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Abstract 
 
There was a specific type of isolator that was used in a pervious NSF research project.  
Therefore due to the past research the isolator was then created out of concrete.  The 
isolator consisted of a total of four concrete blocks with two concave plates in each of the 
blocks.  Then two of the blocks were connected with a steel bar.  Then a rubber ball was 
used as a bearing between the two concrete blocks to dissipate energy during seismic 
loading.  After the concrete isolator was fabricated it was then subjected to a series of 
different tests within the SEESL Lab at University at Buffalo.  
 
Introduction 
 
Within this NSF research project an isolator was created out of concrete which would 
ultimately be used in an isolated floor system.  The design of the isolator had two 
concave plates in the concrete specimen.  In the isolators was rubber balls that sat in the 
concave plates and another plate was then placed on top of the rubber ball.  When the 
isolators experienced a force, the energy in the system would be dissipated due to the 
unique properties of the concrete and the rubber balls. The isolator was constructed which 
and would be tested in order to determine the properties of the isolator. 
 
Background 
 
The type of isolator that is being used within the research project is called ISO-Base.  
This type of isolator was designed by WorkSafe Technologies and the entire isolator and 
the spherical balls are steel.   This isolator was used due to the previous research that was 
done by Ramiro E. Varga1s and Michel Bruneau in the investigation of the Structural 
Fuse Concept.  
 
Figure 1 shows the isolator being active.  When a force, P, is applied to the top plate of 
the isolator the balls roll in the concave sections of the isolator.  The maximum 
displacement in one direction is dependent on how large the diameter of the plate, the 
maximum displacement in one direction is half of the diameter of the plate.  Therefore 
the total displacement would equal to the diameter of the plate.  The isolator works by 
dissipating energy through the compression of the balls and the coefficient of friction 
between the plate and the balls.  Therefore; if there is an increase in the friction between 
the plate and the isolator, the dampening in the isolator would increase too.  
 

 
 
 

   
     D 
   
 

Figure 1: Concrete Isolator in Action 
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The only difference with the concrete isolator and the ISO-Base isolator is the different 
materials are being used.  The spherical balls are composed of polyurethane rubber or 
polyurethane.  The advantage of using a concrete isolator is that economic value of the 
isolator is significantly smaller than the isolators that are composed entirely of steel. 
Another advantage of the isolator is different hardness of the rubber balls can be used in 
order to vary the dampening of the isolator.  By varying the hardness of the rubber balls 
there would be a difference in the contact area between the two plates would affect the 
dampening ratio of the isolator.  
 
Methods 
 
In order to create the concave plates within the isolator an AutoCAD drawing was created 
of the concrete specimen.  Figure 2 shows the top view of the concrete specimen.  This 
shows the two plates that are within the isolator, and in the middle of one of the plates is 
a 1 inch diameter; a rubber ball would then sit in the middle of the 1” diameter.  The 
diameter of the plate is 8 3/8”, which this would be the total displacement allowed by the 
isolator.  Within figure 2 are 1/4” anchor bolts, there is where flat bar pieces of steel 
would connect another isolator plate. Then there would be a total of four plates along 
with four rubber balls within the complete assembly of the isolator.  
 

 
Figure 2: Top view of the Concrete Isolator 

 
Figure 3 shows the front view of a top plate of the isolator.  The plate has an incline of 6 
degrees and along with the 1 inch diameter seat the 5 inch spherical radius where a 2” 
diameter rubber ball would sit.  There is also an 1/4” anchor that is fixed in the middle of 
the top plate in order to fix steel plates as dead load on the isolator.   
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Figure 3: Front View of the top plate of Concrete Isolator 

Figure 4 shows the ¼” anchor is located within the middle of the concrete isolator; this 
anchor is where the steel plates would be fixed to the specimen. 
 

 
Figure 4: Side View of the top plate of Concrete Isolator 

 
After the series of AutoCAD drawings were created of the specimen, the formwork was 
able to be created.  In order to create the concave plates in the isolator a foam mold was 
created in order to cure the isolator.  The series of AutoCAD drawings were sent to 
Thermal Foam and the mold was fabricated.  Within the mold were bolt holes drilled into 
the sides of the mold in order to fix the ¼” anchors during the pouring of the concrete.  A 
lubricant was used to coat the foam mold so concrete would not stick to the mold.  This 
would also allow the mold to be reusable. 

 

 
Figure 5: Foam Mold for Isolator 

 
Figure 6 displays the rebar reinforcement within the concrete isolator.  The rebar used in 
the design of the isolator is D2 bars.  The rebar cage has total dimension of 10 1/4” by 27 
1/4” with 2” openings.  The reinforcement was tied down with 1/8” wire ties.  One piece 
of rebar had two 90° angles in order to make an attachment to the other pieces of rebar 
within the cage.  The reinforcement was placed 1” vertically from the bottom of the foam 
mold.  This was done with the use of two normal 1” height rebar chairs that were placed 
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on the bottom of the foam mold.  While other rebar chairs were made from bent pieces of 
rebar which were placed around the dome areas of the foam mold.  The use of the rebar 
chairs was to fix the reinforcement vertically during the pour of the concrete.  Pieces of 
“stay stills” were placed at the corners of the rebar cage in order to prevent it from 
moving horizontally during the pour of the concrete.    

