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Abstract

This study investigates the effect of non-uniforross-section on the behavior of steel columns stdgjeto
axial compression load. A nonlinear finite elemeoidel using ANSYS 12.0 has been adopted to inwegstithe
behavior of square and circular steel columns. §tkel is assumed to behave as an elastic-plasteriaiawvith
strain hardening in compression. The type of eléambave been used to model the steel; SOLID45.akiad-
load displacement curves and the deformation shapes predicted. A parametric study on columns withare
and circular section has been done. All the andlya@umns have the same value of cross-sectiormelior
the column, yielding strength, and boundary coadgiwith different length of column. The result®wshthat
the behavior of non-prismatic column is always hg tapering ratio and the slenderness ratio orekastic
buckling. As the taper ratio increases, the elastickling load increases, in the main while the manm
ultimate load occurs in the (prismatic column) camipg with the non-prismatic column.

Keywords: Non-uniform cross-sectigrsteel columnsnonlinear finite elemenglastic buckling load.

1. Introduction

Structures are generally designed on the basisaiany and safety. For common structures, econdiey o
requires the use of standard members becauserttesabers are relatively inexpensive and easy toirabtaor
many structures, however, using tapered membershuoty increase structural efficiency and be econami
For small projects, this may not translate intoralleeconomy, but more complex, unique, or largecttires
may (and often do) take full advantage of the $tmat efficiency tapered members offer by redudimg amount
of material required while strategically stiffeniragrtain parts of a member, thereby increasing aherall
performance of the structure. The use of steel neesmyith non-uniform cross- sections either asmolsior as
distressed parts of a structure with or withoutdieg moments is very common in steel constructidhere is a
wide variety of structures such as buildings frante&lge members, masts or cranes, etc, which esaked
with members of non-uniform cross-sections in otdeminimize the required material.

A first approach and study the above-mentioned lprob of columns with variable cross-sections weaglenby
[Dinnik, 1929 and 1932]. The main results of these studies were transiat&shglish by[M aletsand 1925 and
1932] the same problem was studied[®stwald, 1910], by [Ono, 1914] and by[Morley, 1914 and 1917]. On
the history of early studies on these topics, oae refer to[Timoshenko, 1953]. [Bleich, 1924] studied
compression members the cross sectional momemiedia of which was varying by a half sine curven the
other hand, the significance of the initial impetfens was noted very early and studied mainly grpntally
by [Mrston, 1897], by [Jensen, 1908] and by[Lilly, 1911], the studies of which were gathered [I8aimon,
1925]. In [Gere and Carter, 1962] provided equations and design curves for calagatie critical buckling
loads of columns with many different cross sectiand four different fixity conditions: pinned-pirthefixed-
free, fixed-pinned, and fixed-fixed. This greatlyhanced the information that had previously beailave for
non-prismatic column design, particularly for tagubrvide flange sections.

Numerical solution methods for non-prismatic cohsmare presented fRam and Rao, 1951], [Ku, 1979]
and [Chen et al., 1989]. Tapered column buckling under stepped axial loaas researched by analyzed using
numerical integration and a discredited column mageof prismatic sections. Tapered box columns unde
biaxial loading were analyzed Hlziew et al, 1989] using moment curvature-thrust relationships andnks
stability criteria.

In [Liew et al, 1989], presented the formulation to solving the govegnémuation of the problem through a
numerical method where the eigen shapes of the mearte employed. Non-uniform steel members with or
without initial geometrical or loading imperfectmnthat are loaded by axial forces applied conamity or
eccentrically and by concentrated moments appliethe ends or at intermediate points, are studidore
specifically, steel members with varying cross-iees, tapered or stepped or members consistingway t
different tapered parts are considered.

In the present study, the influence of the tapiorand cross-sectional geometry on the stahifityon-uniform
steel members that are subjected to axial loadsvisstigated. The problem is studied by focusing o
dimensions for square section and round sectiom evibss-sections that may vary along the lengt,uaually
met in steel structures. The methodology is basedhe formulation of the mathematical expression tfee
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Euler buckling load of an ideal column follows frozonsideration of equilibrium, the mechanics of dieg,
geometry of the column, and material propertiediwithe initial linear range. The effect of tapatio on the
buckling strength of such beams is not dealt witldétail in the bibliography. Employment of a digtdifinite
element analysis using the commercial finite elenwaate ANASYS (12.0) serves herewith for verification
purposes only and both analytical and numericallt®sorrelate with reasonable accuracy.

