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Abstract

In construction of steel structures, in many cases because of the shortage of profile
length, changes in column section in elevation, or other conditions it is necessary to
patch the column parts. The importance of the subject is so obvious that many books
and building codes introduce methods and regulations for this subject. In spite of all
provisions, the column patch is one of the weakness points of the construction.
Foroughi proposed a type of splicing design called a sliding patch which is more
suitable for I section columns as well as other shapes of column sections. The
procedure is as follows; first, the web of the lower portions of the column is cut to a
proper size and removed. Then, the upper part of the column that is usually of
smaller size is placed inside the flanges of the lower portion and the two parts are
welded. Consequently, the flanges of the lower part play the role of a patching plate
and because of continuity, the required length of the patching plate will decrease to a
half requiring less welding and cutting. In addition because of continuity of the
flanges the quality of the patch is higher. Recently, Foroughi and colleagues studied
these types of splicing under cyclic loading. In these studies, the patch is modelled
using finite elements considering material and geometrical nonlinearities. The
program ANSYS is employed and the models analysed under cyclic loading. All
samples are modelled and studied in both traditional form and proposed form. Then
the results are compared. A comparison of the results shows that the proposed
method demonstrates better behaviour than traditional methods. Also, the proposed
method requires less cutting and welding.

Keywords: splice, patch, steel structure, sliding patch, connection, welded
connection.

1 Introduction

A structure is a combination of structural elements related to each other by
connections. If the connections are not designed correctly and carefully, they will act



as weak unit of this chain and endanger the safety and serviceability of the building.
In design of the connection details the degree of accuracy observed must be at least
the same as the main elements of the structure and even more carefully.

In steel constructions, sometimes it is necessary to splice the pieces of beams and
columns to each other. The importance of the subject is so obvious that many books
and building codes introduce methods and regulations for this subject [1, 2]. In spite
of all provisions, the column patch is one of the weakness points of the structures
[3]. Foroughi proposed a type of splicing design called sliding splice more suitable
for I sections especially I section columns [4].Studies show the proposed patch, has
a higher quality and lower cost and it is not more difficult compared to traditional
methods [4, 5, 6].

In this research, we will concentrate on study of nonlinear behaviour of the sliding
splices [4, 5]. This type of splicing is similar to splicing web and flanges by adding
plates but instead of adding plates on flanges, the web of the lower section will be
cut long enough and the upper section will be placed inside it. For web splicing,
stiffener plates can be used. The sliding splicing can be employed in cases of either
equal or different size profiles. In this paper, the splicing of different size sections
will be considered.

Due to lab restrictions, the finite element method was employed for modelling [6]
and the behaviour of the connection to failure state was studied. For analyses,
ANSYS software was employed considering material and geometrical
nonlinearities. Cyclic loading was applied. Due to lack of test results, for validation,
the work done by Foroughi et al [7, 8] on beam to column connection tested by
Mazroui et al [9] was considered. Figure 1 shows a good agreement between finite
element model "F7-m9 (new3)" and test results "F7" [9, 10].

2 Sample definition

The studied sample is a column in a 5 storey building. The column height is 360 cm.
Considering the profile length (12 m), the splicing will take place at 1 m above the
fourth floor .The lower section is IPB280 and the upper one is IPB240.

In this study, 4 different types of splicing is introduced and modelled. There is a
splicing of different size sections (Fig. 2) that connected in different forms using
regular and sliding type. According to Figure 2, Sample S2, connection with cover
plates on the web and flanges; sample SS2, splicing with sliding connection and
cover plates on the web; sample STS2, connection with cover plates on flanges and
stiffener plates on the web; sample STSS2, sliding splicing and stiffeners on the
web.

