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Abstract

Thin walled members are very important part ofraiftcstructures. These thin walled structures dttetthin

plates fixed on open section beams whose Centrmiéd dot coincide with shear center. The attentiene ls

focused on open section channel beam subjectedctdig loads. Both rounded closed end and rourogesh

flange end are studied where the main variableghackness of the sheet, radii of the ends. Fi&itement

Analysis of these structures for buckling is doseng ANSYS .Also, the influences of various shaped sizes
of the flanges are analyzed to get the critical mots. The results are comparisons between casewitind
classical solutions are included in this paper Whéads to the best types of open section beanthifowalled

structures.
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1. Introduction

Marcello pignataro [1] on the basis of the gendhabry of elastic stability, post buckling analysissimply
supported channels under uniform compression ®peed. M.Ma &o0. Huges [2] Energy method is develdp
for analyzing the lateral buckling behavior of thenosymmetric | beams subjected to distributeticaioad,
with full allowance for distortion of web. k Magrkic [4] Thin walled structures where a thin-wallbdam is
in pure bending subjected to couples m0. The opessesection profile has two ribs, with cross-sett0 and
it is shaped symmetrically towards the plane petfmertar to the bending plane. The ribs are locattthe
profile ends. The shape of the profile line is skad for. Criterion is the minimal value of the gesection area
al of the beam. The problem in this paper is desdriby means of variational calculus. While nunadric
calculations are performed using runge—kutta methadysztof Magnucki, [S] aimed at searching foe th
optimum shape of an open cross-section of a thitedigbeam under strength and stability constraamtd
presented it through their paper optimum shapéhefdpen cross-section of a thin-walled. B. W. Sehf)]
Open cross-section, thin-walled, cold-formed steéimns have at least three competing buckling sioldeal,
distortional, and Euler i.e., flexural or flexutalksional buckling and provided Accurate closedvanethods
for their prediction.. A direct strength methodpiposed for column design. Nuno Silvestre [7 ThaHed
Channel Columns and Beams which after giving afhbui¢line of the Generalized Beam Theory (GBT)
fundamentals and linear stability analysis procedpresented the main concepts and steps involvetei
derivation of GBT -based fully analytical formulaee described and discussed. Xiao-ting [8] latenadional
buckling of thin walled channel section beams esstd by metal sheeting when subjected to an Upéft. N.
S. Trahair, [9] simple advanced method of desigmitegl members against out-of-plane failure. Chengand
Schafer, [10] Simulation of cold-formed steel beam#cal and distortional buckling with applicat® to the
direct strength A nonlinear finite element modeldisveloped to simulate two series of flexural testisrd
Mario [11] considers the effects of shear defororadi Choi-Ping Poon [12] Jaehong Lee [13] explaireteral
buckling of thin-walled composite beams with mormasgyetric. Tomasz kubiak [14] analysis of local birgl
of thin-walled beam-columns. Krzysztof Magnucki [Ilastic buckling of selected flanges Of cold-famun
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thin-walled beams. Lei zhang, [16] continued thgievious studies related to two representativertbsavith
slight differences between them, widely used inestigating the flexural-torsional buckling of thivalled
beams. Foudil Mohria, [17] derived analytical smios Based on a non-linear stability model, for @im
supported beam-column elements with bi-symmetsections under combined bending and axial forcem.M
pastor, [18] Experimental study of open thin-waltettion beams subjected to pure bending. Ben yfi8ign
2008 reported in local buckling and shift of effeetCentroid of slender sections that local buakli; a major
consideration in the design of slender sectiondd&gnucka-blandzi [20], reviewed a paper to thekbing and
optimal design of cold-formed thin-walled beams hwielected problems where cold-formed thin-walled
channel beams with open or closed flanges. MPH#&tor, [21] in 2009 continued their work startfngm the
set of bending tests of U sections performed. KgiMeki [22] Poland in the year 2009 devoted a pé&penpld-
formed thin-walled channel beams with open or dogeofile of drop flanges. Geometric propertieswd c-
sections are described with consideration of wardimctions and warping inertia moments. Optimizati
criterion and the dimensionless objective functama quality measure are defined. Constraints adiliée
solutions are strength, global and local bucklingditions and also geometric condition. Analytisalutions of
the problems of global and local buckling for thwalled beams are presented. P. Borges Dinis, [23hé
year 2010 along with Dinar Camotim of DepartmehCivil Engineering, ICIST/IST, Technical Univergibf
Lisbon, Portugal reported a paper on numerical stigation concerning the post-buckling behaviorcofd-
formed steel lipped channel beams, subjected tfmmmimajor axis bending. Jerzy Lewinski [24] dewiish
cold-formed thin-walled beams with the Z-, S- arldtfoid-section. Zbigniew kotakowski [25] A plateddel

