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Abstract: 
  
 

This paper summarizes my research project as a NEESreu at the University at Buffalo.  
The projected I was assigned was one of importance NEES-wide and throughout the world.  My 
project was the study and implementation of metrology at UB-NEES.  My ten-week session at 
UB NEES included review of literature, a detailed survey and understanding of the UB NEES 
laboratory manual, hands-on laboratory experience with instrumentation and data acquisition 
systems, and observation and assessment of UB NEES’s archiving practices.  Supplementary to 
this experience, my involvement allowed UB NEES to update the laboratory manual in areas of 
need. 
 
 
Metrology 
  
 

When I first came to UB NEES, I felt I was in way over my head.  I come from a 
chemistry and biology background and found myself in a hard-hat and steel toe wearing 
structural laboratory.  I was first assigned to work on a project with the Real Time Dynamic 
Hybrid simulation.  This assignment did not work for what I was trained in and I was unhappy 
working on it.  Then Tom Albrechcinski had the idea for me to work with metrology.  Coming 
from a chemistry and biology laboratory background, I was familiar with the need for calibrating 
instruments, but I was unfamiliar with the extent of it.  Metrology worked well with the 
background I came to Buffalo with, and I will be able to use what I learned in the ten weeks I 
was at UB NEES in the future with my continual study in chemistry. 
 
 
Introduction: 
 
 

The study of measurement, or metrology, is an important area to science in not only a 
Structural Engineering and Earthquake Simulation Laboratory, but in aspects of the every day.  
Webster’s Dictionary defines metrology as n. the science of weights and measures or of 
measurement.   The study of metrology dates back to the ancient Egyptians. Around 3000 B.C. 
the Egyptians created the Royal Egyptian Cubit, figure 1, meaning the measurement between the 
elbow and middle finger plus a palm width of the ruling pharaoh (NCSL, 1996).  Metrology has 
since grown to include chemistry, cooking, construction, engineering, etc.   As a chemist 
metrology was the one area of study in a structural engineering laboratory I could relate to 
having calibrated instruments in chemistry laboratory.  My initial study of metrology started with 
reviewing the University of Buffalo’s Network of Earthquake Engineering (UB NEES) 
laboratory manual, review of data acquisition systems, learning and implementing calibration 
techniques to strain gauges, load cells, string pots, and accelerometers, and ended with 
observation of UB NEES’s archiving techniques. 
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     Figure 1 (Wikipedia, 2007) 
 
 
 
Laboratory Manual 
 
 The UB NEES laboratory manual is a comprehensive document, which details the 
laboratory facilities, equipment, support facilities, organization, past experiments, calibration 
certificates and procedures, and a list of inventory.  My work with the laboratory manual was in 
the calibration certificates and procedures.  When instrumentation came in from being nationally 
calibrated at MTS Systems Corporation, they came with a certificate of calibration.  This 
certificate needed to be copied and uploaded onto the laboratory manual website.  I will talk 
more about this process in archiving and traceability.  The complete manual can be found on the 
World Wide Web at http://nees.buffalo.edu/docs/labmanual/html/.  
 
 
Data Acquisition Systems 
 
 
 The largest data acquisition (DAQ) system at UB NEES is the Pacific DAQ, figure 2.  
This system is composed of 240 channels for acquisition.  This DAQ system is used for the 
biggest experiments at UB NEES.  While I was working at UB NEES, this system was being 
used for the NEES Collapse experiment.  This experiment is outlined in the papers my 
colleagues, Melissa Norland and Mathew Alboum. 
 

 
Figure 2, Pacific DAQ 

(Weinreber, 2007) 
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 The second largest DAQ at UB NEES is the MEGADAC DAQ, figure 3.  This DAQ has 
about half of the channels of the Pacific with 128 channels.  This system is used for smaller 
experiments that do not require as much instrumentation.  The main advantage to using the 
MEGADAC over the pacific is its ability to acquire date simultaneously from multiple input 
sources.  The ability to acquire simultaneous data is important when a test requires many 
different types of instrumentation. 
 

 
Figure 3, MEGADAQ 

(Weinreber, 2007) 
 
 
 LabView is the smallest DAQ systems of the three I observed.  LabView contains 16 
input channels and is primarily for industry testing.  The biggest advantage of LabView is its 
portability, as seen in figure 4.  LabView can be placed on a cart and moved to different 
experimental sites. 
 
 

 
Figure 4, LabView 
(Weinreber, 2007) 

 
 
Calibration Techniques 
  
 

One of the most important aspects to metrology is the calibration of instruments.   The 
definition of calibrating is to standardize (as a measuring instrument) by determining the 
deviation from a standard to ascertain the proper correction factors or to measure precisely 
especially: to measure against a standard (Webster’s, 2007).  At UB NEES, calibration of 
instruments is performed before every experiment by calibrating it to a laboratory standard, 
which is in turn calibrated once a year to a national standard.  The only way to guarantee 
accurate data is to assure the accuracy of the instruments collecting data.  By calibrating 
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experimental instruments to a laboratory standard, the accuracy of the data collected can be 
assured.  The instruments I worked on included strain gauges, load cells, string pots, and 
accelerometers. 

 
 
Strain gauges, Figure 5, measure the deformation of a specimen (Wikipedia, 2007) during 

application of force.  The most common type of strain gauge used consists of a Wheatstone 
bridge.  A Wheatstone bridge, as pictured in Figure 6, measures an unknown electrical 
resistance, caused by deformation, by balancing two legs of a bridge circuit, leaving one side 
unknown.  When the unknown resistor is deformed, the voltage is changed.  This change of 
voltage can be recorded using a data acquisition system and then can be compared to the 
readings of the known bridge leg.  The unknown voltage can then be determined by equation 1.  
  

