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ABSTRACT

A column is a vertical compression member desigoettansmit compressive loading. It is generallgrs¢hat
when a slender member is loaded in compressiavillibow sideways or buckle, and if the load isrthiacreased further
the column will eventually fail in bending. Buakgj is a mode of failure that is mainly observedaempression members
due to structural instability. A pretwisted colurhas its strong flexural plane weakened and its wiatural plane
strengthened, leading to a favourable effect orkling strength of the pretwisted column. A linearckling analysis study
was conducted for boxed and unboxed sections flumuts with varying twist angles to study the effe€ttwist angle
variation on improvement in buckling capacity. T$tadies reviewed that buckling capacity increaseb an optimum
twist angle value and further reduced. It was fotinat pretwisting is effective to increase the bimgk capacity of

columns.
KEYWORDS: Pretwisting, Slenderness Ratio, Buckling, Localtai
INTRODUCTION

A column is essentially a vertical member desigieettansmit a compressive load. Being a compressiember,
it is reasonable to suppose that a column wouldfacrushing of the material when the load reachéigh enough value,
but for most columns failure occurs at a lower |tlaah the crushing strength; this is because nalatns are relatively
slender, i.e. they are long in relation to theiefal dimensions. It is generally seen that wheieader member is loaded
in compression, it will bow sideways or buckle, ahthe load is then increased further the membi#raventually fail in

bending.

The ratio of the effective lengtbbf a columnto the leastradius of gyration of @®ss section is called
the slenderness ratio (expressed with the Grea#r l@ambda,)). This ratio affords a means of classifying colsmn
Slenderness ratio is important for design constd®ra. A short steel column is one whose slendasrmago doesnot
exceed 50; an intermediate length steel columralslsnderness ratio ranging from about 50 to 2080 ,ase dominated by
the strength limit of the material, while a longedtcolumn may be assumed to have a slendernésgraater than 200

and its behaviour is dominated by the modulus astedity of the material.

If, on the other hand, a stocky column is used, witk a low length to breadth ratio, then a crughinode of

failure is more likely than a buckling mode. Thhg thormal compression elements, length and latnansion play a
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part in determining the mode of failure that wilsult. Also, for a given section, there will be ritical length of the

compression member below which it will be crushed above which it will buckle.

The shape of a column is also very important.ltfray thin flexible rod is loaded longitudinally @ompression, it
is noticeable that it deflects readily near the poidt of its length with a considerable amount ¢fpthcement. The
phenomenon is called buckling and occurs when ttesses in the rod are still well below those regplito cause a

shearing type failure.

Columns and struts may therefore be describedtaareshort or slender depending on its mode ofifailA short
column or strut will fail internally by yielding ithe case of ductile materials, such as mild stedby shearing in the case
of brittle materials such as concrete.

Slender columns are becoming increasingly imporadtpopular because of the following reasons:
» The development of high strength materials (coecaatd steel),
» Improved methods of dimensioning and designing witional and reliable design procedures
» Innovative structural concepts — specially, thénect’s expectations for creative structures.
BUCKLING

Buckling is characterized by a sudden sideways urail of a structural member subjected to
high compressive stress, where the compressivessitehe point of failure is less than the ultene@mpressive stress that
the material is capable of withstanding. Mathenatanalysis of buckling often makes use of an flaidl" axial load
eccentricity that introduces a secondary bendingnerd that is not a part of the primary applied ésrdeing studied.
As an applied load is increased on a member, sach eolumn, it will ultimately become large enoughcause the
member to become unstable and is said to have daickurther load will cause significant and somewhegpredictable
deformations, possibly leading to complete losshef member's load-carrying capacity. If the defdroms that follow
buckling are not catastrophic the member will comgi to carry the load that caused it to buckl¢hdfbuckled member is
part of a larger assemblage of components suchbadding, any load applied to the structure beytimat which caused
the member to buckle will be redistributed withie tstructure. The strength of a column may theeekar increased by
distributing the material so as to increase the pmtnof inertia. This can be done without increadimg weight of the
column by distributing the material as far from thencipal axis of the cross section as possiblkilenkeeping the

material thick enough to prevent local buckling.