is adopted for the channel. The structure is asdumée simply Supported at the ends. Equatiomaaifon of
component plates were obtained from Hamilton'sgipie taking into account all components of inefteces.

In the frame of first order nonlinear approximatidhe Dynamic problem of modal interactive buckliisg
solved by the transition Matrix using the pertuitiatmethod and Godunov's orthogonalization, Krayszt
Magnucki [26] The geometric properties of two tyjpés sections are described by them, the warpingtfons
and the inertia moments the theoretical solutionttefse beams are numerically found using FEM and
experimentally verified. Mariusz Urbaniak [27] Lédaynamic Buckling of C which deals with local dyn&
buckling of thin beams subjected to bending. Vaishapes of pulse loading with a duration corredimgnto
the fundamental period of vibration were taken iatcount. Carine Louise Nilsen, [28] studied howlgally,
thin-walled steel sections have been extensivelgleyed as prime load-bearing members. they fouad ttie
behavior of thin-walled steel sections, includingdl buckling, distortional buckling, global bucidi and shear
buckling Lawrence W. Rehfield [29] in their designethodology for buckling of thin-walled laminated
composite beams shoed show buckling by pure beratidgby bending- torsion coupled modes can occdr an
that transition among modes are governed by straicharameters. Syed Muhammad Ibrahim, [30] obskrve
The buckling of thin-walled structures is presenteing the 1D finite element based refined beanorthe
formulation that permits us to obtaM-order expansions for the three displacement fieldsr the section
domain. Antonin pistek [31] analytical method fomit load capacity Calculation Of thin walled aiaftr
structures focused on description and Comparisodiftédrent methods for limit load Capacity calcitet of
thin walled aircraft Structures M.S.Deepak,[32] dussold formed ¢ and z sections because of theiy eas
connections but they suffer from certain bucklingd®s. Here the structural behavior of ¢ channgklipbeams
due to lateral buckling and load carrying capadtyevaluated. Renata Kaspersk [33] OptimizatiorCofd-
Formed Thin-Walled Beams with Open Cross SectioegaRling their work which deals with the problem of
optimal design of selected I-type shapes underibhgndoment. Jung Kwan Seo, [34] paper addressesnes
gap in LSBs by reporting the development of webnamg modeling techniques based on an equivalentcest!
web thickness concept and a numerical method fedipting the elastic buckling moments of LSBs with
circular web openings. Piotr paczos [35] experimkabhd numerical (fsm) investigations of Thin-wdlleeams
with double-box flanges reported.

The proposed subject of analytical and numeifioadstigations is the continuation of a previogsearch that
has been conducted in the Department of Aerondukingineering, Institute of Aeronautical Engineegrin
These investigations will help to improve the catrienowledge about the design of thin-walled bedrisally,
the results of the investigation for thin-wallecabes with drop flanges and round flanges will be parad in
this paper.
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2. Thin-walled structures

Three-dimensional structural components in whiclke dimension is small compared to the other two they
include shells, domes, arches, articulated plate$,membrane-type structures.

