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Abstract- Cold formed steel (CFS) beams are produced byrotlidg of mild steel sheets. These members are
used as roof purlins and floor joists. Low wallctkriess to height ratio causes cold formed steel bmesnto
undergo local buckling. However improved post biraklbehaviour of cold formed sections increases its
efficiency and is widely used now a days. CFS ckasections are commonly used in floor joists witbb
openings in industrial, commercial and residertiaildings. These openings provided for facilitatimgjlding
services, causes reduction in shear strength. 151883 provides specifications for lipped chanmsti®ons and

is widely used. Hollow flanged sections are spetipk of cold formed steel produced by a speciatgss
which includes simultaneous cold rolling and duattic resistance welding. In this paper, bottail hollow
flanged sections are analysed with and without Wweles with the numerical models created in ANSYS.
Comparison is made on the basis of reduction ength with increase in web hole diameter of two iners
with same clear depth and aspect ratio

Index Terms- Cold formed steel, Web openings, Lipped channel, Hollow flanged, Shear strength, Web

buckling

parameters like wall slenderness, inside bend to
thickness ratio bearing strength etc. These studies
were later concentrated on web crippling behavafur

Cold-f q | and h led | h cold formed channel and Z and C sections with large
old-formed steel and hot-rolled steel are the Wo,qiqe pend to thickness ratio. Later the studiesew

mgln steelhmatenal éypes that aref us%dfm thzll Ste&tended to lipped sections and hollow flange easti
Industry. The use and importance of cold-formeelste, ., -onsiderable resistance to torsional buckling.

is growing in building construction. Starting fraime These sections were later modified usina web
1950’s cold-formed steel was used as cladding f%rtiffeners g

walls and as decking for floors and roofs. Advarioes
manufacturing technology made the production of Distortional and shear buckling are common

heavier gauge cold-formed steel sections possmlﬁmdes of failure in light gauge sections. Cold fedm
Subslteque?tly, tCOr|]d tforrl?e(;j stteell stzrttgdt:o bseugsed channel sections having different strain strairvesr
an afternative 1o not-rofied steel and imber were analysed in literature. Later this test was

me_mbers due to it; versa_tility, high strength-tdghe extended to various cross sections. Post buckling
ratio and economic considerations. Unlike hot-iblle behaviour was also studied. Numerical Study of shea
steel sectlong, coId-formed.s:‘teeI secuong a},retmmfﬂ buckling behaviour and shear flow distribution of
by cc_)ld formlng operations: "press braking af‘d'”o LSBs with torsionally rigid, Hollow flanges were
forming.” Sections with inclined webs and dlfferentCarrieol out. Experimental va’lidations were carded
types of intermediate or edge stiffeners can benéor for the same. Later these studies were extended to

with these production methods. Curved Lransition, oo,y flanged channel sections with web holes. In

betV\gteen fthti Weblz, ;Iang_es and StF'ﬁene:fv.datLet tPﬁ?dian standards, lipped and unlipped channel
[ﬁ_suks 0 t'e cof olr(;n]lng odperzj[\ |o|ns. t'l Osections were studied for distortional and overall

Ickness ralios of cold-lormed steel Seclions arg,q 4 buckling. Geometric modifications like web
relatively high compared to hot-rolled steel sat$io

) : holes reduce web stiffness. Studies were concentrat
This property of the cold-formed steel sectionssesu on square and circular web holes, punched away from
Ic_>ca| buckling at stress levels lower than_thg aktu bearing plates and strength reduction factors were
yield stress of the steel. However, it is theformulated. Later the test was modified with holes

:edlstrltk_)utlont of the sltrezsesf:hatl aIIolwbs trll?. m_pﬁpunched beneath the bearing plates. Rectanguketr fil
ob_lc_;)n mfuetho carrt)_/ oats arter cl)cad ucﬂlng.le Iholes were used in End one flange and interior one
ability of the section to carry loads after Ocaflange conditions

buckling is called post-buckling behavior. Web
crippling is one of the failure modes that must be
taken into consideration in cold-formed steel desi
Cold-formed steel members may experience Wgelg-' MATERIAL PROPERTIES

crippling failure due to the high local intensity o Young’'s modulus (E) and Poisson’s ratip) (were
loads and/or Reactions. Various tests werdefined as: E = 2.13%* MPa andp = 0.3. Beam
conducted on light gauge sections consideringection is subjected to large deformations beyond

