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A Practical Approach to 
Building Isolation
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Introduction
Mason Industries, Inc. has been manufacturing building 
isolation and other forms of structural isolation for over 
40 years. In the last 25 years, we have completed over 
70 projects of significance, one being Federation Square 
in Melbourne. Federation Square is unique because it’s a 
project that utilizes both helical steel spring isolators and 
rubber bearings in the isolation system to help reduce 
cost and achieve the desired result.

We are experts and ISO 9001 certified in the design and manufacture of structural 
isolation bearings using bridge bearing quality natural rubber that is engineered to 
achieve low natural frequencies based on low dynamic stiffness correction factors, 
and longevity based on a low stress, low strain design philosophy. The combination 
allows for 100-year guarantees which are further supported by independent laboratory 
testing including, but not limited to, creep, heat aging, ozone resistance, dynamic 
stiffness and tensile strength.
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The most critical aspect of any building 
isolation project is the relationship between 
the acoustical consultant, structural 
engineer, builder and supplier. 

Structural engineers are conservative 
by nature. We have worked all over the 
world and have accommodated multiple 
variations of the building isolation 
theme, evolving designs that conform 
with that particular structural engineer’s 
requirements, so understanding that 
relationship is critical. No structural 
engineer wants to re-engineer a building 
isolation system after the job is bid when 
all parties have collectively breathed a 
sigh of relief that the system, as designed, 
will function properly.

After the acoustical consultant has taken 
measurements and performed an analysis 
to ensure no perceptible vibration or re-
radiated noise will affect the structure, 
the design team has the formidable 
task of coming up with a cost-effective 
method of supporting the structure to 
be code compliant for both wind and 

earthquake loads, all while addressing 
the requirement to reduce the vibratory 
energy that comes from proximity to some 
rail or highway. Mason Industries is based 
in New York where our New York City  
Metropolitan Transit Authority released 
dozens of properties for development 
that were considered marginal, 
previously utilized as parking garages or 
warehousing, so they could be developed 
into residences or multi-purpose 
commercial buildings with no sacrifice to 
the type or method of construction. With 
the global urban construction boom, most 
major cities are developing commercial 
and/or residential properties near rail 
lines, so making the space tenable and 
providing a 100-year isolation system 
guarantee allows us to check the boxes 
for the developer and design team. 

CORE ISOLATION
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We have isolated buildings 
in Australia, Argentina, 
Canada, England, Greece, 
Hong Kong, Ireland, Poland, 
Singapore, Sweden and the 
United States. The learning 
curve has been achieved 
and we are a respected 
world-wide supplier in the 
building and structural 
isolation marketplace.

We start with a discussion of the design 
team and the acoustical consultant’s role, 
move into design and manufacturing, then 
discuss the requirements of independent 
testing along with the development of 
data so that the product is not over-
designed but bullet-proof in its ability 
to handle the service loads and resist 
creep. (We will discuss long term creep 
later). Then, we would like a discussion of 
the contractor/builder’s role, then finally 
the combined roles of the design and 
construction team during construction. 
After doing so many projects, we found 
these topics of greatest interest to all 
those professionals with a stake in 
the project, achieving the intent of the 
developer and taking a marginal property 
and turning it into marquee construction.

RAIL ISOLATION
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THE DESIGN TEAM
The design team consists of the architect, structural engineer, acoustical 
consultant, and for reasons to be discussed further, the isolation bearing 
supplier. Based on the developer’s requirements, the architect designs the 
building in conjunction with the structural engineer with an isolation system 
based on an acoustical consultant’s testing and analysis as a result of the 
construction’s proximity to a rail line. During the process, code compliance, 
longevity and means and methods are all discussed and that is normally 
when the bearing manufacturer becomes part of the design team. 

Without developing concept drawings and establishing a functional design 
that incorporates isolation bearings, it’s hard to progress the project without 
real details for the structural engineer and the architect. So, a finite design 
is required, and that is usually worked out with the acoustical consultant, 
structural engineer and isolation supplier. Many design team development 
meetings with all the players will likely occur.