Thin-walled structures have a high load-carry¢agacity, despite their small thickness. Theywveidely used
in the construction industry because of their liggight and economy, particularly for long-spanoft® in
industrial and public buildings and for storagaistures for liquids and bulk materials, such ak$ahoppers,
silos, and coal houses. Thin-walled structureseapecially suitable for use in constructing Airtsaéxhibition
pavilions, concert halls, and sports arenas bectheseariety of available shapes permits greatitactural
expression, the covering of wide areas, and flé&ibin the choice of construction materials, indilng steel,
aluminum, reinforced concrete, and laminated pasti

The design calculations required to estimatestrength, stability, and vibration of thin-wallsttuctures are
among the most complex problems encountered ictsiral design. In general, the calculations aretdidhto
solutions of two-dimensional problems in elasti@gtyplasticity. Computers have been used to develethods
of calculation based on design schemes, which gredith sufficient accuracy the actual performance
conditions and characteristics of the structuresekample, the yield of the supporting structahe, presence
of stiffening elemgnts, plastic deIormation, valéatvall thickness, and the formation of cracks.

Bulkhead

Fig 2.1 Thin cylindrical shell Fig 2.2Rough fig of aircraft fuselage

2.1 Parts of Air Craft Structures

General the structures of most flight vehiclesthie walled structures (shells) or the semi Mona@type of aircraft
structures. The general function of the aircrafcitres is to resists applied loads (Aerodynaradk acting on the
wing structure) Provides the aerodynamic shapesBi®the contents from the environment. The diffeparts of the
air craft structures are Skin, Ribs and Frame, Spiiffeners or Stringers.

2.2 Skin

The functions of the skin are that to reacts thgliag torsion and shear forces. It also transméi®dynamic
forces to the longitudinal and transverse suppgrmembers. Skin along with the longitudinal mensb®elps
in resisting the applied bending and axial load alsd acts with the transverse members in reattiedroop, or
circumferential, load when the structure is preigeadr.

Cover skin

——

Spar cap — TSN L ongituding!
stangars

Fig 2.3 Skin of aircraft
2.3 Ribsand Frame

Ribs and frame are the other important part ofdiheraft structure. To provide the structural intgpn of the
wings and the fuselage of the air craft. Theseh#ddp the wing and fuselage maintain its aerodynamifile.
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3. Buckling of Thin Walled Structures

In science, buckling is a mathematical instabiliéading to a failure mode. Theoretically, bucklisgaused by

a bifurcation in the solution to the equations tatis equilibrium. In practice, buckling is charagted by a
sudden failure of a structural member subjectedidh compressive stress, where the actual compeestiess

at the point of failure is less than the ultimatenpressive stresses that the material is capablétle$tanding
mathematical analysis of buckling makes use ofx@al dvad eccentricity that introduces a momentjchtdoes
not form part of the primary forces to which themter is subjected. When load is constantly beirgieg on

a member, such as column, it will ultimately becdarge enough to cause the member to become uastabl
Further load will cause significant and somewhairedictable deformations, possibly leading to cat®loss

of load-carrying capacity. The member is said teehluckled, to have deformed.fig 4.2 shows diffesgages

of buckling.
=y on

1727207

Fig 3.1 Buckling of the column

The ratio of the effective length of a columnttee least radius of gyration of its cross secti®rcalled
theslenderness ratio(sometimes expressed with the Greek letter lamhyaThis ratio affords a means of
classifying columns. Slenderness ratio is importantiesign considerations.

In 1757, mathematician Leonhard Euler derivefbranula that gives the maximum axial load that aglo
slender, ideal column can carry without bucklingn Adeal column is one that is perfectly straight,
homogeneous, and free from initial stress. The fanderived by Euler for columns with no considematfor
lateral forces is given below. However, if latefatces are taken into consideration the value ticat load
remains approximately the same.

2 ET

(KL)? @)
Where:F = maximum or critical force (vertical load on coln), E = modulus of elasticityl, = area moment of
inertia, L = unsupported length of columK = column effective length factor, whose value defseon the
conditions of end support of the column, as follotusr both ends pinned (hinged, free to rotdfey, 1.0. For
both ends fixedK = 0.50. For one end fixed and the other end pinked 0.699.... For one end fixed and the
other end free to move laterally,= 2.0.KL is the effective length of the column. The stréngfta column may
therefore be increased by distributing the matestals to increase the moment of inertia. This mmone
without increasing the weight of the column by dlsiting the material as far from the principal svaf the
cross section as possible, while keeping the nadtlrick enough to prevent local buckling. This iseaut the
well-known fact that a tubular section is much mefficient than a solid section for column service.

