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Abstract: Cold formed construction has widely recognized as
an important contribution of saving in weight of steel aswell asit
can be formed according to strength requirements.Cold formed
sections may have higher moment of inertia as compare to same
weight hot rolled sections. Composite construction is usually
associated with hot rolled sections especially | section, double C
channel section considering high strength to weight ratio. The
traditional hot rolled sections can be replaced by high strength
cold formed sections considering its strength properties, less
weight, easy fabrication and to fit demands of optimized design.
This paper deals with experimental study of flexural behavior of
composite beam using hot rolled as well as cold formed steel
section. Two composite beams were casted using hot rolled ISMC
100 (back to back with spacing 50 mm) and Cold formed lipped
channel section (back to back with spacing 50 mm).
Experimental study conducted with simply supported loading
conditions under two-point loading. Cold formed lipped channel
section is pre- fabricated considering cold formed sectional
properties given by EN 1993-1-3. Loading is given with load
increment of 50 kN.Values of mid span deflection and dlip at
interface were recorded. The test strength of composite beam
compared with design strength predicted by Eurocode standard.

Key words:flexural strength, cold formed composite beam,
hot rolled composite beam, buckling.

I INTRODUCTION

Composite construction has important benefits by making
steel and concrete work together, but these advantages can
be improved if light weight cold formed steel sections are
used instead of hot rolled sections. Large number of
different configurations can be produced for cold formed
sections to fit the demands of optimized design.Cold formed
sections like lipped C-channel, Z purlin and welded |
sections are already used for pre-engineered buildings. The
main objective is therefore to explore innovative composite
construction technology where light steel sections act
compositely with in-situ concrete. Cold formed sections are
light in weight and cost effective. Cold formed sections
consisting of high strength and tiffness, more accurate
handling, but having high depth to thickness ratio. The
thinner section, easier the member can buckle.
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Cold formed sections, depending on the sheet thickness, can
be susceptible to web crippling when subjected to
concentrated loads. To increase buckling resistance, it is
need to update shape of section or stiffening arrangement is
required. Due to high depth to thickness ratio of cold formed
section, different types of buckling modes are observed.
Cold formed sections also involve some geometrical
imperfections and residual stresses. Therefore, it is very
important to look over some limitations of CFS sections and
its solution. A sample comparison of same weight hot rolled
and cold formed section is carried out as shown in Table:|

Table-l1:Comparison of sectional properties of cold
formed and hot rolled section

. W | A h Lo ly
Section Kg cm?| cm cm? cm?
ISMC 100
t=750mm)| 92 | 11.7| 10 1867 | 259
(tw = 4.70 mm)
CFS115
(lipped C - 92 | 11.7| 115| 2302 | 386
channel)
(t=5mm)

I1.BUCKLING MODESOF COLD FORMED LIPPED
CHANNEL SECTION

There are three types of buckling modes can be observed for
cold formed lipped channel as shown in Fig.1.
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Fig.1. Buckling modes of cold formed Lipped
Channe
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I11.LOCATION OF NEUTRAL AXISOF COMPOSITE
BEAM

NA is positioned as per resistance of concrete or sted
offered against compression and tension. Location of plastic
NA isasfollows.

(a). Plastic neutral axis within concrete slab (Rc > Rs)

(b). Plastic neutral axis in flange of steel beam (Rc<Rs and
Rc>Rw)

(C). Plastic neutral axis within web. (Rc<Rs and Rc<Rw)

V. ANALYTICAL MOMENT OF RESISTANCE

Moment of resistance in X direction and Y direction is
calculated for CB1 and CB2. CB1 consisting of hot rolled
ISMC 100 with 100 mm thick concrete dab.CB2 is
consisting of Cold formed lipped channel section with 100
mm thick concrete slab.