A slender column or strut will fail by buckling, \wte a relatively large bending distortion will degalong its
length. The member does not collapse immediatetyremains in bent equilibrium unless the yieldesgth of the
material has been exceeded. The buckling phenomsramexample of unstable equilibrium, whereashitlgaviour of a
short strut is that of stable equilibrium.

The axial load to cause buckling is called theiaaitload (P). For a given load, a critical lengtlay also be
deduced. In the case of slender structural columssruts, the critical buckling load and theicat length depend upon a
number of factors, such as the shape and sizeeafrtdss-section, the relationship between the leofjthe column and its

lateral dimensions and the degree of fixity at berids.
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For a strut of given length which is pinned at bettds, the minimum load at which buckling will ocenay be
determined using a mathematical analysis whichywesl what is known as the Euler Formula. The Smisthematician,
Leonhard Euler (1707 — 83), calculated the loadtdath a column would buckle if it were axially laadiand pinned at its

ends.

Thus, the Euler buckling load for an axially loaged ended column is given by:

m2El
LZ

Py =

Pe = the Euler buckling load

E = Young’s modulus for the material

| = the least second moment of area of the@ecti
L =the length of the strut between the pinnedsen

The magnitude of the buckling load given by thisnala is the appropriate value for initially striaigstruts
which are pinned at both ends and are subject sxihload only. In the cases where one endedfiand the other end is
pinned, or where both ends are fixed, the effedémgth has to be determined by multiplying thegtbrbetween supports

by an effective length factor.
1. Both ends pinned Effective length = actual length x 1.0
2.  Both ends fixed Effective length = actual length x 0.5
3.  One end pinned other end fixed fedive length = actual length x 0.7
4. One end fixed,
other end completely free Effective length = actual length x 2.0

Sections normally used in steel structures areticses, Channels or angles etc. which are calleshggctions, or
rectangular or circular tubes which are called elbsections. These sections can be regarded asnbineation of
individual plate elements connected together tonfthie required shape. The strength of compressiembars made of
such sections depends on their slenderness ratjbeHstrengths can be obtained by reducing thedsimess ratioe. by
increasing the moment of inertia of the cross-sactSimilarly, the strengths of beams can be irsdaby increasing the
moment of inertia of the cross-section. For a gigemss-sectional area, higher moment of inertia lwarobtained by
making the sections thin-walled. Therefore, thekting of the plate elements of the cross sectiothenrtompression/shear
may take place before the overall column bucklirgowerall beam failure by lateral buckling or yield. This
phenomenon is called local buckling. Thus, locatkiing imposes a limit to the extent to which secs can be made

thin-walled.

In closed sections such as the hollow rectanga@eticn, both flanges and webs behave as interaalezits and
the local buckling of the flanges and webs depemugheir respective width-thickness ratios. In tbése also, local
buckling occurs along the entire length of the mendnd the member develops a ‘chequer board’ watterp as shown

in Figure 1.
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Figure 1: Local Buckling of Compression Members

Local buckling has the effect of reducing the leadrying capacity of columns and beams due toedeation in
stiffness and strength of the locally buckled plkissments. Therefore it is desirable to avoid |dealkling before yielding
of the member. Most of the hot rolled steel secibave enough wall thickness to eliminate locakbng before yielding.
However, fabricated sections and thin-walled cald¥fed steel members usually experience local hugkéf plate
elements before the yield stress is reached. Umagkling involves distortion of the cross-sectidimere is no shift in the

position of the cross-section as a whole as ingjloboverall buckling. [13]
Beam Columns

Beam columns are member that are subjected to &xidi compression and bending while bending is as
important as axial compression. The bending magaused either by moments applied to the ends ofrémaber or it
may be due to transverse load. The lateral loadsndrmoments cause deflections which are furtherliied by axial
compression causing moments, along the membereTédditional deflections add significantly to thements, which

may result still further deflection.
Difference between eccentrically loaded column b@am-column

e Eccentrically loaded column: axial pressure isghimary effect while bending (unavoidable imperfegs) is the

secondary; the research is mainly to discuss fieetedf bending on axially loaded column.

» Beam-column: axial pressure is the primary effebilevbending (intentionally applied) is also imgort, the

research is mainly to discuss the effect of axiatllon bending.

Figure 2 shows a beam-column undergoing laterdéckidn as a result of the combination of comprassind

equal and opposite moments applied at the ends.

