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ORIGINAL STUDY

Part 2: Proposed Buckling Factor for Columns in
Braced and Unbraced Frames with Composite Girders

Sara A. Eltawil*, Nabil S. Mahmoud, Saad M. Abdrabou

Structural Engineering Department, Faculty of Engineering, Mansoura University, Egypt

Abstract

In both braced and unbraced frames, the influence of composite girders on modified buckling factor values was
investigated, and the composite girders' far end were represented as hinges. Furthermore, based on the proposed stiffness
parameter, the derived formulation follows the same assumptions as the standard effective length factor (K-factor).
Moreover, the suggested buckling factor equations for composite girders in braced and unbraced frames were obtained
using the slope-deflection method. Concerning the unbraced frame, the proposed buckling factor of columns restrained by
the composite girder improves the effective length calculation and makes for a more accurate and cost-effective design than
the buckling factor of columns restrained by the steel girder. Eventually, there is a slight improvement in the proposed
buckling factor of columns in braced frames with the composite girder than the buckling factor of columns restrained by
the steel girder, but still more accuracy than the conventional solution.

Keywords: Stability functions, Side sway permitted, Sagging moment, The alignment charts, Side sway prevented,

Composite girders, Stiffness coefficients, 15% cracked analysis, Composite frames

1. Introduction

teel-concrete composite structures are made of

two different materials that are treated as a
single element. This combination has a number of
benefits such as resulting in steel-concrete com-
posite structures having a high market sales in
many countries (Korkess et al., 2009; Mbc, 2014) and
being widely used in continuous-frame construc-
tion, especially continuous composite beams.
Furthermore, The main advantages of utilizing
steel-concrete composite structures are: The effi-
cient use of structural materials, quick construction,
lower dead weight, great fire performance and high
rigidity (Kostic et al., 2011; Vasdravellis et al., 2012;
Chang et al,, 2017). Due to the additional benefits
associated with just a redistribution of internal
forces across the component and the simplicity with
which serviceability criteria may be achieved,
continuous composite beams are frequently used in
buildings and bridges as an affordable structural

solution. However, because continuous composite
beams behave differently in the positive (also
known as sagging) and negative (also known as
hogging) moment zones, designing and analyzing
them can be complex (Vasdravellis et al.,, 2012; Nie
et al,, 2004). Furthermore, creep and shrinkage of
concrete will vary the force distribution through the
span in hyperstatic structures such as continuous
composite beams and composite frames, possibly
exacerbating concrete cracking in negative bending
zones (Fan et al., 2010).

Negative bending moments in continuous com-
posite beam interior support sections generate ten-
sion in the concrete slab and compression in the
steel, which is unsavory in the design. A number of
studies have been conducted to produce models for
analyzing the behavior of composite beams, the
bulk of which focused on beams with positive
bending moments. A few studies examined the
crack propagation in concrete slabs and the ultimate
bearing capacity of composite beams during hog-
ging moments (Kostic et al., 2011; Chen et al., 2014).
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Studying how composite beams behave under
negative moments is essential. We haven't come
across many experimental investigations in this
topic. The efficiency of the shear connection while
the slab is under tension is not well known.
Nevertheless, current experimental data on com-
posite steel-concrete beams under negative bending
are theoretically evaluated using the finite element
program ANSYS (Nie et al., 2004). It is proposed a
method for studying the service load of continuous
composite beams. With this technique, we must
perform time-dependent and short-term evalua-
tions, accounting for the concrete slab's shrinkage,
creeping, and cracking (Bradford et al., 2002).