Moment of resistance in X direction:

M= Rex(h/2+hy) + Roxhi2 (R Re)2/4xby (1)
Moment of resistancein Y direction:

Mpiry=Rex bet/4 + RxX~(Ry-Ro)2/4 xby 2
Shear Resistance:

Vpra=f XAN3X Y, (3)
Where,

A,=hxtw

Rs= 0'85kaXbefthC/ Y.
Where A,=hxt,,
R= 0'85kaXbefthC/ Y.
R= AX /Y,
For composite beam 1(CB1) and composite beam 2 (CB2),
two steel channels are placed at spacing of 50 mm. Moment
of resistance and shear resistance are calculated using
equation (1), equation (2) and equation (3).
Where:

A Sectional area

w Weight of section

h Height of steel section

br Width of flange

ts Thickness of flange

tw Thickness of web

Ixx Moment ofinertiain X-direction

lyy Moment ofinertiain Y -direction
Mprx ~ Moment of resistancein X-direction
Mpry ~ Moment of resistancein Y -direction
\% Shear resistance

Rc Resistance of concrete slab

Rs Resistance of stedl section

Rw Resistance of web

Ixx Moment ofinertiain X-direction

lyy Moment ofinertiain Y -direction
Dest Effective width of composite beam
Py Depth of neutral axis

X x ordinate of center of gravity

hp Height of profile deck

he Thickness of concrete slab

fy Yield strength of steel
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Ya Partial safety factor for steel

Ye Partial safety factor for concrete
Av Areaof web

Aa Areaof stedl section

CFS  Cold formed section

V. CHECK FOR SECTIONAL PROPERTIESOF
COLD FORMED SECTION (CFS 150)

CFS 150 is fabricated cold formed steel section. The
weight to thickness ratio and other sectional properties are
checked using EN 1993-1-3.

A. Basic Data

Total height of section h=150mm

Total width of flange in compression b;= 50 mm
Total width of flange in tension b, = 50mm

Spacing between channels s = 50 mm

Steel corethicknesst =4 mm

Modulus of elasticity= 210000 N/mm?

¢;= 15 mm tota width of edge fold (compression side)
c2= 15 mm total width of edge fold (tension side)
Web height hy, = 150- 2xthickness of flange

=150- 2 x4
=146 mm
Net width of flange in compression b= b - t
=50- 4
=46 mm
Netwidth offlange intensionbp,=b,-t
=50-4
=46 mm
Net width of edge fold in compression cp1 = ¢, —t
=15-4
=11 mm
Net width of edge fold in compression ¢, = o — t
=154
=11 mm

B. Check for geometrical proportions

According to Euro code, EN1993-1-3 following criteria
should be satisfied.

(8). by/ t <60 and b2/t < 60,
by/t=146/4=36.5
b/ t = 146/4 = 36.5
(b). c1/t <50 and c2 /t <50
c1/t =15/ 4 =3.75
C /t=15/4=3.75
(c). hw /t <500
h/t = 150/4 =37.5
(d).0.2<c/b<0.6
cl/b1=15/50=0.3
c2/b2=15/50=0.3 hence ok
The influence of rounding of the cornersis neglected if
(8).co/t<5s
Cor/ t =15/ 4=3.75
Coof t =15/ 4=3.75

hence ok

hence ok

hence ok
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Hence, all checks for geometric proportion of cold formed
section are satisfied according to EN1993-1-3.

VI|.EXPERIMENTAL PROGRAM

The two composite beams using hot rolled and cold formed
Channel section have been constructed and tested. The
parameter includes strength of steel and concrete and type of
connection between steel beam and concrete slab are shown
in Table 1. The detailed geometry of test beams is shown in
Fig.2 and Fig.3. The concrete dab and steel beam are
connected by means of shear studs. Each beam has simply
supported span of 1.2 m. The section size of steel beam
includes denderness ratio of flange and web falls under
compact section criteria specified in Eurocode:4. Both
specimens are designed with plastic method. Load frame set
up for experimental program as shown in Fig.4.

Table-1l: Parametersof Test Specimen

Connection | _Yield | Compressive
ol (Full/ Strength |  strength of
Notation Partial) of steel concrete
(N/mm?) ( N/mm?)
CB1 Full 250 30
CcB2 Full 250 30

Tablel11: Sectional properties of steel section

Area Ixx
Section | Weight(kg) | (cm2) (cmd) | lyy(cm4)
21SMC
100 18.4 23.4 373.4 201.82
2CFS
150 16.57 21.12 346.99 195.16
- by = 325 mm -
L S : ‘:' 4 b A .',
<o i “ X 100 mm
19 mm O shear stud
@ 100 mm c/c
8 mmO reinforcement 4.7m 100 mm

mesh @ 150 mm c/c

Fig.2. Composite Beam 1(CB1)
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19 mm O shear stud
@ 100 mm ¢/c