Since the moment of inertia of a surface isaitsa multiplied by the square of a length callesl iddius of
gyration, the above formula may be rearranged #sws. Using the Euler formula for hinged ends, and
substituting A-7 for |, the following formula results. where F/Atise allowable stress of the column, &rd is
the slenderness ratio.

F =

F 72F
o= — = —

A (¢/r)? (2)
The above equation is using to calculate crippditngss due to axial loads, but for pure momenbgiew
equation can be used.

wae wE F 22 w2
Mg, = MG = — — 2 T
fer1 =Ma™ =77V 3 +v){ Jx J,J

®)

JyandJz = principal moments of inertidy =warping moment of inertia
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3.1 Flexural-torsional buckling

Occurs in compression members only and it can Iseritieed as a combination of bending and twisting of
member and it must be consider for design purpasese the shape and cross sections are veryatrifibis
mostly occurs in channels, structural tees, doahlgle shapes, and equal-leg single angles.

3.2 Lateral-torsional buckling

In wide-flange sections, if the compression flahgekles laterally, the cross section will also twstorsion,
resulting in a failure mode known as lateral-tongiobuckling. Typical cross sections requiring dhéor
torsional and flexural torsional buckling

3.3 Plastic buckling

This lower rigidity reduces the buckling strengthtiee structure and causes premature buckling. iBhthe
opposite effect of the plastic bending in beamsiclvltauses late failure relative to the Euler-Beilidoeam
equation.

3.4 Elastic buckling of thin plates

The flat plate simply supported on all edges aadiéal in compression will buckle at an elastic caitstress
Ki’E [t

given by Per = (3)2 (4)
P

T 12(1-v2)

Fig 3.2 buckling of thin plates

3.5 Lipped channel.

The buckling coefficient K1 for the member havingvigth of B1 in a lipped channel of the type shoalbrove
is given by
B

Ky =7-—58 1 43n° (4 Y
0.15+h LS e F P
2

1
B;
— ' (5)

Where h = B2 / B1, For the member having the widttB2 in the above sketch. Where,and } are the
thicknesses of element width, Bnd B respectively. (Note: normally fand § will be equal). The computed
values of K should not be less than 4.0 or 0.425 as the cagebm

3.6 Plain channel (without lips)

The buckling coefficient K1 for the element of widB1 is given by
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B;

5
K, = 2 N 2+48h

(1+150%)" (1+150%)
I (6)

5;

4. Lateral Buckling Analysis of Open Section C Channel Beam with drop flanges Using
FEA

The beam of the length, the depthH, and the wall thickness'tare simply supported and carry two equal
momentsM0. The beams are simply supported and subjectr® Ipending state. The critical stresses of local
and global buckling are defined for the beams

Here the behavior of the channel beam with Warcends under lateral buckling and finding thiiaal
moment of the beam with change in various parametech as the length, thickness of the sheet,gadithe
round ends, ratio of breadth and height with tHe béfinite element analysis.

This is being done to achieve more economicsigtefor relatively light loads that use thin wallstructures
in Aero Industry .and also this type of beams carugeful in providing supporting the structure dfge and
fuselage and other parts of the aircraft vehicle.

The geometry of the open section channel beaas hown in figure 4.6.the channel section comsikiveb
which is 156.86mm,the flange which varies from D86 to 156.86mm,radius varies from 4mm to
20mm,thickness varying from 0.6mm to 3.14mm.

—

D
Fig 4.1 Open Section C Channel Beam with drop #&ng

4.1Procedure

The development of the FEA model of the beam reguaxact properties of the materials to be usedhfor
correct representation of the characteristics mheptto achieve the desire results. This is donagusinsys
software. At the initial stage we are taking eletnéype of shell 63 having critical's of web 2a as
156.83mm,flange b as 39.21mm ,thickness T 3.14radius of the circular end R 10mm,length L as 2.8Am.
isotropic material is adopted having E=7GPa and = 0.3

The ends of the section were fixed and the loesl® defined to achieve the solution for probléme results
were recorded. The process was repeated by vatliggndength, thickness of the sheet, radius of threutar
ends, ratio of breadth and height. The results tadralated and the graphs were plotted for thelteesu