2. Numerical Analysis
2.1 Buckling load for a non- prismatic column

In [Gere and Carter, 1962] published a paper @ABCE Journal of the Structural Division that pdead
equations and design curves for calculating thecatibuckling loads of columns with many differecrtoss
sections and four different fixity conditions: padipinned, fixed-free, fixed-pinned, and fixed-fixeThis
greatly enhanced the information that had previousten available for non-prismatic column design,
particularly for tapered wide flange sections. Gand Carter used methods developed by Timoshe maikati¢n
of the differential equation of the deflection cejnand Newmark (method of successive approximatidribe
deflection curve), along with an innovative shapetdr to account for the cross-sectional variattong the
column, to ultimately provide a relatively conciset of equations to calculate the critical buckliogd. Many
of the situations that were analyzed could be sbiveclosed form, but required a difficult solutipmocess
based on Bessel functions with many related vaasabHowever, for columns with a linear taper, Wac cross
section, and pinned-pinned, fixed-pinned, or fifiedd end conditions, the resulting equation is @imthe

P
product of the square of the ratio of end diamedmid the critical buckling load [~ ] of a prismatic column
for the given end conditions Table (1).

Table (1), Exact buckling load for linearly tapering solidlemns of circular or square cross secfiG®re and
Carter, 1962].

End Conditions Buckling Load
) \T4 52
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The research on tapered columns has yieddgreat number of ways to characterize the taper gifzen
member. For linearly tapering members of variotssg sections, a shape factor is generally devisadis
based on the variation of the moment of inertianglthe length of the member. If more complex tegmemnarios
are required, then the shape factor is often basetthe variation of some cross-sectional dimensiong the
length of the membefGere and Carter, 1962] Provide the most general expression for the variabf the
moment of inertia for a linearly tapering column:

n
I(x)=1,]1+ da_g|x (1)
d )L
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[(X). N . ) .
where ( ) is the moment of inertia at any distance (x) frdva small end of the column (end a as defined in

Fig. 1), (la) is the moment of inertia at the small end of¢blumn, (da) and (db) are the general dimensions at
the small and large ends of the column, respegtiagld n is the shape factor given by the equation:

n= 3 )

This allows for the shape factor to be determir@dahy given cross section. However, for most &nghapes,
4

n may be evaluated by inspection. For example, kmpwhat | = for a rounded cross section, one can

deduce that for linear variation of the diametee, moment of inertia will vary by the power of 4.

a=Smaller en

»
»

b=Laraer en

Figure 1 Notation used to characterize tapered column gagmet

3. The Numerical Modeling and Application
3.1 The Finite Element M odeling

The commercial finite element softwah@SY S 12.0 was adopted for the numerical simulation. Somevipus
researchers were used shell element to moldelsteel [Xiong and Zha,2007] , [Guo et al,2007],
[Kwon et al, 2007], and [Ellobody,2007],while [M ohi-Aldeen, 2008] andZinkaah, 2010] were used solid
element. Thus, the type of element has been usewtiel the steel section; 8OL1D45 for the 3-D modeling
of RHS column. The element is defined by eight sodwving three degrees of freedom at eacte:
translations in the nodal X, y, and z dir@esi as shown in Fig.(2). The element has plasticigep, swelling,
stress stiffening, large deflection, and largeistcapabilitieANSY S, 2004].

M N oF
&)
i [AEL
J
Prism Optian

<

Tetrahedral Option -
not recommended

Element coordinate M
system (shown for
KEYOPT4) = 1)

Surface Coordinate System

Figure 2 Solid45-3D SolidANSY'S, 2004].
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Material properties specified IANSYS 12.0 included a Young's modulus of steel Es2600000MPa
and Poisson’s raties of 0.3[Guo et al,2007]. The steel is assumed to behave as an elasticeptaaterial with
strain hardening in compression. The idealizedsststrain curve used in the numerical analysibasva in Fig.
3 [Xiong and Zha, 2007], [Mohi Aldeen, 2008], and [Zinkaah, 2010]. The Fyin Fig. (3) Represent the
ultimate stress steel.