8 mmO reinforecment mm

mesh @ 150 mm ¢/c

Fig.3.Composite Beam 2(CB2)
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Fig.4. Experimental set up

VII.EXPERIMENTAL TEST RESULTSAND DISCUSSION

A. Composite beam 1 (2 ISMC 100)

The composite beam-1 specimen consisting of2 ISMC
channel with spacing of 50 mm with full interaction between
concrete slab and steel beam.
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A distribution spandrel beam with two-point loading placed
at one third of distance from the supports as shown in Fig.4.
The loadwas applied at a uniform rate from a 50-ton
capacity load cell. Linear Variable Differential Transducer
(LVDT) was attached at the bottom mid-span as well as at
both sides of the specimen for measuring themid span
displacement and dlip.

1
0.5

0

0 50 100 150 200 250 300
Load (kN)

S = N W b UK NN

Mid Span Deflection(mm)

Fig.5. Load VsMid span deflection (CB1)

Table-1V: Mid Span Deflection (CB1)

Load (kN) | Mid span
deflection(mm)
0 0
50 0.5
100 1
150 2
200 4
250 5
300 6
4 35
35
3 2.7
’g“z.s 2 A
& 2 15
a 1.5 1
1 0.5
05 ¢
0«
0 50 100 150 200 250 300

LOAD (kN)

Fig.6. Load Vs Slip (CB1)

Table-V:Slip at interface (CB1)

Load (kN) | Slip(mm)
0 0

50 05

100 1

150 15
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200 2
250 2.7
300 35

As shown in Fig.6, Fig .7 and Table -V, hot rolled channel
shows limiting mid span deflection and dlip includes very
less buckling under ultimate load condition, which rebounds
after releasing load.

B. Composite beam 2 (2CFS 150)

The composite beam-2 specimen consisting of two cold
formed lipped channels with spacing of 50 mm with full
interaction between concrete dab and steel beam. Sectiona
properties of cold formed section are checked as specified
before. According to depth to thickness ratio of Cold formed
channel falls under class 2 (Compact section). Cold formed
sections undergoes heavy deformations at ultimate |oad
conditions. Cold formed composite beam reaches to plastic
moment of resistance predicted analytically but it shows
buckling of web near support, which shows deformation due
to shear.

-t
E-N

- 12
E12

E10 8 9/
S 8

&

86 4

g4 2

(=]

mZ*o

g o

2 v

0 50 100 150 200 222

Load (kN)
Fig.7. Load VsMid span deflection (CB2)
Table-VI:Mid Span Deflection (CB2)

Load (kN) | Mid span
deflection(mm)

0 0

50 2

100 4

150 8

200 9

222 12

As shown in Fig.7 and Fig .9, cold formed lipped channel
shows considerable midspan deflection and dip as compare
to hot rolled section as well as it aso involves more
buckling under concentrated loading conditions as shown in
Fig.8. Buckling mode of Lipped C Channel matches with
distortional buckling mode as shown in Fig.1.
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B 2
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0 50 100 150 200 222
LOAD (kN)
Fig.9. Load VsSlip (CB2)
Table-VII:Slip at interface CB2)
Load (kN) Mid span
deflection(mm)
0 0
50 1
100 2
150 3
200 5
222 7
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Table-VIIl: Design strength and Experimental
strength of composite beam

P;e&o:c;tr?d Experimental
Composite beam Strength
strength (kN)
(kN)
CB1 (21SMC 100) 250 kN 300 kN
CB2 (2 CFS150) 180 kN 220 kN

CB1 (composite beam Steel section: 2ISMC 100) shows
very less mid span deflection and dlip as shown in Fig.5 and
Fig.7. Buckling strength of Hot rolled channel is higher than
cold formed lipped channel section. CB2 (composite beam
steel section: 2 CFS 150) shows comparatively higher
deflection as compare to hot rolled section. Composite beam
2 shows yielding of the cold-formed steel at the bottom of
the composite beam. The dlippage between the sted and
concrete was recorded using dial gauges as shown in Fig.6
and Fig.8. Experimental strength of CB1 and CB2 matches
with design strength predicted by Eurocode standard.

VII1.CONCLUSIONS

The following conclusions can be drawn from the study
into the behavior of cold-formed steel-concrete composite
beams and hot rolled composite beam.

