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Experimental Flexural Behavior of Composite
Beam using Cold Formed Hollow Square

Section
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Abstract: Structural hollow sections have excellent properties
for resisting static loads, with regard to buckling, bi-axial
bending and torsion. Structural hollow sections are generally
used for truss components, considering greater stiffness and
lateral strength. A sguare hollow section truss has about two
third of surface area of same size | section. Hollow section truss
may have smaller members as a result of higher structural
efficiency. Construction of composite beam commonly includes |
section. This paper deals with comparison of commonly used hot
rolled or welded | composite section with cold formed hollow
RHS and SHS composite section with respect to flexure and
shear. Flexural testswere conducted to evaluate the structural
behavior of the proposed composite beams. Two different steel
sections were used for this study with nominal concrete strength
of 30 MPa. The composite beams were tested under concentrated
two points loading. The test results were plotted and compared
with analytical results. The mid span deflections and slip were
recorded for both composite beams. Buckling modes for both
composite beams were identified. comparisons have been carried
out between predicted beam strength as provided by Eurocode -4
and experimental test results. Sectional properties are checked
for cold formed hollow square section using EN 1993-1-3.

Keywords: flexural strength, Shear strength, deflection, dlip,
buckling modes.

I INTRODUCTION

Hollow structural sections are extremely versatile and they
are used in various structural applications considering its
strength to weight ratio. | sections gives greater moment of
resistance along X direction but it gives very less moment of
resistance in Y direction. Hollow sections give greater
resistance against lateral forces and torsion considering its
higher moment of inertia in Y direction. Design of hollow
sections are based on yield; it shows heavy deformation
under concentrated load.

Hollow sections give excessive deformation due to local
buckling. Loca buckling of square and rectangular cross
sections is as under.Fig.1 shows local buckling of hollow
rectangular and sgquare section.
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Fig.1. Local buckling of sgquare and rectangular hollow
section

. ANALYTICAL CALCULATIONS FOR
TYPICAL COMPOSITE BEAM

A sample comparison cases are taken in to account which
shows comparison of flexural and shear capacity of
composite beam using hot rolled section and cold formed
section both. Calculation for moment of resistance in X
direction and shear is determined using Eurocode-4.

(A).Typical Composite beam 1(Steel section: | SMB500)

1004 mm —

19 mm O shear stud
(@ 100 mm ¢/c

8 mmo
reinforcement
mesh @ 150 mm c/c

Fig.2.Typical composite beam 1
Moment of resistance in X direction and Y direction is
caculated for al cases. For case 1, composite beam
consisting of hot rolled ISMB 500 with 120 mm thick
concrete dab.
Moment of resistancein X direction:

2
M= Rex(ho/2+hp) + Rxh/2 —(Rs-Rc) /4xb;

1)
Moment of resistancein Y direction:
Mpiy=RcX bel4 + RSXX-(RS-RC)2/4 xby )
Shear Resistance:
Vi ra=fy XAV 3% Y, 3
Where,
A,=hxt,

R= 0.85fckxbeffx hc/ Y.
Where, A,=hxt ,
R= 0.85kaXbefthc/ Y
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(B). Typical Composite beam 2 (Steel section: HYBOX
355)
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6.3m

300 mmr

Fig.3.Typical composite beam 2
For composite beam 2, hollow rectangular steel section

(cold formed) HYBOX 355 is used. HYBOX 355 is cold
formed section manufactured by TATA steel, Europe (yield
strength: 355 MPa).

Table: | Location of Neutral Axisfor composite beam

Section Location of Neutral axis
CB1 flange of | section
CB2 flange of Box section

Table: |1 Sectional properties of steel section

Section |Weight (kg)|Area(cm2)| Ixx lyy
(cm®) (cm*
)
ISMB 500 86.9 110.74 | 45218.3 | 1369.8
HYBOX 735 93.6 34346.0 | 15777
355

Table: | and Table Il shows location of neutral axis of
composite beam and sectional properties of steel section.
HYBOX 355 gives very high moment of inertia in Y
direction as compare to | section in spite of itsless weight.

