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KAPALI KESIT PASLANMAZ CELIK CEKME
ELEMANLARI KAYNAKLI UC BIRLESIMLERININ
DAVRANIS VE TASARIMI

Edip SECKIN

Kapal1 kesit (boru ve kutu) ¢elik profillerin, yarikli ve guse plakasma kaynakli ug
baglantilar1 eleman ug¢ birlesimleri arasinda en sik tercih edilen alternatiflerden
birisidir. Bu tiir u¢ birlesimi, esasen profilde uzunlamasina agilmis iki adet yarigin
icine yerlestirilen guse plakasinin boyuna kose kaynakla birlestirilmesiyle yapilan bir
u¢ baglant1 seklidir. Bu tez ¢alismasinda, paslanmaz ¢elik boru ve kutu profillerin
kaynakli u¢ birlesimlerinin statik ¢ekme yiikii altindaki davraniglari {izerine yapilan
deneysel ve sayisal calismalar sunulmustur.

Paslanmaz ¢elik baglangic maliyetinin, karbon ¢elige gore nispeten yiiksek
olmasindan dolay1 yapisal olarak kullanimda bir yiik getirmektedir. Giivenli ve
ekonomik bir tasarim i¢in yapisal eleman ve birlesim davraniglarinin arastirilmasi
gerekmektedir. Boylece verimli bir tasarimin yolu ac¢ilmig olur. Bu nedenle, secilen
birlesim tipi i¢in tez calismasinin sonuglar1 g6zoniine alinmistir. Bu kapsamda
gerceklestirilen deneysel programda, 24 adet paslanmaz ¢elik boru ve kutu kesitli
profil birlesimleri cesitli kaynak uzunluklar1 ile tasarlanip statik eksenel ¢ekme
kuvveti uygulanarak test edilmistir. Eksenel ¢ekme yiikii altinda kaynak uzunluguna
ve uc¢ doniis kaynagina bagli dayanimlar ile genel sekil degistirme davraniglari
incelenerek yiik-sekil degistirme grafikleri elde edilmis, dayanim ve silineklik
karsilagtirmalar1 yapilmistir. Deneysel ¢alismanin ardindan sonlu elemanlar programi
ABAQUS" kullanilarak bir sayisal model olusturulmustur. Programin dogrusal
olmayan modelleme 6zellikleri kullanilarak test davranisi benzetilmistir. Calisma
kapsamindaki numunelerin temsil ettigi geometrik aralik i¢in elde edilen dayanim
sonuclari incelenerek profillerin yarikli, guse plakasina kaynakli ug birlesimleri i¢in
mevcut tasarim kilavuzlart ile karsilastirilmistir. Bu tip yapisal paslanmaz celik
birlesimlerin tasarimlari i¢in uluslararasi hi¢ bir standart mevcut degildir. Bu nedenle
bu calismanin sonuglar1 karbon ¢elik eleman ve birlesimleri i¢in var olan mevcut
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tasarim kurallar1 ile karsilastirilmistir. Tasarim amaglarinda, en yiiksek test dayanim
degerinden daha diisik olan, asir1 kesit bozulmalar1 ile ilgili kullanilabilirlik
limitlerinin de dikkate alindigi dayanim degerinin kullanilmasi onerilmistir. Bu
amagla, birlesimin tasarim dayanim seviyesinin hesaplanmasi i¢in ilk akma yikii
yaklasimi benimsenmistir. Tiim test numuneleri i¢in yuk- yer degistirme grafikleri
tizerinden akma ytikii kapasite noktasi (YCP) belirlenmistir. YCP degerleri 6zellikle,
kayma aksamasi azaltma faktoriiniin hesaplanmasi i¢in tasarim denkleminin
Onerilmesi i¢in kullanilmistir. Bu katsay1 eksenel ¢ekme yiikii altinda birlesimdeki
kayma aksamasi nedeniyle olusan verim kaybmi dikkate almaktadir.

Test programinda incelenen geometrik aralik i¢in onerilen denklem, paslanmaz celik
(304 kalite) kapali kesit profillerin yarikli, kaynakli u¢ birlesimlerinin tasarimi i¢in
kullanilabilir.

Anahtar Kelimeler: Paslanmaz ¢elik, boru profil, kutu profil, kaynakli birlesim,
kutu ve boru profil birlesimleri, kayma aksamasi.
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BEHAVIOUR AND DESIGN OF GUSSET PLATE WELDED SLOTTED
STAINLESS STEEL TUBULAR MEMBERS UNDER AXTAL TENSION

Edip SECKIN

Among the various alternatives to make a steel tubular member connection, making a
slotted and gusset plate welded connection is one of the most frequently preferred
alternatives. This type of connection is essentially an end connection that is made by
slotting the tube longitudinally, inserting the gusset plate and then placing
longitudinal fillet welds at the tube-to-plate interface. In this thesis an experimental
and numerical study on the behaviour of such connections in stainless steel is
presented.

Relatively high initial cost of stainless steel is one burden for its structural use. To
achieve a safe and economic design; it is necessary to investigate the mechanical
response of structural components, connections and the overall system, thus leading
to efficient design. Therefore, the results of this thesis study are considered to serve
this purpose for the chosen connection type.

24 specimens heve been tested under concentrically applied axial static tensile forces
for varying tube-to-gusset plate weld lengths. Both circular and box section members
were considered in the test program. Load-deformation curves were obtained and
comparisons were made in terms of strength and ductility. General deformation
behavior under axial tensile loading and variation of strength with weld length were
also examined. Following the experimental study, a numerical model was developed
that could simulate the test behavior by using the ABAQUS" finite element software.
Nonlinear modeling features of the software were used to simulate as closely as
possible the full nonlinear behavior of the connections.

Experimental as well as the numerical ultimate strength values achieved for the range
of geometries considered in the test program were then critically examined and
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compared with currently available design guidance for slotted gusset plate welded
tubular end connections. It was noted that no specific rules exist in international
specifications on structural stainless steel which cover the design of such
connections. Therefore, the results of this study were compared with the existing
design rules for carbon steel. For design purposes which would take into account of
serviceability limitations regarding the excessive distortions of the connections a
lower test strength value than the peak test strength value was suggested to be
applied. For this purpose a first yield approach is adopted to calculate the design
strength levels. For all the specimen tests, a yield capacity point (YCP) was
identified on the test load-displacement plots. In particular, the YCP values were
used to propose a design equation for the calculation of the shear-lag reduction
factor. This factor takes into account the loss of efficiency of the connection due to
shear lag under axial tensile loading. For the dimensional range studied in the test
program, the proposed equation can be used for the design of slotted and gusset plate
welded connections in stainless steel in Grade 304.

The conclusions and original contributions are summarized and recommendations for
design are also provided.

Keywords: Stainless steel tubular members, tubes connections, slotted and gusset
welded connections, shear lag.
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