Impact Factor (JCC): 3.2318 NAAS Rating.06



Influence of Pretwisting angle on the Buckling Capeity of Steel Columns: A Review 5

e
%
L + L L M E
Maoment
. 2,
x
DTN

Figure 2: Primary Moment M and Secondary Moment Ny
Pretwisted Steel Columns

Pretwisting is a method of applying an angle ofstvéilong the member's length, such that the prah@ges of
inertia rotates in accordance with the centroida$ @f the column. The method of applying the pisting along the
centroidal axis at various twist angles is a clmglieg task in the real practice. Hence, pretwistimgild be considered as
an introduced twist to the column which would bearhigher critical load before reaching its ultimatEength.
Implementation of pretwisting in a certain membeads to inducing a coupling effect on the weak stndng planes.
Moreover, the effect of pretwisting can be expldias a transition between the weak and strong @ixé® member (i.e.

the weak axis may be strengthened, while the staaiggmay become weaker after being pretwisted).

A natural pretwist applied along the centroidalsaalso induces a coupling effect in the flexurangls of a
pretwisted member. This coupling of flexural plamedps to increase the first buckling load of thenmber subjected to
axial load and thereby reducing the buckling lohdazond mode of buckling. Since the second modriokling does not

have much significance, the effect of pretwistimgtioe increase in axial load capacity of pretwistellimns is beneficial.

A prismatic compression member may buckle dueexuile, torsion or due to both. It is predictablelétermine
that a prismatic member buckles along the plarfeasft resistance. In the case of pretwisted memitéssnot predictable
to evaluate the plane along which the member malldbuue to the coupling of strong and weak axieviery point along
the length of the member. However, the column tasce varies at each point along its centroidad atien its section is

permanently pretwisted.

The axial strength and the static performance efctlumn may be influenced by this pre bucklingstwihich,
in turn, may vary in any arbitrary manner along lédnegth of the member. During buckling, the defodneenfiguration of
the pretwisted column is no longer perpendiculathtoaxis of least resistance, which results imlgigomplex nonlinear
differential equations, describing the equilibriefithe member. Results obtained from the varioudiss generally show
very wide variation. However, all the studied madeyreed that with increasing the angle of twie,luckling strength of
the column increases. Therefore, pretwisting candmsidered as a simple way of strengthening tbinnens subjected to

axial loads or making thinner (lighter and morerearoical) columns with the same strength.
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LITERATURE SURVEY

The concept of pretwisting was introduced in theréiture a long time proposed by Zieglar in ther yE348.

Previously this technique was massively used iithpter rotor blades, turbine blades and gear teeth

Serra (1993) analysed a pretwisted column manwaaltl found out relation between buckling load angleof
twist. This analysis shows that with a simple perem twisting at the ends a column with constaatise can improve its
static performance to buckling significantly. There pretwisting can be considered as a simple @fagtrengthening

compressed thin columns or making thinner columitis the same strength. [1]

Bairagi and Kanvinde (1993) said that the concdppretwisting is similar to the concept of prestiag of
flexural members. In the pretwisting techniqueredetermined twist within the elastic range is gite a steel bar placed
along the longitudinal axis of the beam. The bathen anchored to prevent any loss of pretwist. dtwecrete is then
placed and allowed to harden. The bars are remfregd the anchor after a proper curing period arel ghetwist gets
transferred to the beam. This pretwist will indwgteearing stresses all over the cross-section obéaen inducing an
internal torque. Thus it can be seen that thisrtiegte is similar to the prestressing technique. fifegwist is transferred to
the adjoining concrete mass through specially desigvane or stud systems attached to the centraifted bar at
specific spacings. The results say that the ulgéniatque-carrying capacity for the pretwisted beaars be made to reach
almost the same as that for beams with standanfbreement. The presence of the steel bar, of epuantributes to the

stiffness of the section when compared with thdgeeplain concrete ones. [2]

