2) 6.0 6.3 6.7 7.0 7.5 7.9 8.6 9.1 10.0 10.9 11.9 13.3 14.9 17.0 19.8 23.8 29.8 39.7


1200 psi (8.5 N/mm2) 4.2 4.4 4.7 5.0 5.3 5.6 6.0 6.5 7.0 7.7 8.4 9.3 10.5 12.0 14.0 16.8 21.0 28.0


1500 psi (10.0 N/mm2) 1.8 1.9 2.1 2.2 2.3 2.5 2.6 2.8 3.1 3.4 3.7 4.1 4.6 5.3 6.2 7.4 9.3 12.3


DESIGN REFERENCE CHART


(See derivation - Page 6)


If your design average stress exceeds the 1500 psi listed above, please contact Fabreeka's® Engineering
Department for assistance.


DESIGN EXAMPLE


Assume a Fabreeka® Structural Expansion Bearing is required to support a steel bridge beam 28" (711 mm)
wide with a provision for a 1" (25.4 mm) expansion and subject to the following conditions:


Maximum average compressive stress = 800 psi (5.5 N/mm2)
Maximum reaction (D.L. + L.L. + Impact) = 180 Kips (800 kN)
Maximum rotation = 0.015 radians


Lower Unit dimensions are determined as follows:


Total Fabreeka® Pad Area = 180,000 lbs (800 kN) = 225 sq in (145,161 mm2)
800 psi (5.5 N/mm2)


making pad width (W) dimension equal to the beam width, then:


Pad Rotation Length (L) = 225 sq in (145,161 mm2) = 8 in (204 mm)
28 in (711 mm)


Now we must use the "Design Reference Chart" shown above to determine the thickness. At the intersection of
the 800 psi (5.5 N/mm2) line and 0.015 radians column, we obtain a length/thickness ratio of 10.6. Therefore:


Thickness (T) =   L  = 8 in (204 mm) T = 0.75 in (19 mm)
10.6 10.6 (10.6)


The Fabreeka® Pad Lower Unit Dimensions are: W x L x T
28" x 8" x 3/4" thick (711 mm x 204 mm x 19 mm thick)


Upper Unit dimensions are determined by the dimensions of the Lower Unit, expansion considerations and the
type of application (see sketch Page 3). Therefore:


The Upper Unit consists of a:
Carbon steel attachment plate: Stainless Steel:
29-1/2" x 10-1/2" x 10 GA thick 29" x 10" x 20 GA thick
(749 mm x 267 mm x 3 mm thick) (737 mm x 254 mm x 0.90 mm thick)


Note: The Upper Unit 10 GA carbon steel attachment plate is welded to the sole plate (supplied by others).


Feel free to contact the Fabreeka® Engineering Department any time at 1-800-322-7352 for 
design assistance.







The L/T values shown in the "Design Reference Chart" were derived using the following procedure.


Pad stress distribution is a function of load, bearing angle, pad geometry and Fabreeka's® load-deflection 
characteristics as seen in the following formulas:


DF (max) = DF (average) + L x tan θ (DEG)
2


DF (min) = DF (average) - L x tan θ (DEG)
2


DF (max) = DF (average) + L x  *θ (radians)
2


DF (min) = DF (average) - L x *θ (radians)
2


DF (max) - DF (average) = L x  θ
2


and:


DF (max) - DF (average) = d x T


Hence:


d x T = L x θ
2


Therefore:


L = 2d and T =   L   
T θ 2d/θ
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DESIGN REFERENCE CHART DERIVATION


Where:
L = Fabreeka® pad dimension across which


rotation occurs. Parallel to longitudinal
axis of beam.


T = Fabreeka® pad thickness (inches).


DF = Fabreeka® Deflection = Unit Deflection


(strain in inches/inch).


d = Unit Deflection (strain/increment due to
rotation).


*θ = Angle (θ) in radians because angles are
less than 5°.
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Average Coefficient of Friction


Average 50-Year Test Life


Note: Initial starting friction reduces to a run-in value under continuous sliding conditions.


Note: Friction reduces as the compressive stress is increased.


The following questions need to be addressed for proper expansion bearing design.


1. The maximum available bearing length, width and height.
2. The maximum expansion expected and in which direction (length or width).
3. The maximum static and dynamic (live) load on each bearing.
4. The maximum beam rotation in radians at the bearing area.


Fabreeka® Structural Expansion Bearing Information
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Expansion Bearings (TTX) Guidelines for Applications


TTX Expansion Bearings are used when con-
struction tolerances, loads and rotation are
moderate. This bearing has a higher coeffi-
cient of friction than the STX Bearing and is
used where expansion criterion is limited.


Typical applications include:


• Tanks


• Vessels


• Slip Joints


• Expansion Joints


Expansion Bearings (STX) Guidelines for Applications


STX Expansion Bearings are used when con-
struction tolerances, loads and rotation are
moderate. This bearing has an extremely low
coefficient of friction, which is exceptional for
use where expansion is large.


Please note: Fabreeka® can supply various
types of Teflon, based on customer require-
ments.


Typical applications include:


• Pedestrian Bridges • Vessels


• Parking Garages • Pipelines


• Small Buildings • Slip Joints


• Tanks • Expansion Joints


TTX-type expansion bearing
PTFE upper and lower units


STX-type expansion bearing
Stainless steel upper and PTFE lower units


Note: Please use the Guidelines for
Applications to choose the proper
bearing element based on your
application criteria.







Expansion Bearings (GGX) Guidelines for Applications


GGX Expansion Bearings are used when
temperature is a factor - in excess of 275°F.
Graphite is a versatile engineered material
with an unusual combination of physical,
electrical and chemical properties. These
bearings are ideal for hostile environments
where other types of materials may break
down due to acids, solvents and high tem-
perature. The GGX Expansion Bearings
achieve effective performance in environ-
ments where temperatures range from 
-50°F to 700°F.


Typical applications include:


• Steam Pipelines


• High Temp. Vessels


• Chemical Tanks
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GGX-type expansion bearing
Graphite upper and lower units


HOLES & SLOTS


Holes and slots can be provided through steel and sliding
surface (shown above left) or the steel plate only (shown
above right) allowing mechanical attachment of expan-
sion units to steel structures or anchoring to concrete
structures.


At left, stainless
sliding surface
being spot-weld-
ed to carbon
steel attachment
plate.


Care must be exercised and appropriate weld proce-
dure used when welding the Lower Unit in place to
insure that the epoxy bond area does not reach a
temperature of (or exceeding) 300°F. It is therefore
recommended that the smallest diameter welding
rod be used to minimize heat build-up. For example:
use a 1/8" diameter rod to run a 3/8" fillet weld.


For MULTIDIRECTIONAL expansion requirements,
simply replace the slotted hole with an enlarged
circular hole.
For MULTIROTATIONAL situations, the
Fabreeka®-PTFE (Lower Unit) can be supplied in
circular rather than rectangular shape. The circular
(disc) shape assures a constant rotational length.


General Notes:







10


Expansion Bearings / Pipelines


Fabreeka® Pipe Slides/Expansion Bearings
facilitate the movement due to expansion
and contraction from thermal and/or dynam-
ic changes. The bearing element helps to dis-
tribute loadings and reduces localized stress
concentrations.


Typical applications include:


• Piping


• Transmission Lines


• Conduit


• General Plumbing


1/8" to 1/4” Fabreeka®
Isolating Pipe Clamp Pad


Expansion Bearing - Type dependent on application
criteria. Please see Bearing Configurations.


Piping and Bottle Restraints Application
Problem:


A major problem facing companies with gas transmission and
petrochemical piping fatigue failures caused by vibration. High
frequency (ultrasonic and hypersonic) gas pulsations at natural
gas transmission line compressor stations cause metal fatigue in
piping and valves. Problems also arise from “water-hammer”
type shock impulses that occur. Excessive vibration constitutes a
great threat to the safety and reliability of gas compression and
liquid pump systems. Some of the problems caused by excessive
vibration are:


w rupture of connecting or process piping


w stud bolt and branch piping breakage


w header and manifold breakage


w unwanted noise


Solution:


To eliminate excessive vibration and design safe and reliable pip-
ing system, a properly designed mechanical restraint is required.
The application of Fabreeka® Preformed Fabric Pad within these
mechanical restraints can provide:


w increased damping of piping vibrations


w increased thermal flexibility


w reduction of unwanted noise


The application of Fabreeka® Preformed Fabric Pad
in the pipe clamp also prevents:


w corrosion caused by metal-to-metal contact


w high stress points


w fretting


w galvanic action


w non-uniform clamp contact pressure


Fabreeka® Preformed Fabric Pad is available in a
range of thicknesses to accommodate any design
application and is available with a PTFE Teflon surface
for increased thermal growth and insulating charac-
teristics for high temperatures.


Fabricated pipe clamps for 
petro-chemical pipe application.
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Fabreeka® Bearing Pads
HI-LOAD FABRIC ELASTOMERIC BEARING
PAD (HL-FEB)
In moderate heat applications (under
200°F) and / or high pulsation resonance
applications, the Fabreeka® bearing pad
will provide an ideal solution as it is an iso-
lation pad between the piping and
restraint, and it will offer gasketing to pre-
vent metal to metal contact, and act as an
effective vibration damper. The low spring
rate of the Fabreeka® pad will give you
damping and dynamic structural stability in
your restraint system.


Fabreeka®-PTFE Bearing Pads
HI-LOAD FABRIC ELASTOMERIC TEFLON
SLIDE BRG PAD (HL-FEB-TS)
In high heat applications (under 400°F) and
/or applications where it is necessary for
the piping system to grow, the Fabreeka®-
PTFE bearing pad will provide you with all
of the qualities of Fabreeka® bearing pad
and give you a layer of Teflon® substrate
to act as an insulator from the temperature
of the piping when the Teflon® surface is
placed on the pipe side of the restraint.  In
thermal applications when you want move-
ment laterally and need the damping of
high pulsation energy, the Fabreeka®-PTFE
allows the movement while providing
damping when the Teflon® surface is
placed on the pipe side of the restraint.


Fabreeka® SA-47 Bearing Pads
STANDARD RANDOM-FABRIC 
ELASTOMERIC BEARING PAD (R-FEB)
In cold piping applications where you have
a minimum amount of resonance and no
requirement for piping to move or grow,
Fabreeka® SA-47 is an ideal solution as it is
an isolation pad between the piping and
restraint, and it will offer gasketing to pre-
vent metal to metal contact.  


Fabreeka® #700 Epoxy Adhesive
BEARING ADHESIVE
Fabreeka® bonding adhesive recommend-
ed for pad to clamp interiors and base
plates.


Piping and Bottle Restraints







*Fabreeka is a registered trademark of Fabreeka International, Inc.
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Introduction and Background
Vibrating, rotating, reciprocating and impacting equipment create machine-induced vibration and/or
shock, which is transmitted into their support systems. Rotating machines and equipment that are
not properly balanced produce centrifugal forces creating steady state and random vibration.
Machines generating pulses or impacts, such as forging presses, injection molding, impact testers,
hammers, centrifugal pumps and compressors are the most predominate sources of vibration and
shock. 


If the equipment requiring isolation is the source of
unwanted vibration (Figure 1), then the purpose of
isolation is to reduce the vibration transmitted from
the source to its support structure. This vibration
producing equipment consists mainly of machines
that apply severe dynamic forces in their supporting
structures.


Conversely, if the equipment requiring isolation is
the recipient of unwanted vibration (Figure 2), then
the purpose of isolation is to reduce the vibration
transmitted from the support structure to the 
recipient to maintain performance. This includes
equipment such as precision machine tools and
measuring machines where vibrations must be kept
within acceptable limits to achieve the desired 
surface finish, tolerances or accuracies.


Depending on the circumstances, it should be noted
that a machine could be both a source and recipient
of unwanted vibration. For example, a surface
grinder is generally a vibration-sensitive piece of
equipment that needs to be protected from floor
vibrations. However, as the surface grinder reverses
its heavy table during operation, it produces a large
dynamic force, which may disturb other nearby 
precision equipment.


Some machine tools of ordinary precision are neither
sensitive to vibration nor produce large dynamic
forces, and therefore may or may not require 
isolation.


Operating frequencies of rotating/reciprocating
machines often are very close to the natural 
frequency of their support structure (floor slab and
soil). Compressors, for example, can generate 
vibration of substantial magnitudes at low 
frequencies that coincide with the natural frequency
of the floor slab, thus creating a resonance 
(amplification of vibration) in the floor. 


Figure 1


Figure 2


In order to achieve acceptable amplitudes of 
vibration at the source or recipient, it becomes 
necessary to make the support structure 
independent (isolated) from the rest of the 
environment. This separation prevents vibration from
being transmitted directly through the support 
structure.
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The separation method of cutting the existing floor
slab or even creating trenches around machines to
reduce the vibration being transmitted by the soil
beneath the floor slab is experimental at best and
often not a practical solution. A thorough 
understanding of the machine, the support structure
(floor) and the soil is required. The effectiveness of
this approach relies heavily on the soil mechanics,
magnitude and frequency of the vibration 
amplitudes to be reduced. To be an effective 
solution, trenches and slab cuts can be up to 6 feet
deep and 10 inches wide, which requires the soil to
be extremely stable and can also cause safety issues. 


Soil Mechanics


When installing machinery or equipment on a 
support foundation that rests directly on soil as the
means of providing isolation, the soil conditions
must be taken into account. Poorly designed and
installed foundations may amplify vibration or
worse, may settle unevenly and sink. Interaction
between the soil and the foundation is equally as
important as the interaction between the machine
and the foundation.


Any static and dynamic forces exerted on the 
foundation also are exerted on the soil, and the
load-bearing capacity of the soil is a key factor in
determining the size of the foundation.


If soil alone is to be used as the means of isolation,
it is necessary to know the characteristics of the
energy dissipative properties of the soil. Establishing
these properties depends not only on the type of
soil, but also on the physical design of the 
foundation; in particular, the depth, the ratio
between length and width and the material and
density of the backfill.


It is difficult to take into account the influence of all
these factors on the value of the energy dissipative
properties of the soil. Therefore, the natural 
frequency and damping properties of the soil cannot
be clearly defined based on the soil type alone.
(Estimated values for soil natural frequency are listed
in Table 1.)


Natural Frequencies of Soils*


Ground or Structure Frequency (Hz)


Peat 7


Suspended concrete floor 10 - 15


Ground floor 12 - 34


Soft clay 12


Medium clay 15


Stiff clay 19


Loose fill 19


Dense medium grain sand 24


Very dense mixed grain sand 24


Uniform coarse sand 26


Pea gravel 28


Limestone 30


Hard sandstone 34


Table 1
*Assumes soil is homogeneous. Values do not account for
amplitude of vibration input or foundation geometry.


Additionally, the natural frequency of soil can
increase if the input vibration amplitudes are small
and can decrease when the input vibration 
amplitudes are larger.


The damping property of most soils decreases as the
pressure beneath the foundation increases and also
when amplitudes of vibration are small. The larger
the vibration input and the contact area of the
foundation, the larger the damping value of the
soil, and as a result, the lower the amplification of
vibration at the soil's natural frequency. 


The determination of a soil's dynamic properties
(spring rate, damping) can be highly indeterminate.
In many cases, the calculations are complex and
many assumptions are made. Energy dissipation
does occur in soil; however, the rate of damping and
the natural frequency are a function of the 
magnitude of the vibration input and foundation
geometry.
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In many cases, manufacturing and quality control
must co-exist in workcells or in close proximity to
one another. For certain machines, the permissible
amplitudes of machine foundation vibrations in a
manufacturing environment are very low. It often is
very difficult to decrease or isolate vibration 
amplitudes by properly selecting the contact area
where the foundation meets the soil. It also may not
be possible to increase the stiffness (rigidity) of the
machine support structure (floor) itself to avoid 
resonance or amplification of vibration. In these
cases, unacceptable vibration amplitudes can be 
significantly reduced by using vibration isolators.


Foundations Requiring Vibration Isolators


In certain applications, it is not desirable or feasible
to mount a machine directly on vibration isolators. 


Direct installation of vibration isolators on a machine
whose frame/bed stiffness is marginal or inadequate
and requires a stiff connection can cause bending,
relative displacement and other problems, even
when the floor is sufficiently rigid. For smaller
machines, this can be remedied by securing the
frame/bed to a rigid plate, thereby creating a rigid
support structure, and then installing the isolators
between the plate and the floor. For larger
machines, the frame/bed is attached to a properly
designed concrete foundation, which is then 
supported on the appropriate isolators for the 
application.


A concrete support structure (foundation, inertia
block, reaction mass) is used to satisfy one or more
of the following conditions:


1) Provide/improve structural stiffness for the
machine/equipment being isolated.


Some types of equipment do not operate properly
unless supported by a rigid structure. This applies to
certain types of machine tools that are not 
inherently rigid and therefore need a rigid support
to maintain the prescribed accuracy. In other types
of machinery (such as printing presses) consisting of
articulated components, a rigid support may be
needed to maintain the proper alignment of 
working parts.


Fabreeka PAL type low frequency, pneumatic isolators support and isolate a foundation having moderate displacement.
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3) Isolate the equipment/machine from the 
environment when installing isolators directly
beneath the unit would compromise the conditions
above.


In applications in which the frequency of excitation
is low, the natural frequency of the isolation system
must be very low to provide low transmissibility and
therefore good vibration isolation. A problem often
arises with a machine intended to be mounted only
at its base, because a low-stiffness base-mounted
system tends to be unstable and will allow excessive
motion to take over. 


Effective isolation may therefore be difficult to
achieve. A mounting arrangement where the 
isolators are relocated may be used to move the 
isolation system's elastic center closer to the center
of gravity of the machine. This will reduce the effect
of "rocking," improve the vibration isolation and
reduce motion on the isolators. In most applications,
it is more feasible to attach the machine rigidly to a
foundation (to lower the center of gravity of the
machine and foundation together) and to suspend
the foundation on isolators located in the same 
horizontal plane as the center of gravity.


A foundation or mass designed to meet the 
requirements outlined previously may be installed
either above floor level or in a pit below floor level.
Isolators used to support the foundation may be
made of rubber, mat material, steel springs, air
springs or other suitable, resilient material. The
required size of the foundation depends on the 
reason for its use,  the type and size of equipment
and the type of isolation required.


The desired natural frequency (stiffness) and 
damping for the isolation system is usually 
established by the operating characteristics of the
mounted equipment (source) and/or the isolation
required (recipient). The design basis for the support
foundation natural frequency assumes that the
foundation is a rigid body with a stiffness much
greater than the isolators. Similarly, the pit base also
should be stiffer than the soil supporting it.


Forging hammer installed on concrete reaction mass 
supported by Fabreeka isolation mat.


2) Increase stability on the vibration isolators by 
limiting dynamic deflection.


If a machine (such as a diesel engine, forging 
hammer or electro-dynamic shaker) generates 
relatively large forces during its operation, the 
overall movement of the machine on its isolation
system tends to become excessive unless its effective
mass is substantially increased. This increase in 
effective mass can be achieved by attaching the
machine rigidly to an inertia block and mounting
the inertia block (reaction mass) on isolators.
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Design Services
Foundation Design


The function of a foundation is not only to support
the weight of the machine/equipment, but also to
keep the vibration levels and dynamic displacement
of the isolation system within acceptable limits.


Designing foundations supporting machines that can
produce static and dynamic loads requires sound
engineering procedures for a reliable result. An
incorrectly designed foundation is extremely difficult
to correct once installed. 


Engineering disciplines involved in the proper design
procedures for isolated support foundations include
theory of vibrations, geotechnical engineering (soil
characteristics), structural analysis, and in some
applications, dynamic analysis.


The design conditions and requirements can be
classified into three groups: machine properties,
including unbalanced forces, operating speeds;
weight, center of gravity and allowable deflection;
soil parameters, including load bearing capacity, and
environmental requirements - What degree of 
isolation is required and at what frequencies?


Soil


The machine/equipment, foundation, isolators and
pit ultimately all are supported by the soil beneath
them. Geotechnical recommendations and
evaluation of the soil (soils analysis) should be made
and must be part of the design. This analysis
includes soil characteristics, including load-bearing
capacity, shear modulus, density, soil type and the
composition of the soil at various depths. In the
structural design of the support foundation, piles
may be required depending on the load bearing
capacity of the soil, high water table or generally
poor soil conditions that indicate unacceptable 
permanent settling of the foundation will occur.


Settling, if any, should be uniform and kept to a
minimum, especially when designing support 
foundations for equipment providing large dynamic
loads/forces. If the foundation supported by isolators
is used to enhance the machine frame/bed stiffness
or is used as an integral part of the structural 


support of the machine (i.e. gantry CMM, turbine,
roll grinder), then the dimensions of the foundation
are defined by the machine geometry. The weight
and type of machine along with a preliminary 
foundation size will give an indication of the soil's
support requirements.


The traditional rules observed in the past of making
the foundation 3 to 5 or even 10 to 12 times the
weight of the equipment/machine it supports are
applicable only when the foundation will be isolated
by the soil and where the soil dynamic properties are
known.


Structural Design and Stiffness


To be acceptable, the proposed design of a 
foundation or any support structure must provide a
reliable structural configuration that also meets the
static and dynamic criteria for the structure. 


Deflections in the foundation caused by static loads
or by dynamic forces/inputs should be within 
acceptable limits. This design approach sometimes
requires modeling of the foundation, so that the real
structure behavior is predetermined and errors are
minimized.


The calculations for the stiffness of a foundation
yield the static and dynamic behavior and stress 
concentration points that occur. Stresses are related
to the geometry of the foundation and the 
distribution of loads and forces acting upon it. A
stress analysis will indicate the magnitude of stress
imposed by static and dynamic loading (Figure 3).


