
Iranian Journal of Science & Technology, Transaction B, Engineering, Vol. 33, No. B1, pp 123-127 
Printed in The Islamic Republic of Iran, 2009 
© Shiraz University 

 
 
 

“Research Note” 
 

NUMERICAL STUDY ON SEISMIC BEHAVIOUR OF  
PRECAST CONCRETE CONNECTION ZONE* 

 
 

M. H. ARSLAN1** AND F. G. GULAY2  
1Dept. of Civil Engineering, Faculty of Engineering and Architecture, Selcuk University, 42075, Konya, Turkey 

Email: mharslan@selcuk.edu.tr 

Facultyof Civil Engineering, Istanbul Technical University, 34469, Maslak, Turkey  
 

Abstract– Precast industrial plants in Turkey experienced considerable damage during the recent 
earthquakes in Turkey. The presented paper is based on a parametric study to evaluate the seismic 
performance of a code-designed moment-transferring scarfed connection that is widely utilized in 
precast industrial buildings in Turkey. Firstly, the seismic behavior of a typical symmetrically 
pitched double-bay precast framed system with a scarfed beam to the column connections was 
investigated. The coefficient of elastic rotational stiffness, Rθ, and maximum stress values were 
then obtained by finite element idealization with an approach of a repeated analysis. Finally, a 
parametric study was carried out for different values of Rθ in order to evaluate the effect of joint 
elasticity on the behavior of a precast frame under seismic action.          
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1. INTRODUCTION 
 

Precast concrete industrial systems experienced considerable damage during the   1998 Adana-Ceyhan and 
1999 Marmara earthquakes in Turkey [1-2]. Most of the prefabricated structures in those areas are single 
story multi-bay systems with light metal roof decking. The field investigations and analytical evaluations 
revealed that a high percentage of such structures, unfortunately, were not designed or built with 
satisfactory earthquake safety standards. The majority of the poor performance was due to inadequate 
lateral stiffness, inadequate shear capacity, a low degree of structural system indeterminacy, the lack of 
diaphragm action, missing quality control and detailing errors at the connection zones.   

The presented paper is a research study to evaluate the seismic performance of a moment-transferring 
scarfed connection of precast industrial buildings widely utilized in Balkan countries and in Turkey. The 
numerical approach is given for determining the elastic rotational stiffness, Rθ, of the considered 
connection and the maximum stress values under vertical and seismic loading cases. 
 

2. SCARFED JOINT OF A PREFABRICATED INDUSTRIAL PLANT 
 
Precast concrete industrial buildings and warehouses are usually selected as multi-bay single-story frames 
and symmetrically pitched portal frames called “Lambda Frame” are widely used for industrial plants and 
warehouses. Long spanned beams cast in one length would present problems both in transport and the 
erection phase; therefore, scarfed joints as shown in Fig.1, are usually provided. The rafters are usually 
broken at one of the contra flexure points at the span length, and these two segments are then lapped over 
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each other and joined by two bolts to more conveniently form these connections. These bolts provide the 
shear resistance as well as transferring the axial thrust. The connection zone may be concreted later on to 
provide monolithic behavior.  
 

 

Fig. 1. Scarfed joint of a prefabricated industrial plant 
 
Since these connection zones are the weakest parts of the structures, connection details require careful 
consideration. During the analysis procedure, these types of ridge connections are generally classified as 
moment transferring joints. However, the consideration of an elastic rotational stiffness at this type of joint 
will be more realistic, because the degree of fixity of the considered zone might be reduced to a certain 
extent with the use of bolts. 
 

3. NUMERICAL INVESTIGATION 
 
A typical Lambda frame of 40.00m×36.00m in plan, which is very common in industrial buildings in the 
Marmara region of Turkey, was selected. The prefabricated system is composed of seven symmetrical 
two-bay precast concrete frames with 20.00m span lengths in the main direction, as illustrated in Fig. 2.  
The columns, 6.00m in height, are assumed as rigidly connected to the single socket footings, which are 
cross-tied with grave beams, thus the rotations were neglected.  

 

 
Fig. 2. The principal section of the two-bay primary frame 

 
The described structure is one of the existing industrial buildings located at the first-degree 

earthquake zone (A0=0.40g) in the Marmara region where a serious earthquake is expected in the near 
future. The soil profile is Z4 type with spectrum characteristic periods TA = 0.20sec and TB =0.90sec of the 
soil [3]. The distributed live loads including the snow load are taken as q1=10.58 kN/m. The material 
properties are concrete and the steel classes are C30, S420, respectively. 

Scarfed joints of the precast system were produced by overlapping the segments of the rafter (part II) 
and the ridge (part I) at about the contra-flexure points on each side of the roof girders as shown in Fig. 3. 
The connection zone was fastened by two φ26 high-strength bolts, located through the cylindrical holes of 
a 30mm diameter to be made during the production phase.   
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Fig. 3. The investigated scarfed connection 

 
In order to evaluate the behavior of the scarfed joints under earthquake loading, the   connection zone, 

2.40m in length, was modelled by finite element idealization, as shown in Fig. 4 and analyzed with the 
SAP2000 Structural Analysis Package [4]. The mathematical model was formed by 0.05x0.05 m sized 480 
plane-stress rectangular finite elements and was solved as planar shell members, with two degrees of 
freedom at nodal points.  

 

 
Fig. 4.  Finite element idealization of 2.40m long connection zone 

 
27 fictitious bars that resist only axial forces were placed 0.05 m distances apart, between the two 

segments of the joint along the connection line in order to examine the internal forces and relative 
displacements of each segment. The analysis was performed under combined loading to obtain the critical 
internal forces. The repeated analysis explained in Gulay and Arslan [5] was performed to determine the 
stress distribution for checking the adequacy of the connection zone.    