The results of the buckling analyses of the aearbeam with elongated circular ends sectionClase 1 the
selected length is 1600 mm and lateral restrailiag the two longitudinal edges of web panel, tfos the
ratios of flange to web width@/a ) is variedfrom 0.5 to 2. The curve of the circular end chanselotted
between critical moment and flange to web ratics.tle flange width increases to 156.8 mm, the vafudcr
reduces to 10779 N-m after reaching its peak vafi#917N-m when the flange to web ratio is 1,stgrfrom
7691.3N-m when b/a ratio is 0.25.while the thiclmesmains at 3.14mm and the radius of the roundiend
7.84mm.

L a b R T Mcr
m | mm | mm | mm| mm | (N-m)
1.6| 78.43] 156.8 7.84 3.14 10779
1.6| 78.43] 78.43 7.84 3.14 24917

9%
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1.6| 78.43] 39.21 7.84 3.14 21990
16| 78.43] 26.14 7.84 3.14 11479
16| 78.43] 19.6| 7.84 3.14 76913

Table 4.1: showing change in critical moment Mcttwahange in b/a ratio.

L=1.6m,a=78.43mm,R=7.84mm,T=3.14mm

30000 i
E 20000
Z 15000 ll \\
2 10000
/
5000
0
0 Lo 2 3

Fig.4.1: showing change in critical moment Mcr witiange in b/a ratio

The following are the figures showing each castahslated in the above table the figures showrd#fermed
under the application of forces to do finite eletrmmalysis of the defined problem using Ansys safewy

@) (b) (©) ()

Fig.4.2: (a) deformed shape 1=1.6,a=78.43,b=15638.84,t=3.14. (b) Deformed shape 1=1.6,a=78.43 8043,
R=7.84, t=3.14 , (c) deformed shape 1=1.6,a=78Z3R1,R=7.84, t=3.14.(d) deformed shape |=1.6/&43,
b=37.21, R=8, t=3.14.

T=3.14 mm T=1.6 mm T=1.1 mm T=0.6 mm
R mm Mcr(N-m) Mcr (N-m) Mcr (N-m) Mcr (N-m)
4 14714 6495 3069.9 566.1
6 17057 7907 3661.5 649.05
8 20396 9532 5136.7 912.44
10 23978 11171 6178 1017.4

Table 4.2:combined table for the L=1600mm,a=78.43Ib+37.23 mm and changing radius and thickness.
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L=1.6 m,a=78.43 mm,b=37.21mm
30000
25000 — =
g 20000 __—— —T=3.14
£ 15000 —
S 10000 — —T=1.6
5000 ——— e T=1.1
0 = —T=0.6
0 2 4 6 8 10 12
R (mm)

Fig.4.3: showing change in critical moment Mcr witiange in radius and thickness.

The results of the buckling analyses of the chartvedm with elongated circular ends sectionJase 2 with a
length of 1600 mm and lateral restraints alongttveelongitudinal edges of web panel for the ratbbflange to
web widths(b/a ) of 0.5. The curve for the circular end channel istgeld for critical moment to radius of the
circular ends. As the radius is changed from 4 mani@ mm, the value of Mcr varies from 14714N-m to
23978N-m the thickness is 3.14mm.

A combined table for all values was formed iderto get more clarity with changing the thickne$she
sheet from which the beam is formed and also thptgfor this table was formed for the comparison

5. Lateral Buckling Analysisof C Channel Beam with Circular Ends Using FEA

We are studying here the behavior of the chanreibweith Circular ends under lateral buckling amliing the
critical moment of the beam with change in varipasameters such as the length, thickness of thet,staglius
of the Circular ends, ratio of breadth and heigithwhe help of finite element analysis.

This is being done to achieve more economicsigtefor relatively light loads that use thin wallstructures
in aerospace industry .and also this type of besansbe useful in providing supporting the structofrevings
and fuselage and other parts of the aircraft vehicl

The geometry of the open section channel beaas ishown in figure 1.the channel section consitiseb
which is 156.86mm,the flange which varies from b8 to 156.86mm,radius varies from 4mm to
20mm,thickness varying from 0.6mm to 3.14mm.