Figure 3 - Foundation stress analysis.
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Figure 4 - Mode shapes of a support foundation.Data on forces, such as axial, shear, torques and
moments for maximum loading at each support or
attachment location of the machine are necessary to
predict the load conditions on the foundation. These
loads are used to determine the longitudinal and/or
transverse (width) reinforcement and concrete
strength required, which relates directly to any
deflection. 


The modulus of elasticity is a key design factor in
the strength of concrete. (See Figure 6.) Limits on
the differential deflection allowed from one point to
another on a foundation are set to avoid possible
damage or misalignment of conduit and other 
connections. The depth of a foundation is 
determined by the bearing strength of the soil, the
machine support requirements (structural stiffness)
and in critical designs, the dynamic stiffness, which
includes the foundation's natural frequency and
bending modes.


Geometry and mass are important considerations in
the dynamic design of foundations. However, the
foundation-to-equipment mass ratios that are 
sometimes recommended, do little in preventing
foundation vibration unless the dynamic response of
the foundation is known.


A finite element analysis will define and model the
mode shapes and response frequencies of the 
foundation, as well as the response of the isolation
system and foundation to machine induced inputs
and/or environmental inputs (Figure 5).


Mode shapes (stiffness of a structure in each axis)
identify the physical direction of each frequency
mode and any deformations, such as bending or
twisting. In general, a structure's modes indicate the
relative degree of structural stiffness among various
points on that structure (Figure 4).


Examining mode shapes in a vibrating structure is a
valuable step in adjusting vibration amplitudes at
critical points by varying the stiffness, mass and
damping in a structure.


Forces imposed by the supported machine can
induce a high enough vibration amplitude at the
natural frequency (or one of the response modes) of
the foundation to cause resonance or amplification
of the vibration. The single most important factor in
any successful design where machine induced vibra-
tion is involved (source) is to avoid resonance
between the machine and the foundation.


Figure 5
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Amplification at the point of resonance should be
addressed for environmentally induced, random or
steady state vibration, although the vibration 
isolators supporting the foundation should provide
sufficient isolation at the foundation's natural 
frequency to avoid amplification.


During startup or shutdown of a machine, a 
temporary resonance condition may be tolerated,
where the support structure or even the vibration
isolators are in resonance with the machine's 
operating frequency, especially if significant damping
is available.


Data on the operating speed and forces generated
by a machine, or the measured vibration amplitudes
and frequencies at which they occur for a machine
sensitive to vibration, are therefore required in a
dynamic analysis in order to check for possible 
resonances.


Concrete


An important part of a foundation's structure and
stiffness is the specified concrete strength used in
the design. 


A specified concrete strength is easy to obtain and is
often used as the only criteria. However, shrinkage
control can be one of the most important factors in
providing a successful project. The following are
major factors controlling shrinkage:


1) Water/cement ratio (slump) of delivered 
concrete


2) Aggregate proportioning and size
3) Water reducing additives
4) Site conditions, such as hot, dry climate
5) Curing
6) Control joints and reinforcing


Each of these six factors needs consideration. Slump
is controlled by controlling the total water per cubic
yard of concrete, while strength is governed by the
thickness or consistency. This thickness is determined
by the ratio of the weight of water to the weight of
cement.


Shrinkage is simply the reduction in volume that
takes place when the concrete dries from its original
wet condition down to a point where its moisture
condition reaches equilibrium with the humidity in
the air. Unrestrained shrinkage does not develop
cracks.


Figure 6


Concrete sample and slump measurement of
concrete mix before pouring foundation.
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When designed and cured properly, large 
foundations result in very low concrete shrinkage
while in a  controlled environment. Most of the
shrinkage occurs in the first two months and it is nil
in the following months if the ambient environment
does not change. Concrete surface sealants, if
required, should be applied after most of the 
shrinkage has occurred.


For critical designs or for precision equipment, 
concrete samples should be taken at least one for
each 25 cubic yards of concrete placed to check the
slump. Test samples should also be taken at 7 and
28 days (assuming a 28-day cure) to verify the
strength.


Design factors in the dynamic analysis 


of an isolated support foundation include:


s Unbalanced forces applied by sup-


ported equipment/machine


s Center of gravity of machine/equip-


ment


s Natural frequency (resonance) and


response modes of foundation


s Transmissibility


s Displacement on vibration isolators


Summary


A good foundation design requires realistic analysis
and supervision during construction. Stiffness in
design is important both structurally and 
dynamically. Dynamic coupling or amplification at
resonance due to the interaction of all components
in the isolated foundation design can be avoided if
the natural frequencies of the soil, pit, isolators and
support foundation are verified.


Direct vibration measurements can be made that will
render the actual frequency response of the soil and
the best possible values for analysis. This is 
particularly important for foundations that are 
isolated using mat materials directly on compacted
soil without using a rigid concrete pit or sidewalls.


Once the approved foundation has been 
constructed, the machine/equipment should be
attached to the 
foundation to make a
structurally sound 
connection. To achieve
this, the connection
should meet the rigidity
and support 
requirements of the
machine. Typical 
connections, which also
offer leveling 
adjustment are anchor
bolts with shims and leveling wedges. Grouting also
may be required to provide a solid, load-bearing
attachment.


Fabreeka RLA type pneumatic isolators provide low frequency isolation for test rigs, large reaction masses and applications
where low profile, large dynamic displacement and lift height are required.
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Vibration Isolators
Where Fd is the disturbing frequency and Fn is the
natural frequency of the isolator. When considering
the property of damping, the equation is rewritten
as Equation (2).


Where ζ represents the damping ratio of the 
isolator.


Natural frequency and damping are the basic 
properties of an isolator that determine the 
transmissibility of a system designed to provide
vibration and/or shock isolation. Additionally, other
important factors must be considered in the 
selection of an isolator/isolation material. 
Two such factors are:


w The source and type of the dynamic dis-
turbance causing the vibration / shock.


w The response of the isolator to the
dynamic disturbance.


With an understanding of its properties, the type of
isolator is chosen primarily for the load it will 
support and the dynamic conditions under which it
will operate.


Natural Frequency, Spring Rate


Not all isolators whose isolation characteristics are
based on mechanical deflection have a linear 
relationship between load and deflection. A 
common mistake is that the following equation
[Equation (3)] can be used to calculate the natural
frequency for all isolators if the spring rate (k) and
weight (w) to support are known.


1 + (2ζFd/Fn)2


(2) T =
(1-[Fd2/Fn2])2 + (2ζ[Fd/Fn])2


1 k w
(3) Fn = where mass (m)  =


2π m g


The purpose of an isolator is to decrease the 
amplitudes of forced, random and steady state
vibrations being transmitted into a machine or
equipment support foundation. Isolators exist in
many forms, including rubber, mat materials, metal
coils, air bags and pneumatic isolators. The type of
isolator (performance) used as the solution for an
application depends on the type of machine to be
isolated, static load, dynamic deflection and 
damping properties of the isolator.


All vibration isolators are essentially springs with an
additional element of damping. In some cases, the
"spring" and "damper" are separated, as in the
case of a coil spring isolator used in conjunction
with a viscous damper. The majority of isolator
designs however, incorporate the spring and damper
into one integral unit.


Important characteristics of any isolator are its 
load-deflection and load-natural frequency 
properties. The dynamic spring rate and damping of
an isolator mostly are determined by the type of
material used, while the stiffness (static and 
dynamic) is a function of the isolator design 
(material, shape). Static spring rate, dynamic spring
rate, creep, natural frequency, damping and load
deflection values vary widely from material to 
material and design to design. Therefore, materials
or elements used for vibration isolation are chosen
based on the significant differences in their 
performance when used to isolate specific 
frequencies and amplitudes.


Transmissibility


The ratio of the vibration transmitted after isolation
to the disturbing vibration is described as 
transmissibility and is expressed in its basic form in
Equation (1).


1
(1) T =


1-[Fd2/Fn2]


Theoretical,
undamped
transmissibility
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The curves are developed using the known proper-
ties of the isolator - dynamic natural frequency and
damping [Equation (2)]. Note that as damping is
increased, the curve of transmissibility is flattened,
so that in the region near to resonance, the curve is
reduced, but in the region where isolation is
required, the curve is increased. The curves show
that if there is a significant amount of damping in
an isolator, its natural frequency has to be reduced
to retain a desired degree of isolation at the 
frequency ratio of concern.


The ideal isolator would have as little damping as
possible in the isolation region and as much as 
possible at the isolator's natural frequency to reduce
amplification at resonance.


With an understanding of the basic properties and
dynamic characteristics of an isolator, it is possible to
design for and calculate the true transmissibility of
the isolator as a function of frequency. However,
dynamic stiffness (natural frequency vs load) or a
transmissibility vs frequency curve with the actual
damping coefficient of the material is required.


Figure 7


If the stiffness or spring rate (k) is not known, the
equation can be rewritten [Equation (4)], so that the
static natural frequency of the isolator is a function
of its static deflection (δs). This results in a determi-
nation of the isolator's static natural frequency
where (g) represents the gravitational constant.


However, using the static, linear principle in
Equation (4), the following is true:


1) Large deflections are required for low fre-
quency isolation.


2) Damping properties are neglected.
3) Only the static natural frequency is


obtained.
4) The isolator is assumed to have a linear


spring rate.


The static deflection principle can be used only
when the isolator under consideration is both linear
and elastic. For example, rubber, felt, fiberglass and
composite pads tend to be non-linear and exhibit a
dynamic spring rate, which differs from the static
spring rate.


The natural frequency calculated using the static
deflection (δs) determined from a static load -
deflection test of an isolator invariably will give a
value lower than that experienced during vibration
(dynamically).


Any isolator with a calculated natural frequency
based on static deflections may not behave in the
predicted way because the dynamic spring rate 
differs from the static spring rate.


It is the dynamic natural frequency which has to be
used in calculations rather than the static.


Damping


The property of damping is neglected in the static
evaluation [Equation (4)], and this can have a signifi-
cant effect on the isolation efficiency. Damping in an
isolator has a beneficial effect because it helps to
suppress vibration, but can also lead to a loss of iso-
lation efficiency. To appreciate the effects of damp-
ing, refer to the transmissibility curves in Figure 7.


1 g
(4) Fn =


2π δs


Theoretical,
undamped
static
natural frequency







FAB 3000-050 Theory  12/16 ©2016 Fabreeka International, Inc.


Taiwan
Fabreeka International, Inc.
PO Box 1246
Tainan 70499
Taiwan
Tel: 886-935 273732
E-mail: info@fabreeka.tw
www.fabreeka.com.cn


Germany
Fabreeka GmbH Deutschland
Hessenring 13
D-64572 Büttelborn
Tel: 49 - (0)6152-9597-0
Fax: 49 - (0)6152-9597-40
E-mail: info@fabreeka.de
www.fabreeka.de


England
ACE Fabreeka UK
Unit 404 Easter Park 
Haydock Lane 
Haydock  WA11 9TH
Tel: 44 - (0)1942 727440
Fax: 44 - (0)1942 717273
E-mail: info@ace-fabreeka.com
www.fabreeka.co.uk


World Headquarters
Fabreeka International, Inc.
PO Box 210
1023 Turnpike Street
Stoughton, MA 02072
Tel: (800) 322-7352
Tel: (781) 341-3655
Fax: (781) 341-3983
E-mail: info@fabreeka.com
www.fabreeka.com


Figures 8 and 9 show how isolation materials can be
used in constructing and isolating a foundation
below floor level. A concrete pit of the required size
is lined with the isolation material. Then this material
is covered with plastic sheeting, and the concrete is
poured on the required reinforcing rods to form a
rigid foundation. The desired natural frequency is
obtained by using material of the appropriate 
thickness and area.


To obtain a low natural frequency for the isolated
system, a large static deflection is required when
using rubber or coil spring isolators. However, no
static deflection is required when using pneumatic
isolators (air springs) with low natural frequencies.


If the isolators are located substantially below the
combined center of gravity of the
foundation/machine, a tendency toward instability is
introduced, an effect which becomes more 
important if the machine generates large forces 
during normal operation, or motion is created due
to high acceleration/deceleration of moving parts.
"Rocking" can be minimized by installing the 
isolators in positions closer to the upper surface of


the foundation, supported on abutments extending
inward from the walls of the pit. A more refined 
version of this concept is the T-shaped foundation
illustrated in Figure 9. With such a design, it is 
possible to locate the isolators in the same 
horizontal plane as the combined center of gravity
of the machine and foundation and reduce or even
eliminate motion on the isolation system. 
"Snubbers" or restraints should only be used in 
seismic designs to prevent motion due to 
earthquakes and protect the supported equipment.
Snubbers used for stability indicate a poorly
designed isolation system.


Finally, external connections of a vibration isolated
object can detrimentally affect the isolation 
efficiency. Mechanical attachment of conduits 
(service lines) including electrical, signal and other
connections can affect the performance of a 
vibration isolation system, especially when installed
under precision equipment being isolated. These
connections create a good transmission path (short
circuit) for vibration, which can be present at the
connection source and transmitted to the support
foundation. All rigid service conduits should be
attached via flexible connections and in large loops
to reduce stiffness and transmission.


Figure 9


Figure 8


Please see brochure “FAB 3000-050 Products and Services” for information on the foundation isolation products
and services that Fabreeka offers. You may also contact us at any of our worldwide locations, or visit
www.fabreeka.com for additional information.








Foundation Isolation Solutions for


Buildings, Equipment & Machines


Foundation Isolation Products and Services for
Buildings, Equipment & Machines







FAB-EPM HP®


FAB-EPM HP isolation materials provide low frequency isolation, ease of installation and design flexibility
to meet a wide range of applications under equipment and machinery, as well as isolating a building or
structure from its surroundings.


FABSORB®


Fabsorb® isolation material is an economical approach to foundation isolation where high frequency
vibration control is required.


Pneumatic and Air Bag Isolators
Pneumatic isolators provide exceptional low frequency and shock isolation for sensitive machines and
equipment. Air bag isolators allow for large displacements (stroke) where solutions require the same.


Vibration Measurement & Analysis
Fabreeka provides Vibration Measurement & Analysis services prior to and after installation to determine
and/or verify the resultant amplitude and frequency of vibration at your facility.


Design Services
Our engineering team can provide dynamic, structural and finite element (FE) analysis as part of the
total isolation solution.
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The purpose of isolation is to control unwanted vibration so that its adverse effects are kept within
the scope of work (SOW) acceptable limits. When is a foundation (inertia block, reaction mass)
required? In certain applications, it is not desirable or feasible to mount a machine directly on 
vibration isolators. An integral part of many machine tool and equipment installations is a properly
designed and isolated foundation.


In this brochure, you will find Fabreeka’s solutions for foundation isolation. Please refer also to our
brochure “FAB 3000-050 Theory” for an in depth discussion on the theory of isolating foundations
from vibration. 


Table of Contents
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FAB-EPM HP® Isolation Material
FAB-EPM HP® vibration isolation material is a
mixed cell polyurethane foam specifically
designed to provide low frequency vibration
isolation for building and machine foundation
isolation and light rail applications.


FAB-EPM HP is a high performance material manu-
factured in different densities, which allows for 
optimal isolation performance. The damping rate of
the different material types varies, and natural 
frequency can be as low as 6 Hz. Additionally, with
increased thickness, the natural frequency is reduced,
which also improves isolation. FAB-EPM HP is 
impervious to most chemicals, alkaline solutions and
oil.


FAB-EPM HP material can be supplied and used in full
sheet form, strips or even blocks. However, when
used in full sheet form, the material becomes the
base formwork for the concrete foundation. This
advantage creates a simple, less labor-intensive 
construction method, which reduces the overall 
project cost.


As with all non-linear, elastomeric isolators, 
FAB-EPM HP material reacts stiffer under dynamic
loads than under static loads. The degree of stiffness
depends on the material type and the load applied.


Additional small dynamic loads can be applied
beyond the maximum static load for each type of
material.


Permanent static loads cause a certain amount of
creep (additional deflection over time) in all 
elastomeric materials. The long term creep of 
FAB-EPM HP material is very low when used in the
static load range.
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FAB-EPM® HP11 Material Specification


Color: Yellow


Standard Sizes: 1.5 m x 5.0 m (5' x 16.5')


Thickness: 12.5 mm (1/2"), 25 mm (1”)


Optimal Static Load Range: [Approx. 7%] up to 0.011 N/mm2 (1.59 psi)


Additional Dynamic Load Range: [Approx. 25%] up to 0.016 N/mm2 (2.32 psi)


Mechanical Loss Factor: 0.18


Rebound Resilience: 35%
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FAB-EPM® HP18 Material Specification


Color: Pink


Standard Sizes: 1.5 m x 5.0 m (5' x 16.5')


Thickness: 12.5 mm (1/2"), 25 mm (1")


Optimal Static Load Range: [Approx. 7%] up to 0.018 N/mm2 (2.61 psi)


Additional Dynamic Load Range: [Approx. 25%] up to 0.028 N/mm2 (4.06 psi)


Mechanical Loss Factor: 0.17


Rebound Resilience: 35%
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FAB-EPM® HP28 Material Specification


Color: Blue


Standard Sizes: 1.5 m x 5.0 m (5' x 16.5')


Thickness: 12.5 mm (1/2"), 25 mm (1")


Optimal Static Load Range: [Approx. 7%] up to 0.028 N/mm2 (4.06 psi)


Additional Dynamic Load Range: [Approx. 25%] up to 0.042 N/mm2 (6.09 psi)


Mechanical Loss Factor: 0.11


Rebound Resilience: 48%
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FAB-EPM® HP42 Material Specification


Color: Purple


Standard Sizes: 1.5 m x 5.0 m (5' x 16.5')


Thickness: 12.5 mm (1/2"), 25 mm (1")


Optimal Static Load Range: [Approx. 7%] up to 0.042 N/mm2 (6.09 psi)


Additional Dynamic Load Range: [Approx. 25%] up to 0.065 N/mm2 (9.42 psi)


Mechanical Loss Factor: 0.08


Rebound Resilience: 51%







11







12


FAB-EPM® HP55 Material Specification


Color: Green


Standard Sizes: 1.5 m x 5.0 m (5' x 16.5')


Thickness: 12.5 mm (1/2"), 25 mm (1")


Optimal Static Load Range: [Approx. 7%] up to 0.055 N/mm2 (7.97 psi)


Additional Dynamic Load Range: [Approx. 25%] up to 0.085 N/mm2 (12.32 psi)


Mechanical Loss Factor: 0.08


Rebound Resilience: 52%
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FAB-EPM® HP110 Material Specification


Color: Orange


Standard Sizes: 1.5 m x 5.0 m (5' x 16.5')


Thickness: 12.5 mm (1/2"), 25 mm (1”)


Optimal Static Load Range: [Approx. 7%] up to 0.11 N/mm2 (15.9 psi)


Additional Dynamic Load Range: [Approx. 25%] up to 0.16 N/mm2 (23.2 psi)


Mechanical Loss Factor: 0.08


Rebound Resilience: 50%
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FABSORB® Foundation Isolation
Fabsorb® vibration isolation material is an 
economical approach to foundation isolation
where moderate vibration control is required.


Fabsorb material absorbs machine-induced energy,
limits the transmission of higher frequency 
disturbances and provides isolation from ambient and
induced shock and vibration, which otherwise would
affect the accuracy of the machine being installed.


Fabsorb material is specifically designed for 
vibration isolation applications of support 
foundations for machine tools, shock testing 
equipment, grinders and similar equipment.


The natural frequency of Fabsorb is dependent 
on load and type of material, and ranges from 
12 Hz to 50 Hz.


Material Specification


Unlike other isolation materials, Fabsorb is not 
subject to deterioration through water absorption
and wicking, which causes felt-like material to 
stiffen over time, losing its original isolation 
characteristics. By comparison, the stiffness of
Fabsorb and, therefore, its natural frequency and 
isolation characteristics, are constant over time,
resulting in reliable performance and durability.
Fabsorb is a medium-density, closed-cell foam 
material, manufactured using a patented compound.
It is designed specifically to perform as a vibration 
isolation and shock absorbing material. It is impervi-
ous to most chemicals and performs consistently over
a wide range of temperatures and time.


Fabsorb vibration isolation material is manufactured
in the following standard sheet sizes for base and
sidewall isolation.


Load DeflectionDynamic Natural Frequency


Type Sheet Size


FABS 05M 48" x 108" x 1/2" thick


FABS 10M 48" x 108" x 1" thick


FABS 20M 48" x 108" x 2" thick


FABS 10H 24" x 108" x 1" thick


FABS 20H 24" x 108" x 2" thick
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Installation


The construction of the foundation and the installation of the isolation material generally are performed using
either of two methods.


For ease of installation, Fabsorb is manufactured in
sheets (4' x 9' and 2' x 9').


Fabsorb® Compressive Creep Characteristics


Maximum Percent1


of Original Thickness


Load (psi) Type M


10M 20M
2 4% 2%


3 40% 6%


4 40% 40%


5 40% 40%


Type H


10H 20H
6 5% 1%


7 30% 20%


8 30% 30%


9 40% 30%


10 50% 30%


1Creep results at maximum stress after 700 hours under
static load. Creep is in addition to initial static deflection.


Method 1
Installation site is excavated to specified depth and grade.
Pit is formed and poured. Fabsorb base and sidewall 
panels are installed in pit. Foundation is poured.


Method 2
Installation site is excavated to specified depth and grade.
Fabsorb base panels are installed on grade, and 
foundation is formed and poured. Forms then are
removed and Fabsorb sidewall panels are placed along
foundation sides. Soil is backfilled up to isolated 
foundation. Floor slab is poured on grade.
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Installation Procedure (Method 1)


Following the layout drawings provided by Fabreeka®,
install the Fabsorb® panels on the sidewalls of the pit.
Sidewall panels should rest on pit floor.