Madhusudhana et al. (1995) investigated the bugldapacity of uniformly and non-uniformly pretwidtbeams
with fixed-end conditions. The study found that thgimum twist was 225°. Also, the unidirectionakfist applied
along the member's length was revealed to yieldtgrébuckling capacities than when various pretagshbinations were
implemented in opposite directions throughout teetidal axis from one end of the member to theotFurthermore,
the analysis showed that with uniform pretwistittgg principal axis which governs buckling is thealer axis (i.ey
axis). The study also linked the increase in bucklpad of a beam to the position of the pretwisirf the centroid of the
section to one end, concluding that the maximunklng load is encountered when the twist is exaatlyhe center of the
beam with a minimum buckling load at the beam emdbioth opposite and unidirectional twists. Finaltywas also
concluded that when a unidirectional twist (symimgedabout the center of a discontinuous beam) isiegn two portions,

a greater buckling load is achieved.[3]

Celep (1985) studied the stability of simply-sugpdrpretwisted columns subjected to static andogdariaxial
load. Pretwisting was defined as the rotation efghincipal axes of the column around its undefatmeis. The effect of
the rigidity ratio (i.e. ratio of the two principatoments of inertia of the section) was highlightdéahg with the effect of
pretwisting on the static performance and the dyoatability of the column. The analytical modelsvsolved by using
the Galerkin's method. The study revealed thahesigidity ratio of a certain cross-section appfws unity, the effect of
pretwisting almost vanishes. For the purpose ofthdy done by Celep, the first five modes of bingklwere considered.
The analysis also showed that the first buckliredlés not much affected by the rigidity ratio, vehthe loads from the
second and third buckling modes do vary slightlyhvd change in the rigidity ratio. Moreover, it welsown that as the
rigidity ratio is increased, the buckling loads ejgrh each other. It was also revealed that theé fomn the second
buckling mode reaches a minimum before the firgtkbng load is reached. Furthermore, the study gltbthat medium

pretwisting had the greatest effect on the lowettal loads. [4]
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Tabarrok et al. (1989) performed an analytical gtuwh the buckling capacity of pretwisted columns
implementing the principle of total potential enerp derive the desired equilibrium equations almel ¢orresponding
boundary conditions. The analysis involved bothicily determinate and indeterminate cases. Aiiggmt increase in
the buckling capacity of the column for the firsbae and a faster decrease in the buckling streofgtile second mode
were observed for almost all boundary conditionsrttiermore, the first and the second mode shapeecged as the
angle of twist increased. Moreover, the study shibitrat statically indeterminate cases exhibitedenascillatory nature
than the statically determinate cases in the ptedegraphs of strength ratios of pretwisted andnpatic columns versus

the applied pretwist. [5]

Steinman et al. (1991) studied the effect of ndlyuegpplied pretwist on the buckling capacity ofstler columns
both statically determinate and indeterminate caBes main parameters considered were the appligie af pretwist and
the ratio of second moments of area around thegtamd weak axes of the slender columns consid&i@g. boundary
conditions were considered in this study, involvligged-hinged, clamped-hinged, clamped-clampedcietped-free.
The assumption behind this research was that antoln 3D-space buckles around the stronger flexpliete albeit its
original plane of flexure being the weak plane #mat pretwisting works on coupling these two fleduplanes. It was
found that the buckling mode of a pretwisted columsembles that of a prismatic column. The studgaked that for
statically indeterminate columns, the optimum bimgklcapacity is reached for a range of pretwistiesi\getween 90° and
270° followed by a decrease for the angles 270*-360e results also showed that the capacity afetwisted statically

indeterminate column may be twice as much as thidteocorresponding prismatic column. [6]

Frisch-Fay (1973) studies the stability of pretedstcolumns under an external compressive load teldie
differential equations that govern the buckled shapthe column. In his investigation the boundeoyditions assumed
for the pretwisted columns were spherical hingewigied at both ends. He investigated various patensién his analysis
such as buckling load corresponding to prismatlaroa () pretwist angle per unit length of columm)(and ratio of two
moments of inertia ¢ll,). His findings said that the maximum increase uickling capacity obtained by the pretwisted
column was more than twice compared with the prin@lumn provided,<k;, wherek, = P/El;andk, = P/El,. He also

found that fork; = k, , the applied pretwisting had no contribution todgathe buckling capacity. [7]