Due to the nonlinearities in each structural element,
including the steel sections, reinforced concrete slabs,
and shear connectors, composite girder behavior
generally demonstrates substantial nonlinearity.
Additionally, because to the complexity of composite
structures, nonlinear analysis and computer programs
are crucial for studying them. The usage of linear-
elastic analysis in Eurocode 4 (EC4), however, is pro-
posed to accommodate for existing nonlinearities and
simplify design (Kostic et al., 2011). Concrete cracking
reduces flexural stiffness in hogging moment zones
though not in sagging zones whenever the extreme-
fiber tensile stress in concrete approaches double the
mean value of the axial tensile strength recommended
by EN 1992-1-1 (Tikka and Mirza, 2014). Moreover,
elastic analysis must take relative stiffness variation
into consideration. The length of the cracked zones in
beams in braced frames is fixed (Eurocode 4 recom-
mends that the cracked region be 0.15 of the beam
length). Software analysis under design loads is the

only way to determine the incidence of cracking in
unbraced frames (Johnson, 2011). Actually, Eurocode 4
[27] gives a few simple methods for estimating creep,
concrete cracking, and shear lag effects. Using the
computer program “Kontinualac,” four composite
girders that are considered to be fully connected [28]
were numerically assessed and the results compared.
From this comparison, it is found that the zone of
cracked concrete indicated by “cracked” analysis was
much less than the length anticipated in 15 percent
cracked analysis (Kostic et al., 2011).

One of the most important applications in the
field of second order analysis and members slen-
derness is the calculation of the effective length
factor in structural engineering (Al-Ghalibi, 2014).
Additionally, the behavior of structural analysis as
well as the cost of using cross sections are obviously
affected by the buckling length of steel frame col-
umns (Ali, 2012). For braced and sway frames, most
codes (AISC, 2016) (AISC, 2010), Egyptian Design
Code of Steel Construction and bridges ([ Load and
resistance factor design (LRFD), 2008] and [Allow-
able stress design (ASD), 2009]) (M. of Housing,
2001, M. of Housing, 2007) use alignment charts to
determine the buckling length factor (K). Further-
more, by changing an end-restrained compression
member to an equivalent pinned-ended member,
the K-parameter is employed to simplify frame
member design. Additionally, the effective length
factor is estimated numerically using exact equa-
tions or by using alignment charts (Fig. 1) (Moustafa
and Salama, 2015). Simpler equations and charts are
utilized in most design specifications in practical
applications to estimate the effective lengths of
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Fig. 1. Alignment charts for effective length factor.
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frame columns (Fan et al., 2010). The French Design
Rules for Steel Structures have featured simple
equations since 1966; these rules have now been
adopted by the European Recommendation for
Steel Construction (Duan and Chen, 1999). In order
to get more precise closed form formulae for
computing the effective length factors in respect to
rotational resistance at the column ends, the French
rule equations are developed (Moustafa and Sal-
ama, 2015). A new buckling length factor (K) for-
mula was also made in order to precisely calculate
the stiffness of column ends (Ali, 2012).

By modifying some of the outdated assumptions
of the traditional approaches, it is possible to derive
approximate equations for estimating the effective
length factor on the basis of the suggested proced-
ures (Al-Ghalibi, 2014). On top of that, a mathe-
matical method is provided for determining the
K-factor for braced and unbraced frames, which
consists of columns and tapered girder with varying
far end conditions (King et al., 1993). In addition, the
NCCI article SN008a to BS EN1993-1 includes a
simple formula to calculate effective column lengths
in steel frames with multiple stories (da Silva et al,,
2010, Webber et al., 2015a). We provide a straight-
forward method for approximating buckling loads
in braced frames (Girgin and Ozmen, 2008). Five
different boundary conditions for top and bottom
columns are also utilized to get the effective length
factor formulae, allowing for more precise design of
columns in braced frames (Lian Duan and Chen,
1989a). It is recommended to use a modified align-
ment chart approach to determine an approximate
coefficient for unbraced frame column design (Lian
Duan and Chen, 1989b) (Webber et al.,, 2015b).
Furthermore, 2960 braced simple frames subjected
to short-term loads were simulated to determine
how different methods of estimating the effective
length factor (K) influenced column strength calcu-
lations (Tikka and Mirza, 2014).