Sidewall panels can be secured to the pit walls by
construction adhesive or by 3" duct tape (lower right).
Additionally, all vertical seams also should be taped to
prevent concrete from creeping into any gaps.


Install Fabsorb base isolation panels. Base panels
should not contact pit sidewalls - only sidewall 
isolation panels. Tape all seams.


Lay polyethylene sheeting over Fabsorb material on
base and sidewalls. Tape all seams to prevent concrete
seepage into the material.


Place reinforcement rod per structural design drawings
using shim material to keep rod elevated and to prevent
puncturing or tearing the sheeting and material.


Pour concrete, and trim polyethylene sheeting at floor
level after fully cured.


A proven mastic sealer, Sika joint sealant or equivalent,
should be used to seal the isolation material at grade
between the floor and the foundation at the exposed
edge.


Installation Procedure (Method 2)


Following the layout drawings provided by Fabreeka,
install the Fabsorb panels on grade. Allowable soil 
loading should be verified by soils survey / report. All
seams should be taped using 3" wide duct tape.


Lay polyethylene sheeting over Fabsorb base material,
and construct forming for foundation around base 
isolation panels.


Place reinforcement rod per structural design drawings
using shim material to keep rod elevated and to prevent
puncturing or tearing the sheeting and material.


Pour concrete for foundation and allow for proper cure
time. Remove forming and secure Fabsorb sidewall 
isolation panels to sides of foundation using 
construction adhesive or duct tape.


Backfill soil against sidewall isolation panels.


Pour floor slab on grade.


A proven mastic sealer, Sika joint sealant or equivalent,
should be used to seal the isolation material at grade
between the floor and the foundation at the exposed
edge.


Fabsorb can be supplied cut to size, marked and 
furnished with detailed layout drawings for installation
by contractors. Supplied in standard sheet sizes, it can
be easily cut with a utility knife when the foundation
dimensions vary.







19


Fabsorb® Test Data


Following are the results from two case studies with and without Fabsorb isolation material in use.


Case 1


Case 2


Random vibration input on
shop floor.


Isolated response on 
foundation isolated with
FABS 20M type material
under 5 psi load.


Transient input from shear
machine on shop floor.


Isolated response on 
foundation isolated with
FABS 20M type material
under 5 psi load.
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Pneumatic Isolators
Precision-AireTM Leveling isolators provide superior
low frequency isolation for metrology instruments,
electron microscopes, MRI, coordinate measuring
machines and precision manufacturing equipment.


Fabreeka® PAL pneumatic and air bag isolators can
be designed to have natural frequencies as low as
0.5 Hz vertically and 0.4 Hz horizontally, while the 
standard line of isolators have natural frequencies of
1.5 Hz and 5.0 Hz. The natural frequency and 
isolation efficiency of these isolators remain constant
throughout their load range.


Fabreeka designs and manufactures large capacity
pneumatic and air bag isolators, which support
loads from 13,000 lbs (5,800 kg) to 120,000 lbs
(54,000 kg) each for foundation isolation 
applications requiring low frequency vibration 
isolation. Air bag isolators provide a larger dynamic
stroke than our standard PAL isolators and are used
in applications where a low natural frequency 
(0.5 - 1.5 Hz) and large displacements must co-exist.


PAL isolation systems react quickly to position
changes of support load and center of gravity shifts
by automatically compensating and releveling.
Settling time is minimal with optimum damping and
correct valve gain.


For large machine tools and CMM's using automatic
part handling systems where parts can weigh several
tons, loading and unloading can generate vertical
motion on the isolators. To avoid this problem,
Fabreeka can vary the internal pressure of the 
isolators to lower the support foundation onto hard
stops.


Pneumatic isolators are installed after the foundation
has cured and the machine/equipment has been
installed and anchored properly. The isolators are
positioned under the foundation at predetermined
support points and then activated to float or lift the
foundation and machine off the pit floor.


Pneumatic isolators with lifting capacities of up to
120,000 lbs each are used to provide low frequency
isolation for large concrete reaction masses 
(foundations). The isolators shown above are 72"
(1,830 mm) in height and have vertical and 
horizontal natural frequencies of 0.7 and 0.5 Hz
respectively.


Air bag isolators provide a low natural frequency and large
dynamic stroke where dynamic deflection is acceptable.
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Consultation & Project Management
Fabreeka® provides complete, detailed design drawings and specifications for your construction or fabrication.


Our engineers can supervise critical phases of construction and provide oversight for the design, installation
and testing of installed isolation systems. Design review meetings are held with customers as part of overall
project management.


Fabreeka PAL type low frequency, pneumatic isolators support and isolate a foundation having moderate displacement.


Fabreeka RLA type pneumatic isolators provide low frequency isolation for test rigs, large reaction masses and applica-
tions where low profile, large dynamic displacement and lift height are required.
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Low frequency vibrations and large shock inputs can
affect the accuracy, repeatability and throughput of
precision machines and equipment. Most precision
machine tool and measuring machine manufacturers
have established allowable vibration specifications
for their machines. Fabreeka® utilizes highly accurate
instrumentation to quantify the amplitude and
frequency of vibration to make proper vibration
control recommendations.


Measurements with unique data analysis
requirements are performed regularly by our
Engineering staff for vibration isolation projects
worldwide.


Vibration Measurement & Analysis Services


Vision system with Fabreeka vibration isolation system installed.


Vibration measurement software


Acceptance Test Measurements


Project Summary


Above right, a Nikon VMR 6555/Z120X/LU Vision System
is installed in an environment where stamping presses are
operating on the manufacturing floor. The Nikon Vision
System could not be calibrated within the designated
limits. 


Middle right, measurements were recorded to analyze the
floor inputs and determine the correct isolation solution.


Lower right, Fabreeka Engineers also conduct acceptance
test measurements after isolation system installation.
Acceptance test measurements provide the resultant
vibration amplitudes after isolation is installed.


For this project, a Fabreeka PAL 21 isolation system with a
vertical natural frequency of 2.7 Hz was installed
underneath the machine and floated. The floor inputs
from the stamping presses were reduced by
approximately 90%.







23


Dynamic and Finite Element Analysis
The dynamic response of a support structure
is part of the total system vibration solution.


Examining mode shapes in a vibrating
structure is a valuable step in adjusting
vibration amplitudes at critical points by
varying the stiffness, mass and damping.


A finite element analysis will define and
model the mode shapes and response
frequencies of a structure, as well as the
response of the isolation system to machine-
induced inputs and/or environmental inputs.


Mode shapes (stiffness in each axis) identify
the physical direction of each frequency
mode and any deformations, such as
bending or twisting. In general, a structure's
modes indicate the relative degree of
structural stiffness among various points on
that structure.


To be acceptable, the proposed design of a
foundation or any support structure must
provide a reliable structural configuration
that also meets the static and dynamic
criteria for the structure. Deflections caused
by static loads or by dynamic forces/inputs
should be within acceptable limits. This
design approach requires modeling so that
the real structure behavior is predetermined
and errors are minimized.


The calculations for the stiffness of a support structure
yield the static and dynamic behavior and stress
concentration points that occur. Stresses are related to the
geometry of the structure and the distribution of loads
and forces acting upon it. A stress analysis will indicate
the magnitude of stress imposed by static and dynamic
loading.


Structural modes of a concrete support foundation.


Above: Foundation stress analysis.
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Product Catalog and Design Guide - Thermal Insulation Material


Fabreeka-TIM® Structural Thermal Break







What kinds of Thermal Break materials are you using?


Fabreeka-TIM® is trusted as the official thermal break solution specified by building professionals
everywhere. It is considered a green product for its energy savings with regard to energy loss caused
by thermal bridging. In addition it is proven to have high compressive strength combined with 
resistance to thermal conductivity. Made from a fiberglass-reinforced composite, Fabreeka
International's Thermal Insulation Material (Fabreeka-TIM®) has a per-inch R-value of 0.56
(BTU/Hr/ft2/in/°F = 1.8) and is far superior to steel (R-0.003) or concrete (R-0.08), providing a 
structural thermal break between flanged steel framing members.


Why Choose Fabreeka-TIM®?
1. Made in the USA


2. ASTM Certified 


3. Meets UL certification


4. ROHS II compliant


5. Used to achieve LEED certification


6. Enhances building envelope performance


7. Aids in meeting ASHRAE 90.1 and 189.1 energy standards


8. Reviewed on BuildingGreen.com/GreenSpec


9. Independently tested and certified to published specifications


10. Lot Control - repeatable, certified product every time


11. In-house Quality Control


12. Stock on hand in 1/4" (6.4mm), 1/2" (12.7mm), 1” (25.4mm) for quick turnaround times


Also available in 3/4” (19.1mm) and 2” (50.8mm) thick


13. Precise, smooth cutting by water jet 


14. Application engineers available for technical support


15. Best value added thermal break solution for shear connections to help lower energy costs


16. Exceptional customer service and follow up


LEED Description and Potential Credits


EAc1: Optimize Energy Performance EAp2: Minimum Energy Performance 
• NC-2009 • NC-2009 
• NC-v2.2 • NC-v2.2 
• CS-2009 • CI-2009 
• Schools-2009 • CS-2009 


• Schools-2009 
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LEED, or Leadership in Energy & Environmental Design, is a green building certification program
through the US Green Building Council that recognizes best-in-class building strategies and practices.
To receive LEED certification, building projects satisfy prerequisites and earn points to achieve different
levels of certification. Prerequisites and credits differ for each rating system, and teams choose the
best fit for their project.







Fabreeka-TIM® is a structural thermal break/


insulation material that is manufactured from a


fiberglass-reinforced laminate composite. The 


properties of this material provide a thermally 


efficient, energy-saving product that prevents 


thermal bridging in structural connections. 


Fabreeka-TIM® is a load bearing “thermal break”


used between flanged steel connections. The 


primary benefit is that it maintains structural 


integrity of a connection while reducing energy loss. *Color may vary slightly.


The Building Envelope & Thermal Bridging


The need to evaluate thermal bridging in a building’s design and performance, especially when 


seeking LEED accreditation, has become more prevalent because of the increasing requirements for


more energy efficient buildings. In structural steel buildings, thermal bridging occurs when conductive


materials provide a conduit for energy to transfer across a thermal barrier creating an energy loss and


potential for condensation. In colder climates, internal heat will find the path of least resistance, and


will always want to transfer to the colder side, resulting in more energy needed to maintain room


temperature. The opposite can be said for warmer climates. Up to one-third of a building’s energy


could be lost through thermal bridges in structures without thermal breaks. By using Fabreeka-TIM®


you can greatly reduce thermal energy transfer by introducing a thermal break into the structure with


low thermal conductivity between higher conductive materials. When selecting a thermal break it is


important to review the structural and thermal performance of the material and what test standards


were used to evaluate the product.


With the development of ASHRAE codes 90.1, 189.1 and energy efficient buildings it is useful to 


protect the building envelope from thermal bridging with the use of thermal break materials. Since


many thermal break paths are created from canopy and balcony designs, adding a thermal break


material in shear can become challenging. Architects and Structural Engineers must ensure materials


are suited for the structural application. Fabreeka-TIM® material provides the needed strength 


combined with its R value properties to satisfy both requirements.
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Sample Specification
Thermal Insulation Material:


1. Fiberglass-Reinforced Laminate Composite, Fabreeka-TIM® , as manufactured by Fabreeka


International, Inc.


2. Material shall maintain structural integrity of connections. Refer to Structural Drawings for 


specific Load requirements.


3. Ultimate Material Properties:


a. Tensile Strength ASTM D638 11,000 psi (75.8 MPa)


b. Flexural Strength ASTM D790 25,000 psi (172.4 MPa)


c. Compressive Strength ASTM D695 38,900 psi (268.2 MPa)


d. Compressive Modulus ASTM D695


i.  1/2” thk (12.7mm) 291,194 psi (2,007.7 MPa)


ii.  1” thk (25.4mm) 519,531 psi (3,582.0 MPa)


e. Shear Strength ASTM D732 15,000 psi (103.4 MPa)


f. Thickness 1” (25.4mm) or as indicated


g. Oxygen Index ASTM D2863 21.8%


h. Coefficient of Thermal Expansion ASTM D696 2.2


i. Thermal Conductivity ASTM C177 1.8 BTU/Hr/ft2/in/°F (0.259 W/m*°K)


j. Density 107.83 lb/ft3 (1727Kg/M3)


Up until recent years there was little known about how to determine thermal bridging characteristics


in buildings, but with the help of recent studies more information is becoming available. In March of


2012, a joint committee of AISC and SEI members published a supplement to Modern Steel


Construction titled “Thermal Bridging Solutions: Minimizing Structural Steel’s Impact on Building


Envelope Energy Transfer”1, which provides a definition of thermal bridging, calculations of thermal


conductivity, and solutions for preventing, as it pertains to steel connections. 


A study released in the fall of 2014 by the independent firm Morrison Hershfield, titled “Building


Envelope Thermal Analysis (BETA) Guide Part 1”, Section 1.2 “Methodology for Determining Thermal


Performance of Building Envelope Assemblies”2, explains the vital information designers can use for


evaluating energy loss and determining thermal values for the building envelope and energy 


conservation. 


As new and refurbished buildings strive for conformance to LEED and other “green” certifications,


the importance of reducing thermal bridging in the building envelope becomes a priority, which was


not the case in the past. A variety of applications within buildings and the building envelope are now


calling for thermal breaks to help prevent thermal bridging. Because the best solutions depend on


the application it is important to understand why and when to use certain types of thermal breaks


over others. Fabreeka is here to provide proven products and services to engineers for vibration 


isolation and thermal break solutions.
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1 “Thermal Steel Bridging”, NASCC 2011, D’Aloisio/Miller-Johnson
2 “Building Envelope Thermal Analysis (BETA) Guide Part 1”, Section 1.2 “Methodology for Determining Thermal Performance of Building


Envelope Assemblies”, Morrison Hershfield, http://www.morrisonhershfield.com/newsroom/Pages/Highly-Anticipated-Building-Envelope-
Thermal-Bridging-Guide-Now-Public.aspx


Fabreeka’s sample specification is available in multiple file formats. Please contact us, or visit our website.







This document is intended to be a


practical design guide to the 


structural engineer specifying


Fabreeka-TIM® Thermal Insulation


Material in lintel, canopy or end


plate connections where moment


forces occur. Final connection


design should be made by a 


registered structural engineer. 


The examples shown in this design


guide are for informational 


purposes only. The data shown


may be used to assist the structural


engineer in the final design.


To minimize energy loss due to heat


flow through a building envelope via a


structural connection, the heat transfer


properties of the materials used within


the envelope must be known. The 


ability of a material to resist heat flow


is commonly known as the material’s


“R” value. Using Fabreeka-TIM®


material as a “thermal break” or 


thermal insulator in a structural 


connection will reduce the rate at


which heat flows by conduction, 


thereby changing the temperature 


gradient across the connection.


The R value for Fabreeka-TIM® material


can be calculated by using the thermal


conductivity value (K) and the material


thickness (t) where:


R = t/K


Note: Thermal conductivity value (K) of a material is 


independent of thickness. However, the unit of inch is 


typically used as a standard for thermal insulation materials. 


A material’s “C” value or thermal conductance does depend


on thickness where:


C = K/t


The C value of 1” (25.4mm) thick Fabreeka-TIM® material is


half the value of 1/2” (12.7mm) thick Fabreeka-TIM® material.


The thicker the material, the lower its C value.


The R value can also be calculated by using the C value of
Fabreeka-TIM® material where:


R = 1/C
so


R = 1/C = t/K


Therefore, if the thickness of Fabreeka-TIM® material is 1”
(25.4mm) and the K value is 1.8 (0.259), the C value is 1.8
(10.2), and the corresponding R value is 0.56 (0.098).


Thermal Transmittance
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Thermal Value Material Comparison
K value3 in BTU/Hr/ft2/in/°F* 


(K value3 in W/m*°K*)


Thickness Material Thermal Conductivity
K Value


Thermal Conductance
C Value


Heat Flow Resistance
R Value


1/4”
(6.4mm)


Fabreeka-TIM® 1.8
(0.259)


7.2
(40.5)


0.14
(2.5x10-2)


Stainless Steel 111
(16)


444
(2,500)


0.002
(4x10-4)


Carbon Steel 375
(54)


1,500
(8,438)


0.0007
(1.18x10-4)


1/2”
(12.7mm)


Fabreeka-TIM® 1.8
(0.259)


3.6
(20.4)


0.28
(4.9x10-2)


Stainless Steel 111
(16)


222
(1,260)


0.004
(7.9x10-4)


Carbon Steel 375
(54)


750
(4,252)


0.001
(2.35x10-4)


1”
(25.4mm)


Fabreeka-TIM® 1.8
(0.259)


1.8
(10.2)


0.56
(9.8x10-2)


Stainless Steel 111
(16)


111
(630)


0.009
(1.59x10-3)


Carbon Steel 375
(54)


375
(2,126)


0.003
(4.7x10-4)


CAUTION
R values of materials within a building envelope can be added when the materials resist heat flow in series but cannot be
added when there are parallel paths for heat flow. To accurately determine a system’s overall effective R value requires a
careful analysis. For accurate results, a 2D or 3D heat flow analysis program may be used.4


3 Assumes steady state conditions and heat flow at a constant rate
* Temperature difference/gradient across connection (Δt)
4 “Thermal Steel Bridging”, NASCC 2011, D’Aloisio/Miller-Johnson


The thermal transmittance, or U factor, of an entire assembly (system) is dependent on the C values and R values of the
materials used in that system. Where:


U = 1/RTOTAL (series) or 1/REff (parallel)


The lower the U value, the lower the rate of heat flow for a given set of conditions.


6


Note: C value in  BTU/Hr/ft2/°F  or (C - W/m2*°K)
R value in  Hr*ft2*°F/BTU  or (R - °K*m2/W)


Also available in thicknesses of 3/4” (19.1mm) and 2” (50.8mm).
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Ultimate Properties of Fabreeka-TIM®


Coefficient of Friction Values (μs) 5


5,000 psi (34.5 MPa) 10,000 psi (69 MPa)


Fabreeka-TIM® to Steel 0.27 0.26


Steel to Steel 0.8 0.8
5 Surface roughness of steel 1.4 μin


Condensation Considerations


Condensation buildup can be addressed by designing the thermal break within the interior envelope
of the structure as close to the outside wall as possible, applying a moisture barrier to the interior of
the wall, and incorporate the appropriate insulation per the owner’s scope of work.


Mechanical Properties (Nominal)


Tensile Strength PSI (MPa) ASTM D638 11,000 (75.8)


Flexural Strength PSI (MPa) ASTM D790 25,000 (172.4)


Compressive Strength PSI (MPa) ASTM D695 38,900 (268.2)


Compressive Modulus - 1/2” (12.7mm) thk PSI (MPa) ASTM D695 291,194 (2,007.7)


Compressive Modulus - 1” (25.4mm) thk PSI (MPa) ASTM D695 519,531 (3,582.0)


Shear Strength PSI (MPa) ASTM D732 15,000 (103.4)


Operating Temperature Range
*Loss in Ultimate Property Strength = 30% at 250°F


°F (°C)
- -20 to +250*


(-29 to +121*)


Thickness in (mm) - 1/4, 1/2, 3/4, 1, 2
(6.4, 12.7, 19.1, 25.4, 50.8)


Flame Resistance (Nominal)


Oxygen Index %O2 ASTM D2863 21.8


Thermal Properties (Nominal)


Coefficient of Thermal Expansion in/in/°Cx10-5 ASTM D696 2.2


Thermal Conductivity
BTU/Hr/ft2/in/°F


W/m*°K
ASTM C177


1.8**


0.259**


Density lb/ft3 (Kg/M3) 107.83 (1727)


**Reference: Thermal Conductivity of Steel BTU/Hr/ft2/in/°F
W/m*°K


374.5
54.0







Room Temperature Modulus Calculation - Imperial (Metric)
Determined as chord modulus from Stress-Strain curve between 10,000 and 38,900 psi (68.9 and 268.2 MPa)


Sample Size in (mm)
Test Data Point 1 Test Data Point 2


Modulus psi (MPa)Stress psi (MPa) Strain in/in (mm/mm) Stress psi (MPa) Strain in/in (mm/mm)


0.5 x 2.34 x 2.34 10,153 0.0852 38,923 0.1840 291,194
1.0 x 2.34 x 2.34 9,997 0.0268 38,779 0.0822 519,531


(12.7 x 59.4 x 59.4) (70.0) (2.1640) (268.6) (4.6736) (2007.7)
(25.4 x 59.4 x 59.4) (68.9) (0.6807) (267.4) (2.0879) (3582.0)


Compressive Modulus
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Initial Deflection / Creep Per ASTM D2990







Connection A:
Steel plate to 
steel plate


Connection C:
Thermal bridging
through bolts


Connection B:
Steel plates separated
by Fabreeka-TIM®


Connection D:
Fabreeka-TIM® with 
isolation washers 
& bushings reduces 
thermal bridging


Boundary conditions for all thermal models on pages 10-11 are 70°F (21°C) inside and 0°F (-18°C) outside, and assume a
wall with an effective R-value of 6.2. The models show energy flow through an end plate connection with and without
Fabreeka-TIM® material. 


Connection A shows a typical beam-to-beam connection without a thermal break. Note the heat flow gradient
through the connection. In Connection B, 1” (25.4mm) thick Fabreeka-TIM® material was added between the
steel beams. Note the distinct thermal break of the heat flow on either side of the Fabreeka-TIM® material. 