O

Fig. 5.1 Open Section C Channel Beam with CircBladed flanges

5.1Theoretical calculations for Moment of I nertia of C Channel Section with Circular Ends

Total Moment of Inertia= Moment of Inertia of Flaagy+ Moment of Inertia of Web
(A) Moment of Inertia of Flanges= Moment of Inartif Bar + Moment of Inertia of Shell since thenfia is of
circular ends type it is divided into two partsttisaof the bar and shell

3
(a)Moment of Inertia of Bar M. [, = % +llt+xy  wherekx = 19.40 and y = 76.86
Length of Bar [ = total length of flange — outer radius of shell

9%
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since the length of bar is the distance betweecahéact point of the bar and the shell and theg#aand web.
l=b—R=b—-(r+1t)
1 =37.81—(5+3.14)

[ =29.67mm

+3.143
Now, M. 1, = 2731 1 29.67 + 3.14 + 76.86 * 19.405

12
= 138950.85mm*
(b)Moment of Inertia of SheH M. I, = i(m —d*) + 2m(R? — r¥)xy

3.14

== (16.28* — 10*) + 2 = 3.14(8.14% — 5%)29.67 * 70.29
= 2955.550 + 540375.619
=5433B9nm*
(c)Moment of Inertia of FlangesM. I, = M.1, + M.I; = 138950.85 +543331.169
M.Ip = 682282.019mm*
(d)Moment of Inertia of Both Flangedk 1, = 2 * M. I, = 2 * 682282.019

= 1364564.038mm*.
3 . 3
B)Moment of Inertia of Webs M. I, = & = 2141872 _ 950472 442mm*
12 12

here a is taken as the distance
Total Moment of Inertia= Moment of Inertia of Flaagy+ Moment of Inertia of Web
M.Ip = M.Iy, + M. I,

= 950472.442mm* + 1364564.0384mm*.

= 2315036.476mm*.
the values of moment of inertia from the ansysaaréllows
Ly = 0.11264E — 02 , 1,,, = 0.12664E — 03 ,I,, = 0.12530E — 02, I, = 0.23717E — 19
I, = 0.0000 , I,, = 0.0000 , the values of moment of inertia from the caltioles
M.I=2315036.476mm*.

The development of the FEA model of the beam reguaxact properties of the materials to be usedhfor
correct representation of the characteristics mheptto achieve the desire results. This is donagusinsys
software. At the initial stage we are taking elemeéype of shell 63 having critical as web 2a as
156.83mm,flange b as 39.21mm ,thickness T 3.14radius of the circular end R 10mm,length L as 2.8Am.
isotropic material is adopted having E=7GPa and = 0.3

The ends of the section were fixed and the loesl® defined to achieve the solution for probléme results
were recorded. The process was repeated by vatliggndength, thickness of the sheet, radius of threutar
ends, ratio of breadth and height. The results tadrelated and the graphs were plotted for thelteesu

The results of the bucking analyses of the charieam with Circular ends section foéase A with a length
of 2800 mm and lateral restraints along the twa@iminal edges of web panel for the ratios of lario web
widths (b/a) from 0.5 to 2. The curve for the circular end clelria plotted between critical moment Mcr and
flange to web ratio b/a. As the flange width in@esato 156.8 mm, the value of Meduces to 23438 N-m after
reaching its peak value of 46764 N-m when the #attgweb ratio is 1,starting from 15221 N-m whea tatio
is 0.25.while the thickness remains at 3.14mm.

