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(USNRG INTRODUCTION

The U.S. NRC has a long history of assuring the safety of the
public from the potential hazards associated with the transportation
of radioactive material.

For most of this history, the design of the packages used to
transport this material has been based upon the ASME Boiler and
Pressure Vessel Code and guidance has been provided by U.S.
NRC Regulatory Guide 7.6.

Currently, the relevant section of the Code is Section lll, Division 3
(NUPACK).




(CUSNRC  STRESS INTENSITY
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The ASME Code relies on the concept of stress intensity to
establish allowable stresses elastic analysis.

Stress intensity is the maximum difference between principle
stresses.

This is equal to twice the maximum shear stress.

Allowable stress intensities vary with loading case (normal vs.
accident) and type of stress (primary, secondary, membrane,
bending, local, etc.).

Some allowable stresses are above the yield stress.
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Elastic analyses and stress intensity were very useful methods
when doing hand calculations.

If ASME and the regulators can revise their current analysis
criteria, package designers would like to use inelastic analyses to
determine the stresses.

Modern finite element codes can readily compute the stress/strain
state at any point in the package. (In the hands of a qualified
analyst.)




STRESS BASED vs. STRAIN BASED

* Current Code * For enerqgy-limited
philosophy for events that are the
inelastic analysis is major concern of
an extension of the package designers
stress-based and for accident
criteria used for events, such as,
elastic analysis. aircraft crash, a

strain-based criteria

IS more appropriate.

The requirements are
given in non-
mandatory Appendix
F to Section I,
Division 1.
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The ability of the material to absorb energy is related to the area under the stress-strain curve.
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« The high-strength steel has a
higher allowable stress but lower
energy absorption capacity.
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Stress-based acceptance criteria

drive designers towards higher- e

strength materials. FS Ve Load TRUE
HSS Max. Load ENG.
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These materials may not actually
provide additional safety for @ o0 om om0 0m 0w o 0w
energy-limited events. _—




USNBMC. Uniform Strain and
Failure Strain

The true strain at fracture (including necking) can be calculated from the
reduction in area. e - 1

£ [1— RA ]
The strain at maximum load (the point of onset of necking), which is
called the uniform strain, is considerably less than the true strain at
fracture and should be the basis for any strain-based criteria.

The strain to failure is a function of the stress state.

——304L TRUE
304L ENG.
——HSS TRUE
— | s

X 304L Max. Load TRUE
® 304L Max. Load ENG.
X HSS Max. Load TRUE
¢ HSS Max. Load ENG.

Stress (MPa)




USNRC ASME PROPOSED STRAIN
LIMITS
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« Applicable only to “Quality Models”

* Away (>3t,) from discontinuities

— Average through thickness < (0.67 X € itorm) TF

— Maximum <[g +0.25 x (Efracture - E':uniform)]/ TF

uniform

» At discontinuities or location of impact
— Average < (0.85x ¢ [ TF

uniform)

(01 + 03 + 03)
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The proposed strain limits do not supersede the requirement that the
closure region should remain essentially elastic.

The common practice of limiting package accelerations by the
addition of impact limiters/impact limiting material should reduce the
allowable strain in the containment vessel.

The criteria is only valid for energy limited events.




USNRC COMPARISON OF
7 ACCEPTANCE CRITERIA

The goal of the Code for the design of radioactive material
transportation packages is the same whatever acceptance criteria
are used — to assure the package can perform its intended function
of containing the radioactive contents.

It is expected that the design of packages will not change
significantly with any change of acceptance criteria, but rather that
the acceptance criteria will make it easier to demonstrate
compliance with the intent of the regulations.
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M=22,500 kg
a=200G

} 4000 mm \

Stresses and strains for this example package subjected to a side
impact will be compared.

Material: Type 304 stainless steel (S,, = 20 ksi)
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Maximum Code
igelg Allowable
Analysis

Membrane 331 MPa 331 MPa
Stress [48 Ksi] [48 ksi]

Membrane 378 MPa 496 MPa

Plus Bendin
Sroee 9 [55 ksil [72 ksil




P U S NRC INELASTIC ANALYSIS

Prteing P et (input actual stress-strain curve)

Maximum
from Analysis

Membrane 306 MPa
Stress [44.4 Ksi]

Membrane 318 MP3

Plus Bending

e [46.1 ksi]

Strain 5.3%
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 \What acceleration leads to inelastic stress

equal to the Appendix F design allowable
(0.7 S,)7

234 G

* The maximum strain in this case is about
9.5%, significantly less than 0.67 x ¢

uniform
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Strain-Based acceptance criteria shall be applicable only to
“Quality Models.”

A Quality Model is a model that adheres to the guidance set forth
in the ASME Computational Modeling Guidance Document for
Explicit Dynamics Software (currently being developed by the
ASME Task Group on Computational Modeling for Explicit
Dynamics), or has been developed with the use of convergence
and sensitivity studies.

Topics for the Task Group include benchmarking, convergence
studies, and qualification of analysts.
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Accident Events (Level D Limits)

9m Drop * Puncture Drop
with Impact ||« Drops without Impact Limiters

Limiters » Aircraft Crash

+— 5% -10% 0.67 x &, = 34%

Average through Thickness Strains
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“Primary Membrane” Stress and Strain
Margins Against Failure

 Current ASME Stress-Based Criteria for Load-
Limited Events

Su/0.7Su=14

* Proposed ASME Strain-Based Criteria for
Energy-Limited Events

100% / 34% = 3.0




CONCLUSION

The analysis sophistication of the design community
has progressed sufficiently to allow inelastic analyses.

Energy limited events should be analyzed using strain-
based acceptance criteria.

The ASME recognizes this and is developing standards
for these analyses.





<<
  /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