In Connection C, the heat flow profile shows how bolts act as a “thermal bridge” compromising the perform-
ance of the thermal break material. In Connection D, Fabreeka-TIM® washers and Fabreeka® bushings were
added to the bolted connection to break the heat flow through the bolts. Using Fabreeka-TIM® washers and
Fabreeka® bushings significantly reduces heat flow in the connection.


Connection E:
Thermal bridging
through stainless 
steel bolts


In Connections E & F, stainless steel bolts were used, which further reduce heat flow when compared to steel bolts
(Connections C & D). Connection F shows optimal performance. Stainless steel bolts are used in conjunction with
Fabreeka-TIM®, Fabreeka-TIM® washers and Fabreeka® bushings, significantly reducing heat flow through 
the connection.


Connection F:
Thermal bridging is further 
reduced using stainless steel 
bolts and Fabreeka-TIM® with 
isolation washers & bushings
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Fabreeka® bushings


Fabreeka-TIM® plates and washers


Fabreeka-TIM® Washer and Fabreeka® Bushing Sizes for Structural Connections


Bolt
Dia - in (mm)


Washer
OD - in (mm)


Washer
ID - in (mm)


Bushing
OD - in (mm)


Bushing
ID - in (mm)


3/16 (M5) 9/16 (14.29) 1/4 (6.40) 1/2 (12.70) 1/4 (6.40)
1/4 (M6) 3/4 (19.05) 5/16 (7.94) 9/16 (14.29) 5/16 (7.94)
5/16 (M8) 7/8  (22.23) 3/8 (9.53) 5/8 (15.88) 3/8 (9.53) 
3/8 (M10) 1 (25.40)   7/16 (11.11) 11/16 (17.46) 7/16 (11.11)
7/16 (M12) 1  1/4 (31.75) 1/2 (12.70) 3/4 (19.05) 1/2 (12.70) 
1/2 (M12) 1  3/8 (34.93) 9/16 (14.29) 13/16 (20.64) 9/16 (14.29)
9/16 (M14) 1  1/2 (38.10) 5/8 (15.88) 7/8 (22.23) 5/8 (15.88) 
5/8 (M16) 1  3/4 (44.45) 11/16 (17.46) 15/16 (23.81) 11/16 (17.46)
3/4 (M20) 2 (50.80)   13/16 (20.64) 1 1/16 (26.99) 13/16 (20.64)
7/8 (M22) 2  1/4 (57.15) 15/16 (23.81) 1 3/16 (30.16) 15/16 (23.81)
1 (M25)     2  1/2 (63.50) 1  1/16 (26.99) 1 5/16 (33.34) 1  1/16 (26.99)


Notes: Fabreeka-TIM® washers are 1/4” (6.4mm) thick.
Thickness of steel end plate determines length of Fabreeka® bushing. 
Additional sizes available - Please contact Fabreeka to discuss. 


Fabreeka-TIM® material is supplied in sheets or cut to size per customer drawings and/or 
specifications and is available in thicknesses of 1/4” (6.4mm), 1/2” (12.7mm), 3/4” (19.1mm), 
1” (25.4mm) and 2” (50.8mm). Precision water jet cutting is available for holes and special joints. 


Fabreeka-TIM® material is also supplied as thermal break washers for the bolted connections between
external and internal steelwork. For optimal thermal break, the area around the fastener hardware
should be taken into consideration. In addition to the Fabreeka-TIM® plate, Fabreeka recommends
Fabreeka-TIM® thermal break washers and bushings made from Fabreeka® material. See page 12 for a
connection example.


Recommended Washer and Bushing Sizes


ATTENTION
Steel Washer must be USS Grade 8 and cover entire top and bottom surface of Fabreeka-TIM® washer, or failure of the
Fabreeka-TIM® washer may result. Please refer to the top right illustration on page 13.







Fabreeka-TIM® can be used as a thermal break solution in both point and linear structural
connections. The use of Fabreeka-TIM® material to minimize energy flow in a structural connection
requires knowledge of its thermal and material properties as well. To effectively design a bolted 
connection using Fabreeka-TIM® components, one needs to consider the tensile and shear forces 
acting upon the bolts and to also consider any deflection and creep in the material itself.


In cantilever, lintel or end beam connections, bolt preload (pretension) due to torque applies a clamp
force and corresponding deflection on the material. Additional load is applied as a result of moment
forces acting on the connection. A moment will create additional deflection on the compression side
of the moment.


The coefficient of friction value of the Fabreeka-TIM® material can be used in conjunction with the
applied compressive stress on the material to help resist shear load transfer through the connection.


To accurately provide a quote, please supply us with the design connection showing dimensions of 
Fabreeka-TIM® plate, hole size and location(s), connection plate thickness and fastener size, and also 
if you require washers and bushings to complete the thermal break connection.


Thermal Break Connection Design Examples
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Thermal Break Connection Design Examples


End Plate Connection







Thermal Break Connection Design Examples


Lintel Connection


Rooftop Dunnage Post Connection to Column
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Fabreeka-TIM® is currently used in:


• Balcony connections


• End beam connections


• Canopy connections


• Lintel or curtain wall connections, including brick, glass, etc.


• Rooftop dunnage post connections


• Cold storage applications


• And more







Other Thermal Break Products


Applications for Fabreeka-TIM® LT series include:


Fabreeka-TIM LT15 material is designed for 1,500 psi loading, and Fabreeka-TIM LT5 material is
designed for 500 psi loading. Both provide better thermal insulation than vinyl and plastics, reduce
corrosion between dissimilar metal elements, and both are made from recycled materials, which help
to achieve LEED credits.


*Optional adhesive backing for easier installation is available upon request.


Thermal Break LT Series - Fabreeka-TIM® LT15 & LT5


• Parapets, Soffits, Roof to Wall transitions 


• Steel Stud Exterior Walls


• Masonry Ties


• Cladding attachment support clips for Z-girts, C-channels, Hat channels used in:


- Curtain Walls, Rain screens, Metal Wall Panels, Veneer Walls, Louvres


• Concrete and Precast joints and accessories


• Metal Building Framing


• Below Grade to Above Grade transitions


Properties of Fabreeka-TIM® LT Series


LT15 LT5


Thermal Conductivity BTU/Hr/ft2/in/°F 0.792 0.792


Max Compressive Operating Load PSI 1,500 500


Operating Temperature Range °F -40 to +158 -40 to +158


Thickness (nominal) in 1/8, 1/4 1/8


Note: Fabreeka-TIM LT15 and LT5 are only to be used in non moment connections, not for structural connections.


For buildings designed to have a high performing envelope, another area of concern is for lighter load
applications where Fabreeka-TIM structural thermal break may be excessive. Thermal bridging or 
energy flow paths through highly conductive building components are considered in the envelope
design of many different building types. Ultimately there is a need for a lighter load thermal breaks to
prevent thermal bridging and improve energy efficiency when incorporating sustainable elements into
your building envelope. 


Applications range from facade support brackets and clips to metal building framing to certain concrete
and precast connections. For these types of lighter load applications, the Fabreeka-TIM LT Series thermal
breaks have been developed to provide the most energy savings and the best return on investment.
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Additional Fabreeka® Products for Building & Construction


Expansion Bearings SA-47 Bearing Pads Fabreeka Bearing Pads Isolation Washers PTFE Bearing Pads
& Bushings


© 2016 Fabreeka International, Inc.


Are you an Architect or Design Firm who would like to know more about Fabreeka’s
products for building and construction? 


Fabreeka offers a Learn at Lunch program just for you. Fabreeka’s presentation can
assist with PDH credits and has been approved by several organizations. Please contact
Fabreeka to find out more.


1-800-322-7352, info@fabreeka.com or www.fabreeka.com


Fabreeka’s Learn at Lunch Program


This document and all of the materials contained herein is the property of Fabreeka International, Inc., its subsidiaries or affiliates.
Informational text, photographs, illustrations, artwork, graphics, layout, names, logos, trademarks and service marks are the property of
Fabreeka International, Inc. or its licensors and are protected by copyright, trademark and intellectual property laws of the United States
and other countries. Use of this document is at the risk of the user. Any information in this document pertaining to the company’s
products is provided as a convenience to the users and does not constitute an offer to sell or otherwise obligate Fabreeka International,
Inc., in any way. Fabreeka International, Inc. specifically disclaims all warranties of any kind, expressed, implied, or otherwise, including
without limitation warranties of merchantability, fitness for particular purpose, or noninfringement. In no event shall Fabreeka
International, Inc. be liable for damages, including special, incidental, indirect or consequential damages for loss of use, data or profits
under any theory of liability, arising out of or in connection with these materials. All rights not expressly granted herein are reserved.
Material in this document may not be reproduced, modified, published, distributed, displayed, retransmitted in any form, nor used for
any commercial purpose, without the express written permission of Fabreeka International, Inc.


Every attempt has been made to ensure accuracy of the product descriptions in this catalog at the time of printing. However, the 
products and their formulas are subject to change without notice. 


Disclaimer


Several good sources of data on thermal bridging are as follows:


• ASHRAE 1365 RP Thermal Performance of Building Envelope Details for Mid- and High-Rise Buildings
• ISO 14683:2007 - Thermal Bridges in Building Construction - Linear Thermal Transmittance - Simplified Methods and


Default Values
• “Thermal Steel Bridging”, NASCC 2011, D’Aloisio/Miller-Johnson
• Morrison Hershfield Ltd, “Building Envelope Thermal Bridge Guide”


Sources of information on Thermal Bridging








Acoustic Floor Underlay


Fabreeka® QuietDown®


High performance 
mid to high frequency


impact sound reduction







Fabreeka® QuietDown® is a multi-purpose, high 


performance acoustic underlay engineered to reduce


sound transmission through subfloors. It is manufac-


tured from durable recycled rubber, which translates


into a stronger, more resilient acoustic underlay that


won’t pack down or fall apart over time.


Fabreeka QuietDown is perfect for condos, kitchens,


playrooms, institutional settings and anywhere else


where noise transmission is a concern.


Available for a wide variety of flooring types such as


ceramic tile, stone, hardwood, engineered wood, laminate, commercial carpet and vinyl,


Fabreeka QuietDown offers incredible sound damping qualities. Easy-to-install sheets are


thinner, lighter, and stronger than conventional underlays. Laying and trimming is quick 


and easy.


Features and Benefits
• High performance mid to high frequency impact sound reduction


• Achieves ΔIIC of 15 - 23 depending on material and floor assembly


• Laboratory and field tests of Fabreeka QuietDown have been conducted by independent 


organizations - copies are available upon request


• Fabreeka QuietDown Max HB has excellent adhesion to mortar for tile applications 


• Doubles as a crack isolation membrane under ceramic and stone installations


• Used under screed applications as a decoupling / sound insulation membrane 


• Mildew and insect repellant


• Will not rot or fall apart over time


• Low surface deflection 


• Will not sag or compress like foams and felt fiber underlays 


• Fabreeka QuietDown Max HB meets ASTM C627-93 Robinson Test designation for medium to


heavy commercial applications in tile and stone assemblies


• High coefficient of friction - creep is less than 3% for Fabreeka QuietDown and less than 1% for


Fabreeka QuietDown Max HB


• Excellent thermal R value 


• Reduces passive thermal loss 


• Easy to handle sheets make for less waste and lay down flat with no curled edges
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Ideal uses for Fabreeka QuietDown
materials include:


• Under floor screeds - concrete and
wood joist systems


• Under floor coverings, such as wood, 
laminate, tile, stone, carpet and vinyl


• Load bearing applications to isolate
noise and vibration, such as under
machinery, appliances and exercise
equipment


• Load securement applications, such as 
minimizing cargo damage in trailers,
rail cars and shipping containers


Applications include:


• New construction


• Renovations


• Residential


• Commercial


• Single- and multi- family homes


• Office buildings


• Apartment buildings


• Hotels


• Medical buildings/Hospitals


• Schools/Universities


• Libraries


The felted surface of Fabreeka QuietDown Max HB forms a solid bond with urethane adhesive and
modified mortar. Fabreeka QuietDown Max HB is a 100% vapor barrier and is specially formulated for
glue-down and tile/stone applications. Made for long-lasting strength.


Manufactured with recycled rubber, Fabreeka QuietDown is an economical underlay that offers
superior sound insulation performance compared to cork, bitumen, felts and foams. Offering up to
21 dB impact sound reduction (ΔIIC), Fabreeka QuietDown is mold and mildew resistant and will not
degrade over time. It can be used under floor heat systems, and meets indoor air quality standards.
Its bondable surface makes Fabreeka QuietDown an ideal acoustic underlay for a variety of 
applications.
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Robinson Tests


The Tile Council of North America has evaluated Fabreeka QuietDown and Fabreeka QuietDown Max
HB using the Robinson method of evaluating ceramic floor tile installation. 


Fabreeka QuietDown Max HB:
In accordance with the Performance-Level Requirement Guide and Selection Table of the 2003-2004
Handbook for Ceramic Tile Installation, the installation is rated as “MODERATE” for “normal com-
mercial and light institutional use in public space of restaurants and hospitals”. 
Fabreeka QuietDown:
In accordance with the Performance-Level Requirement Guide and Selection Table of the 2010 TCA
Handbook for Ceramic Tile Installation, the installation is classified “LIGHT” for “light commercial use
in office space, reception areas, kitchens and bathrooms”. 


Overview of IIC & ΔIIC Sound Testing


IIC stands for Impact Insulation Class. Acoustic labs conduct an IIC test using a tapping machine
where hammers strike a test floor material generating sounds between 125 to 4,000 Hz. The impact
creates vibrations that travel through the floor into the receiving room below. The engineer plots the
results of each tap on a graph, compares the results to the reference assembly, and determines the IIC
rating from comparing these two tests. A higher number indicates better performance. The IIC rating
does not account for any squeaking or rattling caused by loose wood frame construction, nor does it
account for low frequency footfall noise or structural deflection.


The IIC ratings for basic concrete sub-floor with no resilient underlayment is around 28 to 35 IIC. The
IIC ratings for basic wood structure with no resilient underlayment is around 40 to 45 IIC. Without the
addition of sound isolation products, the IIC rating of basic wood structures will rate better than 
concrete structures because they are naturally more resilient. An IIC rating of 50 and above is most
common in building code requirements. IIC ratings are dependent on entire assemblies, not a single
element. 


The Delta IIC (ΔIIC) rating shows what the product adds to the assembly in terms of isolating impact
footfall noise. The ΔIIC test first tests a full assembly with no underlayment included. Then an under-
layment is installed, and the same test is repeated. The ΔIIC rating is the performance gain between
the first and second test. A higher number indicates better performance. The ΔIIC rating is the best
number to look at when comparing the performance of different types of underlayment. Be cautious,
some underlayment suppliers provide the IIC of an entire assembly, but not what the underlayment
actually contributes to the assembly (ΔIIC).


Sample Fabreeka® QuietDown® Test Results


Floor Type Floor Covering Underlay Type Thickness ΔIIC


6” Concrete Slab Wood, Hard Fabreeka® QuietDown® 2mm 21


6” Concrete Slab Wood, Hard Fabreeka® QuietDown® 4mm 21


6” Concrete Slab Wood, Hard Fabreeka® QuietDown® 6mm 23


6” Concrete Slab Tile, Ceramic Fabreeka® QuietDown® Max HB 4mm 16


6” Concrete Slab Wood, Engineered Fabreeka® QuietDown® 2mm 20







5


Green Materials


All Fabreeka QuietDown products are engineered from recycled rubber, so every square foot you
install means less landfill waste. For contractors, this means Fabreeka QuietDown contributes to green
content and LEED credits.


LEED Description and Potential Credits


LEED, or Leadership in Energy & Environmental Design, is a green building certification program
through the US Green Building Council that recognizes best-in-class building strategies and practices.
To receive LEED certification, building projects satisfy prerequisites and earn points to achieve different
levels of certification. Prerequisites and credits differ for each rating system, and teams choose the
best fit for their project.


Credit Credit Name Rating System Relevance to Product


LEED for Green Building Design and Construction 2009


MRc4.1, 4.2 Recycled Content, 10-20% LEED NC 2009 Recycled content


MRc5.1, 5.2 Regional Content, 20-30% LEED NC 2009 Regional-sourced content


EQc4.3 Low-Emitting Materials:
Flooring Systems


LEED NC 2009 Reduced off-gassing


LEED for Commercial Interiors 2009


MRc4.1, 4.2 Recycled Content, 10-20% LEED CI 2009 Recycled content


MRc5.1, 5.2 Regional Content, 20-30% LEED CI 2009 Regional-sourced content


EQc4.3 Low-Emitting Materials:
Carpet Systems


LEED CI 2009 Reduced off-gassing


LEED for Healthcare: New Construction and Major Renovations (USGBC)


MRc3 Sustainably Sourced Materials
and Products


LEED 2009 for Healthcare Recycled, reused, or rapidly
renewable content


IEQc2 Acoustic Environment LEED 2009 for Healthcare Reduced sound disturbance


IEQc4 Low-Emitting Materials LEED 2009 for Healthcare Reduced off-gassing


LEED for Schools 2009 (USGBC)


MRc4 Recycled Content, 10-20% LEED 2009 for Schools Recycled content


MRc5 Regional Content, 20-30% LEED 2009 for Schools Regional-sourced content


IEQp3 Minimal Acoustical
Performance


LEED 2009 for Schools Reduced sound disturbance


Deflection & Creep


All elastomers creep to some degree. Foams creep extensively. Fabreeka QuietDown creep is extremely
low. At a max load, Fabreeka QuietDown creep is less than 3% of its original thickness, and Fabreeka
QuietDown Max HB creep is less than 1% of its original thickness. Fabreeka QuietDown is reinforced
with random fibers to maximize performance and provide very low creep.
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Typical Floor Assemblies
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Frequently Asked Questions


What type of floor covering can I use with Fabreeka QuietDown?
Laminate, engineered wood, solid hardwood, commercial carpet, ceramic tile, porcelain and stone.


Does the smell of rubber go away?
Yes it does. Fabreeka QuietDown is manufactured using recycled rubber, which has an odor of rubber.
Left in the open, the smell will dissipate after a few days. Once covered by the floor covering the smell
will no longer be detectable.


Can I use Fabreeka QuietDown in my basement?
Fabreeka QuietDown Max HB is 100% vapor proof, and we have had a number of customers install it
in their basements. Fabreeka QuietDown Max HB will prevent moisture from traveling upwards into
your floor covering, but if you have a wet basement issue, Fabreeka QuietDown Max HB will not solve
your problem. It is recommended that you fix the root cause of the moisture, then install your floor
coverings.


What type of sound does Fabreeka QuietDown reduce?
Mid to high frequency impact sounds, such as sliding chairs, moving furniture, people walking in hard
soled shoes, children dropping toys, pots, pans or items being dropped in kitchens.


I want to get rid of the sound of booming bass, will Fabreeka QuietDown work for this?
No. Most acoustic underlay products will not get rid of low frequency sound transmission. In order to
reduce low frequency sounds you need a combination of mass and structure, similar to the egg carton
products you see in sound studios. This type of shape does not lend itself to underlay.


Why does Fabreeka QuietDown come in sheets and not rolls?
Homeowners and contractors have told us that rolls are heavy and cumbersome on a job site. Sheets
are preferred for ease of installation.


What do you recommend I use for adhesive?
For tile/stone installations, use any brand name polymer modified thin set mortar that complies with
TCNA (Tile Council of North America) specifications. For wood floor installations, use any brand name
wood flooring urethane adhesive that complies with NWFA (National Wood Flooring Association)
specifications.


What is IIC?
IIC, or Impact Insulation Class, is a unit of measure used in acoustics to measure the amount of impact
sound transmission that passes through a subfloor. IIC ratings are dependent on entire assemblies, not
a single element. 


Does the higher IIC number mean the product is better?
Not necessarily. Unfortunately, a number of manufacturers claim that their products achieve
extremely high IIC numbers. In order to determine the benefit of any underlayment, an IIC test must
be done on the floor with and without the underlayment. The difference is the Delta IIC (ΔIIC), which
is what the underlayment contributes to the assembly. Laboratory and field tests of Fabreeka
QuietDown have been conducted by independent organizations. Copies are available upon request.


Can Fabreeka QuietDown be used on walls?
Fabreeka QuietDown is tested and approved for use as an underlay below hard surface flooring. The
product should be tested before use in other applications.







FAB 1000-330  11/15:12/16


Taiwan
Fabreeka International, Inc.
PO Box 1246
Tainan 70499
Taiwan
Tel: 886-935 273732
E-mail: info@fabreeka.tw
www.fabreeka.com.cn


Germany
Fabreeka GmbH Deutschland
Hessenring 13
D-64572 Büttelborn
Tel: 49 - (0)6152-9597-0
Fax: 49 - (0)6152-9597-40
E-mail: info@fabreeka.de
www.fabreeka.de


England
ACE Fabreeka UK
Unit 404 Easter Park 
Haydock Lane 
Haydock  WA11 9TH
Tel: 44 - (0)1942 727440
Fax: 44 - (0)1942 717273
E-mail: info@ace-fabreeka.com
www.fabreeka.co.uk


World Headquarters
Fabreeka International, Inc.
PO Box 210
1023 Turnpike Street
Stoughton, MA 02072
Tel: (800) 322-7352
Tel: (781) 341-3655
Fax: (781) 341-3983
E-mail: info@fabreeka.com
www.fabreeka.com


Additional Fabreeka® Products for Building & Construction


PTFE Bearing Pads SA-47 Bearing Pads Fabreeka-TIM® Fabreeka® Bearing Isolation Washers Expansion Bearings
Structural Thermal Break Pads & Bushings


© 2015 Fabreeka International, Inc.