 

 
Figure 6: Reinforcement of Concrete Isolator 

 
Bagged concrete with strength of 4,000 psi was used for the creation of the isolator.  
Quikrete was selected for the bag mix due to the size of the aggregate of the mix, the 
aggregate size ranged from 3/8” to 1/4”.  The sizes of the aggregate allowed it to settle 
through the 2” by 2” rebar spacing.  Super plasticizer was used in the mix of the concrete 
in order to increase the workability of the concrete due to the specimen size.  The normal 
slump of concrete mix was 2” while with the use of the super plasticizer the slump 
increased to 6”.  With the use of the super plasticizer the normal 7 day strength of the 
concrete was tested in order to see the affect of the super plasticizer on the strength of the 
mix.  Three compression test cylinders were made that where 6” in diameter by 12” tall 
and then tested.  The cylinders followed ASTM standards C31 and C39 for the curing and 
compression testing of the concrete cylinders. The normal strength of concrete for a 4000 
psi mix after 7 days would be 2,500 psi.  With the addition of the super plasticizer the 7 
day strength of the concrete was 2,600.  With this verification of the strength of the 
concrete then the mix of the concrete was started for the isolators.    
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Figure 7: Cylinder after Compression Testing 

 
The total amount of concrete specimens created was 8 pieces.  Then 2 bags of concrete 
were used in order to create 2 molds and 3 tests cylinders for compression testing.  With 
the mold created out of foam, during the pour of the concrete the rebar could not be 
vibrated.  Otherwise the rebar cage would sink further into the foam mold.  Therefore the 
foam mold was vibrated, shown in figure 7.  The purpose of using vibration during the 
pour of the concrete is to reduce air pockets within the specimen.  

 

 
Figure 8: Vibration of Foam Mold 

 
After the concrete pour the molds were allowed to cure for 24 hours.  The concrete 
isolators were then removed from the molds.  At the points where there where anchor 
bolts were, the foam mold was cut to allow the concrete specimen to be removed from 
the molds.  When the concrete specimens were taken out of the molds, they were placed 
in plastic bags that were filled with water which is shown in figure 9.  The purpose of 
curing concrete in water is because of hydration.  Hydration is a special chemical reaction 
that cement has with water.  During hydration a node forms on the surface of the cement 
particles.  Each node grows and is connected to other cement particles which then attach 
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to the aggregates in the concrete.  This is what gives concrete its strength is this process 
(Portland Cement Association).  
 

 
Figure 9: Hydration of Concrete Isolator 

 
 
Results 

 
Figure 10: Air Pockets within the Plate of the Concrete Isolator  
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Figure 11: Final Product of Concrete  
 

 
Figure 12: Concrete Isolator in maximum Displacement 

 
Within table 1 shows the various compression of different types of balls that were used in 
the concrete isolator.  

 
Table 1: Various Compressions of Different Balls due to maximum loading 

Material Hardness Compressed (in) 
Neoprene Rubber 55A 1 1/8 
Neoprene Rubber 70A 5/8 

Polyurethane 95A 1/4 
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Discussion 
 
Figure 10 shows the inner surface of the concave plates within one of the concrete 
specimen. This specimen has many air pockets at the surface of the concave plate.  
During the pour of the concrete if there was not enough vibration to the mold then the air 
pockets formed.  As a result several of these air pockets were filled in with an epoxy mix 
with a 4,000 psi tensile strength. The reason for the filling of these holes is that as the 
isolator was in action the ball become caught onto these holes.  Therefore the rubber ball 
could deteriorate and not perform properly.  This concrete specimen was not selected as 
the final four for the isolator. 
 
Figure 11 shows the completed concrete isolator.  Steel bars connected the two concrete 
boxes with the concave plates.  In figure 11 a it is visible that the anchor bolts would be 
used to attach the maximum load on top of the plate.  The maximum load on the isolator 
was 1400lbs.  While within 11 b it the rubber balls are shown within the concave plate. 
Figure 12 shows the isolator in action when there is a force pushing the top plate of the 
isolator.  
 
There were two different types of materials that were used for the balls.  One was using 
neoprene rubber which had two different hardness on the durometer scale.  While 
polyurethane was used later in the project due to its properties. The desired result is to 
have the balls compress only a small amount compared to the diameter of the balls.  The 
polyurethane only compressed 12.5% compared to its diameter under maximum loading. 
Compared to the neoprene balls as shown in table 1 the polyurethane compressed the 
least.  Therefore this ball was chosen for its properties.   
 
Conclusion 
 
Due to time constraints of the summer NSF research there was no information on the 
testing on the concrete specimen within the lab. The tests that are going to be conducted 
are free vibration test, hysteretic test, and a frequency sweet test. However there are 
several suggestions in the creation of the concrete specimens. 
 

• Increase the concrete cover when designing the rebar. 
• Account for the inaccuracies within the foam when placing the rebar into the 

mold. 
• Importance of using a different type of vibration system for the pouring of the 

concrete. 
• A better way to cure the concrete in total hydration. 
• The use of different ball bearings within the isolator itself for different dampening 

ratios.  
 
 
 
 
 

Proceedings of the 2007 Earthquake Engineering Symposium for Young Researchers

paper 14 9 Seattle, Washington | August 8-12, 2007



References 
 
ASTM C 31, C 39. Annual Book of ASTM Standards, Volume 04.02, 
 ASTM, West Conshohocken, PA, Website http://www.astm.org 
 
Portland Cement Association. (2007). Concrete Basics. Retrieved from July 27, 2007,  

from Portland Cement Association. Web Site: 
http://www.cement.org/basics/concretebasics_concretebasics.asp. 

Proceedings of the 2007 Earthquake Engineering Symposium for Young Researchers

paper 14 10 Seattle, Washington | August 8-12, 2007



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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