In this paper, Proposed column buckling factor
equations are suggested for braced and unbraced
columns in frames with composite girders. More-
over, girders' far-end conditions are represented as
hinged. Also, the derivation is also applied to
continuous composite beams with varying flexural
stiffness in braced and unbraced frames since the
phenomenon of concrete cracking reduces flexural
stiffness in hogging moment zones but not in sag-
ging areas. Additionally, this derivation has taken
into consideration this phenomenon. The flexural
stiffnesses, both uncracked and cracked, are EI; and
EL, respectively (Fig. 2). I,: the moment of inertia for
steel girder (In most cases, reinforcement is dis-
regarded while calculating I;.), I,: the moment of

Fig. 2. Composite girder with hinged far end.

inertia for composite girder, E: Modulus of elasticity
and L and a are lengths as shown in (Fig. 2).

The positions at the two ends of the beam-column
are indicated by the two subscripts A and Bin Table 1,
whereas G is defined as:

G= Z (EI/L)columns

Z (EI/L)beamS

where: L is the column's unsupported length.

I is the moment of inertia orthogonal to the
buckling plane of the columns and beams (M. of
Housing, 2001).

The suggested formulas for the k-factor:

For a composite girder, the differential equation
is:
EIy”:—Ma—i-wx—py (1)
where:

M., M, are bending stiffness.

Coefficients of stiffness for hinged far end:

By solving the preceding equations, we are able to
derive the girder stiffness coefficients: The slope-
deflection equations for composite girders with
hinged far ends in a braced and unbraced frame are
derived. The notation (V, Y, Z, and Q) will be used to
make the expressions easier to understand. In the
appendix, these notations are illustrated in detail.

S =7y @
m:ﬁ 3)
S =gy 77 @)
Spp = ﬁ (5)

Braced frame (Side sway prevented):

As shown in (4), the general formula for analyzing
the stability of a braced frame made of steel columns
and composite girders with a hinged far-end con-
dition is:



Table 1. Comparison of suggested equations for the stability analysis of braced and unbraced frames with composite girders with general equations for the stability analysis of braced and unbraced

frames.
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General equations
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Z (EI/L)columns
G Z (EI/L)beamS (7)
Mathematical value of the stiffness modifica-
tion factor:

By dividing the bending stiffness of composite
girders by the bending stiffness of traditional
girders, the modification factor for composite girder
stiffness in braced frames is calculated.

The resulting parameter is:

When the girder's far end is hinged:

1

L=y (8)

Unbraced frame (Side sway permitted):

As shown in (9), the general formula for analyzing
the stability of an unbraced frame made of steel
columns and composite girders with a hinged far-
end condition is:

GaGg (m/K)? —360  m/K

6(aGa+Gp) - tan (7/K) 9)
7%
G= > (BI/L) parme (10)

Mathematical value of the stiffness modifica-
tion factor:
The formula for the composite girder stiffness
modification factor in unbraced frames is as follows:
When the girder's far end is hinged:

1

2. Formula verification

The composite girder approaches a constant
cross-sectional girder whenever the moment of
inertia ratio ((I;/I,) is one and a and b are both zero.
So that:

(1) Column modification factors in frames for a
restraining composite girder are as follows:

The above equations are identical to the values
provided in ECP code to account for the influence of
far end conditions of restraining girders when
employing alignment charts, as shown in Table 2.

(2) The proposed rotation angles at the ends of the
composite girder, which are deduced for
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Table 2. The modification factors of columns in frames for a restraining
composite girder with hinged far end condition at constant cross-
sectional girder approach.

Far end condition for Side sway Side sway
composite girder prevented permitted
hinged far end oa=15 o =05

estimating the influence of using composite
girders with hinged far end condition in braced
and unbraced frames on the K-factor of columns,
are equal to the rotation angles of the constant
cross-section girder by using for ¥(u) and ¢(u)
their values from Table A-1 (Stephen and Tim-
oshenko, 1961).