Recently, Barakat and Abed (2010) conducted anrerpatal study to investigate the effect of pretimig on the axial
load capacity and stability of fixed-ended preteissteel bars with rectangular cross-sections. Niwae 200 specimens
of different cross-sections, lengths, and widthgewfrst twisted with several angles by applyingetorque using a
torsion machine, then exposed to axial compresagng an MTS machine. It was observed that thewsttd bars
claimed a non-planar deformed shape during bucklvigreover, at buckling, the axial stiffness of ttveisted bars
decreased gradually until the critical load washea. The experimental results revealed that titieadrbuckling load of a
pretwisted bar was always of higher value than tfats corresponding prismatic bar. Furthermohés experimental
study showed that the effect of pretwisting wasatge on sections with higher second moments of &eapecific

pretwist angles. [8]

Abed et al. (2013) then expanded the experimetudlyshy using a nonlinear finite element analysisnclude a
wider range of pretwisting angles up to 270°. Btth experimental and numerical results concluded pinetwisting
increases the buckling capacity of thin columnes; ltlickling load capacity becomes higher with higlagios of principle

moments of inertia for a specific set of pretwigtamgles. It was also observed that the buckliag lof a pretwisted bar is
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always higher than that of the corresponding prigrzars with unequal principal moments of inerfMdso, the highest

increase in buckling capacity of the bars was olezbat a pretwisting angle close to 90°. [9]

Abed et al. (2015) evaluated the improvement irstelabuckling capacity of pretwisted columns uslitgar
perturbation analysis. Three different column sextiof various lengths initially twisted at angfesm 0° - 180° were
analysed assuming fixed-fixed and pinned-pinned eodditions. Results concluded that there is a ifsogimt
improvement in the critical buckling capacity fafferent slenderness ratios. It was also obserhead éffect of various
column lengths on improvement of buckling capaems insignificant. As compared to fixed ended bamdonditions

pinned ended column didn’t show considerable irszea the buckling capacity. [10]

Chan et al. (1991) proposed a non-linear finiteneliet procedure for the pre- and post-buckling asialgf thin-
walled box section beam columns. The incrementzdrgestiffness approach was employed in conjunatitih tangent
stiffness to trace the load vs deflection pathgefese hollow sections. The box beam column is isedlas an assembly of
plates that are further decomposed into a numbetenfient areas. The influence of local plate bugkiipon the overall
ultimate buckling behaviour of the member is inaygied in the analysis by adopting a set of maodiifizess-versus-
strain curves for axially loaded plates. Factorshsas residual stresses, associated with hot ralfet cold-formed

sections, and initial geometrical imperfections aceounted for in the analysis. [11]

Chiew et al. (1987) conducted an experimental itigason of the ultimate load behaviour of thin-leal box
columns subjected to concentric or eccentric cosgive loading taking into consideration of faillme local, overall and
interaction buckling. The column models are falddafrom mild steel sheets hydraulically shear kb require
dimensions and positioned by tack-welding. The ltesshow that for short columns, the failure wasseal by the local
buckling of the component plates. The behaviouloof columns with low plate width-thickness ratiwas, however,
dominated by the overall buckling, while those whilgh b/t ratios failed due to the combined effettocal and overall
buckling. [12]

SUMMARY OF LITERATURE REVIEW

» Buckling capacity of pretwisted column show a sfigaint increase with increase in twist angles bjuiting a

coupling effect on strong and weak planes.

e The unidirectional pretwist applied along the mertbkength was revealed to yield greater bucklingacities
than when various pretwist combinations were imgeted in opposite directions throughout the cedéloaxis

from one end of the member to the other.

* The unique configuration of the pretwisted memipeluces higher stiffness and better stability thengrismatic

member. However the buckling mode shapes showitasicharacter under an axial compressive load.

» Asignificant increase in the buckling capacity foe column was found for first buckling and a éastecrease in
buckling strength for second mode for almost alifmary conditions. It was also observed that thet find

second mode shape converged as the angle of hersiaised.
CONCLUSIONS

e The support conditions fixed-fixed or pinned-pinrames not show any effect in buckling load capafitythe
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case of pretwisted columns.

e For the | and H sections flanges are unstiffenedhbers and webs are stiffened, as a result flangédsyfirst
prior to web by completely losing its stiffness.eféby there is a lower stiffness for the whole isecsince its
flanges individually has become structurally ineffee. This type of local buckling leads to uns&abtructure

prior to its critical load of failure.

» Various experimental and analytical studies wenedooted on | sections to determine the increadeuakling
capacity of steel columns. More studies need todmglucted for boxed sections to determine its nespdowards

the axial buckling capacity for increasing twisgbes.
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