Are you an Architect or Design Firm who would like to know more about Fabreeka’s
products for building and construction? 


Fabreeka offers a Learn at Lunch program just for you. Fabreeka’s presentation can
assist with PDH credits and has been approved by several organizations. Please contact
Fabreeka to find out more.


1-800-322-7352, info@fabreeka.com or www.fabreeka.com


Fabreeka’s Learn at Lunch Program


This document and all of the materials contained herein is the property of Fabreeka International, Inc., its subsidiaries or affiliates.
Informational text, photographs, illustrations, artwork, graphics, layout, names, logos, trademarks and service marks are the property of
Fabreeka International, Inc. or its licensors and are protected by copyright, trademark and intellectual property laws of the United States
and other countries. Use of this document is at the risk of the user. Any information in this document pertaining to the company’s
products is provided as a convenience to the users and does not constitute an offer to sell or otherwise obligate Fabreeka International,
Inc., in any way. Fabreeka International, Inc. specifically disclaims all warranties of any kind, expressed, implied, or otherwise, including
without limitation warranties of merchantability, fitness for particular purpose, or noninfringement. In no event shall Fabreeka
International, Inc. be liable for damages, including special, incidental, indirect or consequential damages for loss of use, data or profits
under any theory of liability, arising out of or in connection with these materials. All rights not expressly granted herein are reserved.
Material in this document may not be reproduced, modified, published, distributed, displayed, retransmitted in any form, nor used for
any commercial purpose, without the express written permission of Fabreeka International, Inc.


Note: The results contained herein were obtained from a representation of a typical batch of materials. Batch to batch variation is
expected and is normal in the manufacturing process. Fabreeka International, Inc. makes no representations nor warranties and there
are no conditions with respect to the accuracy, reliability, or applications of the information contained herein, its products or the safety
or suitability thereof, or results obtained, whether expressed or implied, including, without limitation, any implied warranty or
merchantability or fitness for a particular purpose. Buyers and users must determine the results to be obtained from the application of
the information herein and assume all risk, responsibility, and liability for all injuries, losses, or damages arising from the application of
the information or use of Fabreeka International, Inc.’s products, whether or not occasioned by Fabreeka International, Inc.’s negligence
or based on strict product liability. Fabreeka International, Inc. neither assumes, nor authorizes any person to assume for it, any liability
in connection with the use of the information contained herein of its products.


Every attempt has been made to ensure accuracy of the product descriptions in this catalog at the time of printing. However, the 
products and their formulas are subject to change without notice. 
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Fabreeka isolation washers and bushings are used to 


eliminate metal-to-metal contact and break the vibration


or shock transmission path. For example, the contact


between a machine base and an anchor bolt as shown.


The properties of the Fabreeka bushing material are 


ideally suited for vibration isolation and structure-borne


noise reduction.


Washers & bushings are typically used in conjunction with Fabreeka pads or Fabcel pads


where the reduction of impact shock or isolation of transmitted vibration is required.


Bushings are manufactured with the same properties as Fabreeka pad, and therefore offer


years of service under the most severe operating conditions.


Fabreeka bushings are made to specified dimensions (OD, ID, length). A minimum wall 


thickness of 3/32” is recommended.


Isolation Washers & Bushings


• Isolation washers made from Fabreeka pad material can ultimately withstand loads up to


12,000 psi when used for "uplift" or rebound shock


• Isolation washers and bushings complete the isolation solution by eliminating the 


vibration and shock transmission path


• Washers can be die cut to any outside/inside diameter required for your application


• Fabreeka bushings meet the MIL-C-882 and MIL-E-5272 military specifications


Features and Attributes







Fabreeka® Washer Dimensions & Bolt Torque Recommendations
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1) The above recommended torque takes into consideration the creep/set of Fabreeka with time, therefore, do not
retorque. In general, creep/set will reduce the torque to about one/half the above values. This usually occurs within
7 days of the original torquing.


2) The guide to proper torque is an aid to developing proper bolt force without overstressing the Fabreeka washers.
Steel-to-steel torque values must never be used with Fabreeka washers because they would severely overstress the
Fabreeka washers.


3) The Fabreeka washer sizes listed are based on standard (US Wrought) steel washer dimensions. Double steel washers
can be used, if necessary, to avoid "dishing", which might load the Fabreeka washer at the ID to the point of failure.
For machines having oversized anchor bolt holes, use single or double steel washers on both sides of the Fabreeka
washer.


Notes:


Bolt 
Dia-In


Washer 
OD-in


Washer 
ID-in


Washer 
Thk-in


Net Area
in2


Recommended
in-lbs


Torque 
ft-lbs


Bolt Force 
lbs


3/16 9/16 3/16 1/8 0.212 5 0.50 106


1/4 3/4 1/4 5/32 0.393 9 0.75 197


5/16 7/8 5/16 5/32 0.574 18 1.50 287


3/8 1 3/8 3/16 0.675 30 2.50 338


7/16 1-1/4 7/16 15/64 1.076 47 4.00 540


1/2 1-3/8 1/2 9/32 1.288 130 11.00 1,288


9/16 1-1/2 9/16 9/32 1.517 170 14.50 1,517


5/8 1-3/4 5/8 11/32 2.10 264 22.00 2,100


3/4 2 3/4 11/32 2.70 406 34.00 2,700


7/8 2-1/4 7/8 11/32 3.37 600 50.00 3,370


1 2-1/2 1 1/2 4.12 840 70.00 4,120


1-1/8 2-3/4 1-1/8 1/2 4.94 1,100 92.00 4,940


1-1/4 3 1-1/4 1/2 5.84 1,500 125.00 5,840


1-3/8 3-1/4 1-3/8 1/2 6.81 1,980 165.00 6,810


1-1/2 3-1/2 1-1/2 5/8 7.85 2,370 200.00 7,850


1-5/8 3-3/4 1-5/8 5/8 8.97 2,930 244.00 8,970


1-3/4 4 1-3/4 5/8 10.16 3,560 297.00 10,160


1-7/8 4-1/4 1-7/8 3/4 11.42 4,320 360.00 11,420


2 4-1/2 2 3/4 12.76 5,080 425.00 12,760


2-1/4 4-3/4 2-1/4 3/4 13.74 6,200 517.00 13,740


2-1/2 5 2-1/2 3/4 14.72 7,400 615.00 14,720


2-3/4 5-1/4 2-3/4 3/4 15.71 8,680 725.00 15,710


3 5-1/2 3 3/4 16.69 10,080 900.00 16,690


Fabreeka Washer Dimension Guide to Proper Torque


Please note, the following chart is for a Fabreeka pad and Fabreeka washer combination. For any other combination of pad
and washer materials, please contact Fabreeka’s Engineering department for assistance with proper torque.
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Two types of Fabreeka®-LTP crane rail pads are available for


use in light to heavy/severe service duty. Type CR2-3 is


manufactured using a fabric reinforced, oil resistant 


elastomer. Type CR17-5 is manufactured using Fabreeka


pad, which is composed of multiple layers of fabric 


reinforcement providing enhanced compressive strength,


stiffness and reduction of bulging under high compressive


loads. Both types of rail pad have an LTP (laminated 


thermoplastic) surface, which is integrally molded to the


pad material under heat and pressure.


Fabreeka rail pads have been used since 1962 and have been shown to provide up to a 40%


reduction in runway/rail stresses while also providing a reduction in noise and vibration.


LTP Crane Rail Pads


• Improves wheel load distribution on rail


• Compensates for uneven surface between rail and structure


• Reduces rail stress/maintenance


• Eliminates fretting corrosion


• Width to suit rail type


• Lengths up to 25’


• LTP surface provides lateral rigidity and accommodates rail movement under


extreme/heavy service duty


Features and Attributes


CR2-3


CR17-5
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Maintenance workers replace steel plates with


CR2-3 rail pad under rails of an unloader crane


to reduce wear and vibration.


Photo courtesy of Posco Steel Corporation.


“U-Joint” prepared ends maintain rail contact with pad.


Typical applications include:
Bridge Cranes


Dockside Cranes


Gantry Cranes


Ore Bridge Cranes


Log Handling Cranes


Production Cranes


Storage Yard Cranes


Warehouse Cranes


Equipment Handling Cranes


CR17-5 rail pad ready for installation under an


ore bridge crane railway.


Photo courtesy of Ford Rouge Steel Complex.
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Fabreeka #700 Epoxy Adhesive is ideal for bonding Fabreeka pad,
SA-47 pad, Fabreeka-PTFE* pad, Steel, Aluminum and Stainless
Steel to a variety of compatible materials, such as, wood, rubber,
plastics, ceramics, metal and concrete.  It will bond equally well to
some of the more difficult substrates, such as, polyethylene,
polypropylene, nylon and Tedlar®.  It can be cured (set) at room
temperature or heat may be used to speed the cure. The #700
epoxy adhesive is supplied in 50 CC cartridges with an applicator
gun or 1 gallon containers. Each cartridge covers approximately
1.3 square feet. A gallon covers approximately 100 square feet.
Coverage depends on thickness applied. 


* PTFE must be protected from debris and direct sunlight with a
“light obstructing” layer of black plastic. Exposing PTFE to direct
sunlight can deteriorate adhesive bond. 


PO Box 210  1023 Turnpike Street  Stoughton  MA 02072


T (781) 341-3655 or  1-800-322-7352  F (781) 341-3983


E info@fabreeka.com  www.fabreeka.com


Locations


Boston •  England • Germany • Taiwan


• Thoroughly etch-clean and/or sandblast bond surface on concrete/metal
• Thoroughly buff and clean rubber bond surface


Bond Surface Preparation


Fabreeka® #700 Epoxy Adhesive Application Sheet


Application


• Operating temperature: -80 to +300°F
• Specific gravity: 1.20 to 1.35
• Exhibits high shear bond strength


Characteristics


• Meets the requirements of MIL-A-8623, MIL-A-14202, MMM-A-134 and Naval Ordinance #2662718.
Military Specifications


04/14:1216


• Load supplied gun with adhesive cartridge and application tip. Then apply adhesive to the surface to
be bonded.


• **Epoxy will harden/cure in application tip after 30 minutes, if not in continuous use. 
Replace application tip when necessary.**


• Using the supplied “V” notched, serrated applicator, spread adhesive evenly over surface.
• Place unit to be bonded securely in place by blocking and/or clamping to prevent movement 


during the 240 hour epoxy full cure time (fixtures may have to be made for this step). The epoxy full
cure time may be decreased by the application of heat. Please note the following: 2.75 hours at
165°F, 1.75 hours at 216°F or 0.75 hours at 300°F.


• Remove all restraints and place unit under normal load.


Part Number Description


EPOXY KIT Includes 1 gun, 2 mixing tips,
1 trowel and 1 cartridge


CART Additional cartridges as required








Fabcel® Pads


Fabcel® Pads
For Reduction of Low Frequency Vibration
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Fabcel pads have been used in industry since 1962
to reduce vibration and shock. They are
manufactured from nitrile rubber in a range of types
and thicknesses (layers) that allows for optimal
loading/isolator performance. The featured cell
geometry on the surface of the pads minimizes the
shape factor1,2 usually associated with unreinforced,
elastomeric (rubber) pad materials.


Shape factor has an influence on the deflection and
load limit properties of a material. Essentially rubber
is an incompressible substance that deflects by
changing shape rather than volume. As a result, the
load-deflection curve is greatly influenced by the
shape factor (SF) of the pad used; i.e., whether the
pad is relatively tall with a small cross section, or
relatively short with a large cross section.


Fabcel pads are manufactured in sheets of 18” x
18”. However, they are commonly cut to size and
bonded to achieve the proper thickness based on
the application and isolation requirement.


Fabcel® pad material is specifically designed to provide vibration isolation/reduction in industrial 
applications where structure-borne noise and vibration occur.


• Accommodates loads up to 300 psi.
• Vertical natural frequency as low as 5.0 Hz and a


horizontal natural frequency as low as 3.0 Hz.
• High energy storage rate per unit volume which


makes it ideal for certain shock isolation
applications.


• May be bonded together (layered) to achieve the
desired isolation efficiency.


• Can be supplied as sheets, cut pads, washers and
OEM parts.


1Shape factor is a geometric measure (ratio) of surface
area to the perimeter area allowed to expand laterally.


2Under practical conditions, the shape factor effect of
Fabcel 25, 50 or 100 is minimal and can be disregarded.
Under certain conditions, Fabcel 200 and 300 exhibit a
shape factor effect, although not as pronounced as
would be the case in typically used elastomeric materials.


Fabcel Pad Features


Fabcel isolation washers and Fabreeka® bushings are used
to eliminate metal-to-metal contact and break the vibra-
tion or shock transmission path.
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The spring rate formula for all thicknesses of Fabcel
pads is as follows:


K = SRF x Pad Area
Imperial Metric
K = lbs/in K = N/m


The following spring rate factor (SRF) formulas and
example will allow you to determine Fabcel’s spring
rate for various loadings, pad size and thickness.


Note: Elastomers respond differently under dynamic
conditions. The stiffness can increase more under
dynamic conditions than under static conditions.


Static: The static spring rate factor is determined
from the slope of the load deflection curve (shown
in Figures 2, 5, 8 and 11) or estimated from the
dynamic spring rate factor. The average static spring
rate is approximately 40% of the dynamic rate.


Dynamic: The dynamic spring rate factor is calculat-
ed using the frequency value shown in Figures 1, 4,
7 and 10.


DSRF = 0.10 x (Dynamic Natural Frequency)2 x stress 


A typical spring rate example using Fabcel 50 is
as follows:


Imperial Metric
50 psi Stress 0.35 MPa


10” x 10” Area 0.254 m x 0.254 m
9 layers Thickness 9 layers
7.5 Hz Dynamic Nat Freq 7.5 Hz


Physical Properties


Spring Rate


Fabcel 25 Fabcel 50 | 200 Fabcel 100 | 300


Hardness Durometer 25±5 48±5 68±5


Tensile Strength 500 psi 2,000 psi 2,000 psi


Elongation 700% 350% 250%


Damping (C/Cc) (Nom) 7% 7% 7%


Thickness 5/16” 5/16” | 1/2” 5/16” | 1/2”


Maximum Load 25 psi 50 psi | 200 psi 100 psi | 300 psi


Fabcel pads are resistant to most oils, water, steam and chemicals. Temperature limits for continuous exposure
are -40°F to 200°F.


Static Spring Rate Factor (SSRF)
SSRF = Slope of Load-Deflection Curve


Stress  50-40 psi = 10 psi
Deflection  0.56 - 0.47 in = 0.095 in


therefore: SSRF = 10/0.095 = 105 psi/in


Imperial Metric
105 psi/in SSRF 29 MPa/m


Ks = Static Spring Rate
Ks = (SSRF) x Pad Area


Ks = 105 lbs/in2 x 100 in2 Ks = 29 x 106 N/m2 x 0.645 m2


in m


Ks = 10,500 lbs/in Ks = 1,871,000 N/m


Dynamic Spring Rate Factor (DSRF)
DSRF = 0.10 x (Dynamic Natural Frequency)2 x stress
DSRF = 0.10 x (7.5)2 x 50 psi
DSRF = 280 psi/in


280 psi/in DSRF 79 MPa/m
Kd = Dynamic Spring Rate
Kd = (DSRF) x Pad Area


Kd = 280 lbs/in2 x 100 in2     Kd = 79 x 106 N/m2 x 0.645 m2


in m


Kd = 28,000 lbs/in Kd = 5,100,000 N/m
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Figure 2 Load Deflection


Figure 1 Dynamic Natural Frequency


Figure 3 Energy Storage


Fabcel 25
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Fabcel 50


Figure 5 Load Deflection


Figure 4 Dynamic Natural Frequency


Figure 6 Energy Storage







6


Fabcel 100


Figure 8 Load Deflection


Figure 7 Dynamic Natural Frequency


Figure 9 Energy Storage
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Fabcel 200 & 300


Figure 11 Load Deflection


Figure 10 Dynamic Natural Frequency
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When the disturbing or forcing frequency is very low
and the isolation requirements are critical, multiple
layers of Fabcel® pads are necessary to lower the 
natural frequency and provide an acceptable 
frequency ratio to meet the isolation requirements.


Multiple layer isolators are designed using shims to
maintain proper shape factor under load. The layers
are integrally bonded together.


Fabcel’s cellular design permits a larger deflection
under load than a solid rubber material of the same
thickness. This results in a lower natural frequency
and greater isolation.


Fabcel multiple layer isolators can be placed directly
under a machine or its support. If a narrow structural
steel member is used as a machine support or base,
it may be necessary to increase the isolator area by
including a steel load distributing plate at each 
isolator location or one large plate for all isolators. 


Note: For stability, design of multiple layer isolators
requires that the width/length should not be 
narrower than twice the thickness.


Multiple Layers


Fabcel isolation washers and Fabreeka bushings are
typically used in conjunction with Fabreeka pads or
Fabcel pads where the reduction of impact shock or
isolation of transmitted vibration is required.
Bushings are manufactured with the same properties
as Fabreeka pad, and therefore offer years of service
under the most severe operating conditions.


Fabreeka bushings are made to specified dimensions
(OD, ID, length). A minimum wall thickness of 3/32”
is recommended.


Fabcel Isolation Washers and Fabreeka Bushings


Equipment isolated by Fabcel pads should not be bolted
directly to structure, but should have isolation washers
and bushings to prevent metal to metal contact. This
effectively isolates the entire vibration transmission path.
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Fabcel pads are commonly used to reduce low 
frequency vibration and structure-borne noise. To
determine the proper type and thickness of Fabcel
for an application, the stress on the material must
be calculated and the desired level of vibration 
isolation known.


When calculating the stress, the maximum load 
conditions should be considered for each support
location (unbalanced dynamic forces, non-uniform
machine/equipment weight, etc.)


A compressor weighs 11,520 lbs. It is supported on
four feet, which are 6” x 6”. Assuming even load
distribution, the stress on each foot is 11,520/4 =
2,880 lbs, 2,880 lbs/36 in2 = 80 psi. 80 psi exceeds
the stress limit for Fabcel 50 (See page 5), so Fabcel
100 should be used. 


The compressor operates at a frequency of 1,800
rpm or 30 Hz. A transmissibility at this frequency of
40% (60% reduction) or better is required. Refer to
the “percent reduction” chart on page 11 to 
determine the proper thickness of Fabcel 100 under
a stress of 80 psi to achieve the desired 
transmissibility. 


Using the forcing frequency of 30 Hz, Fabcel 100 at
80 psi, 1” thick (3 layers) will provide a 68% 
reduction in vibration, which is equivalent to a
transmissibility of 32%.


Note: Reducing the area of Fabcel material under a
given load will increase the stress, but will also lower
the spring rate, resulting in a lower natural 
frequency and greater vibration reduction. Adding
layers to the thickness will also produce the same
result.


Fabcel for Vibration Isolation


Fabcel pads can also be used to reduce impact shock
and limit transmitted force. The effectiveness of a
shock isolator is measured not by transmissibility (as
with vibration) but by the isolator deflection and cor-
responding energy storage.


Due to the storage and release of energy, the output
force is much less than the input force, resulting in
limited force transmission. 


To determine the proper type and thickness of
Fabcel, the following information is required:


Static stress on Fabcel (from equipment weight)
Dynamic stress on Fabcel (from dynamic load applied)
Kinetic energy applied to Fabcel from shock input


KE = FxD (force x distance of dynamic input) or
KE = 1/2 MV2 (mass and velocity of dynamic input)


The static and dynamic stress are used to determine
the static and dynamic deflection on the Fabcel. The
total stress should not exceed the maximum allow-
able stress of the pad type. The maximum amount of
kinetic energy the Fabcel pad can absorb without
failure can be calculated by using the dynamic 
deflection and choosing a pad thickness.


Strain = dynamic deflection / thickness
KEto absorb = vol of Fabcel (1/2 x total stress x strain)


Using the energy storage charts on pages 4 through
7, the kinetic energy to be absorbed must be com-
pared to the kinetic energy storable at the dynamic
stress of the Fabcel. The energy storage capacity
must be greater than the kinetic energy applied. 


Please consult Fabreeka engineering regarding 
frequency of dynamic input and corresponding stress
limitations.


Fabcel for Shock Isolation


Additional Products


FAB-EPM Fabreeka Bushings Fabreeka Pads DIMFAB Fabcel Mounts
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Fabcel is commonly used to provide vibration 
isolation and reduce structure-borne noise in 
buildings. Applications include footings, columns
and support structures. 


For example, Fabcel isolation washers are used in
combination with layers of Fabcel material to 
provide complete isolation of the vibration 
transmission path at each structural connection 
in a heliport design.


Fabcel for Building & Construction


Fabcel can be supplied in the form of sheets, cut
pads, washers and assemblies for OEM applications.
The dimensions and thickness are specifically
designed for the reduction of impact shock, 
vibration isolation and structure-borne noise 
reduction. Fabcel can also be manufactured with a
PTFE (Teflon®) surface or a thermal insulation 
material to provide either a low coefficient of 
friction or thermal protection when required.