1) Cold formed sections consisting of high strength,
stiffness as compare to hot rolled section. It is aso
important to look over limitations of cold formed
sections, as it is susceptible of buckling under
concentrated loading conditions.

2) CB1(hot rolled ISMC 100) shows a high flexural
strength to the applied two-point loading

3) conditions as compare to CB2(cold formed CFS 150) as
shown in Fig.5 to Fig.8.

4) Observed deflection is more in CB2 (Cold formed CFS
150) as compare to CB1(hot rolled ISMC 100).CB2
undergoes distortional buckling under two-point
loading condition as shown in Fig.9.Cold formed
composite beam undergoes higher deflection as well as
deformation near support. Web buckles under ultimate
load at support. It is need to provide bearing stiffener at
support to avoid buckling of web.

5) Observed dip a interface under ultimate load
conditions are 3.5 mm for CB1 (hot rolled ISMC
100(hot rolled ISMC 100) and 7 mm for CB2 (Cold
formed CFS 150).

6) Cold formed composite beam can give comparable
moment of resistance and design strength if some shape
modifications isto be done or it also requires stiffening
arrangement under concentrated loading conditions.

7) Analytical results of design drength match with
Experimental testing as shown in Tablellll.

REFERENCES

1. Mr. Roshan S Satpute, Dr. VasonVarghese(2012) Building Design
Using Cold Formed Sted Section. International Refereed Journd of
Engineering and  Science:  1-16.  http://irjes.com/Papersivol1-
issue?/V ersion%201/A120116.pdf

Published By:
Blue Eyes Intelligence Engineering

Exploring


https://www.openaccess.nl/en/open-publications
http://www.ijitee.org/
http://irjes.com/Papers/vol1-issue2/Version%201/A120116.pdf
http://irjes.com/Papers/vol1-issue2/Version%201/A120116.pdf

4.

Experimental Behavior of Composite Beam using Hot Rolled Channel and Cold Formed Lipped Channel

Section under Flexure

T. Valsalpe, H. SharadaBai , K. Manjula Vani and Merchant Mohd Zafar
Igball (2013) Flexura behavior of cold-formed steel concrete composite
beams. Steel and Composite
Structures:105120.https://core.ac.uk/downl oad/pdf/ 72806436.pdf

Pouria Bahmani, Alexander Wehbe (2013) Behavior of Concrete/Cold
Formed Steel Composite Beams: Experimental Development of a Novel
Structural  System. International Journal of concrete Structural and
Materids.  51-59.https://link.springer.com/article/10.1007/s40069-013-
0031-6

Sdleh Omar Ahmed Bamaga (2013) Structural Behavior of composite
beams  with cold  formed steel section. University
Teknologi,Malays ahttp://eprints.utm.my/id/eprint/35895/18/Sal ehOmar
AhmedBamagaPFK A2013.pdf

Pouria Bahmani, Alexander Wehbe (2013) Behavior of Concrete/Cold
Formed Steel Composite Beams: Experimental Development of a Novel
Structural  System. International Journal of concrete Structural and
Materids:  51-59.https://link.springer.com/article/10.1007/s40069-013-
0031-6

S. O. Bamaga, M. Md. Tahir, T. C. Tan, S. Mohammead, N. Yahya, A. L.
Saeh, M. Mudaffar, M. H. Osman, A. B. A. Rahman (2013).
Feasibility of developing composite action  between concreteand cold
formed sted beam .Central South University Press and Springer: 1-
8.http://www.zndxzk.com.cn/down/2013/12 znen/40-p3689-
€122582.pdf

Dr. D.R. Pancha (2014) Advanced Design of Composite Steel-Concrete
Structural element. International Journal of Engineering Research and

Applications: 124-
138.https.//www.ijera.com/papers’VVol4_issue7/V ersion%202/S04702124
138.pdf

Stedd Channel Section Beams. International Journal of Engineering
Research & Technology: 446-

451 https://wwwv.ijert.org/research/performance-of-infilled-col d-formed-
steel-channel -section-beams-| JERTV 41 S120523. pdf

Lan Chung, Jong-Jin Lim, Hyeon-Jong Hwang, and Tae-Sung Eom
(2016) Review of Design Fexurd Strengths of Steel—Concrete
Composite Beams for Building Structures. International Journd of
Concrete Structures and Materias.S109-S121.
https./link.springer.com/content/pdf/10.1007%2Fs40069-016-0146-