In Table 3: The two notations W(u) and ¢(u) are
defined by:

3 |1 1
(w) " 2u {E ~ tan (Zu)} (12)

3 1 1
¢ W Tu Lin (2u) _E} (13)

Example 1. Determine the rotation angles that are
shown in Table m at 2u = 1.2 from Table A-1 (Ste-
phen and Timoshenko, 1961) for the previous case.
Solution: From Table A-1 (Stephen and Timo-
shenko, 1961):

At2u =1.2:

W(u) = 1.1114

¢o(u) = 1.1979

Reference (Stephen and Timoshenko, 1961):

0 :1\/]1;1L (W:gu) . ¢(6u)>

M,L <1.1114 1.1979>
Or=

TTEH 3 6
M,L
EI

2)

6, =0.570117

% =1

ML (‘Féu) (

0 ML 1.1979+1.1114
PTUE 6 3
M,L
0 =0.570117 — 15
’ EI (15)
0 ~ M,L (1—cos(2u)
ATTEL \ 2usin(2u)
0 ~ M,L | 1—cos(1.2* 19
ATTEL (12%sin(12* 1)
M,L
0, =0.570114 (16)
0. - MoL [sin (2u) N cos(2u) — 1
"TEL | 2u 2u tan (2u)
0 ML |sin (1.2 * 18 cos(1.2* 180) 1
'TE 12 12 tan (1.2 * 1)
M,L
05 =0.570114 i (17)

From equations (14) and (16):

eA (case 1) = 9A (case 2)

From equations (15) and (17):

0p (case 1) — 0p (case 2)

3. Buckling factor (K,) for composite girder
with rigid far end in braced and unbraced
frames

The value of the suggested buckling factor change
generated by changing a number of parameters
must be assessed, which requires the study of these
parameters. These parameters are briefly described
in the sentences that follow:

Table 3. Comparison between the rotation angles at the ends of the constant cross-section steel girder and the rotation angle equations of the composite

girder at constant cross-sectional girder approach.

Equations from Suggested formula

Reference (Stephen and Timoshenko, 1961)

[N M,L (1 — cos(2u))
EI \2usin(2u)

Op ML [sin (2u) (cos(2u) -1
EI 2u 2u tan (2u)

ML W(w) | é(w
o 3 e
ML W(u) | (u)

EI(3 +T)

)
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Fig. 3. Effective length factor for composite girder with hinged far end in braced frames (Fixed base) (a/L = 0.15).

(1) The adjustment of the column base, therefore we  (a) After changing the column base from a fixed

sometimes use a hinged base and sometimes a base to a hinged base, we observed that:

fixed base. (1) According to the relationship between the
(2) The far end condition of the composite steel moment of inertia ratio (I;/I,) and the suggested

beam is hinged far end. buckling factor (K,), the recommended buckling
(3) Increasing the moment of inertia ratio (I;/I) factor changed as follows:

for the composite steel girder from 0.025 to 1) Figs. 3 and 4 represent a substantial growth

0.975 with two cases of braced and unbraced in buckling factor of around 1.7%, rise as

frames. high as 7.1%.

0.95
09
0.85
0.8

z : -

5 9 Gg=08

0.75 4 8 Gg=107

// 3 7 GB= 0.6

0.7 / 2 6 Gg=05

0.65 4 Cp=1ip

0 02 04 0.6 0.8 1 2 Gg=01

Fig. 4. Effective length factor for composite girder with hinged far end in braced frames (Hinged base) (a/L = 0.15).
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2) Figs. 5 and 6 reveal a 22.86%—31.02% in-
crease in buckling factor.

(2) There is a variance in the buckling factor as
parameter (Gg) increases. The expression for this
variant is:

1) Figs. 3 and 4 indicate a significant increase
of about 58.94%, reaching up to 117.15%.
2) More about Figs. 5 and 6, it climbs from

5.45% by almost 19.07%.

Eventually, it becomes clear that the stiffness
modification factor (@) is dependent on the length of
the beam. However, when the moment of inertia

ratio (I;/I;) becomes constant, we may ignore the
beam length in the stiffness modification
calculation.