OEM Parts
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Percent Reduction in Transmitted Vibration for Fabcel Pads
Percent Reduction in Transmitted Vibration for Fabcel 25, 50 and 100


1 Layer 5/16" (8mm) thk 2 Layers 5/8" (16mm) thk 3 Layers 1" (24mm) thk 6 Layers 2" (50mm) thk


Load - psi Load - psi Load - psi Load - psi


Forcing


Frequency


CPS (Hz)


Fabcel


25


50


100


5


10


20


10


20


40


15


30


60


20


40


80


25


50


100


5


10


20


10


20


40


15


30


60


20


40


80


25


50


100


5


10


20


10


20


40


15


30


60


20


40


80


25


50


100


5


10


20


10


20


40


15


30


60


20


40


80


25


50


100


20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 15 -- 35 55 65 69


30 -- -- -- -- -- -- 12 37 47 55 -- 47 62 68 73 59 77 83 86 87


40 -- -- -- -- -- 3 63 71 75 78 55 75 81 83 86 79 88 90 92 93


50 -- -- 13 30 43 53 78 83 85 86 74 85 88 89 91 87 92 94 94 95


60 20 40 50 60 66 71 85 88 89 90 83 89 91 92 93 91 94 95 96 96


70 50 61 68 72 76 79 89 91 92 93 88 92 93 94 95 93 95 96 97 97


80 65 72 76 79 82 85 92 93 94 94 90 94 95 95 96 94 96 97 97 97


90 74 79 82 84 86 88 93 94 95 95 92 95 96 96 96 95 97 97 98 98


100 79 83 85 87 89 90 94 95 96 96 94 96 96 97 97 96 97 98 98 98


120 86 88 90 91 92 93 96 96 97 97 95 97 97 97 98 97 98 98 98 98


9 Layers 3-1/16" (78mm) thk 12 Layers 4-1/8" (105mm) thk 15 Layers 5-3/16" (132mm) thk 18 Layers 6-1/4" (160mm) thk


Load - psi Load - psi Load - psi Load - psi


Forcing


Frequency


CPS (Hz)


Fabcel


25


50


100


5


10


20


10


20


40


15


30


60


20


40


80


25


50


100


5


10


20


10


20


40


15


30


60


20


40


80


25


50


100


5


10


20


10


20


40


15


30


60


20


40


80


25


50


100


5


10


20


10


20


40


15


30


60


20


40


80


25


50


100


10 -- -- -- -- -- -- -- -- 3 26 -- -- 4 26 42 -- 3 26 42 55


20 26 65 76 79 82 55 76 82 85 87 66 80 85 87 89 73 85 87 89 90


30 75 86 90 91 92 83 90 92 93 94 87 91 93 94 95 89 93 94 94 95


40 87 92 94 94 95 90 94 95 96 96 92 95 96 96 97 93 96 96 96 97


50 91 94 96 96 96 94 96 96 97 97 95 96 97 97 98 95 97 97 97 98


60 94 96 97 97 97 95 97 97 97 98 96 97 98 98 98 96 97 98 98 98


70 95 97 97 97 98 96 97 98 98 98 97 98 98 98 98 97 98 98 98 98


80 96 97 98 98 98 97 98 98 98 98 98 98 98 98 98 98 98 98 98 98


90 98 97 98 98 98 97 98 98 98 98 98 98 98 98 99 98 98 98 99 99


100 97 98 98 98 98 98 98 98 98 99 98 98 99 99 99 98 98 99 99 99


120 98 98 98 99 99 98 98 99 99 99 98 99 99 99 99 98 99 99 99 99


Percent Reduction in Transmitted Vibration for Fabcel 200 and 300


1 Layer 1/2" (13mm) thk 2 Layers 1" (25mm) thk 4 Layers 2" (50mm) thk


Load - psi Load - psi Load - psi


Forcing


Frequency


CPS (Hz)


Fabcel


200


300


50


50


100


100


200


200


--


300


50


50


100


100


200


200


--


300


50


50


100


100


200


200


--


300


20 -- -- -- -- -- -- -- -- -- -- 26 43


30 -- -- -- -- -- -- 4 19 32 59 76 80


40 -- -- -- -- 16 43 61 66 70 80 87 89


50 -- 13 42 48 58 69 78 80 82 88 92 93


60 32 51 65 68 74 80 85 86 88 91 94 95


70 57 68 76 78 81 85 89 90 91 94 96 96


80 70 76 82 84 86 89 91 92 93 95 96 97


90 77 82 86 87 89 91 93 94 94 96 97 97


100 82 85 89 90 91 93 94 95 95 96 97 98


110 85 88 91 92 93 94 95 96 96 97 98 98


120 87 90 92 93 94 95 96 96 97 97 98 98


Transmissibility can be calculated by using the following formula:
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Introduction
The purpose of isolation is to control unwanted vibration so its
adverse effects are kept within acceptable limits.


Technical Discussion - Pneumatic Isolators
The basics of pneumatic isolator design - natural frequency, damping
and transmissibility.


Design Services
Our engineering team can provide vibration measurement & analysis,
as well as dynamic, structural and finite element (FE) analysis as part
of the total isolation solution.


Products
Precision-AireTM Leveling Isolators (PAL)
Low frequency, self-leveling, pneumatic isolators that support loads up
to 120,000 lbs each.


Delta-KTM Pneumatic Isolation System Module
Provides an increase in machine throughput by allowing fast 
measuring/positioning to occur at the machine’s designed accuracy.


Precision-AireTM Digital Electronic Leveling
The PA-DEL controller is used where higher leveling accuracy
and an increase in isolator settling time is required. 


RDS (Rapid Deflate System) and STATUS
The RDS module allows for rapid system deflating for part
loading/unloading. STATUS is position feedback indicating the height
of a floating system.


Precision-AireTM Pneumatic Leveling Mounts (PLM)
Rugged, low frequency, pneumatic/elastomeric vibration and shock
isolators.


Applications
Precision Machine Tools
Diamond turning and high accuracy machine tools.


Metrology/Inspection
Coordinate measuring, wafer inspection and sensitive inspection
equipment.


Automotive Testing
Applications including engine test rigs, road simulators, shakers.


Aerospace Testing
Vacuum compatible isolators and vacuum chamber isolation.


Aircraft Ground Vibration Testing
Soft support systems for aircraft ground vibration testing.


MRI/NMR
Vibration isolation solutions for MRI and NMR equipment.
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Introduction


Mechanical vibration and shock exist in all
environments. Depending on how severe the
disturbance and how sensitive the equipment, the
problems caused by the vibration or shock can be
negligible or destructive.


A vibration environment consisting of low level
seismic disturbances, present everywhere on earth,
may be imperceptible to humans but can cause
operating problems for sensitive equipment. Add to
this everyday vibration created by vehicles, foot
traffic, fork lifts, machinery and HVAC systems, and
an even greater range of equipment is affected.


Vibrations originating from machines or other
sources (acoustically) are transmitted to a support
structure such as a facility floor, and can cause a
detrimental environment and unwanted levels of
vibration.


Some of the equipment and processes affected by
vibration include precision machine tools, coordinate
measuring machines, magnetic resonance imaging
(MRI/NMR) equipment, laboratory and
semiconductor processing equipment.


The purpose of vibration isolation is to control
unwanted vibration so that its adverse effects are
kept within acceptable limits. Isolators are designed
to provide vibration and shock protection to these
and other types of equipment.


If the equipment requiring isolation is the source of
unwanted vibration (i.e. shock and vibration test
equipment), the purpose of isolation is to reduce the
vibration transmitted from the source to the support
structure. (Fig 1)


Conversely, if the equipment requiring isolation is a
recipient of unwanted vibration (i.e. electron
microscope, coordinate measuring machines), the
purpose of isolation is to reduce the vibration
transmitted from the support structure to the
recipient. (Fig 2)


An isolator is a resilient support that decouples an
object from steady state or forced vibration. The
primary advantage to pneumatic isolators is that
they can be designed to have vertical and horizontal
natural frequencies as low as 0.4 Hz to 5.0 Hz.
Therefore, vibration isolation can be achieved at
frequencies as low as 0.7 Hz.


Low frequency vibration and shock can affect the accuracy, repeatability and throughput of precision 
measuring, positioning and manufacturing equipment. Since finer resolution of a finished product is
required, manufacturing, metrology, engineering and research facilities require increased dynamic
stability. Low frequency and ultra-low frequency vibration isolation is a method of improving the
current vibration environment to achieve a significant increase in precision manufacturing accuracy
or to offer a solution which approaches the “vibration free” domain.


Due to the accuracy of the machine’s measurements, a
coordinate measuring machine is sensitive to certain amplitudes
of vibration and shock. Pneumatic isolators provide low
frequency vibration isolation to reduce environmental vibration.


A four-post road simulator test rig creates high amplitude
vibration and shock at low frequencies to test vehicles for
“squeak, rattle and roll” conditions. Pneumatic isolators reduce
the vibration and shock transmitted to the environment.


Fig 1


Fig 2
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Technical Discussion


Pneumatic isolators consist of a volume of air (air chamber)
that is sealed with a reinforced, flexible diaphragm. When
pressurized, the isolator supports its payload using a piston,
which is located on top of the diaphragm. (Fig 3) 


The effective area of the diaphragm and the pressure on the
diaphragm define the load capacity of the isolator. The
pressure in the isolator is controlled by a leveling valve that
controls both the internal pressure and “float” height of the
isolator. 


The typical pneumatic isolator design incorporates dual air
chambers, a spring chamber and a damping chamber. In the
Fabreeka design, the damping chamber is separated from the
spring chamber and connected by pneumatic tubing (see
Damping). This design concept can take different shapes,
since only the total or “effective” volume is critical to the
natural frequency of the isolator (Eq 1). Note that the pressure
(P) is proportional to the load (W), thus maintaining a
constant natural frequency even when the load changes.


Where: Fn = natural frequency (Hz)
g = gravity (in/sec2)


n = rate of specific heat of gas
at constant pressure and
volume (1.4 for air)


W = weight of supported load
(lbs)


Aeff = effective area of diaphragm


(in2)
V = air volume
Pabs = absolute pressure (psig)


The stiffness of pneumatic isolators comes
primarily from the pressure and volume of a
given air column. The stiffness of a
pneumatic spring can be derived from the
pressure-volume relationship of gas laws,
assuming:


(a) Adiabatic compression
(b) Any change in volume is small 


relative to the initial volume


Yields:


Where:
K = stiffness (lbs/in)
n = ratio of specific heat for the gas
(n = 1.0 for air at low frequencies 


less than 1 Hz.)
Pabs = absolute gas pressure of air


column (psi)
Aeff = area of air column (in2)


From this expression it can be seen that the
response of a mass supported by an
undamped air spring is determined by the
volume of air. 


Note that even when using a thin, flexible
diaphragm, the elastomeric material will
exhibit an added stiffness at very low
pressures. This added stiffness affects the
pneumatic contribution of the isolator. To
reduce this stiffness contribution,
operating pressures should be higher than
3 bar. Valve stiffness can also have an
effect on the overall stiffness of a
pneumatic isolator.


Natural Frequency


Fig 3


Eq 1*


Eq 2


Damping Chamber
VD


Piston


Spring 
Chamber


VS


Diaphragm


Leveling
Valve


*For operating pressures greater than 40 psi (3 bar).
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The purpose of damping in an isolator is to reduce
or dissipate energy as rapidly as possible. Damping is
also beneficial in reducing vibration amplitudes at
resonance. Resonance occurs when the natural
frequency of the isolator coincides with the
frequency of the source vibration.


The ideal isolator would have as little damping as
possible in its isolation region and as much as
possible at the isolator's natural frequency to reduce
amplification at resonance. Damping however can
also lead to a loss of isolation efficiency. (Fig 5)


To provide vertical damping for a system, a damping
chamber is connected to the spring chamber using
pneumatic tubing. (Fig 4) An expression for the
damping can be obtained by analyzing the rate of
change of energy, which occurs when the air flows
between chambers. This expression is a function of
the tubing and the volume ratio between the spring
and damping chambers.  


The natural frequency (dynamic stiffness) and
damping properties of an isolator determine the
isolator’s transmissibility. 


The ratio of vibration transmitted after isolation to
the disturbing vibration is described as
"transmissibility" and is expressed in its basic form
in Equation 3, where Fd is the disturbing frequency


of vibration and fn is the natural frequency of the


isolator.


When considering damping, the equation is
rewritten (Eq 4), where ξ represents the damping of
the isolator.


Maximum transmissibility of an isolator occurs at
resonance when the ratio of the disturbing
frequency to the natural frequency is equal 
to 1 (Fd / Fn = 1). At resonance the transmissibility is


given by equation 5. Note that the magnitude of an
isolator's amplification at resonance is a function of
that isolator’s damping.


Fig 5 graphically shows the transmissibility of an
isolator as a function of the frequency ratio. Several
percentages of critical damping are displayed to
show the effect of damping in the isolation region


Damping


Transmissibility


Eq 3


Eq 5


Eq 4


Damping is looked at carefully to give the best
effective isolation that can be achieved. For air
spring-mass systems, damping is essential to stop
transient vibrations following a disturbance such as
a stage or bridge moving and to limit the amplitude
of forced vibration at the isolator’s natural
frequency. The length and diameter of the tubing
are chosen for a given volume ratio to create
laminar flow in the damper. This design concept


Adjustable
Damping


allows for a wide range of damping values to be
used depending on the application. Damping is
optimum when the air flow in the tubing is laminar
for both large and small disturbances.


Fig 4
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and the amplification region, including the maximum
amplification at resonance.


At frequencies greater than the square root of 2 (1.41) times
the isolator’s natural frequency, isolation (reduction in
transmissibility) begins. Isolation improves as a function of the
frequency ratio. The primary benefit of a pneumatic isolator is
its low natural frequency and corresponding transmissibility at
low frequencies. 80% to 90% reduction can be achieved
below 10 Hz even with high damping.


Note that as damping is increased, the curve of
transmissibility is flattened, so that in the region near to
resonance (ratio = 1.0) the curve is reduced, but in the
region where isolation is required, the curve is
increased. The curves show that if there is a significant
amount of damping in an isolator, its natural frequency
has to be reduced to retain the desired degree of
isolation at the frequency ratio of concern.


Fig 5


Theoretical (calculated) transmissibility curves do not indicate the
vibration amplitude input of the disturbing frequencies (Fd). All


isolators, including pneumatic isolators, can exhibit different
dynamic natural frequencies as a function of amplitude input. At low
vibration amplitudes, isolators can behave “stiffer” therefore having
a slightly higher natural frequency. The behavior of isolators closely
follows their theoretical transmissibility curves for larger vibration
inputs. 


Before a pneumatic isolation system is
selected by analysis or test, the payload and
its support base should also be evaluated
dynamically for proper implementation. Poor
structural stiffness can compromise the
isolation efficiency of a system. The support
base or structure of a payload can be
considered a spring, since its stiffness can be
calculated or determined by test. If the
payload support structure is too “soft” and
bends or deflects at low frequencies near the
natural frequency of the isolation system, the
isolation effectiveness of the system is
reduced.


To ensure that an isolator will perform as
intended, it is good design practice to have
the support structure dynamic stiffness at
least 10 - 20 times higher than the isolator,
depending on the application. Every
structure (frame, base, inertia mass) has
mass and stiffness. Structures also have
many frequencies at which they vibrate or
resonate. These frequencies are called
structural resonances and are a function of
the shape, method of support and material
of the structure. 


Recall from a transmissibility curve that when
using pneumatic isolators, it is possible to
achieve 80-90% isolation at frequencies
greater than 10 Hz. Therefore, if the support
structure stiffness is at least ten times greater
than the isolator natural frequency, any
vibration inputs at a structural resonance will
be significantly reduced. This is especially
important when support structures are
fabricated steel or aluminum. Since these
metals have very little damping when excited
at their structural natural frequencies, the
amplification at resonance is large. (Fig 6)


Application


Isolation
Region


Amplification
Region


Measured transmissibility curves should
indicate the input amplitude of the vibration
used during the measurement.
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When structural resonances are objectionable, an
effective solution could be to add damping to the
structure, which reduces amplification at the
structural resonance. Stiffening the structure may
also help, since a structural resonance at a higher
frequency may not affect the total system
performance.


A second criteria for proper implementation of a
pneumatic isolation system is the location/placement
of the isolators. During design, the elastic plane of
the isolators ideally should be in the same plane as
the composite center of gravity (CG) of the payload
and its support structure. In this manner, only
translational modes (horizontal and vertical) of the
isolator are observed. Since all isolators are free to
move in all six axes (translational and rotational),
rotational modes are also observed when the
isolators are located below the center of gravity. 
(Fig 6)


When a payload vibrates purely in the vertical
direction, a transmissibility curve that is very similar
to the theoretical curve in Fig 5 is created. However,
in addition to structural modes, rocking modes are
created when a payload vibrates in the horizontal
direction and the center of gravity is above the
elastic plane of the isolators. Objectionable rocking


modes can be addressed by changing the
location of the isolators, so that the rotational
modes are “coupled” with the translational
modes.


If the center of gravity is too high above the
isolator’s elastic plane, instability can occur.
Pneumatic isolator locations must satisfy the
requirements for a stable system. This
requirement is met by positioning the isolators
within the limits of design guidelines for a
stable system. (Fig 7) 


An industry standard is to consider a line
connecting the center line of the isolators.
Using this line as a base, construct a triangle
whose vertical height is 1/3 the length of the
base.  If the projection of the center of mass
onto this plane lies within the triangle, the
system will likely be stable and exhibit
optimum isolation and damping
characteristics.


Note: The relative position or distance of
the isolators to each other in all axes of
rotation is the primary design factor for a
stable system. Another important factor
for stability is the design of the isolators.
The damping rate, effective volume and
valve flow are all variables. Fabreeka®


Engineers can provide proper
recommendations for your application.


Fig 7


Fig 6


Transmissibility curve showing isolator translational and rotational 
frequencies, as well as support/machine base structural modes (resonances)
above 80 Hz.


If the center of gravity is outside the triangle, the system is likely
to have stability problems. If this is the case, it is sometimes
possible to modify the isolators in the field with additive damping
and/or a variable gain leveling valve to achieve stability.  Additive
damping however, will slightly increase the stiffness of the system
and hence the vertical natural frequency of each isolator.
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Low frequency vibrations and large shock inputs can
affect the accuracy, repeatability and throughput of
precision machines and equipment. Most precision
machine tool and measuring machine manufacturers
have established allowable vibration specifications
for their machines. Fabreeka® utilizes highly
accurate instrumentation to quantify the amplitude
and frequency of vibration to make proper vibration
control recommendations.


Measurements with unique data analysis
requirements are performed regularly by our
Engineering staff for vibration isolation projects
worldwide.


Design Services


Fig 9 (middle right) Comparing site vibration levels to the
manufacturer's specifications will determine the isolation
efficiency required at the frequencies where the measured
vibration amplitudes exceed the machine allowable
vibration criteria.


Vibration Measurement & Analysis Services


Fig 8 (above right) Vibration measurement software
records amplitude and frequency data for analysis.
Fabreeka® can provide vibration measurement services
from any of our worldwide facilities.


Fig 8


Fig 9


Fig 10


Fig 10 (lower right) Fabreeka® Engineers also conduct
acceptance test measurements after isolation system
installation. Acceptance test measurements provide the
resultant vibration amplitudes after isolation is installed.
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Dynamic and Finite Element Analysis


As mentioned in the technical discussion
(page 7), the dynamic response of a support
structure is part of the total system vibration
solution.


Examining mode shapes in a vibrating
structure is a valuable step in adjusting
vibration amplitudes at critical points by
varying the stiffness, mass and damping.


A finite element analysis will define and
model the mode shapes and response
frequencies of a structure, as well as the
response of the isolation system to machine-
induced inputs and/or environmental inputs.


Mode shapes (stiffness in each axis) identify
the physical direction of each frequency
mode and any deformations, such as
bending or twisting. In general, a structure's
modes indicate the relative degree of
structural stiffness among various points on
that structure. (Fig 11)


To be acceptable, the proposed design of a
foundation or any support structure must
provide a reliable structural configuration
that also meets the static and dynamic
criteria for the structure. Deflections caused
by static loads or by dynamic forces/inputs
should be within acceptable limits. This


design approach requires modeling so that the real structure
behavior is predetermined and errors are minimized.


The calculations for the stiffness of a support structure yield
the static and dynamic behavior and stress concentration
points that occur. Stresses are related to the geometry of the
structure and the distribution of loads and forces acting upon
it. A stress analysis will indicate the magnitude of stress
imposed by static and dynamic loading. (Fig 12)


Fig 11
First three structural modes of a concrete support foundation for an MRI unit.


Fig 12
Stress analysis of a steel support frame for an electron microscope. The
frame will also be analyzed dynamically for structural modes (resonances).


Mode 7: 69.58533 Hz. Mode 9: 99.11916 Hz.Mode 8: 73.43653 Hz.
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Precision-AireTM Leveling Isolators (PAL)


Fabreeka’s® Precision-AireTM Leveling (PAL) model
pneumatic vibration isolation systems use servo
controlled air springs. These isolators are ideally
suited for conditions where height control and
vibration control must co-exist. Fabreeka PAL isolators
meet the critical needs of metrology instruments,
electron microscopes, inspection stations and
precision manufacturing equipment.


PAL Isolators Description


The standard Fabreeka® PAL isolators have a natural
frequency as low as 1.7 Hz, however, lower natural
frequencies (0.5 Hz) can be obtained from custom
designed isolators. 


A complete Fabreeka® PAL system consists of a
minimum of three master isolators for 3-point
determinate leveling. Each isolator incorporates a
leveling valve which is the load sensing and height
controlling element. Any number of support isolators
may be added to support the total weight of the
equipment.


Systems are supplied with a control panel, automatic
height control valves, tubing and all other pneumatic
accessories necessary for complete system
installation.


PAL Isolator Performance


PAL isolators react quickly to changes in the
supported load and to center of gravity shifts by
automatically releveling to a preset position.


A pneumatic isolation system’s performance is a
compromise between natural frequency (isolation),
valve leveling accuracy and settling time.


Settling time can be defined as the time it takes for
an isolation system’s motion to return to a
predetermined reference with respect to a defined
input disturbance. The disturbance can be an
environmental input or machine induced, such as a
gantry or stage movement.