The developer’s concern is the most cost-effective way to achieve design 
intent. The structural engineer’s concern is the integrity of the design 
and isolation materials, and the need to handle building code loads. The 
architect has to deal with interior and exterior finishes, which can potentially 
short-circuit the isolation system, i.e. internal stairways and curtain wall 
supported by the isolated structure but landing on non-isolated curbing on 
the ground floor subject to vibration.

The acoustical consultant has to “ride shotgun” over the entire group to 
achieve the desired result and this is where the most important aspect of 
construction comes up, multiple site inspections to prevent short-circuiting 
or flanking of the isolation system.

It only makes sense that a single natural frequency of support for the 
entire structure be considered as it prevents the possibility of having a 
random frequency or resonance in the structure that needs to be mitigated 
once construction is complete. Retrofitting building isolation is practically 
impossible and the installed isolation system should result in functionality 
through a wide range of disturbing frequencies. 

Working with acousticians worldwide, the typical design of the structural 
bearings is less than 8 Hz and based on service loads as opposed to code 
loads, which facilitates achieving the desired vibration reduction. It is also 
prudent to perform a bearing natural frequency analysis at 80%, 100% 
and 120% of the service loads because factors of safety and conservative 
estimates often result in higher than specified natural frequencies of 
support. Working with the structural engineer and getting these points 
across is a critical step in achieving design intent.

01
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The second most important step after selecting natural frequency of 
support is to determine the isolation plane. This discussion normally 
involves the developer and the design team. The debate about the location 
can take time and elevating it within the structure is one way to limit 
potential short-circuiting. Why isolate lower level car parks when they will 
impact the success of the isolation system? Put them below the isolation 
plane and solve two problems.

Once the architect completes their design and the structural engineer 
has worked with the acoustical consultant, then it is time for the isolation 
vendor to detail the isolation bearing design to facilitate the bidding process 
allowing the construction manager and builder to understand how the 
project is to be built and what areas to focus on.

Handling seismic and wind loads can easily be achieved with shear keys, 
shear pins or isolated columns in concrete pile cap pits as long as short-
circuiting is prevented. The development of shear keys, shear pins and 
structural restraint systems normally evolve separately working with the 
structural engineer. The key is to understand that the structural engineer 
must comply with the building code and we must still achieve a cost-
effective, non-vibration transmitting design that is easy to install. When the 
design team functions cohesively, the net result is a job that is easy to build.

BASE ISOLATED KNEE WALL
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02 BRIDGE BEARING PAD DESIGN
The design of a properly engineered structural bearing for building isolation 
requires a tested and certified low dynamic stiffness compound, shape 
factor curves, and a low stress low strain design for longevity. Shape factor 
curves, as shown at Page 6 (Figure 4), are required so that the bearings can 
be designed well below their maximum allowable stress/strain limit. 

 One of the problems is understanding the relationship between dynamic 
stiffness correction and bearing thickness to achieve the desired natural 
frequency of support. We have seen many misinterpretations, the most 
common being that a 25mm deflection helical steel spring and a 25mm 
deflection pad have the same natural frequency – that is simply not the case.

Running independent tests for dynamic stiffness correction is the only way 
to design proper bearing with the correct natural frequency of support. We 
have independently tested our 40, 50 and 60 durometer bridge bearing 
quality natural rubber used for building isolation and the dynamic stiffness 
correction factors are 1.17, 1.28 and 1.30 respectively, which means 
they are well below the standard acoustical threshold of 1.4. All dynamic 
stiffness tests should be independently performed and certified.

 same bearing to be designed for 3.13 Hz, its thickness must be increased 
and the deflection required to achieve 3.13 Hz is almost 33mm.