4. Comparison between the buckling length
factors “K" in the alignment chart equations
and the proposed buckling length factors
“Kproposea”” for composite girder

Figures from (7) to (10) illustrate the values of the
buckling length factors obtained from the alignment
chart equations in the frame with the steel beam

(=
[

M

14

0 02 04 06

11
9
7
5
4
3 10 = 0
9 = 8
2 8 Gg= 7
7 =6
6 Gg= 5
1 5 Gg: 4
4 GB: 3
3 = 2
08 1 2 Gg= 1
1 GB: 0

Fig. 5. Effective length factor for composite girder with hinged far end in unbraced frames (Fixed base) (a/L = 0.06).

A

0 02 0.4 0.6
Lir

9 = 8

8 Gg= 7

7 Gg= &

6 Gg= 5

5 Gg= 4

1 4 Gg= 3

3 Gg= 2

0.8 1 2 Gg= 1
1 GB= u]

Fig. 6. Effective length factor for composite girder with hinged far end in unbraced frames (Hinged base) (a/L = 0.06).
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Gs

Fig. 7. Comparison between the values of the buckling length factors calculated from the alignment chart equations in the frame with the steel beam
and the values estimated from the proposed buckling factor for composite girder with hinged far end condition in braced frames (Fixed base).

compared to the values estimated from the pro-
posed formula in the frame with the composite
beam. The tables demonstrate the difference be-
tween these values and their percentage.

1) In a prevented sway frame with a Hinged far end
girder, the difference for buckling factor was
between 0.172% and 7.228% when a fixed col-
umn base was employed as shown in Fig. 7.

2) If a hinged column base was used in a prevented
sway frame with a hinged far end girder, the
difference for buckling factor was around 0.181%
and 7.519% as seen in Fig. 8.

3) The percentage of difference in buckling fac-
tor was anything from 0.123% to 26.811%

— Steel constant

mmmee[1)=08
-=-=Ih=01
- = Ijh=06
—=05h=03
—=-IM=04
— . =03

Fig. 8. Comparison between the values of the buckling length factors
calculated from the alignment chart equations in the frame with the steel
beam and the values estimated from the proposed buckling factor for
composite girder with hinged far end condition in braced frames
(Hinged base).

23

21
— Steel constant

- = =06

——5=05
- =IihH=04

— - =03

0 20 40 60 80 100

Gg

Fig. 9. Comparison between the values of the buckling length factors
calculated from the alignment chart equations in the frame with the steel
beam and the values estimated from the proposed buckling factor for
composite girder with hinged far end condition in unbraced frames
(Fixed base).

= Steel constant

——==07
- = =06
— —N=03
— - -=04

— .. =03

0 20 40 GB 60 80 100

Fig. 10. Comparison between the values of the buckling length factors
calculated from the alignment chart equations in the frame with the steel
beam and the values estimated from the proposed buckling factor for
composite girder with hinged far end condition in unbraced frames
(Hinged base).
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when it came to permitting sway columns in a
frame with a hinged far end girder and where
the column base was fixed as illustrated in
Fig. 9.

4) If a hinged column base was included in a
permitted sway frame with a hinged far end
girder, the difference for buckling factor was
around 0.294% and 37.214% as regarded in
Fig. 10.

5. The relationship between the critical
buckling factor and the beam length

From a broad perspective, a number of factors
should be investigated to see how the proposed
buckling factor varies when these values are
changed. Here are some specifics about these
parameters:

1) The composite steel beam's far end is designed
with a hinged far end.

2) Changes to the column base. Both fixed and
hinged bases are used.

3) The length of a composite girder is changed
between 4 m and 15 m.

4) The side sway mode could be switched between
prevented and permitted.

These figures show that when the proposed
buckling factor increases, the beam length increase
as well. Additionally, there is a growing trend in the
buckling factor as the number of IPE sections rises.