Lm|iamm| b mm| Rmm Tmm Mcr(N-m
2.8 | 78.43| 156.8| 10 3.14| 23438
2.8 | 78.43| 78.43 | 10 3.14| 46764
2.8 | 78.43| 39.21 | 10 3.14| 31394
28 | 78.43| 26.14| 10 3.14| 20315
2.8 | 78.43| 19.6 10 3.14 15221

Table5.1: showing change in critical moment Mcrhwihange in b/a ratio.
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L=2.8m,T=3.14mm,a=78.43mm,R=10mm
50000
_ o~
€ 40000
Z 30000 // \\
O 20000 7
S 10000
0
0 0.5 1 1.5 2 2.5
b/a

Graphb5.1: showing change in critical moment Mcihwvaghange in b/a ratio

The following are the figures showing each castbslated in the above table the figures on theslde of the
page show the undeformed shape while all the fgyarethe right side show the deformed and the wndefd
shape under the application of forces to do fieleanent analysis of the defined problem using Assfsvare.
The results of the buckling analyses of the aearbeam with Circular ends section faise B with a length
of 2800 mm and lateral restraints along the twa@iminal edges of web panel for the ratios of lario web
widths (b/a’) from 0.5. The curve for the circular end channgil@étted between critical moment to radius of the
circular end. As the radius is changed from 5miaamm, the value of Mds 61988 N-m when the radius is 20
mm, starting from 13570 N-m when radius is 5 mmilevthe thickness is 3.14mm.

L a b R T Mcr(N-m)
2.8 78.43 37.81 5 3.14 13570
2.8 78.43 37.81 10 3.14 30598
2.8 78.43 37.81 15 3.14 47857
2.8 78.43 37.81 20 3.14 61988

Table5.2: showing change in critical moment Mcrhwihange in radius of the end ratio.

L=2.8 m,T=3.14mm,a=78.43mm,b=37.81mm

70000
60000 -~

/
50000
£ )

EI_ 40000 /
G 30000
= 20000 //
10000
0
0 5 10 15 20 25

R(mm)

Graphb.2: showing change in critical moment Mcihvahange in radius

* 10

Sudhir Sastry Y B, Y krishnaS S PrasadSyed Mohsin A Q LUJRAME




Vol.2 Issue.10,

October 2014.

Pgs: 1-15

The following are the figures showing each casebslated in the above table the figures on thesldé of the
page show the undeformed shape while all the fgyarethe right side show the deformed and the wndefd
shape under the application of forces to do fieleenent analysis of the defined problem using Assfsvare.

A combined table for all values was formed iderto get more clarity with changing the thickne$she
sheet from which the beam is formed and also thptgfor this table was formed for the comparison

T=3.14 T=1.6 T=1.1 T=0.6
R | Mcr(N-m) | Mcr(N-m) | Mcr(N-m)| Mcr(N-m)
5 13570 6021 3901 783.31
10 30598 12632 5532 903.03
15 47857 17323 6028 978.03
20 61988 20882 6824 1116.2

Table5.3: combined table for the L=2800mm,a=7843%21and changing radius and thickness.

L=2.8m,a=78.43mm,b=37.81mm

80000
E 60000 —
'z;' 40000 /
S 20000 / S
0 ———
0 5 10 15 20 25

R(mm)

Graph 5.3: showing change in critical moment Mdhwghange in radius and thickness
5.2Comparative graph of both designs with same thickness and mass

5.2.1 Same Thickness.

A | T2=0.6| T2=1.1| T2=1.6| T2=3.14| T=0.6 | T=1.1 | T=1.6 | T=3.14
mm mm mm mm mm mm mm mm
Mcr (N-m)

7.5 | 207.69] 1269.5 38714 24992 97.243 577.97 16080747
10 | 207.89] 12704 3868.2 25454 97.634 581.71 169860779
12.5| 207.92| 1270.7 38673 25089 98.109 581.89 57030763
15 | 208.26] 1270.2 3861.3 2423 98.833 582.06 1702 0807
17.5| 208.52] 1269.2 38579 23438 98/5 5819 1701.0672

Table 5.4: showing Mcr values of both channels Whire having same material physical properties i.e
weight length thickness material

11
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Compar ative graph of both designs
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—~ \
e
= 20000 —T2=0.6
G 10000 T2=1.1
=
o B T2=1.6
0 10 20 —T12=3.14
N —T=0.6

Graph 5.4 Graph showing change in critical momeat With change ik and thickness
T2 and R2 are the denominations for the ¢ chanitbleircular ends, T and R are the denominationg fo
channel with drop flanges

The comparative study of both designs here is deitle material of same thickness. Here the compaati
parameter is taken as the thickness of the matérffed comparison suggests that the case two thapes
section C channel section with Circular ends isrgjer when compared with same thickness and mhatdria
open section C channel with elongated open ciranids.