Acting forces at splice point are;
Axial force: N=643.4 KN;
Moment: M= 4853 KN-Cm;
Shear force: V=37.56 KN
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Figure 1: Comparison of moment-rotation curves of sample (test and analytical
results)
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Figure 2: Samples S2, SS2, STS2, STSS2

In traditional connection with cover plates on the web and flanges, filler plates is
used to fill the difference in sizes. The plates are designed according to Iranian
Connection Code [11] as follows:

Flange plate: 2PL560x200%22 a=10mm
Web plate:  2PL400x160x8 a=4mm
Filler plate:  2PL340x260x10 a=8mm

Where "a" is the welding thickness.



In case of sliding splicing (SS2 and STSS2), for design of flange connection, the
width of connection plate is actually the width of inner column flange. Thus, the
cutting length for lower section would be as follows:

Necessary welding length for upper section = 72.6 cm

Welding length = (72.6-24)/2 =24.3 = 25cm

Thus, necessary cutting length is 25 cm.

Since the web of lower section is cut and the upper section is placed inside it, using
filler plate is not necessary. For example in this sample, the height of IPB240 is
24cm and the web size of IPB280 is 24.2cm having only 2 mm difference.

In cases that this gap is larger, the flanges of lower section can be bent so that fit the
connection. Thus, the filler plate is not needed. Usually, the difference in lower and
upper sections is not large but if it is large, splicing with plate must be used. In
samples STS2 and STSS2, instead of web plates, stiffener plates 280%280x10 mm
are used.

3 Finite element models

In this study, samples were modelled with finite element method, using ANSYS
software, considering geometrical and material nonlinearities. SOLID45 elements
used for all steel members and CONTACS2 elements for any contact surfaces. For
example, Figure 3 shows the finite element models of samples "S2" and "STSS2".
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Finite element model of sample "STSS2"
Figure3: Finite element models of samples "S2" and "STSS2"

4 Material

In this study, two types of materials are considered; welding material and steel
material for sections and plates based on previous authors' research [10]. Stress-
strain curves for these materials are shown in Figure 4.
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S Loading

For lateral loading, cyclic displacements are applied. Loading is applied according to
AISC [12] at upper end of column in web direction. The vertical load 643.4 KN is
applied in form of 6.07 KN/cm?2 at the upper surface of the column (elevation 3.6m).
All degrees of freedom at lower section of the column are fixed so that resembles fix
support. Figure 5 shows the cyclic loading at the upper end of the column.

Cyclic loading graph in upper level of column S2
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Figure5: Cyclic loading graph in column S2

6 Results

Figure 6 shows the cyclic moment- rotation curve for columns under study and
figure 7 shows envelope curves of moment- rotation for splices in these samples. It



can be observed that all samples behave desirably. Also the sliding splices can
withstand more loading cycles.
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Figure 6: Cyclic moment-rotation curves

Fig (8) shows contours of Von-Mises stress in sample STSS2 demonstrating
maximum stress at column base while at splicing region there is no stress
concentration higher than yielding stress. Figure 9 shows the equivalent plastic
strain in whole column demonstrating large plastic strains at support region. Also it
is shown that there is no plastic strain concentration at splicing region. It should be

noted that in other samples the stress and strain curves show almost the same
behaviour.

7 Comparing studied samples

Studying table 1 shows that sliding splices withstand more loading cycles compared

to traditional ones. For example, sliding splice with stiffener can carry 6 loading
cycles more than traditional one.




To compare the ductility, ductility of traditional splice in case of unequal size
sections is chosen as a base and other samples are compared. Ductility of the
samples is shown in table 1. The table shows that applying stiffeners can elevate the
ductility slightly. Also, the sliding splices enter nonlinearity later than equivalent
traditional ones. Considering Von-Mises stress and plastic strain, show that none of
the sliding splices experience stress concentration higher than yielding stress and
neither large plastic strains. Usually, maximum stress and maximum equivalent
plastic strain occur in support region. Figure 9 shows moment-rotation curves which
conclude that column splice with sliding connection and stiffener plates can carry
largest rotation and behaves better than others.
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Figure 7: Comparative envelope moment-rotation curves
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0, 0, M, M, u ”/Hs1 Last Cycle
Sample No.
S2 l.1e-2 | 4.6e-2 7250 9913 4.27 1 51
SS2 1.2e-2 Se-2 7300 9894 4 .94 54
STS2 le-2 4.5e-2 7800 9998 4.6 1.08 51
STSS2 | 1.2e-2 Se-2 7800 |10000.9 | 4.17 97 57

8 Comparing

Table 1: Ductility of the samples

construction tasks

different connections

and expenses

of

Considering table 2 shows that sliding splices require less welding and cutting
compared to equivalent traditional ones so that in case of different size sections the
cost will decrease by 70%and 86%. Also, in case of different size sections have no
construction difficulties.