(1) The outcome of employing a hinged base col-
umn as opposed to a fixed one is:

0.82

078 ——IPE100

= = =IPE200
— —IPE300
= .« IPE400
07 — + =IPES00
+ueess IPES00

0.68
3000 5000 7000 9000 11000 13000 15000 17000

Ly(mm)

Fig. 11. The relationship between the critical buckling factor and the
beam length in braced frame with fixed far end girder (a/L = 0.15,
hinged base, center spacing = 2000 mm, t. = 120 mm, E. = 220 Hem?,
Lot = Lsteet beam-

= = =IPE200

——IPE100

3000 5000 7000 9000 11000 13000 15000 17000

Ly(mm)

Fig. 12. The relationship between the critical buckling factor and the
beam length in braced frame with hinged far end girder (a/L = 0.15,
hinged base, center spacing = 2000 mm, t, = 120 mm, E. = 220 tem?,
Lot = Lsteel beam)-

—IPE100
= = =IPEX00
— = IPE300
— -+ IPE400

— - =IPES00

125

12
3000 5000 7000 9000 11000 13000 15000 17000

Ly(mm)

Fig. 13. The relationship between the critical buckling factor and the
beam length in unbraced frame with hinged far end girder (a/L = 0.06,
fixed base, center spacing = 2000 mm, t. = 120 mm, E. = 220 tem?,
Lot = Lsteel beam-

= IPE100

- - -IPEX00

— —IPE300

K,

— - - IPE400

=+ =IPE500

17
3000 5000 7000 2000 1000 13000 15000 17000
Ly(mm)

Fig. 14. The relationship between the critical buckling factor and the
beam length in unbraced frame with hinged far end girder (a/L = 0.06,
hinged base, center spacing = 2000 mm, t, = 120 mm, E. = 220 Hem?,
Lot = Lteer beam)'
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Fig. 15. The relationship between the critical buckling factor and the
concrete slab thickness in braced frame with hinged far end girder a/
L = 0.15 L, fixed base, Lyeay, = 12,000 mm, E. = 220 tem?, 1oy = Lgeer
beuw)-

a) The suggested buckling factor (K.) has been
modified as follows in response to the increase
in the length of composite beams:

1) Besides the results in Figs. 11 and 12, the
buckling factor ramps up by about 10.27%,
to 12.34%.

2) Figs. 13 and 14 demonstrate that it has gone
up by about 13.7% and can go as high as
20%.

b) As the number of IPE sections increases from
100 to 600, the buckling factor changes. The
following details explain this variation:

1) Figs. 11 and 12 show a considerable in-
crease in buckling factor of roughly 3.2%,
going up to 5%.

2) In Figs. 13 and 14, it rises from 10.89% to
around 17.07%.

6. The relationship between the critical
buckling factor and the concrete slab
thickness in braced and unbraced frame

From a general point of view, there are several
parameters that should be studied to observe how
much the proposed buckling factor changes when
these parameters are altered. These parameters are
detailed as followed:

1) A hinged far end is employed to adjust the far
end condition of the composite steel beam.

2) Column base alteration. We utilize fixed and
hinged base.

3) The side sway mode was toggled between both
prevented and permitted.

4) The thickness of a concrete slab is changed be-
tween 8 cm and 20 cm.

Asis seen from these charts, the buckling factors go
down as the concrete slab thickness goes up. On top
of that, there is a growing trend among all buckling
factor curves with a surging IPE section number.

(1) The result of using a hinged base column rather
than a fixed one:

(a) As a result of the rise in slab concrete
thickness for composite beams, the pro-
posed buckling factor (Kcr) has adjusted as
below:

1) Including the results in Figs. 15 and 16,
there is a ramp up in the buckling factor
of nearly1.15%, up to 1.28%.