(C). Calculation for Moment of resistance and Shear:
Composite beam -1 (1 SM B500)

Span length L= 4000 mm
A= 11074 mm?
tw=10.2 mm
ti=17.2 mm
Rc: 0.85 fckx beff xhc/ Y.
Y. = 1.5 for concrete
Y,=1.1for stedl
fo=30 N/mm?
fy=310 N/mm?
berr=2x length of span /8
=2x 4000/8
=1000 mm
h.=120 mm
R. =0.85 x30x1000x 120/ 1.5x 1000
= 2040 kN.
R= A fy/ Yq
= 11074 x310/ 1.10x1000
=3120.85 kN
Ry =fy x t, x (h- 2% t;)
=1398.61 kN
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So here, R.<R; and R:>R,,, means neutral axisislocated in
flange of steel beam.

Moment of Resistance along X (Typical CB1)

Mo = Rex (hd2 +hy) + Ry xh/2 — (ReR.)%/4 xby
=1029.52 kN.m

Moment of Resistancealong Y (Typical CB1)

Moment of resistance in Y direction is evaluated
considering moment of composite section about Y axis.

Fig.4.M oment of resistance composite section about Y
axis

As shown in Fig.2, section is cut along Y axis, so half of
composite section rotates about Y axis. So, moment of
resistance in Y direction is determined considering the same

aspect.
Mopiry=ReX befi/4 + RsxX - (Rs—Rc)2/4be

=299.83kN.m

Vpl,rd=fyx Av/N3 xYa
=869.32 kN

Where,
A Sectional area
w Weight of section
h Height of steel section
b Width of flange
t Thickness of flange
tw Thickness of web
I Moment of inertiain X-direction
lyy Moment of inertiain Y -direction
Mu  Moment of resistance in X-direction
Moiry Moment of resistancein Y -direction

\% Shear resistance

R. Resistance of concrete lab
Rs Resistance of steel section
Ry Resistance of web

I Moment of inertiain X-direction
lyy Moment of inertiain Y -direction
best Effective width of composite beam
Py Depth of neutral axis

X x ordinate of center of gravity

ho Height of profile deck
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he Thickness of concrete slab

fy Yield strength of stel

Ya Partial safety factor for steel

Y, Partial safety factor for concrete
Ay Areaof web

A, Area of steel section

SHS  Square hollow section
RHS  Rectangular hollow section
Table: 111 Moment of resistance and shear
Sr.No. M M,y Myy Y
(KN.m) (KN.m) (KN.m) (kN)
(Composite | (steel
beam) section)
Typica 1029.52 299.83 43.33 | 869.32
composite
beam 1
Typical 1003.3 445.07 188.571 | 850.25
Composite
beam 2

As shown in Table 111, Lightweight cold formed sections
are giving dlightly less moment of resistance in X direction
but shows considerable difference in moment of resistance
aong Y.

(. EXPERIMENTAL PROGRAM

Two beam specimens were casted with 100 mm thick
concrete slab. The beam specimens were tested in a loading
frame of 500 kN capacity load cell subjected to two-point
loading as shown in Fig.5. The deflection of the beam
specimens was noted down for every 50 kN intervals. The
dip at interface of concrete dab and steel beam were
recorded. The parameters of test beams are as shown in
TablelV.

Table: 1V Parameters of Test beam

Steel Yield concret | Interactio
sectio | Strengt | egrade | n
n h (Full/
(N/mm? Partial)
)
CB |ISMB | 250 30 Full
1 175
CB | SHS 210 30 Full
2 150
Table: V Sectional properties of steel section
. We|ght Area Ixx lyy
SN g | @) [ emy | (e
)
ISMB 175 19.30 24.62 1272 85
SHS 18.01 22.95 807.62 807.62
(150x150%4)
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Fig.5.Experimental set up

Table-VI : Limiting depth to Thickness Ratio of Hollow
Square Section (BSEN 1-1:2005)

Class :Il section | &= (235/1,)%°
=(235/210) °° = 1.057
Part subjected to ct<83g | ¢t =(h-3)ft
bending = (150-3x4)/4
=345
83 €=83 x1.057
=87.801
Soitisok.
Part subjected to ot < ct =(h-3t)/t
bending and = (150-3x4)/4
compression 388 =345
38& =38 x1.057
=40.166
Soitisok.

