Steel Bridge Group

Verticality of webs at supports

Guidance Note

No. 7.03

Scope

This Guidance Note explains the importance
of web verticality at the supports of I-
section beams, comments on the verticality
limit in EN 1090-2 and discusses the vertical-
ity at the ends of skew decks.

The importance of web verticality

Bridge decks are usually arranged with a
number of main beams (either beneath a
compositely acting slab or at the edges of a
half-through deck) that sit on bearings. The
principal loading is vertical and the bearings
are arranged to provide vertical reactions.
Torsional restraint is provided at the ends of
the beams, by means of bracing, by end
trimmer beams, by U-frame action in half
through bridges, or possibly by using linear
rocker bearings.

If the web of a beam is not vertical over a
support, the load transferred from the beam
is inclined, because the shear in the web is in
its plane. However, the reaction at the
bearing is vertical and, in ordinary circum-
stances, there is no (external) horizontal
reaction, other than through a small amount
of friction on the bearing. Consequently,
there is a horizontal resultant of these two
forces at bottom flange level that must be
balanced internally by some means; this is
achieved by providing a couple at the top
and bottom flanges, by reaction on the
bracing (or other torsional restraint).

The magnitude of force that the bracing
must sustain depends on the torsional re-
straint needed to stabilise the beam (accord-
ing to the design rules) and the reactions
needed to restrain the inclined web; the
greater the inclination, the greater the re-
quired capacity of the bracing.

Verticality criteria

The only tolerance on verticality at bearings
in EN1090-2 is in Table D.1.1 where a limit
of D/200 on squareness is given at support
positions of beams without web stiffeners.
For bridges, the MPS [Ref 2] specifies a limit
on verticality of main girder webs at supports
of depth/300 or 3 mm, whichever is greater.
It could be inferred that this criterion applies
only to the girder as fabricated, not as
erected, because Annex D of EN 1090-2

relates to manufacturing tolerances, but it is
more logical to assume that it applies to the
completed structure, because it should be
compatible with the design rules for re-
straints in EN1993.

Note that the tolerance in the MPS is on web
verticality, not on squareness of the flanges
to the web. The squareness of the flanges
to the web should not be inferred from the
web verticality; the tolerance of depth/200
given in Table D.1.1 could be applied, in
addition to the MPS requirement.

It is recommended that project specifications
be written to make it clear when the web
verticality criterion is to be met. Unless the
designer has made special allowance (see
below), this should be achieved for the
beams under permanent load conditions (i.e.
all dead and superimposed dead loads).

Web verticality at the ends of square decks
When the bridge deck is square (i.e. zero
skew angle), the main beams are perpendicu-
lar to the line of supports; in a composite
bridge, bracing will usually be provided along
the line of supports.

When the beams are loaded, they deflect,
and at the supports they rotate only in the
planes of the webs. There are no twisting
deformations (save possibly for minor secon-
dary effects). Consequently, the verticality
that is achieved when the beams are erected
and the bracing connected should substan-
tially be maintained as the deck loads and
superimposed loads are added

Web verticality at the ends of skew decks
However, the situation on skew decks is
very different. If the beams are intercon-
nected by bracing, as they usually are (or by
a concrete diaphragm, as is also common),
then the deflection under load will cause a
rotation about an axis defined by the straight
line drawn through the centres of the bear-
ings at that support. This rotation can be
illustrated vectorially, as shown in Figure 1.
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Figure 1 Vectorial representation of end
rotations on a skew deck

The result is that there is a component of
twist rotation applied to each beam as
shown in Figure 2.
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Figure 2 Vectorial components of the end
rotations on a skew deck

The effect can also be illustrated by consid-
ering a plan view on one of the beam ends,
as in Figure 3.
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Figure 3 Relative movement of flanges

A similar rotation (about the beam’s longitu-
dinal axis) occurs if there is bracing square to
the beams, instead of along the line of the
supports, as shown in Figure 4. Clearly, the
deflection of one end of the bracing but not

the other, will cause rotation about the main
beam axes.
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Figure 4 Skew deck with bracing square to
beams

At the ends of a single span, the twist can
be significant if the skew is large. The end
rotation of a typical bridge beam, due to
dead and superimposed loads, can be of the
order of 0.005 rad. If the girder is 1600 mm
deep and at 45° skew, the movement of the
top of the web relative to the bottom will be
5.6 mm. (Note that such a movement
amounts to all the depth/300 tolerance,
there is nothing left for any other deviations.)

