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QUESTIONS FROM NRC

Eighteen questions were posed to NextEra and Seabrook 
Station representatives on April 13, 2012.
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Technical questions generally reflect concerns 
related to performance of concrete materials.  
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Červenka Consulting Limited, 2010
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MECHANICAL PROPERTIES

• Material test data collected from literature
Swamy and Al-Asali, 1988 Clark, 1989

Ng and Clark, 1992 Smaoui et al., 2006

• Strength and stiffness reductions are plotted 
with respect to unrestrained expansions

• Guidelines from Institution of Structural 
Engineers (ISE) provide a reasonable 
estimate of lower bound performance
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SPLITTING TENSILE STRENGTH | f’t
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ELASTIC MODULUS | Ec
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POISSON’S RATIO | ν

• Literature review yielded 
one relevant study

• Limited correlation between 
ν and measured expansions

Giacco, G., Zerbino, R., Ponce, J.M., and Batic, O.R. “Mechanical 
behavior of concretes damaged by alkali-silica reaction.” Cement and 
Concrete Research Vol. 38 (2008): 993-1004.
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Červenka Consulting Limited, 2010
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REALITY

It has to be realized that any strength test conducted on a 
specimen quantifies the performance of the material in 
relation to that method of test only and does not necessarily 
reflect the performance of the material in its structural 
context. The significance of this for the assessment of 
structures [subject to ASR] is that no reliance should bestructures [subject to ASR] is that no reliance should be 
placed on the values obtained from any one test and that 
commonly accepted procedures, such as the cube crushing 
test, may not indicate the value to be used in a normal design 
check. 

Clayton et al., 1990

DR. OGUZHAN BAYRAK, PE STRUCTURAL ASSESSMENT OF SEABROOK STATION | BASIS FOR CONCERNS 11



STRUCTURAL CONTEXTSTRUCTURAL CONTEXT



INSIGHTS FROM FSEL RESEARCH

Full-scale study conducted to establish effects of ASR on 
shear strength of beams with transverse reinforcement.

⅝”
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RESTRAINED EXPANSION

Transverse reinforcement restrained ASR-related expansions, 
resulting in the development of confining stresses.

b

fPCD = (2∙Fbar) ÷ (b∙s)
Fbar
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RESTRAINED EXPANSION
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UNRESTRAINED EXPANSION
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STIFFNESS IMPLICATIONS
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CORRELATION TO MATERIAL TESTS

nR1 R1 R2
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εt,max 0.0% 0.2% 0.7%

f’c 7.2 ksi 4.5 ksi 4.2 ksi

f’t 640 psi 430 psi -

Vtest 276 kips 336 kips 353 kips
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RELEVANCE OF MATERIAL TEST DATA

The behavior of plain concrete affected by ASR is not 
necessarily indicative of structural performance.

≠

Free Expansion Restrained Expansion
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ASSESSMENT APPROACHES

CORE-BASED ANALYSES FULL-SCALE TESTING
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CORE-BASED ANALYSES
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Estimated 
Expansion Structural 
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Cores extracted from a reinforced concrete structure are not 
representative of in-situ conditions.
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APPLICABILITY OF CORE TESTS
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Compression Test Expansion Test



Test results will be influenced by the coring direction as it 
relates to structural geometry and sources of restraint.
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APPLICABILITY OF CORE TESTS

❶ ❷ ❸
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❶ ❷ ❸

Splitting Tensile Tests



Test results will be influenced by the coring direction as it 
relates to structural geometry and sources of restraint.
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APPLICABILITY OF CORE TESTS

❶ ❷ ❸
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❶ ❷ ❸

Splitting Tensile Tests

90°?



Magnitude and direction of ASR-related cracking in 
structures is strongly influenced by a number of factors.

NON-ISOTROPIC EXPANSION

• Internal Restraints
– Reinforcement Pattern

– Prestressing

– Post-Tensioning– Post-Tensioning

• External Restraints
– Superimposed Loads

– Boundary Conditions

– Geometric Discontinuities

Lawrence et al., 1999
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Field implementation of test results requires development of 
correlation between free and restrained expansions.
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APPLICABILITY OF CORE TESTS
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Definitive assessments may be obtained by replicating critical 
structural details and deterioration within the laboratory. 
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FULL-SCALE TESTING
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Accelerated Deterioration Continuous Monitoring Current and Future Damage
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FULL-SCALE TESTING

• ISE structural assessment 
guidelines were developed 
on the basis of accelerated 
laboratory tests
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FULL-SCALE TESTING

• ISE structural assessment 
guidelines were developed 
on the basis of accelerated 
laboratory tests

• Proof testing will provide the 

AA

Section A-A
Reinforcement 

Anchorage
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most meaningful assessment 
of critical structural details Reinforced Concrete

MacGregor & Wight, 2005

Reinforced Concrete
MacGregor & Wight, 2005

Shear Strength
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FULL-SCALE TESTING

• ISE structural assessment 
guidelines were developed 
on the basis of accelerated 
laboratory tests

• Proof testing will provide the 
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most meaningful assessment 
of critical structural details

• Full-scale structural testing is 
the most definitive form of 
structural assessment

from “Containment Integrity Research at Sandia National Laboratories”
Nuclear Regulatory Commission, 2006



QUESTIONSQUESTIONS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