Settling time is minimal with optimum damping and
corresponding valve flow. Long settling times using
pneumatic isolators are unacceptable because
precision measuring and positioning machines can
suffer repeatability errors and throughput losses.


Fabreeka offers many leveling valve options
depending on the application. Valve flow rate,
stiffness and accuracy characteristics are key
variables in the design of an acceptable solution.
Leveling accuracies of +/- 0.006” (0.15 mm) or +/-
0.001” (0.025 mm) are available. The flow rate and
stiffness of a valve are chosen based on the isolator
design and damping.


PAL isolators integrated into a coordinate measuring machine
support frame.


Products


PAL-type pneumatic isolators provide superior
low frequency isolation for metrology
instruments, electron microscopes, MRI units,
coordinate measuring machines and precision
manufacturing equipment.
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Isolation Characteristics/Specifications Isolator Dimensions*


H H Max Lifting Capacity1


Type D1 D2 Deflated Max. Lift L lbs Kg


PAL 18-6
6.50 in


165 mm
6.00 in


152 mm
6.00 in


153 mm
6.25 in


160 mm
9.21 in


234 mm
1,800 800


PAL 21-6
7.87 in


200 mm
5.90 in


150 mm
6.00 in


153 mm
6.40 in


163 mm
10.60 in
270 mm


2,100 950


PAL 21-12
7.87 in


200 mm
7.87 in


200 mm
12.00 in
305 mm


12.40 in
315 mm


10.60 in
270 mm


2,100 950


PAL 36-6
8.65 in


220 mm
7.50 in


190 mm
6.00 in


153 mm
6.40 in


163 mm
11.40 in
290 mm


3,600 1,630


PAL 55-6
10.25 in
260 mm


9.00 in
230 mm


6.00 in
153 mm


6.40 in
163 mm


13.00 in
330 mm


5,500 2,500


PAL 55-12
10.25 in
260 mm


10.25 in
260 mm


12.00 in
305 mm


12.40 in
315 mm


13.00 in
330 mm


5,500 2,500


PAL 75-6
11.80 in
300 mm


10.45 in
265 mm


6.00 in
153 mm


6.40 in
163 mm


14.55 in
370 mm


7,500 3,400


PAL 133-6
15.00 in
380 mm


13.78 in
350 mm


6.00 in
153 mm


6.40 in
163 mm


17.70 in
450 mm


13,300 6,030


PAL 133-12
15.00 in
380 mm


15.00 in
380 mm


12.00 in
305 mm


12.40 in
315 mm


17.70 in
450 mm


13,300 6,030


PAL 255-6
20.87 in
530 mm


18.50 in
470 mm


6.00 in
153 mm


6.50 in
165 mm


23.60 in
600 mm


25,500 11,560


PAL 255-12
20.87 in
530 mm


18.10 in
460 mm


12.00 in
305 mm


12.50 in
317 mm


23.60 in
600 mm


25,500 11,560


PAL 416-8
25.20 in
640 mm


23.00 in
585mm


8.00 in
203 mm


8.45 in
215 mm


28.00 in
710 mm


41,600 18,870


PAL 1000-6
37.40 in
950 mm


35.80 in
910 mm


6.00 in
153 mm


7.00 in
178 mm


40.15 in
1020 mm


100,000 45,360


PAL 1000-18
35.98 in
914 mm


35.98 in
914 mm


17.70 in
450 mm


18.70 in
475 mm


39.00 in
990 mm


100,000 45,360


1At maximum working pressure of 100 psi (7 bar)


Natural Frequency (-6) (-12)
Vertical 2.5 - 2.7 Hz 1.5 - 1.7 Hz
Horizontal 2.0 - 4.5 Hz 2.0 - 4.5 Hz


Damping
Vertical (Adjustable) 6% - 20% 6% - 20%
Horizontal 5% - 6% 5% - 6%


*Verify actual dimensions with Fabreeka®. Dimensions subject to change.







1At maximum working pressure of 100 psi (7 bar)


Isolation Characteristics/Specifications
Pendulum Isolators


Isolator Dimensions*


H H Max Lifting Capacity1


Type D1 D2 Deflated Max. Lift D3 lbs Kg


PAL 21-15P
7.87 in


200 mm
11.00 in
279 mm


15.00 in
381 mm


15.40 in
391 mm


N/A 2,100 950


PAL 55-15P
10.25 in
260 mm


18.50 in
470 mm


15.00 in
381 mm


15.40 in
391 mm


23.75 in
603 mm


5,500 2,500


PAL 55-52P
10.25 in
260 mm


18.50 in
470 mm


52.00 in
1321 mm


52.40 in
1331mm


23.75 in
603 mm


5,500 2,500


PAL 75-19P
11.63 in
295 mm


14.88 in
378 mm


19.00 in
483 mm


19.40 in
493 mm


N/A 7,500 3,400


PAL 133-36P
15.00 in
380 mm


24.50 in
622 mm


36.00 in
914 mm


36.40 in
924 mm


31.50 in
800 mm


13,300 6,030


PAL 133-60P
15.00 in
380 mm


24.50 in
622 mm


60.00 in
1524 mm


60.40 in
1534 mm


31.50 in
800 mm


13,300 6,030


PAL 255-36P
20.87 in
530 mm


30.50 in
775 mm


36.00 in
914 mm


36.45 in
926 mm


37.50 in
953 mm


25,500 11,560


PAL 255-60P
20.87 in
530 mm


30.50 in
775 mm


60.00 in
1524 mm


60.45 in
1536 mm


37.50 in
953 mm


25,500 11,560


PAL 416-36P
25.20 in
640 mm


36.50 in
927 mm


36.00 in
914 mm


36.45 in
926 mm


45.00 in
1143 mm


41,600 18,870


PAL 416-60P
25.20 in
640 mm


36.50 in
927 mm


60.00 in
1524 mm


60.45 in
1536 mm


45.00 in
1143 mm


41,600 18,870


Natural Frequency (-15/-19) (-36) (-52/-60)
Vertical 1.3 - 1.5 Hz 0.9 - 1.0 Hz 0.7 - 0.9 Hz
Horizontal 1.3 - 1.5 Hz 0.6 - 0.7 Hz 0.4 - 0.5 Hz


Damping
Vertical (Adj) 6% - 20% 6% - 20% 6% - 20%
Horizontal (Adj) 3% - 6% 3% - 6% 3% - 6%


*Verify actual dimensions with Fabreeka®. Dimensions subject to change.


Pendulum Isolators


Specially designed diaphragms may be used to lower
the horizontal natural frequency of an isolator to
approach 1.5 Hz. Alternatively, natural frequencies
as low as 0.4 Hz can be achieved using pendulums.
The pendulum natural frequency is given by Eq 6,
where L is equal to the length of the pendulum.


Eq 6
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At right, PAL 133-36P pneumatic isolators support a 80,000 lb
reaction mass for a large NMR magnet. The vertical and
horizontal natural frequencies are 1.0 Hz and 0.7 Hz.







Custom/OEM Isolators
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Leveling Valves


*Lever arm will change accuracy; however will increase stroke.


A wide range of leveling valves are available. Leveling valves have
accuracies from +/- 0.006” (0.15 mm) to +/- 0.001” (0.025 mm)*
with adjustable flow rates to accommodate application
requirements. Valve stiffness, flow rate and accuracy are important
variables to optimum isolator settling time and isolation efficiency.  


H H Max Lifting Capacity1


Type D1 D2 Deflated Max. Lift L lbs Kg


PAL 3-2.5
3.20 in
80 mm


3.20 in
80 mm


2.50 in
64 mm


2.75 in
70 mm


6.20 in
157 mm


260 115


PAL 4-3.5
6.00 in


152 mm
4.00 in


102 mm
3.50 in
89 mm


3.75 in
95 mm


8.00 in
203 mm


295 130


PAL 5.5-2.5
3.95 in


100 mm
3.95 in


100 mm
2.50 in
64 mm


2.75 in
70 mm


6.95 in
177 mm


480 210


PAL 9-4
5.10 in


130 mm
5.10 in


130 mm
3.65 in
94 mm


3.95 in
100 mm


8.15 in
207 mm


735 330


PAL 9-6
5.10 in


130 mm
5.10 in


130 mm
6.00 in


153 mm
6.25 in


159 mm
8.71 in


221 mm
735 330


1At maximum working pressure of 100 psi (7 bar)


Isolators for OEM applications or having custom requirements are
available for easy integration into machine designs. For cleanroom
applications, the exhaust air from the leveling valves is vented and
the isolators are made using cleanroom compatible materials,
cleaned and packaged. Isolators can also be made using non-
magnetic materials.


Class 100,000 cleanroom
compatible isolator.







Cradle Platforms and Machine Frames


An important criteria for proper implementation of
pneumatic isolators is their location/placement under
the equipment or machine being isolated. In the
system design, the elastic plane of the isolators
should be as close to the center of gravity of the
payload and its support structure as possible. 


Rocking modes are created when a payload vibrates
in the horizontal direction and the center of gravity
is above the elastic plane of the isolators. If the
center of gravity is too high above the isolator’s
elastic plane, instability can occur. Pneumatic isolator
locations must satisfy the requirements for a stable
system. (Fig 7, page 8)


A cradle support frame is used to position the
isolators closer to the center of gravity to reduce
rocking. (Illustration, upper right) A cradle is also
used when a machine’s base cannot be modified to
accept isolators and a rigid support frame is
required.


The structural and dynamic design of the cradle is
critical. (Fig 12, page 10) Stresses and deflections
(bending) due to machine/equipment weight and
the dynamic stiffness (structural resonances) are part
of a successful solution using PAL or PLM pneumatic
isolators.


Cradles and custom designed frames increase
the stability of self-leveling pneumatic isolation
systems by lowering the center of gravity.
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Air bag type isolators can have vertical and
horizontal natural frequencies from 1.2 to 4.0 Hz,
depending on the floatation height and style of air
bag (single, double or rolling convolution). The
horizontal spring rate (stiffness) and air bag stability
are also a function of the flotation height. Each type
of air bag has an optimal flotation height for these
reasons. Lower vertical natural frequencies can be
obtained by adding additional air volume, such as
an auxiliary tank.


One of the features of an air bag type isolator is
that they provide a large stroke when inflated. Lift
or float heights can be 2” - 3”, depending on the
style of convolution. Therefore, air bag isolators are
able to be designed into applications where large
dynamic displacements are a factor.


Air bags and diaphragm-type pneumatic isolators
have very little damping (3% - 4%) unless a
damping volume is connected to the isolator
volume. Most designs will require 10% - 15%
damping, depending on the application and the
specifications for isolation and settling time.


A complete isolation system consists of a minimum
of three master isolators for 3-point determinate 
leveling. Each isolator incorporates a leveling valve
which is the load sensing and height controlling 
element. Any number of support isolators may be
added to support the total weight of the
equipment.


Systems are supplied with a control panel,
automatic height control valves, tubing and all other
pneumatic accessories necessary for complete
system installation.


Air Bag Isolators 


Air bag isolators provide a low natural frequency and large
dynamic stroke where dynamic deflection is acceptable.


Single convolution air bag isolator with damping chamber
and leveling valve supporting a reaction mass for
electrodynamic shaker.


Double convolution air bags designed with additional air
volume (auxiliary tanks), damping chambers and leveling
valves. This isolation system supports a reaction mass with
a bedplate for an engine/dynamometer test rig.


Air bag type pneumatic isolators provide low
frequency isolation for test rigs, large reaction
masses and applications where large dynamic
displacements and lift height are required.







The Fabreeka® Delta KTM (ΔKTM) controller works with
low frequency, pneumatic isolation systems to
provide both vibration isolation and an increase in
repeatability and throughput by allowing the
measuring machine to operate at its designed
acceleration in harsh environments.
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Delta ΔKTM Pneumatic Isolation System Module


ΔK should be considered for any precision
measurement machine that requires pneumatic
isolation combined with rapid measurements. The
vibration isolation system with ΔK controller is
specifically designed to have a very high (stiff) spring
rate when the machine is moving and a very low
(soft) spring rate when the machine is measuring.


As the moving portion of the machine accelerates
and decelerates to the point of measure, the stiff
isolators with high damping prevent excess machine
motion, reducing settling time prior to
measurement. At the time of measuring, the ΔK
controller receives a signal from the stylus/probe or
machine controller and changes the stiffness and
damping of the isolation system, converting it to a
softer isolation system. In effect, the isolators
undergo a change in stiffness (ΔK). (Fig 13)


Benefits of using a Fabreeka® ΔKTM


controller:


u Improvement in machine repeatability when
machine requires isolators


u Rapid settling time


u Allows machine to operate at 100%
acceleration without degradation to accuracy
or repeatability


u ΔK can be used on existing pneumatic
isolation system installations to improve
machine/isolation performance


u ΔK controller works with both "touch trigger"
and "strain gauge" type probes Fig 13


Delta K pneumatic isolation system module allows the Brown &
Sharpe Global 7.10.7 CMM to operate at its designed speed
and accuracy when supported on pneumatic isolators.


Working Principle


Low frequency and large amplitude vibrations
can affect the accuracy, repeatability and
throughput of precision measuring machines. A
pneumatic isolation system must provide
isolation of environmental vibration and shock
while minimizing relative motion between the
workpiece and stylus/probe.







Precision-AireTM Digital Electro-Pneumatic Level Control (PA-DEL®)
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u Fully digital control circuit (controller, amplifier,
valves) allows for feed forward or feedback
signal processing


u Digital control algorithm allows for optimum
control parameters with combined pulse
width/pulse frequency modulation


u “Docking” or deflating to a preset position for
part loading/unloading


u Programming of the controller and setting of the
control panel parameters are done via serial port


u Connection of the PA-DEL controller to existing
SPS machine controllers is possible for
implementation into process automation


u Optionally equipped with remote control, so
leveling of very large applications can be
executed by one person


u Rack mountable via standard 19-inch mounting
or standalone chassis


The PA-DEL utilizes a digital controller, non-contact
position sensors and high-flow electronic valves to
enhance the performance of self-leveling pneumatic
isolation systems. The electronic valves and position
sensors allow the isolators to re-level three times
faster than traditional mechanical leveling valves.
The leveling accuracy of the PA-DEL controller is +/-
20 μm (microns), and the electronic valve flow rate
can be adjusted for isolators of all sizes. The PA-DEL
can be installed on existing pneumatic isolation
systems where an increase in throughput is desired
without sacrificing vibration isolation.


The PA-DEL digital electro-pneumatic leveling
controller is for use with pneumatic isolation
systems where a higher leveling accuracy and
increase in isolator settling time is required. 


u Non-contact position sensing, therefore no
“vibration shortcut” possible between the
isolated machine and the environment


u Measuring range of the sensors up to 45 mm


u Optional customized sensors may be used
(voltage or current types)


u Accuracy of the position control can be adjusted
depending on the application to +/- 20 μm


Position ControlOperating Features
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STATUS


RDS   Rapid Deflate System
RDS is ideal for applications where the isolated
machine must be positioned at a reference datum
prior to loading/unloading parts for measure.


The RDS components can be added to any
pneumatic control panel to enable the operator to
quickly lower or raise a machine supported by a
pneumatic isolation system. This is especially
important for large measuring machines requiring
foundations and many isolators. 


RDS deflates and inflates five to ten times faster
than allowing the air pressure to exhaust back
through the leveling valves. Only 10 psi (0.7 bar) of
pressure is used, so that the isolators remain
pressurized until re-inflated. Connection of the RDS
to existing machine controllers is possible for
implementation into process automation.


The STATUS controller uses proximity sensors to
monitor the floating or inflated position of a
pneumatic isolation system. The sensors are installed
on the three master isolators of any pneumatic
isolation system.


If a master isolator or any isolator in its group
deflates or is lowered out of an acceptable inflated
position, the STATUS controller will indicate that
there is a problem via a red LED. An audible alarm
can be added as an option.


Often it is not possible to visually verify that isolators
are in their proper inflated position, especially when
installed under large foundations. Isolators can
deflate or lower when leveling valves are subjected
to moisture or oils in the air supply.


Existing systems can be easily upgraded in the field with
RDS.


STATUS can be installed on any existing pneumatic isolation
system or isolation table.







Precision-AireTM Pneumatic Leveling Mounts (PLM)
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At left, an electro-dynamic shaker that produces a force range
of 18,000 lbf (80 kN) to 50,000 lbf (222 kN). This test
equipment is installed on PLM mounts to reduce the vibration
created during testing.


PLM mounts provide low frequency vibration
and shock control for surface plates,
coordinate measuring machines, fans, air
compressors, motor/generator sets, high-
speed punch presses and more.


PLM Mount Specifications


3.00 in
76 mm


4.19 in
106 mm


5.12 in
130 mm


6.88 in
175 mm


10.0 in
254 mm


13.50 in
343 mm


18.50 in
470 mm


24.00 in
610 mm


2.38 in
60.5 mm


3.50 in
89 mm


4.25 in
108 mm


6.00 in
152 mm


8.50 in
216 mm


12.00 in
305 mm


16.00 in
406 mm


20.00 in
508 mm


0.28 in
6.9 mm


0.28 in
6.9 mm


0.29 in
7.4 mm


0.29 in
7.4 mm


0.56 in
14.2 mm


0.56 in
14.2 mm


0.81 in
20.6 mm


0.81 in
20.6 mm


0.375-16
M10


0.500-13
M12


0.500-13
M12


0.500-13
M12


0.625-11
M16


0.625-11
M16


1.000-14
M24


1.000-14
M24


0.47 in
12.0 mm


0.53 in
13.5 mm


0.53 in
13.5 mm


0.53 in
13.5 mm


0.75 in
19.0 mm


0.75 in
19.0 mm


0.88 in
22.4 mm


0.88 in
22.4 mm


2.88 in
73 mm


4.14 in
105 mm


4.99 in
127 mm


6.74 in
171 mm


9.66 in
245 mm


13.31 in
338 mm


18.44 in
468 mm


24.00 in
610 mm


1.00 in
25 mm


1.75 in
44 mm


2.13 in
54 mm


3.00 in
76 mm


4.75 in
138 mm


7.50 in
190 mm


10.50 in
267 mm


15.75 in
400 mm


2.50 in
65 mm


2.45 in
65 mm


3.50 in
90 mm


3.50 in
90 mm


3.50 in
90 mm


3.50 in
90 mm


3.50 in
90 mm


3.50 in
90 mm


0.125 in
3.2 mm


0.125 in
3.2 mm


0.125 in
3.2 mm


0.125 in
3.2 mm


0.188 in
4.8 mm


0.188 in
4.8 mm


0.250 in
6.4 mm


0.250 in
6.4 mm


100 lbs
45 Kg


300 lbs
136 Kg


600 lbs
272 Kg


1200 lbs
544.3 Kg


2400 lbs
1089 Kg


4800 lbs
2177 Kg


9600 lbs
4354 Kg


19200 lbs
8709 Kg


Model
Dimensions


A B C D* E F G H I


PLM 192


PLM 96


PLM 48


PLM 24


PLM 12


PLM 6


PLM 3


PLM 1


Max Load


*Metric threads available upon request. Verify actual dimensions with Fabreeka.


The Fabreeka PLM series pneumatic isolation mounts
are low frequency vibration and shock 
isolators that provide both attenuation of disturbing
vibration and equipment leveling.


For vibration control applications, the pneumatic
(pressurized) portion of these mounts provides
significant reduction of vibration amplitudes occurring
at frequencies above 5 Hz, having a natural 
frequency as low as 3 Hz.


PLM isolation mounts will also continue to isolate
with no pressure having a vertical natural frequency
of approximately 10 Hz, isolating frequencies above
14 Hz.


The vertical to horizontal natural frequency ratio is
approximately 1:1 with a high degree of horizontal
stability.


For shock or impact applications, the outer
elastomeric wall construction provides a high
deflection shock mount. A low natural frequency 
(3 Hz) can be maintained by utilizing an external
spacer to prevent a “bottom out” condition.
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Low profile, leveling valves can be used with the PLM 
isolation mounts when automatic height control is
required.


PLM-3 mounts are integrated into the frame of Carl Zeiss
EVO series SEM microscopes. The chamber and column are
isolated to provide greater than 300,000 times 
magnification for X-ray geometry and electron imaging.


Features


The Fabreeka® PLM design includes a molded
threaded insert which allows the mounts to be
inflated via either the standard tank valve or a
pneumatic fitting. No custom adapters are necessary.


Supplied with a tank valve, the isolators are inflated
and leveled manually using a hand pump or air chuck
connected to an air supply. When supplied with a 
fitting, the mounts can be plumbed to a dedicated,
regulated air supply making pressurizing and leveling
easier. A regulator control panel (right) can be 
supplied to regulate the pressure and height of the
interconnected mounts when leveling valves are not
used.


The PLM mounts can also be supplied with automatic
leveling valves for height control. Each master 
isolator incorporates a leveling valve, which is the
load sensing and height controlling element. Any
number of support isolators may be added to
support the total weight of the equipment.


Systems can be supplied with a control panel, 
automatic height control valves, tubing and all other
pneumatic accessories necessary for complete system
installation.







Precision Machine Tools


Applications
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(Photo courtesy of Precitech)


(Photo courtesy of X-TEK)


(Photo courtesy of Motion X)


(Photo courtesy of Precitech)


The degree of precision required for precision
machine tools is ever-increasing. Equipment that
cuts, turns, polishes and positions with
nanotechnology can provide finishes and
measurements within microns and even angstroms.


Ultra-precision equipment is used in many industries
including semiconductor wafer processing,
optics/lens manufacturing and non-standard material
machining processes.


