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INTRODUCTION

LGSF PROCESSING

« Cold-formed steel members-
fabricated from thin sheets using
folding, rolling or press braking
operations

« Lighter, economical and offers faster
construction than traditional hot
rolled members

Framing Fabrication

Photo Courtesy: Bharath Tej




Cold formed steel residential building (Chennai)
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Cold formed steel house — Andhra Pradesh

Photo Courtesy: Bharath Tej




G+3 Construction at Raigarh
Photo courtesy — JSPL/ JB Infra




WHAT IS THE PRESSING ISSUE IN LGS CONSTRUCTION OF LGS
SYSTEMS
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STRUCTURAL DESIGN

ENCLOSURE VARIETY

COMFORT FACTORS IN LGS SYSTEMS
SERVICES INTEGRATION

TRAINED MAN POWER

MINDSET MANAGEMENT

AFTER SALE SERVICES

INTEGRATION IN THE SOCIAL AND
CULTURAL BACK DROP
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CLASSICAL METHOD FOR COLD FORMED STEEL MEMBER DESIGN

Effective width method

Local buckling-
Effective width

concept (fy)

| INEFFECTIVE |
AREAS

Distortional ﬂ
buckling-Effective
‘EFFECTIVE ThiCkneSS
R concepi(fy) :l |
sectional area fo account for
buckling effects Global buckling-Designed based on
’BOSiCG”y an an]yﬂccﬂ flexural torsional buckling equation by
approach considering the interaction of maijor,

‘Involves lengthy calculations

minor and torsional buckling modes
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ARRAY OF COLD FORMED STEEL SECTIONS !
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a) Single open sections

111 UL

b) Open built-up sections c) Closed built-up sections




LOCAL BUCKLING

< [YPICAL FOR A CROSS SECTION RATHER THAN THE WHOLE
LENGTH OF THE MEMBER

<+ EDGES BETWEEN THE PLATE ELEMENTS ROTATES WITHOUT
TRANSLATION

< STRONG POST BUCKLING RESERVE AND OCCURS AT SHORT HALF-
WAVELENGTHS




DISTORTIONAL BUCKLING

< ROTATION OF THE FLANGES ABOUT THE FLANGE /WEB JUNCTION AND
LATERAL BENDING OF THE SECTION

<> DEPENDS ON THE RATIO OF WIDTH OF FLANGE TO DEPTH OF WEB

< INVOLVES DISTORTION OF THE FLANGES ALSO




LATERAL-TORSIONAL (GLOBAL) BUCKLING

< MEMBER TRANSLATES LATERALLY AS WELL AS THE SECTION ROTATES

<« OCCURS AT LONGER HALF-WAVELENGTHS AND HAS VERY LITTLE
POSTBUCKLING RESERVE

< OBSERVABLE IN OPEN SECTIONS IN WHICH THE RATIO OF MOMENT OF
INERTIA WITH RESPECT TO MAJOR AND MINOR AXIS IS HIGH




Zisection (AIS| 2002 Ex. I-10)

Direct Strength
M, =107.53Kip-in Method of DeSig n
_\ (DSM)

LocaIM !M =0.85 Lateral-torsional (InTrOduced by
iona =07
Pistortonal M /M, =0.77 Pekoz and Schafer)

(AN

half-wavelength (in.)

Signature Curve of a lipped Z section
<« The main instabilities of cold formed steel beams
are
< Local buckling
< Distortional buckling
< Lateral-Torsional buckling
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Direct Strength Method of Design (DSM)

Reduction in effective sitress to account for buckling effects
Requires elastic buckling solution
Expressions are empirical in nature

Lateral-torsional buckling
or Mo < 0.56M, M. = M.,

, 10 10M,, My- Moment corresponding
or 2.78My = Mcre 2 056My, My = oM, (1- 36M,;::¢) o yield siress

or Mgy > 2.78M,, .
Mcre, Mcrl, Mcra- Critical

Local buckling globk?l, local, Gncilr distortional
ForA, <0776 M, =M, uckling moments

0.4 . . . .
For,> 0776 M, — (1 _ 015 (_ Moy Elastic buckling solution can

where A; = M./ M. . .
1 : >finite element method

Distortional buckling >finite strip method
or A4 = 0.673 Myq = M, »>Spline finite strip method
»Analytical expressions

0.5
or iy > 0673 M, = (1 —0.22 (%) ) (—
)




Proposed chapter wise layout for 1S:801

IS:801 (Revised Code Draft

(Chapter-wise Layout)

15:800 -2007

{Chapter-wise Layout)

SECTION 1 General

SECTION 1 General

SECTION 2 Materials

SECTION 2 Materials

SECTION 3 General Design Requirements

SECTION 3 General Design Requirements

SECTION 4 Element Design (Moved to Appendix)

SECTION 5 Limit State Design

SECTION 5 Limit State Design

SECTION & Design of Tension members

SECTION & Design of Tension members

SECTION 7 Design of Compression members(D5M)

SECTION 7 Design of Compression members

SECTION 8 Design of members subjected to
bending(D5M)