F,

pl [

Figure 3 Stress-strain cury¥iong and Zha,2007], [Mohi Aldeen, 2008], and [Zinkaah, 2010]

3.2 Application

In spite of the softwardNSY S 12.0 dose not required to proving the validity and aacy in analysis of steel
columns, two specimens modeled then the axial lagd+displacement curve are compared with the micale
results, to verify the accuracy of the analysisAYSY S 12.0. The specimens represent a square and rounded
solid steel columns. The finite element modelingl dne boundary conditions of the analyzing colume a
showed in Fig. 4, plowed for linear buckling anaédySuch a detailed FE model of a dimensions veiffet ratio
varying a/b=0.1-1 build-up steel cross section viitand No. of element is equal to L/10 .It is fdutihat the
analytical results presented herein correlate wigh the corresponding FEA results with a maximumoeless
than 0.2%.
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Diameter for top= a

Dimension for top= a*a

u=v=D il

Where :

u = displacement in x-axis.
v = displacement in y-axis.
Tapered ratio=a/b

Dimension for bottom= b*b

v

AllD.O.F.=

Diameter for bottom=b

Fig ure 4 Meshing and boundary conditiongofumns
a) Square cross section Rounded cross section

3.2.1 Applied load
The deformation shape, the values of and the éo@al-displacement curve for Square cross sectdummn and

circular cross section are shownFiys. 5 and6 respectively.
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Figure5 Axial load vs. axial displacement curve of squaskimn
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Figure 6 Axial load vs. axial displacement curve of circutalumn

In Fig. 7 show the comparing between two columns for the saonditions.
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Figure 6 Critical load vs. tapered ratio (a/b) curve of tiypes of columns

In Fig. 7, one can see the critical load ratig/P, versus the taper ratio a/b for various lengtha ¢tdpered
column. The loading consists from a concentrated B applied axially on the smaller end of coluthmust be
noted at this point that although the differencesthie critical loads seem to be small, the corredpg
differences in the critical load values may be igant depending on the both the taper ratio Btir. example,
the load R, which used as a reference load in Table (1), spaeds to a uniform column with dimension for
square cross section (20*20mm) and 22.567mm dianfeteounded cross section, for two columns hawee t

same volume, the results presented (86.023%) cgernee between the columns.
1.00

Square Col.

Circle Caol.

Pcr/Pcro

0.00 ‘ ‘ ‘ ‘

0.00 0.20 0.40 0.60 0.80 1.00

Py

Figure7 Critical load ratio RB/P., versus taper ratio a/b for the columns

The deformaton shape, the values ot displacenmeridirection, the values or axial displacement trelload-
axial displacement deformed shape for columns squadth different cross section for columns are show
Figs.8-17 respectively. Form the results, the modes shammloimn were changed due to varying of tapering
ratio.
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Figure 8 Deformation shape, axial and lateral deformatmmtdpered ratio a/b=1
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Figure 9 Deformation shape, axial and lateral deformatmmtdpered ratio a/b=0.9
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Figure 10 Deformation shape, axial and lateral deformatatdipered ratio a/b=0.8
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Figurell Deformation shape, axial and lateral deformatmrtdpered ratio a/b=0.7
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Figure 12 Deformation shape, axial and lateral deformatmmtdpered ratio a/b=0.6
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Figure 13 Deformation shape, axial and lateral deformatmmtdpered ratio a/b=0.5
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Figure 14 Deformation shape, axial and lateral deformatmmtdpered ratio a/b=0.4
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Figure 15 Deformation shape, axial and lateral deformatmmtdpered ratio a/b=0.3
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Figure 16 Deformation shape, axial and lateral deformatmrtdpered ratio a/b=0.2
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Figurel7 Deformation shape, axial and lateral deformatmmtdpered rati@/b=0.1

The deformation shape, the values of displacenmertdirection, the values of axial displacement #relload-
axial displacement deformed shape for columns kgrowith different cross section for columns ar@wh in
Figs.18-27 respectively. Form the results, the modes shagmlofnn were changed due to varying of tapering
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Figure 18 Deformation shape, axial and lateral deformatmrtdpered ratio a/b=1
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Figure 19 Defor mation shape, axial and lateral deformation for tapered ratio a/b=0.9
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Figure. 20 Defor mation shape, axial and lateral defor mation for tapered ratio a/b=0.8
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Figure 21 Defor mation shape, axial and lateral deformation for tapered ratio a/b=0.7