1. INTRODUCTION
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yield and hence it was necessary to create a rahteridentical displacements between nodes. Rigid region
model with nonlinear properties. The essentiaghre modelled using MPC 184.

ingredients of elastic-plastic, rate independe
plasticity theory are yield criteria, a flow ruland a
hardening rule. Here the yield criteria used is vo

I“/IASSZl is used for defining reference nodes. It's a
Hnit mass capable of acting as a master node which
can be connected to slaves by means of coupling

)

Fig. 1 Applications of web holes in Floor systems

Misses yield theory, which relates the state afsstto equations. MASS21 is assigned with 6 degrees of
the onset of yielding. Nonlinear characteristics ifreedom by default and thus reference nodes can
defined by specifying yield stress as 370MPa. move in all directions with applied loads and
boundary conditions. in this study, finite element
models of single LSBs with shear centre loading and
3. NUMERICAL MODELLING simply supported boundary conditions were used to
Numerical modelling is carried out in ANSYS.simulate the shear tests. Actual experimental s&tup
ANSYS element library is capable of providingliterature includes two channel sections are placed
required elements for this work. Elementsack to back and connected by 75mm wide rigid
SHELL181, MPC184, MASS21 etc. are used foplates as shown in figure 2.

numerical modelling. SHELL 181 is used for meshing

Fig. 2 Experimental setup for shear loading [21]

channel sections due to its capability of undergoinin practical case Rigid plates are bolted to chhnne
large deflections, large strains and non-lineasections for loading and for applying boundary

behaviour. MPC184 comprises a general class obnditions. In numerical model rigid plates are

multipoint constraint elements that apply kinemati@avoided and the areas in contact with plates are
constraints between nodes. The elements are loosetpdelled as rigid regions. These regions are capabl
classified here as constraint elements and joiwf undergoing rigid body displacement

elements. The constraint may be as simple as that o
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For this, web plate is divided into three internadei analysis in literature. Similar conditions are
regions 75mm width and is meshed using MPC18dtimulated in ANSYS. Similar model with same
element. No real constants are required foaspect ratio is modelled and nonlinear analysis is
MPC184.In experimental set up, loads and boundacarried out. Load deflection curves plotted and was
conditions are applied to rigid plates. In numdricasimilar to that from literature

model these are applied to the shear centre. k®r th

purpose, a reference node is defined. Motion of t  BUCKLING ANALYSIS OF LIPPED

rigid regions are controlled by correspondin
reference nodes. Reference nodes are meshed usingCHANNEL SECTIONS

MASS21 element. Reference nodes are linked witlihese members are now being used as load bearing
rigid region by means of constraint equations. Altomponents in residential commercial and industrial
degrees of freedom are arrested between mastgructures. Behaviour of lipped channel sectiores ar
(Reference node) and slave nodes. Slave nodes different from that of hollow flange sections. Web
nodes included in rigid region. Boundary condition®penings are introduced for facilitating building
are applied to reference nodes at supports amérvices without affecting clear height. Circulaids
displacement is applied to centre reference node. Aare most commonly used. Web openings cause a
reaction is listed out after analysis. Thussignificant reduction in shear capacity due to oedh
Displacements or loads applied to reference notle wiweb area. This reduction in primary shearing arifla w
be transferred to the entire rigid region and wilcause reduction in overall shear capacity of beams.
Many parameters affecting the shear capacity of

Edges UlV [W [Rx [Ry |Rz members including specification of members, size

- shape and location of hole. Etc. Typical section
Left and right o111 1 0 0 available in market is chosen from IS 811-1987,

Middle 1101 |1 0 0 200X50X20X3.15 for the studyFrom [21] aspect

ratio a/d1 is fixed as 1.5 for the section. Fopdégd
channel sections d1 and d are similar. Neglectiry t
corner radius d is taken as 200. From aspect r#ten
clear span (a) is taken as 300. 75mm rigid plates a
placed at supports and mid-span. Thus total leafjth
specimen is taken as 825mm. from the dimensions
btained, modelling is completad ANSYS. Initial
nalysis is carried out without introducing webédwml
Ir:)isplacement is applied at Middle reference nod# an

Table 1. The planning and control components
undergo rigid body displacement.