Z.pdf

10. M. A. Youns, SA. HassaneenM.R. Badr And E.S. Sdem (2016)

Composite Beams of Cold Formed Steel Section and Concrete Slab.
International journa of Engineering development and Research: 165-
177 https.//www.ijedr.org/papers/| EDR1604030.pdf

11. Sudharsan,Vinoth Kumar N(2018) Experimenta Investigation of Cold-

Formed Steel Composite Beams with Shear Connectors . Internationa
Advanced Research Journal in Science, Engineering and Technology: 28
38. https://iarjset.com/upload/2018/april-18/| ARISET%6206.pdf

12. Dharma Dura and Srinivasan (2018) Cold Formed Composite Beam

Using Light Weight Concrete. International Journal of Engineering
Research and  Advanced  Technology  (IJERAT):  64-69.
https.//ijerat.com/uploads/2/3574 _pdf.pdf

13. S. O.Bamagaa, M. M. Tahirb, S. P. Ngianc,S. Mohamadd A. Sulamand

R. Aghlarab (2019) Structura Behaviour of Cold-Formed Sted of
Double C-Lipped Channd Sections Integrated with Concrete Slabs as
Composite Beams. Latin american journa of solids and structures: 1-15.
http://www.scielo.br/pdf/l g ss/'v16n5/1679-7825-1 g ss-16-05-€195

14. S. Sathyan, R. Sundarargian, K. Vivek (2019) Structural Strengthening of

Composite Beams Made with SCC and Cold Formed Sted Members.
Blue Eyes Intelligence Engineering & Sciences Publication: 656-
659.https://www.ijrte.org/wp-con-

tent/upl oads/papers/v7i6s5/F11150476S519.pdf

AUTHORSPROFILE

Pooja Podar, (M.E.CASAD) (PhD Research Scholar
and Lecturer at LDRP-ITR, Gujarat) She has teaching
experience of 10 years. She worked with Nirma
Universty and Marwadi Universty as Assstant
Professor. She guided many projects for graduation
well as post-graduation. She has published seven
research papers.

Retrieval Number: E3136039520/2020©BEIESP
DOI: 10.35940/ijitee.E3136.039520

Journal Website: www.ijitee.org 2179

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Dr.Gargi Rajapara, (PhD Guide) (Principal,LDRP-
ITR) She has wide teaching experience of 21 years.She
guided many projects for graduation well as post-
graduation. She has published twenty-two research
papers. She has important contribution as expert for
Sardar Sarovar Project, Gujarat.



http://www.ijitee.org/
https://core.ac.uk/download/pdf/72806436.pdf
http://eprints.utm.my/id/eprint/35895/18/SalehOmarAhmedBamagaPFKA2013.pdf
http://eprints.utm.my/id/eprint/35895/18/SalehOmarAhmedBamagaPFKA2013.pdf
http://www.zndxzk.com.cn/down/2013/12_znen/40-p3689-e122582.pdf
http://www.zndxzk.com.cn/down/2013/12_znen/40-p3689-e122582.pdf
https://www.ijera.com/papers/Vol4_issue7/Version%202/S04702124138.pdf
https://www.ijera.com/papers/Vol4_issue7/Version%202/S04702124138.pdf
https://www.ijert.org/research/performance-of-infilled-cold-formed-steel-channel-section-beams-IJERTV4IS120523.pdf
https://www.ijert.org/research/performance-of-infilled-cold-formed-steel-channel-section-beams-IJERTV4IS120523.pdf
https://link.springer.com/content/pdf/10.1007%2Fs40069-016-0146-7.pdf
https://link.springer.com/content/pdf/10.1007%2Fs40069-016-0146-7.pdf
https://www.ijedr.org/papers/IJEDR1604030.pdf
https://iarjset.com/upload/2018/april-18/IARJSET%206.pdf
https://ijerat.com/uploads/2/3574_pdf.pdf
http://www.scielo.br/pdf/lajss/v16n5/1679-7825-lajss-16-05-e195.pdf,1-15
https://www.ijrte.org/wp-content/uploads/papers/v7i6s5/F11150476S519.pdf
https://www.ijrte.org/wp-content/uploads/papers/v7i6s5/F11150476S519.pdf