67



Civil and Environmental Research www.iiste.org
ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) J!Lfl
Vol.6, No.2, 2014 NIS'E

=TT w157 815332 wB41E632 »063931 08
DZZIRE ~1125%6 ila2 ~030482 ~OT2762 ~075081

Figure 22 Deformation shape, axial and lateral deformatmmtdpered ratio a/b=0.6
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Figure 23 Deformation shape, axial and lateral deformation for tapered ratio a/b=0.5
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Figure24 Deformation shape, axial and lateral deformatmrtdpered ratio a/b=0.4
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Figure 25 Defor mation shape, axial and lateral deformation for tapered ratio a/b=0.3
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Figure 26 Deformation shape, axial and lateral deformatmrtdpered ratio a/b=0.2
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Figure 27 Deformation shape, axial and lateral deformation for tapered ratio a/b=0.1

3.2.2 M ode Shape
In both cases of columns with tapering ratio cawseging of mode shape in the same conditions.i$ys.K28
and 29) show the behaviour of non-prismatic colutue to non-uniform cross section a long lengthad@mn.
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3.2.3 Stresses

The different failure modes are resulted from th#fedence stress-slenderness characteristice ol ste
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Figure 28 Mode shape for Square Column
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Figure 29 Mode shape for Circle Column

0.00

1.00

2.00

Lateral Displacement(mm)

columns.Figs.(30 and 31) shows the results ofraifar taperedd ratio. For square column with éBhkto 0.4)
failed by buckling for arange of slendereness satht a/b=(0.5 to 1), the square column failed Biding but
the buckling failure occure in the circle columrtaered ratio, a/b=(0.7 to 1) in the same arafigéeadereness
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ratios and yielding stresses (Fy=414 MPa.).

Stresses(N/mm”2)

Figure 30 Stresses for varying slenderness ratio and tapatidfor Square Column
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Figure 31 Stresses for varying slenderness ratio and tapatidfor Circle Column

3.2.3 Comparison of results

In order to demonstrate accuracy, convergencyagpticability of the finite element softwafeNSY S 12.0, the
buckling problem of columns with non-uniform crossction are analyzed and numerical re§Glere and
Carter, 1962] are plotted in Fig. 32, shows about 20% convergenc
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Figure32 Critical load vs. tapered ratio for non-prismatic

3.2.4 Support Conditions

In Figs. 33 and 34, one can see the corrospondingadiador the same colum , with different cases of
supporting condition.
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—+— Fixed-Fixed[Gere and Carter, 1962]
1600.00 —| —— Fixed-Pin[Gere and Carter, 1962]
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=
3]
o
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\ \ \
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Figure33 Critical load vs. tapered ratio for non-prismatguiare column under different cases of
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Figure 34 Critical load vs. tapered ratio for ngmismatic circle column under different cases gffsrt

Finally, the effect of taper ratio on number ofreémnt through meshing in the finite element softwaNSY S
12.0 was plotted in Fig. 35. At the same time the shafpeross section for steel column was affectedhan
number of element.

8000.00

Square Col.
6000.00 —

Circal Col.

4000.00 —

No. Of Elements

2000.00 —|

0.00 I I I I

0.00 0.20 0.40 0.60 0.80 1.00
a/b

Figure 35 Number of Element vs. Tapered ratio

5. Conclusion

In this study, the elastic buckling behavior ofestapered column by means of determining the spaeding
elastic critical load for elastic buckling. Thidtaral load can be used for the determination ef ¢brresponding
member strength. More specifically, the influendeh® taper ratio and cross-sectional geometry,different
cross section and the different slenderness ratim-uniform steel members that are subjectedial foads is
thoroughly investigated. The most conclusions tlaat be drawn from this study are:

1. The effect of tapering ratio decreases thecatitoad.

2. The tapering ratio affected on the location wékling and mode shape of failure.

3. More different types of failure occure due torgasing of tapering ratio.

4. The tapering ratio affected on the number afhelat through meshing.

5. The influence of taper ratio is greater foricatload due to different conditions of support.
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