4. VALIDATION OF NUMERICAL MODEL

Numerical model is validated with literature. Ir8[1

hollow flange channel sections 250x75x2.5 an
300x75x2.5 were analysed. Aspect ratio (a/d1) bf 1.
is adopted for the sections. ABAQUS is used fo

Load
Po °o e Web Side
b o oo o Plates
AN AN
e —>
Hi d |

Fig. 3 Experimental setup for shear loading [18]
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Fig 4: Loaddeflection curves of 300X75X2.5 and 256X 78X3 Bé0mm
dia holes
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reaction forces are calculated. @ When analysedelding occurs near the loading region. No
without holes, Yielding occurs near loading regionconsiderable reduction in strength is observed hWit
Peak load is obtained. However stress concentration60mm holes more stress concentration is observed
s!lghFIy mcreased near the hole_s. With 40mm .h0|.esrfear the holes. Only a slight reduction in strerigth
yielding is observed near the mid span near thd rig : . .

S . observed. With 80mm Holes considerable reduction
plates. Yielding is observed near webholes. Stilten

Fig 5: Lipped channel sections
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Fig 6: Stress contour plot of sections with no ha@mm, 40mm, 60mm and
80mm hole
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in strength is observed and major yielding occ@arn have much more influence in the shear strength.
the holes. Web buckling also occurs near the hole¥ielding initiates at the web and then to flang&kso
Considerable reduction in strength occurs when treonsiderable web buckling is observed near theshole
hole diameter reaches 80mm. Peak deflection amieb buckling initiates around 20mm holes. Load
force values are reduced. Load deflection cusve deflection curves of hollow flange section is shawn
shown in Fig 7 fig 10

6. BUCKLING ANALYSISOF HOLLOW 7. RESULTSAND EUTURE STUDY

FLANGE SECTIONS _ L
From the graphs obtained, it is clear that the

Load kN

G 1 2 3 4 5
Deflection mm
—8— no hole 20mm

Fig 7: Variation in deflection characteristics withange in hole dia of lipped channel sections

40mm

A typical hollow flange section is chosen from theperformance of hollow flanged sections are highly
literature. Overall depth of the section is 250mmaffected by web holes. Strength reduction is high i
which leaves a clear depth df 200 mm. Thus the case of hollow flange sections than in IS sections.
web area is comparable to that of Indian sectionghis is because of the excess rigidity of fland&s.
Hear aspect ratio (a/dis taken as 1.5. Thus the clearsections flange buckling is predominant. Thus web
span becomes 300mm and total specimen length is holes have only a little effect. Further investigas
825mm. Modelling is completed in ANSYS are to be made on the basis of equations in various
In hollow flange models it is clear that web regionstandard codes. Also experimental testing of IS
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Fig 8: Stress contour of lipped sections w/o haled 20mm 40mm holes
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sections are still under the scope of further study Cold-Formed Steel Continuous Lipped Channel
Beams”,Journal of Structural EngineerindMay
REFERENCE , _ 1 2013, Vol. 137, No. 5,
[1] B.W. Schafer, ”Cqmputauonal modelling of celd [7] Feng Zhoul and Ben Young “Experimental
fZO(;:anOed steel’, Thin-Walled Structures09.010. Investigation of Cold-Formed High-Strength

ANSYS

AL SOLUTION
R15.0 szzp

X \
RS

Fig: 9 Sress contour of lipped channel sectiortk 80 and 80 mm holes

Chart Title

0 05 1 15

2 25 3 35
Deflection (mm)
20mm Holes 40mm Hole

4 45
—&—no Hole 60mm Hole —@—80mm Hole

Fig 10: Variation of load deflection curve with ctuge in hole diameter

[2] Ben Youngl and Gregory J. Hancock “Tests of

Stainless Steel Tubular Members Subjected to
Channels Subjected to Combined Bending and Combined Bending and Web Cripplingiurnal
Web

Crippling” Journal Of  Structural of structural engineeringJULY 2007, 1027
Engineering March 2002, 128:3-300

[8] Feng Zhoul and Ben Young, “Cold-Formed High-
[3] Ben Young , Gregory J. Hancock , “Webcrippling

Strength  Stainless Steel Tubular Sections
of cold-formed unlipped channels with flanges  Subjected to Web Crippling”, march 2007,
restrained”, Thin-Walled Structures 42(2004) 133:3368
911-930.