Hollow square section satisfies criteria of section
classification class Il as per Eurocode :3 Part 1-1. So depth
to thickness ratio of hollow sguare section is within limit.

IV. RESULTSAND DISCUSSION
(A). Test Specimen 1(CB1):

The test specimen consisting of ISMB 175 with 100 mm
thick concrete dlab. Position of dia gauges is shown in
Fig.5. Deflection and dip values were recorded as shown in
Fig.7 and Fig.8.

100 mm

1% mm € shear stud
it 100 ms o'c

X il )
relmlsroement
sk w150 ¢/

6 m
&

Fig.6. Composite beam 1 (CB1)
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Fig.10 Minor cracksdeveloped in dab

Fig.7 and Fig.8 shows mid span deflection and values of dip
at interface for composite beam 1. It gives maximum
deflection of 6 mm and dlip value 3 mm under ultimate load

Fig.7. Load Vs. Displacement (CB1)

Composite beam-1 ( ISMB 175) conditions. As shown in Fig.9 little buckling of flange
3.5 occurs at support. Minor cracks are observed in concrete
3 slab as shown in Fig.10.
E 2.5 (B) Test Specimen 2(CB2):
=2 The test specimen consisting of hollow square section 150 x
Z 1.5 150 x 4 mm with 100 mm thick concrete slab. Hollow
1 square section of yield strength 210 kN/m? Deflection and
05 dlip values were recorded for each 50 kN increment of load.
0 AR, _ Composite beam-2 (HSS 150 X 150)
50 100 150 200 250 300 =
E 16
: 1 2
Fig.8. Load Vs. Slip at interface (CB1) g 10 /1
e &7
TableVII: Mid span deflection and Slip observed(CB1) S 6
E a
& 2
E 0 - T T T T T 1
0 0 0 - 0 50 100 150 200 218
) 2 1 Load (kN)
100 3 15
150 35 2 Fig.11 Composite beam 2 (CB2)
200 4.5 2.25
250 5 25
300 6 3 - by = 325 mm -

= 100 mm

19 s € slsear stud
i 100 mm ol

¥ k)
reinforcement
s 0 150 mim g

Fig.9 Little buckling of flange at support
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6 CB2 250 kN 220 kN Considerable
(Cold Buckling of
3 formed SHS web
= 4 150) observed at
£ 220 kN
- 3
-
& 2- V. CONCLUSION
1 e Structural hollow sections give greater moment of
resistance along Y direction. A comparative study of
04 LOAD (kN) T T ' Typica composite beam 1 (Hot rolled ISMB 500) and
50 100 150 200 218 Typical composite beam 2 (Cold formed HYBOX

355) is carried out. Table Il shows comparison of
moment of resistance and shear capacity for both

Fig.13 Load Vs. Slip at interface (CB1) beams.
e Fig.7 and Fig.8 shows Mid span deflection and dlip at
TableVII1: Mid span deflection and Slip observed(CB2) interface for CB1 (Hot rolled ISMB 175). CB1 shows
Load | Central | Slip maximum mid span deflection of 6 mm and dlip at
(kN) | Deflectio | (mm) interface 3 mm under ultimate load condition. Minor
i cracksin slab as well aslittle buckling of flange occurs
0 (()mm) 0 beyond ultimate load (330 KN) as shown in Fig.9 and
Fig.10.
51’80 i ;5 e Fig.12 and Fig.13 shows Mid span deflection and slip
150 = 3' at mterface_ for CB_2 (Cold forme_d SHS 150). CB2
200 11 7 shows_mammur_n mid span defle_ctlon of 14 mn_1_and
218 14 5 dlip at interface is 5 mm under ultimate load condition.

