Steel Bridge Group

Internal defects in steel materials

Guidance Note

No. 3.06

Scope

This Guidance Note describes the requirements
for limitations on internal imperfections in steel
plate materials. Mention is also made of
imperfections in rolled sections

The guidance relates to steels manufactured in
accordance with current British and European
standards. Although the descriptions may also
assist in the assessment of older materials,
further guidance should be sought for such
purposes.

Terminology

Discontinuities within the body of the plate
were previously referred to by names descrip-
tive of the nature of the imperfection, for
example lamination, inclusion, inclusion cluster,
banding (of inclusions). The present BSI prac-
tice is to use a generic term - /nternal
imperfections - and to classify them by area,
length, breadth and population density

Note the distinction between an ‘imperfection’,
which indicates a feature that is less than
perfect but which does not prevent the compo-
nent from being fit for purpose, and a ‘defect’,
which is a larger discontinuity that does impair
performance and may require rectification.

General

Steel plate is produced by a process of rolling
thick slab of steel into approximately rectangu-
lar plates. During the process the material is
passed through rollers many times, each pass
resulting in a decrease in thickness and an
increase in area. Inevitably, the plate material
produced by this process is anisotropic. Any
discontinuities that may be present (for exam-
ple porosity or non-metallics trapped in the
cooling slab) are elongated in the direction of
rolling and laminar in form.

Modern steels are generally very ‘clean’ and
the size of such imperfections is generally
small, although they may occur in clusters.

In early steels, and particularly in wrought iron,
discontinuities could constitute a significant
proportion of the plate area and the through-
thickness performance of the plate could not
be guaranteed.

After rolling, plates are usually sheared or
flame-cut to a rectangular size at the mills. This
may mask laminar imperfections at the
edges/ends, though these may be revealed
when the fabricator trims the plate

Laminar imperfections can occur within the
body of a plate or at the edges. However,
even mid-plate laminations may appear as edge
laminations when the fabricator ‘strips out’ a
flange or web from the rolled product.

Laminations of significant size (area) would
impair the structural performance of welded
attachments to the plate surface, and might
even give rise to local buckling failures in an
element under in-plane compression. Edge
laminations would reduce the integrity of
connections made at or near the edge of a
plate, for example in box girders or fabricated
channel sections. Edge defects would also
create a potential weakness against corrosion,
either as a result of entrapment of dirt or
moisture behind a coating, or by making a
discontinuity in the coating; any consequent
local corrosion would tend to open the lamina-
tion and aggravate the problem.

Fortunately, laminar imperfections produced by
modern steelmaking processes are usually
modest in size and extent, and can be detected
by ultrasonic testing (and visually on clean
edges). The quality control procedures in
modern steel mills can generally be guaranteed
to detect any gross defects and prevent them
from getting into the supply material. Prob-
lems usually only arise in material from older
(and often uncertified) mills, which may be
supplied through some stockholders.

Acceptance levels for internal imperfections

EN 10160 (Ref 1) defines four basic accep-
tance levels (designated So to Ss) for
imperfections within the ‘material body’, and
five basic levels (designated Eo to E4) for imper-
fections at the ‘material edge’.

EN 1090-2 (Ref 2) requires internal discontinu-
ity class ‘S1' to be specified for certain areas of
plates (e.g. at welded cruciform joints), and
gives the designer the facility to specify further
areas requiring class ‘S1' (e.g. at welded bear-
ing diaphragms or stiffeners). Note, however,
that clause 5.3.4 of EN 1090-2 could be a little
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confusing about where class ‘Si'must be
specified: the width of 25 times the plate
thickness should only be applied to webs and
flanges where bearing diaphragms or single-
sided bearing stiffeners are attached. The
requirement should not normally be applied at
non-bearing stiffeners or diaphragms or where
bearing stiffeners are attached symmetrically
on both sides of the web.

The Model project specification document
(Ref 3) requires that locations where internal
discontinuity class ‘S+' is required are specified
on the relevant drawings. It also advises that
class ‘E1" should be specified on the relevant
drawings for the edges of plates where corner
welds will be made on to the surface of such
plates.

Remedial/repair procedures

If a situation arises where unacceptable de-
fects are discovered at a stage in the work
when replacement is not practicable without
jeopardizing the completion programme, there
are various procedures that have been used
successfully in the past to overcome the
problems.

Note, however, that it is important that any
repair conforms to the same required standards
of workmanship as any other welding on the
fabrication.  Special attention needs to be
given to the finishing and, where necessary,
surface dressing, to ensure that the fatigue
class of the repair is no worse than that re-
quired by the designer at that particular
location. It is for this reason that no such
repairs should be carried out until the formal
approval of the Engineer/Designer is obtained:
as is required by the Specification.

Repairs to edges

Shallow edge imperfections, particularly those
caused by the overlapping in rolling, can be
dealt with by grinding in from the edge to
make a groove suitable for welding, and em-
ploying an appropriate repair procedure.
Where the edge imperfection is wider, usually
part of an area of de-lamination in the middle
of a larger plate which has been exposed by
stripping into narrower pieces, the edges can
be repaired as above and the wider area
treated as below.

Repairs in the middle of plates

In the very unlikely event of needing to carry
out a repair to the middle of a plate, the af-
fected area can be clamped together by use of
preloaded bolts or by plug welding. If such a
repair is contemplated, the size and spacing of
any bolts or welds must be considered care-
fully. Plug welding might be suggested for
better appearance, although it is very difficult
to completely disguise a field of plug welds. A
better solution is to cut out the affected area
and let in a new piece of plate, if this can be
done.

Testing
Any weld repairs should be tested by an ap-
propriate non-destructive testing technique.

Material with through thickness properties

A requirement for material with through thick-
ness properties is a different requirement from
that limiting the extent of internal imperfec-
tions. However, specifying through thickness
properties in accordance with EN 10164
(Ref 4) invokes a requirement for inspection for
laminar imperfections of a high sensitivity.
Such inspections should identify any significant
imperfections.

See GN 3.02 for advice about the need for,
and the means of specifying, through thickness
properties.

Internal defects in rolled sections

Rolled sections are susceptible to similar prob-
lems but, once again, the quality controls in
modern manufacturing facilities should prevent
unacceptable material reaching the market.

When dealing with older sections, or with
products from less well controlled mills (such
as might be supplied by a stockholder), there
are sometimes inclusions in the corner of an
angle or channel or at the web-to-flange junc-
tion of a beam or Tee. Except in very thin
sections this would seldom be a structural or
durability problem, but might need to be dealt
with where a gusset or cleat is attached near
the corner (angle/channel) or in the middle of
the flange (beam/Tee).
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Safety note

The area of attachment of lifting lugs should
always be checked for sub-surface defects,
whether the material is plate or a section.

References

1. EN 10160: 1999, Ultrasonic testing of steel
flat plate product of thickness equal to or
greater than 6 mm (reflection method).

2. EN 1090-2: 2008, Execution of steel struc-
tures and aluminium structures - Part 2:
Technical requirements for steel structures.

3. Steel Bridge Group: Model project specifica-
tion for the execution of steelwork in bridge
structures (P382), SCI, 2009.

4. EN 10164: 2004, Steel products with
improved deformation properties perpen-
dicular to the surface of the product.
Technical delivery conditions.

SCI P185 Guidance notes on best practice in steel bridge construction

3.06/3

Revision 1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /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 false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