High accuracy positioning equipment including
diamond turning lathes, X-Y stages and CD
metrology machines typically utilize laser
interferometry (position feedback) to position
materials to be inspected with nanometer
specifications. Additionally, equipment such as
profilometers, form/contour and
roughness/roundness machines are required to
provide sub-micron measurements.


Machine capabilities include ultra-precision turning
and microgrinding of materials such as optical glass,
crystals, non-ferrous metals, polymers and ceramics.
The surfaces of these materials are machined such
that the results typically require little or no polishing
with surfaces having sub-micron finishes. Products
made via this process include CD's, contact lens
tooling, optical lens components and mirrors for
laser applications.


Fabreeka® provides precision equipment
manufacturers and end users with low frequency
vibration and shock isolation systems to maintain
the designed accuracy of this equipment. Some
applications require custom systems and structural
analysis and design of the support structures and
frames used in conjunction with the isolation system
and integrated in the machine design.







Metrology/Inspection Equipment


The measuring speed and accuracy of Coordinate
Measuring Machines (CMM's) are improving every
year. Newer CMM's are being designed and built to
be shop floor "hardened" so they can function with
repeatability right on the production floor. Vibration
is one environmental factor which can compromise a
CMM's accuracy and repeatability.


Ideally, if all components of a CMM, including the
part to be measured, were to vibrate in unison at a
specific frequency, amplitude, phase and orientation,
no degradation in measured performance would
result. To the CMM, this situation would represent
the same condition as no vibration excitation
whatsoever, since all parts of the CMM would be
synchronized relative to one another. When
components begin to move out-of-phase with each
other or a structural resonance is excited, accuracy
problems can occur.


Without compromising accuracy, CMM
manufacturers provide their users with the maximum
levels of vibration which their machines are capable
of withstanding. This allowable vibration criteria is an
important factor when considering if a machine
requires vibration isolation or not.
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Fabreeka® International has a leading role in providing
vibration isolation systems and design techniques to
meet the increasing demands of vehicle testing in 
simulated environments. Fabreeka® regularly provides
isolation solutions for many applications including
dynamometers, engine test rigs, road simulators and
multi-axis shaker tables. Fabreeka’s® technical
expertise includes the structural design of support
structures and reaction masses; static and dynamic
analysis and acceptance testing.


Automotive Testing
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Engine/dynamometer testing on bedplate and support
foundation.


Multi-axis shaker table vibration/dynamic analysis


Rolling road test equipment on isolated support foundation


(Photo courtesy of Schenck)


Four-post actuator/road simulator







Aerospace Testing
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Fabreeka® provides low frequency vibration isolation
systems for critical testing applications in the
aerospace/defense industry, which require ultra-low
frequency isolation. Applications often include nano-
type measurements and can have error budgets
within microns or tenths of arc seconds.


When performing testing of large spacecraft or
hardware that will be launched into orbit, it is
necessary to conduct testing in a space-simulated
environment. To achieve this, a vacuum chamber or
thermal vacuum chamber is used, which creates an
environment to simulate the pressure and thermal
effects of launch or space travel.


In cases where the size of the chamber, or the
existing chamber, does not allow for "external"
isolators, the test payload must be isolated inside the
chamber. To achieve this, a vacuum compatible
isolation system is used. When isolators are used
inside a vacuum chamber, they must meet strict
material specifications to limit outgassing and be
constructed to meet particulate and molecular
cleanliness requirements as well. Additionally, in
thermo-vacuum applications, the isolators may be
required to operate in temperature extremes where
heater blankets are necessary to keep the isolators
at an operable temperature.


Vacuum compatible, pneumatic isolator materials
have a total mass loss (TML) of 0.85% and a 
collected volatile consumable material (CVCM) limit
of 0.09%. Fabreeka’s® design can operate in a 
1 x 10-6 Torr environment and have a maximum
leak rate of 1 x 10-7 cc/sec.


(Photo courtesy of B.F. Goodrich)


(Photos courtesy of NASA)







Fabreeka® has designed a number of "soft support
systems" (SSS) using standard and custom
pneumatic isolators for ground vibration testing
(GVT) of aircraft. To obtain accurate results during
GVT, the modal testing of the aircraft requires
simulation of a “free-free” condition. To achieve this
condition, Fabreeka® works with the structural and
dynamics testing groups of aircraft manufacturers to
design the required SSS for the GVT.


The pneumatic isolators support and decouple the
aircraft from the ground when the aircraft is
undergoing dynamic testing and modal/flutter
analysis. The role of the system is especially
important in identifying structural resonances and
validating flutter models. The SSS can also include a
jacking system to lift the aircraft off of its landing
gear.


Soft Support Systems for Ground Vibration Testing
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(Photo courtesy of EADS)


Embraer 190 aircraft (Photo courtesy of Embraer)


F-35 joint strike fighter (Photo courtesy of Lockheed Martin)


Isolators used for GVT have vertical and horizontal natural
frequencies as low as 0.5 Hz.







MRI / NMR Spectrometer Equipment
(Magnetic Resonance Imaging / Nuclear Magnetic Resonance)
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Fabreeka’s® commitment to the science of vibration
control is shown by the technical expertise, product
knowledge and design solutions offered to our
customers. Fabreeka® has provided vibration isolation
solutions for all types of high resolution MRI, NMR
and Cryostat equipment ranging in size from 300
MHz to 900 MHz.


All isolator hardware for NMR applications is made
non-magnetic using stainless, aluminum or brass and
is designed to interface with the existing magnet
support brackets at the desired height. 


Vibration isolation solutions include vibration
measurements and the design of the support
structures, including structural and dynamic analysis.


Varian horizontal cryostat (Photo courtesy of Astra-Zeneca)


Above left, 800 MHz magnet supported on three PAL133-
72P isolators (Photo courtesy of Magnex Scientific)


Above right, isolators for NMR magnets can be 42” to
72” in height and have vertical and horizontal natural
frequencies as low as 0.8 Hz.


(Photo courtesy of the Cleveland Clinic)


MRI equipment is typically supported by a
recessed platform or inertia mass, which is
supported on pneumatic isolators below the
examination room floor.
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Vibration and shock data analysis


Vibration Site Survey


Low frequency vibrations can adversely
affect the accuracy, repeatability and
throughput quality of your machine tool. A
vibration site survey/analysis will determine
the levels of vibration existing at your site
which is required for proper vibration con-
trol recommendations to be made.


Standard Vibration Site Survey
Precision machining, manufacturing and inspection
processes often take place simultaneously in disruptive
environments. A component of these environments is
unwanted and often undetected vibration, which can
and will adversely affect the operations of installed
equipment.


Quantifying and analyzing the vibration and shock criteria existing
at a present or proposed installation site for precision equipment
such as a precision machine tool, CMM or other equally sensitive
machine is recommended to assure long term accuracy and 
reliability.


A site vibration survey/analysis report will determine the frequency con-
tent of vibration amplitudes which exceed the allowable floor vibration
specification for your machine(s).


Most precision machine tool and measuring machine manufacturers have
established allowable vibration specifications for their machines. Fabreeka
measures vibration at the proposed site(s) of your installation, analyzes
the data and presents the results in the specified format. Measurements
will be made in three (3) axes simultaneously, using highly sensitive seis-
mometers, which can accurately record amplitudes of vibration at very
low frequencies.
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Fabreeka engineers are deeply committed to
advancing our vibration measurement technology
with their involvement in Engineering Standards,
such as ASME B89.4.17 "Vibration Site Analysis of
CMM Sites and IEST-RP-CC024.1 "Measuring and
Reporting Vibration in Microelectronics Facilities." In
addition, since Fabreeka is an international corpora-
tion, we are in a unique position to serve the entire
manufacturing, scientific and aerospace communi-
ties worldwide.


Comparing site vibration levels to the manufacturer's spec-
ifications will determine the isolation efficiency at the fre-
quencies where the measured vibration amplitudes exceed
the machine allowable vibration criteria.


Measurement data includes:
• Fast Fourier Transform spectral analysis (band width per manufacturer's


specifications)
• Displacement data
• Velocity data
• Acceleration data
• Power Spectral Density (energy content at each frequency within the


specified bandwidth)
• In all three primary axes simultaneously
• 1/3 octave bandwidth
• Integrated bandwidth as low as 1/4 Hz
• Coherence
• Transfer function
• Transient analyses


Service
Analyses include actual test data outlining the frequency and corre-
sponding amplitude of acceleration, velocity and displacements which
may cause potential problems. Analysis of data from vibration measure-
ments, enables computer matching of measurement results with
Fabreeka's isolation database. Problem situations are identified and the
appropriate isolators or systems are selected. We can plot both before
and after data vs. criteria.


We have established a structured sensor calibration and equipment
upgrade program to ensure state-of-the-art measurement reliability and
accuracy.


Special Vibration Site Surveys
Fabreeka is often requested to perform measurements which require
special data analysis, including tip and tilt phenomena, foundation/iso-
lation system natural frequencies, long-duration time studies and other
specialized analyses. We welcome, in fact, encourage requests for
unique measurement requirements. It is better to be absolutely certain
of all possible conditions that could impact a site before equipment is
installed.
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Fabreeka Products and Services – Building & Construction 
 
If you would like additional information related to these industries or any other industries/applications, 
please visit our website at www.fabreeka.com or contact us at 1-800-322-7352 or 781-341-3655. 
 
Building and Construction 
Fabreeka's isolation solutions prevent disturbing shock and vibration from causing structural damage or 
acoustic discomfort for occupants in buildings and other structures. Many buildings have been successfully 
isolated from subway or other environmental inputs by providing materials for the base slabs and column 
footings. Fabreeka pads, washers and bushings have long been used to eliminate objectionable structure-
borne noise in buildings from the operation of passenger elevators. 
 
Fabreeka Bridge Rail pads, Lamp Post pads and Bearing pads are an excellent and economical way to 
dampen shock and vibration induced by wind and traffic. Additionally, Fabreeka Drain Trough material is 
specified as a flexible water drainage system for bridge applications. 
 
Fabreeka structural expansion bearings provide a durable sliding surface with a low coefficient of friction to 
allow for thermal expansion and contraction for buildings, bridges, pipe supports and vessels.  
 
Cranes 
Fabreeka Crane Rail pad material is used to reduce vibration, relieve girder stress, improve load distribution 
and eliminate mechanical wear and tear associated with bridge, gantry and ore crane operation, thereby 
reducing maintenance costs. 
 
Industrial Machinery & Equipment 
Fabreeka isolation materials and machine mounts provide vibration isolation and leveling for proper 
machine tool installation. Designing foundations supporting machine tools requires sound engineering 
principles for a reliable result. Fabreeka engineers can help with material recommendations and foundation 
design. 
 
Power Generation 
Fabreeka isolation materials are used to control structure-borne vibration and noise generated from power 
and distribution transformers and reactors. Isolation pads, washers and bushings can be used in wind 
turbines to provide vibration isolation under gear boxes and generators. Fabreeka materials are also used 
to prevent metal to metal contact on rotating parts with the rotors to reduce wear and fatigue. Fabreeka 
engineers also work with consultants who design power generation facilities involving steam and gas 
turbine foundation isolation and other turbo-machinery vibration attenuation requirements. 
 
Rotating/Vibrating Equipment 
Fabreeka engineers work closely with OEM's as well as end users to obtain the operating frequencies, 
dynamic (unbalanced) loads, critical alignments and isolation mount specifications for a complete isolation 
solution for equipment that produces vibration during operation. Applications requiring isolation pads, 
washers and bushings include fans, blowers, motors, reciprocating and screw type pumps and 
compressors, engine-generator sets, gear boxes and generators. 
 
Transportation 
In the railroad and public transportation industries, vibration and noise resulting from wheel rail loads can be 
easily transmitted through the vehicle journal boxes and springs and into the vehicle body. Fabreeka 
isolation pads have been used for over 50 years on journal boxes, spring planks, center plates and under 
bolster springs to reduce vehicle/car wear and fatigue. Fabreeka bearing pad materials are also widely used 
as tie plate pads under rails and crossings and as bridge deck pads on railroad bridges. 
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Fabreeka Products and Services – Heavy Industry 
 
If you would like additional information related to these industries or any other industries/applications, 
please visit our website at www.fabreeka.com or contact us at 1-800-322-7352 or 781-341-3655. 
 
Metal Forming 
Fabreeka isolation pads in the form of bumpers or mounting pads have been successfully used on metal 
forming equipment to reduce shock and vibration transmission within a machine's structure. Fabreeka pad 
is widely used in forging hammers to absorb the energy of the blow and protect the hammer supporting 
structure. 
 
Mining 
Fabreeka pads, washers and bushings have long been used to eliminate impact shock and vibration in a 
wide variety of mining operations including draglines/shovels, mine cars, crushers, chutes/hoppers, 
grizzlies, rock breakers, feeders, screens, pulverizers and smelting operations. In these applications where 
foundations and structures are broken or damaged due to large impacts, Fabreeka pads are used to protect 
and prolong equipment use. Fabreeka pad material is also used to improve the service life of the upper and 
lower rails on draglines and shovels by reducing the high roller load stress. 
 
Petroleum/Gas 
To eliminate excessive vibration within gas transmission and petrochemical piping, a properly designed 
mechanical restraint is required. The application of Fabreeka Preformed Fabric Pad within these 
mechanical restraints can provide reduction of piping vibrations, thermal flexibility, reduction of unwanted 
noise and prevent non-uniform clamp contact pressure. Fabreeka Pad is available in a range of thicknesses 
to accommodate any design application and is available with a PTFE Teflon® surface for thermal expansion 
and insulation for high temperatures. 
 
Fabreeka also provides isolation materials for drilling rig equipment such as mud pumps, compressors, 
generators and other rotating equipment, to make the rig as "quiet" as possible and reduce structure 
fatigue. 
 
Pulp & Paper 
Mechanical and chemical pulp and paper mills both have equipment in their processes which produce high 
levels of vibration and shock. Fabreeka pads, washers and bushings, as well as Fabcel pads have long 
been used to eliminate impact shock and vibration in many pulp and paper applications including debarkers, 
chippers, hogs, conveyors and pump stations.  
 
Previous installations have shown that Fabreeka pads have reduced high frequency vibrations by as much 
as 80% in critical printing press applications, while remaining stiff enough to maintain press alignment and 
trim. 
 
Steel 
In a steel mill, Fabreeka pad is used to protect equipment, structure and foundations from damage by 
impact shock and vibration. The design and installation of Fabreeka pad greatly reduces fatigue of metal 
parts and deterioration of concrete supporting structures, thus lengthening their service life and reducing 
downtime and cost of maintenance. Fabreeka pad is specified as a bumper to reduce impact shock on cold 
bar shears, mill tables and coil drops where steel ingots or coils of steel are handled and dropped, creating 
large forces and stresses within the equipment. Fabreeka engineers work closely with consultants who 
specialize in steel mill production to provide shock and vibration solutions for equipment within the steel 
manufacturing process. 
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Fabreeka Products and Services – Sensitive/Precision Equipment 


 
If you would like additional information related to these industries or any other industries/applications, 
please visit our website at www.fabreeka.com or contact us at 1-800-322-7352 or 781-341-3655. 
 
Metrology 
The measuring speed and accuracy of Coordinate Measuring Machines (CMM's) are improving every year. 
Newer CMM's are being designed and built to be shop floor "hardened" so they can function with 
repeatability right on the production floor. Vibration is one environmental factor which can compromise a 
CMM's accuracy and repeatability. When isolation is required, it is typically low frequency (less than 30 Hz) 
vibration that requires attenuation. Fabreeka pneumatic isolators provide significant vibration isolation for 
metrology equipment requiring low frequency vibration control. 
 
Microscopy 
Due to the ultra-high resolution requirements in biomedical research and other sciences, microscopes can 
be installed on low frequency, pneumatic isolation systems where human footfalls and structural vibration 
can otherwise decrease performance and accuracy. Cell biologists and electro physiologists conducting cell 
injection, in-vitro, patch clamping and neuro analysis require a "vibration free" environment that can be 
obtained using a vibration isolation table. 
 
MRI/NMR 
Fabreeka has provided vibration isolation solutions for all types of high resolution MRI, NMR and Cryostat 
equipment ranging in size from 300 MHz to 900 MHz. All pneumatic isolator hardware for NMR applications 
is made non-magnetic using stainless, aluminum or brass and is designed to interface with the existing 
magnet support brackets at the desired height.  
 
Precision Equipment 
Fabreeka provides precision equipment manufacturers and end users with low frequency vibration and 
shock isolation systems to maintain the designed accuracy of precision and ultra-precision equipment. 
Some applications require structural analysis and design of the support structures and frames used in 
conjunction with the isolation system integrated in the machine design. 
 


Fabreeka Products and Services – Test Equipment 
 
Testing 
Fabreeka’s solutions for auto testing include the design of test equipment support foundations (reaction 
masses) including structural and dynamic analysis. Applications include dynamometers, rolling roads, road 
simulators, multi-axis shaker tables and other test equipment, which create large vibration and shock 
amplitudes.  
 
When performing testing of large spacecraft or hardware that will be launched into orbit, it is necessary to 
conduct the tests in a space-simulated environment. To achieve this, a vacuum chamber or thermal vacuum 
chamber is used, which creates an environment to simulate the pressure and thermal effects of space travel 
in orbit. It is necessary to decouple the spacecraft/payload from the chamber using vibration isolators to 
attenuate environmental vibration from the testing. In some cases where feasible, the entire chamber with 
payload is decoupled from the test facility. 
 
Additionally, Fabreeka provides isolation solutions for material testing machines including tensile, 
compression and fatigue testing equipment that can create vibration and shock. 
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FAB-EFP® Isolation Material
FAB-EFP® is a cost-effective, environmentally
friendly isolation material created from recycled
products. The material comes in large sheets for
easy installation, with a wide load range,
producing consistent performance. There are
several different densities available for an
extensive range of applications from isolating
inertia masses and buildings, to industrial
equipment.


FAB-EFP is manufactured in different densities to
offer the benefit of vibration isolation for a wide
scope of applications. The damping coefficient
remains constant over all densities, and has
converging natural frequency over large loading
ranges for consistent performance. 


FAB-EFP can achieve a natural frequency of 11 Hz
at two inches thick for superior isolation and proves
to be resistant to most chemicals and oils.


FAB-EFP is supplied in full sheets for easy installation
and is typically used for the base formwork in
concrete foundations. The material can be cut to
size in the field for other uses such as industrial
machine footings, building support bases, and light
rail applications.


As with all non-linear elastomeric isolators, FAB-EFP
material becomes stiffer under dynamic loading
compared to static loading. The degree of stiffness
depends on the material’s density and the applied load.
Static and dynamic loading must remain in the
recommended operating range for a long life
expectancy.


As with all elastomeric materials, permanent static loads
cause the material to creep (relax and deflect) over time.
Long term creep testing of the FAB-EFP material has
shown low amounts of deflection over the material’s
expected life cycle.
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FAB-EFP® 04 Material Specification


Color: Black with Blue Crumbs


Thickness: 25.4mm (1”)


Sheet: .914m x .914m (36”x 36”)


Optimal Static Load Range (Static + Dynamic loads) .04N/mm^2 (5.8 PSI)


Mechanical Loss Factor: 0.12


Rebound Resilience: 42%
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FAB-EFP® 15 Material Specification


Color: Black with Blue Crumbs


Thickness: 25.4mm (1”)


Sheet: .914m x 1.82m (36” x 72”)


Optimal Static Load Range (Static + Dynamic Loads) .15N/mm^2 (21.7 PSI)


Mechanical Loss Factor: 0.12


Rebound Resilience: 42%
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FAB-EFP® 30 Material Specification


Color: Black with Blue Crumbs


Thickness 25.4mm X (1”)


Sheet: .914m x 1.82m (36”x72”)


Operating Range of Use (Static + Dynamic Loads): 43.5 PSI (.3n/MM^2)


Mechanical Loss Factor: 0.12


Rebound Resilience: 42%
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FAB-EFP® 70 Material Specification


Color: Black with Blue Crumbs


Thickness: 25.4mm (1”)


Sheet: .914m x 1.82m (36” x 72”)


Operating range of use (Static + Dynamic Loads): 101.5 PSI (.7 N.mm^2)


Mechanical Loss Factor: 0.12


Rebound Resilience: 42%
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FAB-EFP® 200 Material Specification


Color: Black with Blue Crumbs


Thickness: 25.4mm (1”)


Sheet: .914m x 1.82m (36” x 72”)


Operating Range of Use ( Static + Dynamic Loads) 2 N/mm^2 (290 PSI)


Mechanical Loss Factor: 0.12


Rebound Resilience: 42%
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Taiwan
Fabreeka International, Inc.
PO Box 1246
Tainan 70499
Taiwan
Tel: 886-935 273732
E-mail: info@fabreeka.tw
www.fabreeka.com.cn


Germany
Fabreeka GmbH Deutschland
Hessenring 13
D-64572 Büttelborn
Tel: 49 - (0)6152-9597-0
Fax: 49 - (0)6152-9597-40
E-mail: info@fabreeka.de
www.fabreeka.de


England
ACE Fabreeka UK
Unit 404 Easter Park 
Haydock Lane 
Haydock  WA11 9TH
Tel: 44 - (0)1942 727440
Fax: 44 - (0)1942 717273
E-mail: info@ace-fabreeka.com
www.fabreeka.co.uk


World Headquarters
Fabreeka International, Inc.
PO Box 210
1023 Turnpike Street
Stoughton, MA 02072
Tel: (800) 322-7352
Tel: (781) 341-3655
Fax: (781) 341-3983
E-mail: info@fabreeka.com
www.fabreeka.com


Fabreeka and FAB-EFP are registered trademarks of Fabreeka International, Inc.
©2018 Fabreeka International, Inc.
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FAB-EFP® foundation isolation material being installed