Excessive mid span deflection occurs due to buckling of web
occurs before it reaches to ultimate load as described
in Table VIIII

e (B2 (Cold formed SHS 150) shows considerable web
buckling, athough it satisfied limiting depth to
thickness Ratio of hollow Square Section as per BS
EN 1-1:2005. (Eurocode :3). CB2 shows buckling of
web at support. The provision of depth to thickness
ratio limits prescribed in BS EN 1-1:2005.
(Eurocode:3) needs to be revised as section shows
buckling at support.

e (B2 (Cold formed SHS 150) shows buckling of web
at support only, so a stiffening plate can be provided at
support (at beam to column Junction). As aresult, total
shear acting at support will be distributed between

Fig.14 Buckling of hollow section at support connecting plate and web of hollow square section and
Table VIII shows observed mid span deflection and dip at eliminates web buckling.
interface. CB2 (cold formed SHS 150) gives higher
deflection and dip as compare to CB1 (hot rolled ISMB ACKNOWLEDGMENT

175). Cold formed square hollow section shows buckling of
web at support as shown in Fig.14. Cold formed section
undergoes excessive mid span deflection due to buckling at
support. At ultimate load condition considerable buckling of
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Composite Predi ct.ed Experimental | Remarks REFERENCES
beam Analytical | strength _ N . .
1. Lanhui Guo an, Shijun Yang ab , Hui Jiao ¢ (2013) Behavior of
strength thin-walled circular hollow section tubes subjected to bending
CB1 300 kN 310 kN Buckling of .Science direcf[ .Thi_n walled structures. V__olume 73: 281-289.
(Hot rolled flange gnd gttps//www.suencedl rect.com/science/article/pii/S026382311300208
ISMB 175) cracksin =
dab
observed at
330 kN
Retrieval Number: F4833049620/20200BEIESP Published By:
DOI: 10.35940/ijitee.F4833.049620 Blue Eyes Intelligence Engineering

Journal Website: www.ijitee.org 1991 & Sciences Publication

Exploring


https://www.openaccess.nl/en/open-publications
https://www.sciencedirect.com/science/article/pii/S0263823113002085
https://www.sciencedirect.com/science/article/pii/S0263823113002085

Experimental Flexural Behavior of Composite Beam using Cold Formed Hollow Squar e Section

2. Maitik Vadadoriya ,Grishma Thaker ,Minu Tressa(2018) Seismic
analysis for steel beam to column joint connection: a review.
International Journal of Technical Innovation In Modern Engineering
& Science:112-118.
http://ijtimes.com/papers/special_papers/RTSE25.pdf

3. Jigia Shen, M. Ahmer Wadee, Adam J. Sadowski (2017) Interactive
buckling in long thin-walled rectangular hollow section struts.

Volume 89: 43-
58.https://www.sciencedirect.com/science/article/abs/pii/S002074621
6303468

4. JA.Packer, JWardenier, Y.Kurobane , D.Dutta, N.Yeomans ,Design
guide for rectangular hollow section joints under predominantly static
loading

5. EN 1993-1-1 (2005) (English): Eurocode 3: Design of steel structures
- Part 1-1: General rules and rules for buildings

6. EN 1994-1-1 (2004) (English): Eurocode 4: Design of composite steel
and concrete structures — Part 1-1: General rules and rules for building

Retrieval Number: F4833049620/2020©BEIESP Published By:
DOI: 10.35940/ijitee.F4833.049620 Blue Eyes Intelligence Engineering
Journal Website: www.ijitee.org 1992 & Sciences Publication

Exploring Innovation'


http://ijtimes.com/papers/special_papers/RTSE25.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0020746216303468
https://www.sciencedirect.com/science/article/abs/pii/S0020746216303468