[9] Feng Zhou Ben Young and Xiao-Ling Zhao “Tests
[4] Cao Hung Pham and Gregory J. Hancock , and Design of Aluminum Tubular Sections
“Direct Strength Design of Cold-Formed C-

Subjected to Concentrated Bearing Load”
Sections for Shear and Combined Actions”, American society for civil engineers2009,
Journal Of Structural Engineeringjune 2012, 10.1061
10.1061

[10] Feng Zhou Ben Young , “Cold-Formed Stainless
[5] Cheng Yua, Benjamin W Schaferb “Simulation of  Steel Sections Subjected to Web Crippling”,
cold-formed steel beams in local and distortional

American  society for civil engineers,
buckling with applications to the direct strength  10.1061/ASCEQ0733-9445, 2006
method” Journal of Constructional

Steel [11] Haiming Wang, Yaochun Zhang “Experimental
Researct63 (2007) 581-590 and numerical investigation on cold-formed steel
[6] Cilmar Basaglial and Dinar Camotim “ Buckling,

C-section”, Journal of Constructional Steel
Post buckling, Strength, and DSM Design of Research 65 (2009) 1225

106



International Journal of Research in Advent Tecbggl(E-ISSN: 2321-9637) Special Issue
International Conference on Technological Advanaame Structures and Construction
“TASC- 15”7, 10-11 June 2015

[12] J.M. Davies, “Recent research advances in-cold
formed  steel  structures”, Journal  of
Constructional Steel Research5 (2000) 267—
288.

[13] Jeffrey A. Packer, “web crippling of rectangul
Hollow sections”, Journal of Structural
Engineering Vol. 110, No. 10, October, 1984

[14] Macdonald, M., M.A Heiyantuduwa Don., M.
Kotelko and J. Rhodes “Web crippling behaviour
of thin-walled lipped channel beamsThin-
Walled Structure©9.010. 2010

[15] Lyle P. Carden,, “Web Yielding, Crippling, and
Lateral Buckling under Post Loadingturnal of
structural engineering 0.1061 / MAY 2007

[16] P.Natéario a, N.Silvestre b,n, D.Camotim “Web
crippling failure using quasi-static FE
modelsJournal of Thin-Walled Structures9
May 2014, 34-49

[17] P.Natario a, N.Silvestre B. N, D.Camotim
“Computational modelling of flange crushing in
cold-formed steel sections” Journal of Thin-
Walled Structures9 May 2014, 34—49

[18] Poologanathan Keerthan and Mahen Mahendran
“New Design Rules for the Shear Strength of
Light Steel Beams with Web OpeningSurnal
of Structural EngineeringWay 1 2013, Vol. 139,
No. 5.

[19] Poologanathan Keerthan and Mahen Mahendran,
“Experimental studies of the shear behaviour and
strength of lipped channel beams with web
openings”, Thin-Walled StructuresJune 2013,
73(2013)131-144.

[20] Poologanathan Keerthan and Mahen Mahendran,
“New design rules for the shear strength of
LiteSteel beams”Journal of Constructional Steel
Research67 (2011) 1050-1063.

[21] Poologanathan Keerthan and Mahen Mahendran,
“Experimental studies on the shear behaviour and
strength of Lite Steel beams”Engineering
Structures32 (2010) 3235/3247

[22] Poologanathan Keerthan and Mahen Mahendran,
“Elastic shear buckling characteristics of
LiteSteel beams”Journal of Constructional Steel
Research66 (2010) 1309/1319

[23] R. R. Gerges and R. M. Schuster, “Web cripgplin
of single web cold formed steel members
Subjected to end one-flange loadinGgnference
on Cold-Formed Steel Structurd€98

[24]S. Afshan and L. Gardner, “Experimental Study
of Cold-Formed Ferritic Stainless Steel Hollow
Sections”, journal of structural engineering/
may 2013 /717

[25]S. A. Korvink, “web crippling of stainless stee
Cold-formed beams”, Conference on Cold-
Formed Steel Structure$994

[26] Wei-Xin Ren et.al, “Finite-Element Simulation
and Design of Cold-Formed Steel Channels
Subjected to Web Crippling”, journal of
structural engineeringDecember 2001

107