Rx = R1 * R3 (Eq 1) 
R2 

                                
     Figure 5, strain gauge         Figure 6, Wheatstone bridge circuit 

          (Weinreber, 2007)           (Wikipedia, 2007) 
  
 

Load cells, figure 7, convert a force into voltage. We used a 2310 signal converter, figure 
8, to calibrate the load cells for the second NEES collapse project.  We calibrated a known force, 
14000 psi, to 10000 volts on the 2310 signal converter.  We loaded the load cells to 14000 psi 
using a hydraulic system.  I then adjusted the signal converter to 10000 volts, calibrating the load 
cell for 14000 psi to equal 10000 volts.  We unloaded the load cells to zero psi and then reloaded 
them to 14000 psi and unloaded them again, graphing the results in LabView.  By creating a 
graph, changes in voltage readings can be applied and interpolated on the graph.  

 

                              
          Figure 7, load cell       Figure 8, 2310 signal converter 

                      (Albrechcinski, 2007)             (Weinreber, 2007) 
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String pots, figure 9, measure the displacement of an object during movement.  We 

calibrated the string pots using MEGADAC, a data acquisition system, and a known distance, 
figure 10.  We placed the string pot on the instrument of known distance, and took a reading of 
zero inches on the MEGADAC with the string fully retracted.  We then hooked the string to the 
end of our known distance, in this case 23.99 inches, and recorded the distance on MEGADAC.  
We then installed the string pots on the test specimen with their strings at zero inches. 

 
 

             
Figure 9, string pot            Figure 10, string pot calibration length 
 (Weinreber, 2007)     (Weinreber, 2007) 
 
 
Accelerometers measure acceleration due to gravity in an experiment.  Statically, they are 

the easiest instrument to calibrate since the only requirement is the known constant of gravity at 
the altitude of the experiment.  Dynamic testing can also be utilized with accelerometers and is 
discussed in my colleague, Atia Syed’s, paper (Syed, 2007).  To calibrate an accelerometer using 
the static method, the accelerometer is placed face up, figure 11, which records at one g.  The 
accelerometer is then flipped to the other side, figure 12, which then records negative one g.  
Another data point can be taken with the accelerometer on its side, figure 13, and recorded at 
zero g. 
 
 

                                                  
Figure 11, accelerometer at 1 g         Figure 12, accelerometer at -1 g              Figure 13, accelerometer at 0 g 
          (Rooney, 2007)               (Rooney, 2007)        (Rooney, 2007) 

 
 
Archiving and Traceability 
 
 
 Another important branch of metrology contains traceability and archiving.  Traceability 
includes the ability to trace a laboratory standard calibration to a national standard.  This is 
important because all lab equipment is calibrated to the laboratory standard before being used on 
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an experiment.  If an audit of the data is necessary, the data can be certified because of 
traceability.  The chain of traceability works from the experiment instrument to the laboratory 
standard, and then to the national standard, as outlined in figure 14. 
 
 

 
Figure 14, Chain of Traceability 

(Rooney, 2007) 
  
 

Instruments are sent out once a year to be calibrated to a national standard at MTS 
Corporation or to manufacturer.  When an instrument returns from calibration by MTS Systems 
Corporation, or the manufacturer, it includes an official calibration certificate.  This certificate 
includes the name of the instrument, calibration data, and the date of the calibration.  Jason 
Hanley, an information technology specialist, then scans and uploads the certificate onto the 
laboratory manual website.  After the certificate is uploaded onto the website, it is taken into the 
SEESL office and filed by category.  By systematically filing the certificates, they are easily 
accessible to anyone with questions about the accuracy of an instrument. 
 
 
Future Work 
 
  

The field of metrology is an ever-changing area of study.  New methods of calibration are 
discovered daily.  As I mentioned before, UB NEES is now implementing a dynamic procedure 
for the calibration of accelerometers.  In addition to new methods being developed for 
calibration, the laboratory manual needs to be updated with new calibration certificates, changing 
instrument data, and new equipment. 
 
 
Acknowledgements 
 
 
 I would first like to thank NEES for giving me this ten-week opportunity to become 
familiar with and learn about metrology.  I would like to thank Dr. Andrei Reinhorn for his 
advisement throughout the process and being available for questions.  I would also like to give a 
huge thank you to Tom Albrechcinski, the NEES site coordinator, who acted as my mentor.  He 
was crucial in my experience through placement of my services, outlining my project, always 
being available for questions and concerns, and acting as a friend through the experience.  I 
would not have been able to work in the lab had it not been for Chris Budden, the senior research 
support specialist.  I worked under his supervision while in the lab and he taught me the ins and 
outs of instrument calibration.  I would like to thank my fellow REU students for their support 
and help in understanding structural engineering.  My last thank you is for the staff of the SEESL 
lab at UB NEES.  It was through their guidance I was able to work and learn at UB NEES for 10 
weeks 

Proceedings of the 2007 Earthquake Engineering Symposium for Young Researchers

paper 30 7 Seattle, Washington | August 8-12, 2007



 
References 
 
 

• Weinreber, S. Metrology PowerPoint, 2007 
 

• http://www.ncsli.org/misc/cubit.cfm 
 

• www.websters.com 
 

• www.wikipedia.com 
 

 
 
 
 
 

Proceedings of the 2007 Earthquake Engineering Symposium for Young Researchers

paper 30 8 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