5.2.2 Same Mass
A Mcr (N-m)@T=3.14 mm
R2=4 R2=6 | R2=7.84 | R2=10 R=4 R=6 R=7.84 R=10
mm mm mm mm mm mm mm mm
17.5 13206 17393 22814 288583 5539(7 5534.7 554(0.2 405.8
15 16475 21090 26853 33118 6792)8 675[7 670416 6458.
12.5 21673 26784 32735 38828 8755|2 8653.4 8472.7 865.8
10 30681 36395 42109 47163 12158 11891 11734 9819.5
7.5 48378 54814 59337 61375 18864 18043 16188 12872

Table5.5: showing Mcr values of both channels whieghhaving same material phisycal properties i.e
weight length thickness material
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Comparative graph of for both the cases with constant thickness and

same mass
70000
60000 & -
50000 \\\\ ——RJ6
Z? 40000 \\\\ ——R2=7.84
E— 30000 =—R2=10
s

20000 \\\\‘ ——R=4
i ——R=6

10000

/V
|

0

Graph 5.5 Graph showing change in critical momeat With change if. and thickness
The comparative study of both designs in this eecis done is done with material of constant thedsrand
same mass with varying lengths of the raw plateselhe comparative parameter is taken as thesadithe
material. The comparison suggests that the cas¢hiatds open section C channel section with Cacehds is
stronger when compared with same thickness andrialgpeoperties of open section C channel with ghied
open circular ends.

5.3 Mass calculations

Dimensions of the plate are length 1.2m, thickméske plate 3.14¥03
Breadth of the plate=2a+b#2=(78.43+37.81+2*3.14*7.84)2t0~3=330.95401073
the volume of the plate v=I8b8t=1.2*3.1433*330.9540*1.0~3=1.24710410"3m3
Mass of the plate= density of the plate * voluméhaf plate
Density of steel plate=2800ka?
~mass of the plate m=2800*1.247103 kg =3.491 kg
Similarly, all the masses for plates of differegmdth were calculated and tabulated below.

Length in mts Mass in Kgs
2.8 8.147072
2.4 6.983204
2 5.819337
1.6 4.65547
1.2 3.491602

Table 5.3 masses of plates at different lengths
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6. Conclusion:

The behavior of the channel beam with Circular endder lateral buckling was examined in order talfi
critical moment of the beam. The behavior was swddr two types of thin walled C channel beams
Elongated Open Circular Ends, Closed Circular Ends.

This behavior of the beams was examined by changarious parameter involved such as the length,
thickness of the sheet, radius of the Circular ena$o of breadth and height with the help of tinelement
analysis.

The ends of the section were fixed and the loegl® defined to achieve the solution for probleme itesults
were copied. The process was repeated by varymdetigth, thickness of the sheet, radius of thedoends,
ratio of breadth and height. The results were ttidl and the graphs were plotted for the resuitbdth the
beams.

A combined table for all values was formed idarto get more clarity with changing the thickne$she
sheet from which the beam is formed and also thptgfor this table was formed for the comparison.

Thin walled C channel sections with elongated opeaular end and closed Circular end are analyzed.

Firstly it was concluded that the more the thizss of the material the more is the maximum atfiticoment
of the channel section.

Whereas the maximum critical moment of the clehimmore when b/a ratio is around 0.5 to 1

The effect of change in radii of the ends was amedl as the radii of the Circular ends also decitied
maximum critical moment in way such that the highas the value of radius the higher is the maxincutical
moment.

It was also concluded that the the effect ofngjeain length can be neglected since there isgibtgichange
in the value of maximum critical moment when congghto the other variables

Therefore the above result can be summarizétkimathematical form in the following way

M, at, M., ar, M, a%,Mcr al
Maximum critical moment is proportional to changeahickness and radius directly and it is maximum
with when flange to web ratio is 1.
It is concluded after the comparisons on theugds of same thickness and mass that the operorsecti

channel with Circular ends has more strength wieenpared with open section ¢ channel with elongafseh
circular ends.
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