Rotations in continuous spans

In a single span, although the twist is in the
same sense all across the span, the rotations
at the two ends will be in opposite direc-
tions.

At the intermediate support positions of
continuous beams there is little net rotation
in the plane of the web (unless loads are
applied before the beam is made continuous)
and therefore no resultant twist. The great-
est effects occur at the free ends of the
bridge. (But note that if a skew bridge is
built as a series of single spans, the twists at
the two ends on an intermediate support
would be in opposite directions and it may be
difficult to achieve good alignment.)

Checking web verticality

To ensure compliance with a specification of
verticality at completion, a compliance check
would need to be carried out after comple-
tion of the deck, surfacing and installation of
all permanent furniture. However, this is too
late to be of any practical value.
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However, two alternative timings are possi-
ble: either during trial erection (if specified)
or on completion of steelwork erection
on-site. The latter is recommended. In
either case, the designer should state clearly
what is to be checked.

Checks carried out on completion of steel-
work erection but, before deck construction,
afford the opportunity to correct any out-of-
tolerances before the steelwork becomes
locked in position.

Dealing with twist

In a composite bridge, the tendency to twist
will occur predominantly under the wet
concrete and formwork loading condition. If
measures are to be taken to ensure vertical-
ity at completion, there are three alternatives
for dealing with twist on skew decks:

(i) Pre-set the beams during erection to
offset the rotation which will tend to
occur during concreting.

(i) Set the beams to be vertical at the end
of steelwork erection. and provide a
form of temporary bracing at the sup-
ports that will prevent the rotation dur-
ing concreting.

(iii) Set the beams to be vertical at the end
of steelwork erection and allow in the
design for the calculated values of
twists.

Option (i) is the recommended method.
However it relies on calculation of the preset
that is required. The effects at the beam
ends can be evaluated from a grillage model;
the model should include members to repre-
sent main beams, support dia-
phragms/trimmers and any other bracing
between beams. The dead loads should be
applied to a series of models to match the
construction sequence.

Note, however, that if the bracing between a
pair of beams, particularly diagonal bracing,
is fabricated to the correct length in the
completed condition, and that the connec-
tions are well fitted (i.e. bolt holes all in good
alignment), the beams will automatically be
preset so that the beam webs are vertical on
completion., assuming that vertical deflec-
tions are as predicted.

Option (ii) can only be achieved where there
is the opportunity to place temporary tor-
sional restraint square to the ends of each
beam, and this is rarely possible.

Option (iii) is used by designers who prefer to
allow for the predicted twist during concreting
as an additional tolerance. This implies that
greater out-of-vertical (than depth/300) is
acceptable (it is usually visually imperceptible).
See further comment below.

Predicting twist during concreting

Predicting final deflections exactly can be
difficult for composite bridges, particularly
skew composite bridges, owing to imponder-
ables such as partial composite behaviour of
slabs cast in stages, variations in concrete
density and modulus, amount of cracking at
internal supports, etc.

In most cases, twists that occur at supports
during concreting tend to be less than pre-
dicted. Some designers therefore prefer to
specify that the webs should be vertical at
the bare steel stage (actually, assuming that
they are out of vertical by depth/300 at that
stage) and then to allow for the full predicted
twist, adding it to the assumed depth/300.
This would normally give a conservative
value for the out of verticality on completion
and the value would then be used to derive
design values of restraint forces.

Restraint forces due to non-vertical webs
EN1993-1-1 allows the consideration of imper-
fections such as lack of verticality either by
modeling the actual geometry or by applying
equivalent forces to the structure. Whilst the
former approach will give the most accurate
representation of the restraint forces, it will
involve significant additional modelling effort
because of the need to include second order
effects and imperfections. An alternative is to
use the method of restraint force calculation in
PD 6695-2, 10.2.3.

References

1. EN 1090-2 Execution of steel structures
and aluminium structures. Technical re-
quirements for steel structures.

2. Steel Bridge Group: Model project specifi-
cation for the execution of steelwork in
bridges (P382), SCI, 2009.

SCI P185 Guidance notes on best practice in steel bridge construction 7.03/3

Revision 2




<<
  /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