As to determine the relative rotation of the two overlapping segments I and II at the scarfed joint, 
first, the finite element analysis was carried out, due to the unit end moments (1.00 kNm) at the cross-
sections of r and t, assuming a monolithic connection region. The relative rotation of  θ'A = 0.162x10-4 
radians was obtained. Then, the analysis was repeated under the unit end moments at r and t using the 
contact surface with 7 bars, as shown in Fig. 5. The rotation of θA = 0.433x10-4 radians was obtained by 
dividing the relative difference of the displacements of the top and bottom fibers by d = 0.50m of the 
cross-sectional height. Thus, the additional rotation Δθ due to the elastic connection of the scarfed joint 
was computed by  

 
θθθ Δ=′− AA                                                                  (1) 

 
So, the rotational stiffness Rθ of the prefabricated joint would be the inverse of this value as follows: 

 Rθ 
1
θ

=
Δ

 = 36900 kNm /rad.                                 (2) 
 

When the analysis of the designed two-bay frame was repeated by assuming semi-rigid connections at 
the scarfed joints, by using the calculated numerical value of Rθ= 36900 kNm/rad for the rotational 
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stiffness, the bending moment at the section s is reduced 12%  due to its distribution towards the other 
ends of the members.  

A parametric study was also carried out to examine the effect of different values of Rθ on the lateral 
displacements δx and the bending moments produced at critical cross-sections a, b, c, d, e and g of the 
prefabricated frame, indicated in Fig. 5 and Table 1.  

 

 
Fig. 5. Idealized model of the primary frame 

 
Table 1. Roof displacements δx and the bending moments at a, b, s, d, e and g of the main 

frame for different Rθ values under combined loading 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
4. RESULTS AND DISCUSSION 

 
The value of the rotational stiffness Rθ was computed numerically and a parametric study was carried out 
for different values of Rθ. The roof displacement values could be decreased by 72% as the value of Rθ is 
changed from zero to infinity, that is, the connection changed from hinged to monolithic, but still they are 
all below the code level, whereas the computed displacements in the longitudinal direction may exceed the 
code limits, depending upon the support conditions of purlins, which are considered the main reason for 
experiencing failures during past earthquakes.   

On the other hand, the bending moments are decreased by 70 % at cross-sections a and, e and 
increased by about 86 % at section d as the degree of rotational elasticity is increased. The increase in 
bending moments can be compensated with additional reinforcements at critical sections, while the excess 
of displacements will cause an overturn of the structure. 

The finite element analysis of the connection zone proved that the seismic code provisions in Turkey 
are sufficient in terms of stresses for the most unfavorable combined loading case, whereas the 
displacements may exceed the limit values depending upon the support conditions in both directions. 
Moreover, the constructional details must be done properly at the site, since displacements as well as 

Rθ x 
104(kNm/rad) 

δx  (m) Ma (kNm) Mb (kNm) Ms (kNm) Md (kNm) Me (kNm) Mg 
(kNm) 

0.00 0.049 119.791 -131.884 0.000 58.101 -133.295 -0.114 
0.50 0.041 113.492 -125.980 9.928 65.779 -127.454 -0.875 
1.00 0.032 107.324 -118.207 15.213 73.211 -121.213 -0.913 
1.50 0.030 103.981 -110.575 26.598 84.745 -112.454 -1.009 
2.00 0.027 100.105 -106.913 30.913 89.311 -108.711 -1.312 
2.50 0.016 99.390 -104.889 33.560 91.716 -106.310 -1.545 
3.00 0.015 98.311 -103.451 34.751 93.333 -104.552 -0.711 
3.69 0.014 96.312 -99.101 36.310 95.875 -100.671 -1.154 
4.00 0.014 93.761 -98.764 36.700 96.005 -100.306 -1.231 
4.50 0.014 89.101 -94.215 36.913 96.315 -96.707 -1.001 
5.00 0.014 87.254 -92.670 37.101 97.341 -95.301 -1.145 

Rigid(∞) 0.013 82.774 -90.405 41.301 108.13 -93.405 -1.771 
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internal force distributions might change considerably with the increase in the inelasticity at the 
connection zones, and the degree of fixity of the zone might be reduced to a certain extent, even with the 
use of high-strength bolts. Thus, it is also more convenient to consider the connections as rotationally 
elastic joints in the analysis procedure. 
 

REFERENCES 
 
1. Alnashai, A. S. (1998). Observations and strong motion analysis from the Adana-Ceyhan Earthquake of June 26, 

1998. ESEE Report, No: 98-5, Imperial College, August. 
2. Kaltakci, M. Y., Köken, A., Korkmaz, H. H. (2008). An experimental study on the behavior of infilled steel 

frames under reversed-cycling loading. Iranian Journal of Science and Technolgy, Transaction B: Engineering, 
pp. 157-160. 

3. TEC-2007, Turkish earthquake code for buildings in earthquake areas. issued by the Ministry of Public Works 
and Settlement. Ankara, Turkey, (in Turkish).  

4. Wilson, E. I. & Habibullah, A. (2000). SAP2000 v9 and Nonlinear Version 7.12, Integrated Software for 167 
Structural Analysis and Design. Computers and Structures, Computers and Engineering, Inc. Berkeley, CA, 168 
USA 

5. Gulay, G. & Arslan, M.H. (2002). An investigation on the behavior of prefabricated joints under seismic 
loading. 12ECEE: Proceedings of 12 th. European Conference on Earthquake Engineering Paper No. 188, (CD-
ROM), London. 

   
  



<<
  /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
  /CreateJDFFile false
  /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

  /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 <>
    /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