Dynamic stiffness correction factors are a simple way to equate a structural 
isolation’s bearing, actual natural frequency to that of a helical steel spring. 
As an example, if a steel spring is designed for 25mm’s of deflection, 
the resulting natural frequency is 3.13 Hz. If a structural bridge bearing 
is designed for the same load and the same deflection, 25mm, then its 
corrected natural frequency, using our 60 durometer compound, is 3.60 Hz
 because the 60 duro compound has a dynamic stiffness correction factor 
of 1.3 the deflection must be reduced - 25÷1.3 which gives us the 
actual natural frequency of the bearing at 25mm deflection. In order for that
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When we talk about ‘low stress low strain’, the impact this has on the 
design team is that the bearings become larger, affecting column capitals’ 
sizes, wall widths, etc. All too often, we see a bearing supplier utilizing 
higher durometers with higher dynamic stiffness correction factors to create 
smaller bearings that are over-stressed but cost less to manufacture, so 
don’t be fooled. Designing high stress bearings directly affects the ability to 
write a 100-year guarantee or warranty.

We learned a great deal of our theoretical and practical approach from Dr. 
George Wilson (Wilson Ihrig & Associates), and after years of debating 
synthetic vs. natural rubbers, found that bridge bearing quality natural 
rubber ultimately is the best building isolation material. When designed, 
manufactured and installed properly, it can be said to have a life equal to 
the structure.

A design issue of equal importance and not always discussed, is the 
effect of long term creep and the requirement for creep testing. Every 
manufacturer should have independent long term creep testing done on all 
of their bearing formulations so additional deflection over time is a known 
value for all durometers.
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03 ENGINEERING EXPERIENCE
On most building isolation jobs, we start with the design of the isolation 
bearings. The heavy lifting involves the coordination of the bearing 
dimensions to their structural supports and working with the architect and 
the builder to confirm the 100% design drawing set is buildable. We found 
that working closely with the design team and generating the necessary 
details proves the most reliable way for the construction process to 
run seamlessly. 

It is not uncommon to develop two dozen drawings detailing the installation 
not only of our pads, but tension rods for overturning, shear keys and pins 
for wind and seismic load and coordinating the process so the net result is a 
project that is well thought out with no margin for error.

Handling earthquakes, wind loads and in some cases (due to proximity to 
rail lines) the impact force of a rail car would become the greatest priority 
for the structural engineer. Shear keys in saw tooth arrangement are shown 
below (Figure 1).

Source: Mason Industries, Inc.

Figure 1: Shear Keys 60 Bond 
Street, Brooklyn, NY
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Shear pins (Figure 2) function well 
around a building’s perimeter and at 
column capitals and are acoustically 
separated from the structure by a 
bearing with equal deflection to the 
bearings handling vertical loads, so 
there is no loss of isolation efficiency 
through the shear pin. Shear pins 
and shear keys have been utilized 
on dozens of projects worldwide.

Source: Mason Industries, Inc.
Figure 2: Shear Pins

Handling shear loads to the 
structural engineer’s satisfaction is 
critical to progressing the design 
to be construction-ready. In order 
to ensure proper installation and 
function of the bearings and lateral 
restraints, we estimate 20 to 100 
site visits are required for inspection 
depending upon a project’s 
complexity. We can also estimate 
approximately 100 to 200 hours of 
engineering dedicated to the design 
and layout of the shear keys, tension 
rods and bearings, all coordinated 
to the sizes of column capitals, 
shear walls, plinths or curbing, and 

required so there is no question 
about means and methods once the 
drawings are issued for construction.

There are two additional items that 
need to be addressed, and they are 
fire protection and limit stops. Fire 
protection is normally fire resistant 
cladding or insulation and we’ve 
seen a number of different products 
utilized that comply but vary by 
building code from Country to 
Country. When elastomeric bearings 
are exposed to extreme heat, they 
tend to harden so there is no loss 
of elevation. However, exposing 
bearings to fire will eventually cause 
them to fail, so insulation or cladding 
is typical. Utilizing vertical limiting 
down stops is an alternative method 
and they can be formed from 
concrete, so long as the allowable 
stress isn’t exceeded, or steel plate. 
The choice is based on whatever the 
design team agrees what method 
best supports building 
code compliance.
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TESTING OF CERTIFIED BEARINGS
Proper design and testing of bridge bearing building isolation allows 
owners and developers to understand through the design team that the 
bearings are engineered properly based on loads defined by the structural 
engineer and are manufactured with longevity in mind. The most important 
test on any building isolation material is long term creep. Long term creep is 
defined as the additional deflection over time after a bearing is fully loaded. 
If the building isolation bearing deflects 5mm after construction and 10 
years later it has deflected 6mm, there is 1mm of deflection due to long 
term creep. 