SECTION 8 Design of members subjected to bending

SECTION 9 Members subjected to combined forces

SECTION 9 Members subjected to combined forces

SECTION 10 Connections

SECTION 10 Connections

SECTION 11 Direct Strength Method of Design

SECTION 12 Design Assisted by Testing

SECTION 14 Design Assisted by Testing

SECTION 13 Durability

SECTION 1 Durability5

SECTION 14 Fire Resistance

SECTION 16 Fire Resistance

Appendices




Generalized Beam Theory(GBT)
principles




Base papers for generalized beam theories

e Rakhi, J., and Jayachandran, S. A. (2014). "Determination of
rigid and distortional mode shapes using Generalized Beam
Theory for cold-formed steel sections.” Proc., 10th Structural

Engineering Convention, |[IT Delhi.

e Rakhi, J., and Jayachandran, S. A. (2015)." Linear Behaviour
of thin walled open sections using GBT" Proc., International
conference on Civil, Structures and Transportation
Engineering (ICCSTE), University of Ottawa, Canada
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Mode participation using generalized beam theories
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Base papers for cross sectional evaluation
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finite element finite strip

Numerical Evaluation of Cold formed steel members
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SPLINE FINITE STRIP ANALYSIS OF COLD-FORMED
STEEL MEMBERS

CUFSM (John Hopkins, USA)
THINWALLED (Univ of Sydney)
GBTUL (Unif of Lisbon)
TWLIGHT-IITM (lITM)

Contributors:

Dr.Aravind — 1987-FSM
Dr.Madasamy-1991-SFSM
Ajeesh -2016 -cSFSM
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Buckling analysis of lipped channel column with fixed ends

FSM
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Comparison of SFSM results with FSM and GBT




Decomposition of buckling modes in
SFSM using Generalized Beam
Theory(GBT) principles




DEVELOPMENT OF RESTRAINT MATRIX FOR MODE DECOMPOSITION

The restraint matrices for local ,distortional and global buckling is evaluated
using GBT principles

GBT basic assumptions

Based on Vlasov's hypothesis, ie in-plane
shear strain and transverse strain has fo be
ZEro

The warping displacement (v) has 1o be
linear in x direction between two main
nodes

The longitudinal warping displacement is not
General cross section with nodes constantly equal to zero along the whole
location and coordinate axes IengTh for entire cross section

The cross section is in fransverse equilibrium.
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- = = C5FSM
(Present study)
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BUCKLING MODES FOR LIPPED ZED SECTION WITH SIMPLY SUPPORTED (S-S)
END CONDITION




SIMPLIFIED EXPRESSION FOR ELASTIC DISTORTIONAL BUCKLING

Critical half buckling
wave length

Total restraint

K = kyb? + ky

-y2)]



WORK BY AJEESH ON DISTORTIONAL BUCKLING

Methods for elastic
distortional buckling of
flexural members

Analytical/semi-analytical
expression

AS/NZ 4600

(2005)

Hancock
model

AISI S100
(NAS-2007)

Schafer
model

Codes of practice

1S-801
(Proposed)

Ajeesh Modele?
(Ajeesh and Arul
TWS 2016)

Classical/spline finite strip
method

Decomposition of
buckling modes in SFSM

Mode identification in

SFESM

(Ajeesh and Arul
TWS 2016)

Completed

(Completed]

IS-801 design information for distortional buckling in flexure is completed
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Base papers for design of tension memtbers

Prabha, P., Arul Jayachandran, S., Saravanan, M. and Marimuthu,
V., Prediction of the tensile capacity of cold-formed angles
experiencing shear lag, Thin-walled Structures, Vol. 49 (11), pp.
1348-1358, 2011.

Ram Arkala., Development of background material for the
revision of cold-formed structural steel code IS: 801-1975, MTech
Thesis-Guided by S.Arul Jayachandran, lIT Madras, 2013.

Provision for the design of tension members

Im — 0 . 9 ..-% c ” f’ll.'}’nll—'_B.-A f / II.'}'(m[] ( 1 )

B=0.697-0.0045(w/t) (bs/Le) (fy/fw) p=04  (2)




Base papers for design of Compression members




Provision for the design of Compression members

P:mcf :Zu Agf;

/E/z — 016+087(Zue%1*lud) > Min %E’ZMEJZM)

1
Hue = 05

b+(0* - %)
6=031+c (1, —02)+ 2]

for A, <0.6

1
At = (1—7;1 (iﬂ <y for A,>0.6
N J\ M

where , A, =

for A, <0.584

for A, >0.584 where, A; =




Base papers for design of flexural members

Mnldo - ’ZLTMM




Base papers for design of beam-column design

Vijaya Vengadesh Kumar, J., Buckling Behaviour of Cold-formed
Steel Rack Uprights, Ph.D. Thesis-Guided by S.Arul Jayachandran,
IIT Madras, 2016.

Vijaya Vengadesh Kumar, J. and Arul Jayachandran, S.,
Experimental investigation and evaluation of Direct Strength
Method on beam-column behavior of uprights, Thin-walled
Structures, Vol. 102 (5), pp. 165-179, 2016.

Method 1: Linear Interaction equation

 Where, x = cmiMie. o Cm2Mze,
| LA - ! - !
| ﬂ.lMly GBMEY

B, — normalized nominal strength calculated using CUFSM
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