Samples Cutting (cm) | Welding (cm)
S2 542 492
SS2 74.2 148.4
Reduction percentage 86.3% 69.8%
STS2 536 488
STSS2 74.2 148.4
Reduction percentage 86.2% 69.6%

Table 2- Comparison of welding and cutting cost in samples

9 Conclusions

In this paper, sliding splicing for columns with different size sections with web
plates and stiffeners are studied and compared with traditional ones. The results lead
to the following conclusions:

e Sliding splices show better behaviour compared to equivalent traditional ones.

e Applying stiffener plates instead of web plates will improve the behaviour of
traditional and especially sliding splices. In the case of different sized columns
the sliding connection with stiffener plates in web could carry three more loading
cycles than the same connection with web plates and six more cycles than the
traditional connection with plates on web and flanges.

e There is no stress concentration higher than the yielding stress and large plastic
strain. Maximum stress and strains occur in the support region.

¢ In all samples, plastic deformations occur only in the support region and there is
no plastic deformation in the connection region.

e Sliding splices in both cases require less welding and cutting compared to
traditional connections.

References
[1]
[2]

AISC Manual of Steel Construction: Load and Resistance Factor Design-
LRFD, (2002), 13th Ed, (Code).

Righiniotis T. D., Omer E., Elghazouli A. Y., "A simplified crack model for
weld fracture in steel moment connections, Engineering Structures, Volume
24, ISSUEY, September 2002.

Wakabayashi Minoru, "Design of earthquake-resistant buildings", 1921.
Foroughi M., "Introducing an innovative kind of column and beam splicing in
steel structures named Drawer Path", Yazd University, Yazd, [ran, 1994.
Dehqani Ashkezari F., "Study of varieties of splice on steel structures"
(M.S.C. Seminar directed by Mohammad Foroughi), Yazd University, Yazd,
Iran, 2011.

[3]
[4]

[5]



[6]

[7]

[8]

[9]

[10]

[11]

[12]

Dehqgani Ashkezari F., "Investigation on behaviour of Drawer Splice under
cyclic loadings" (M.S.C. thesis directed by Mohammad Foroughi), Yazd
University, Yazd, Iran, 2011.

Foroughi M. and Barkhordari M. A., "Study of Rigid Khorjini Connections
with Prepheral Angles comparing with proposed Rigid Connections in Iran
Code", Amir Kabir International Journal of Science & Technology, (CMM)/
Vol. 18/ No. 67- C/ Fall 2007- Winter 2008.

Foroughi M. and Barkhordari M. A., " Introducing a new kind of Rigid
Khorjini Connections for use in steel structures in Iran", Modares Technical
and Engineering- Scientific Research Journal, No. 35, Spring 2009.

Mazroee A. and Mirghaderi S. R. and Dehghani Ronani M., "Study on rules of
design and technical characteristics of Khorjini Connections and offering
manual", B.H.R.C., Tehran, Iran

Foroughi M., " Investigation of Khorjini Beam- Column Connections using
non- linear analysis", Iran University of Science and Technology, Tehran,
Iran, Winter 2007.

Iranian Connection Code in Steel Structures, President deputy strategic
planning and control, No. 264, ISBN964- 425- 424- 4, Iran, 2003.

AISC, "Qualifying Cyclic Tests of Beam — to — Column and Link — to Column
Connections", Seismic Provisions for Steel Building, Appendix S, pp. 25-32

10




<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 (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 <>
    /ENG ()
    /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