Reducing creep is the goal of the supplier/manufacturer. Every bearing 
supplier must be able to certify long term creep testing by an independent 
laboratory. Long term creep is a cornerstone of the building isolation 
process. In addition to long term creep there should be physical properties’ 
testing, all of which are relatively simple. 

In order to correctly certify a bearing’s physical properties, the test methods 
and material properties should comply with internationally recognized 
standards. We follow ISO, ASTM and AASHTO, American Association 
of State Highway Transportation Officials, and conduct tensile strength, 
elongation at break, with additional testing after heat aging of tensile 
strength, elongation at break, ozone resistance, compression set and 
dynamic stiffness.

04

Source: Environmental Services Inc. 
Figure 3: Creep Test
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In addition to the tests above (Figure 
3), the fundamental method of 
determining a bearing’s stress strain 
relationship is the development of 
compound specific shape factor 
curves. Shape factor is the bearings 
loaded area divided by the escape 
area. The escape area is based 
on the distance between shims, 
so as an example, if a bearing is 
100mm tall and has 3 shims, then 
you subtract 5mm for the bearings’ 
cover thickness x2, plus the 3mm 
for the steel shim thicknesses 
x3 and divide by 2 – the result, a 
bearing pad with an active thickness 
between shims is 40.5mm. A typical 
example of the calculation and 
shape factor curve for a common 
compound used in building isolation 
is shown in Figure 4. The curve is 
compressive stress vs. compressive 

Compound No. A-29286 Dynamic Stiffness = 1.28 Shear Modulus (G) = 126 psi.

SHAPE FACTOR CURVES
50 Durometer LDS

LDS - Low Dynamic Stiffness  Bridge Bearing Natural Rubber

DATE: 08-08-12 DRAWING NO. A-34220
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Source: Mason Industries, Inc.
Figure 4: Shape Factor Calculation 
+ Shape Factor Curves

strain, compressive stress is in 
pounds per square inch, and strain is 
a percentage reduction of the overall 
thickness under load.

During the manufacturing process, 
it is equally important to test every 
bearing after it has been molded 
for load vs. deflection and bond 
strength. A load deflection curve is 
shown below (Figure 5) for a project 
recently completed in Knightsbridge, 
London, England. Load deflection 
testing verifies that the bearings 
not only handle the actual load and 
deflect as designed, but handle 
1.5 times the design load without 
bond failure. It is the combination of 
independent testing, shape factor 
curves and load deflection tests that 
allow the certification of longevity by 
providing guarantees and warranties.
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It’s too easy to just ‘say’ that 
the bearing is capable; it’s much 
more difficult, time-consuming 
and costly to ‘prove’ that the 
bearing is capable, and certified 
independent testing is the only way 
the developer and design team can 
sleep at night. Too often builders 
who are interested in price only will 

Source: Mason Industries, Inc. 
Figure 5: Load vs. Deflection 
Test Reports

say: “What is the cost reduction 
for 30, 50 or 75 year guarantees?” 
The response should always be: “To 
design a bridge bearing properly, 
it has to be low stress low strain, 
so there is no cost reduction for 
reducing the length of the warranty 
or guarantee”. It’s a trap the industry 
shouldn’t fall into.

SHEAR KEY
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SITE INSPECTIONS AND 
CONSTRUCTION
After the contractor has been chosen and the 
construction has started, we come to the most 
important phase of any building isolation project, 
and that is, site inspections by the acoustical 
consultant and bearing supplier looking for 
short-circuits.

If the isolation plane has been chosen between the ground floor and first 
floor, then any system, whether elevators, mechanical, plumbing or electrical 
services, that pass the isolation plane, must not only be able to handle the 
deflection of the bearing pads during construction but must also ensure 
that they do not transmit vibration from the foundation to the structure. 
On every bearing project, multiple site visits are required to inspect 
construction and ensure the sanctity of the isolation plane. The number of 
visits can be anywhere from 20 to 100, depending on the type of isolation 
system or intricacy of construction.

As a manufacturer, we normally include 20 visits and likely, it is double. 
Anything that crosses the isolation plane, whether drywall in a stairwell, 
plumbing piping in a chase, supply and return risers for heating and cooling 
systems, or something as simple as fuel oil for the roof top generators, all 
require proper installation and flexible connectors to accommodate the 
deflection of the building isolation at the isolation plane. 

One of the most significant transmission sources is the elevator rail in 
shafts. The design team must address all of these issues in advance and site 
visits ensure that the construction achieves the intent. Multiple site visits 
are a fundamental part of every building isolation job. Just imagine, if a riser 
gets installed that is neither isolated nor flexed as it passes the isolation 
plane, retrofitting may not be possible or, if it is, quite costly. The build-it-
right, build-it-once thought process requires attention to detail coupled with 
site inspections.

05
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CONCLUSIONS
There are obviously many details involved in designing and constructing 
a building isolation project. The acoustical community should try to get 
involved as early as possible and progress the design and engineering 
so that 100% construction drawings are completed long before site 
preparation. Resolving design issues after a job has gone out for bid, leaves 
the owner, developer and builder open to unforeseen costs. Once the job is 
under construction, the most important thing is site visits. 

It is important to talk to all the building trades and explain the sanctity of 
the isolation plane and the need for proper vibration isolators by various 
sub-contracted works, including but not limited to mechanical, plumbing, 
electrical, fuel oil, ducting and fire sprinkler pipe. The construction/building 
teams must all be aware of the requirements before they start construction.

The most significant requirement during construction is pursuing 
anything that can short-circuit the isolation system. Once the design team 
understands and the builder’s crew is educated, the results are achieved 
through vigilance. Building isolation is straight-forward, and working with 
educated consultants and knowledgeable suppliers gets a job done and 
done well.

06

___________________
Biography

Douglas G. Valerio, President of Mason Industries, Inc., BE Ocean Engineering

Bachelor of Engineering, Ocean Engineering (Structural), State University of New York 
Maritime College, United

States Coast Guard 3rd Assistant Engineer unlimited horsepower steam and diesel. Former 
Chairman of ASHRAE’s Seismic Restraint Design Committee, now TC 2.7. Co-author 
ASHRAE’s 1991 System Handbook, Chapter 49, Seismic Restraint Design. Founding 
Partner of Mason East, Inc. – New York, Agent for Mason Industries, Inc. President and 
Owner of Mason Industries, Inc.



MASON MERCER | BUILDING ISOLATION 16

BASE ISOLATION - 
COMPRESSION BEARINGS

High load bearings at column capital with shear 
pins within bearing array

High load bearings at column 
capital with Fire Proofing installed

Typical detail for tension rods 
installed around bearing
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Typical detail of high load column with isolation 
bearings and shear pin restraint



MASON MERCER | BUILDING ISOLATION 18

Shear pins are tied off to shear 
wall formwork

Shear key caps and bearings 
installed on top of shear wall. 
Sand packed to height of bearings

Wall is formed and shear pin is 
core filled

Transfer slab reinforcement 
installed and slab poured

BASE ISOLATION - 
SHEAR PINS - SHEAR WALLS
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Sand is packed round bearings and shear Pins prior to 
concrete pour to achieve positive air space. Close cell 
void former does not guarantee performance.

Sand is removed creating isolation plane under transfer 
slab with lateral restraint
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Typical detail of high load shear core with isolation 
bearings and lateral restraint
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High load shear key in shear wall 
with tension restraints

Isolated tension restraints 
installed within shear key

Lateral bearings pre-loaded with 
overload stops

Lateral Restraint Blocks at 
walking columns 

BASE ISOLATION - 
HIGH LOAD LATERAL RESTRAINT
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