2) Concerning Figs. 17 and 18, it goes up
from 5.47% to about 5.01%.
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Fig. 16. The relationship between the critical buckling factor and the concrete slab thickness in braced frame with hinged far end girder a/L = 0.15 L,

hinged base, Lyeam = 12,000 mm, E. = 220 Hem?, Loy = Lugeel beam)-
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Fig. 17. The relationship between the critical buckling factor and the
concrete slab thickness in unbraced frame with hinged far end girder (a/
L = 0.06 L, fixed base, center spacing = 2000 mm, Ly, = 12,000 mm,
E. =220 t/sz, Lot = Lsteel beam)-

(b) The buckling factor varies when the num-
ber of IPE sections climbs from 100 to 600.
This difference is explained as follows:

1) Regarding Figs. 15 and 16, it grows from
3.6% to approximately 3.82%.

2) Figs. 17 and 18 reveal a 13.57—16.88% in-
crease in buckling factor.

7. The relationship between the critical
buckling factor and the modulus of elasticity
in braced and unbraced frame

From an overall perspective, numerous parame-
ters must be studied in order to determine the value
of the proposed buckling factor change caused by
modifying these parameters. The following points
are a brief description of these parameters:

1) The altering of the column base therefore we
adopt a fixed base and occasionally a hinged
base.

2) Toggling the modulus of elasticity of a concrete
slab from 220 t/cm? to 310 t/cm?.

As can be observed from the charts, there is a
diminishing trend in buckling factor curves result-
ing from employing the IPE section number from
IPE400 to IPE600 with a steadily increasing modulus
of elasticity of slab concrete. Furthermore, there was
also some fluctuation in buckling factor curves due
to the use of the IPE section number ranging from
IPE100 to IPE300 when the modulus of elasticity of
slab concrete grows continuously. In addition, it is
noticeable that more IPE section numbers in a
composite girder means a higher proposed buckling
factor.
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Fig. 19. The relationship between the critical buckling factor and the
modulus of elasticity in braced frame with hinged far end girder, a/
L =0.15 L, fixed base, Lbeam = 12,000 mm, tc = 120 mm, Icol = Isteel
beam.
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Fig. 18. The relationship between the critical buckling factor and the
concrete slab thickness in unbraced frame with hinged far end girder (a/
L = 006 L, hinged base, center spacing = 2000 mm,
Lyeam = 12,000 mm, E. = 220 t/em?®, Lo = Luteet peam)-
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Fig. 20. The relationship between the critical buckling factor and the
modulus of elasticity in braced frame with hinged far end girder, a/
L = 0.15 L, hinged base, Lyeqm = 12,000 mm, t. = 120 mm, Lo; = Isteer

beam:
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Fig. 21. The relationship between the critical buckling factor and the
modulus of elasticity in unbraced frame with hinged far end girder, a/
L = 0.06 L, fixed base, Lyean = 12,000 mm, t. = 120 mm, Ioo; = Iseet

beam:

(1) By converting the column base from a fixed base
to a hinged base, we have come to the realization
that:

(a) According to the relation between the
modulus of elasticity of a concrete slab and
the proposed buckling factor (K.), the
proposed buckling factor Changed as
following:

1) Figs. 19 and 20 demonstrate a significant
rise in the buckling factor from around
0.05%—0.27%.

2) Besides the results in Figs. 21 and 22, the
buckling factor ramps up by about 0.2%, to
1.29%.

(b) There is a variation in the buckling factor
that occurs whenever the IPE section
numbers are raised from IPE100 to IPE600.
This variation is expressed as follows:
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Fig. 22. The relationship between the critical buckling factor and the
modulus of elasticity in unbraced frame with hinged far end girder, a/
L = 0.06 L, hinged base, Lyeqm = 12,000 mm, t, = 120 mm, I.o; = Leer

beam-

1) Along with the data in Figs. 19 and 20,
there is an almost 3.29% rise in the
buckling factor, up to 4.72%.

2) Figs. 21 and 22 show a considerable in-
crease in buckling factor of roughly
13.81%, going up to 16.92%.

8. Comparison between the buckling factor
calculated from the proposed formula and the
buckling factor estimated from the alignment
chart for composite beams and steel beams,
respectively, in braced and unbraced frames

Overall, the two-bay frame that has three col-
umns, two composite beams with the same cross
section was studied in the next charts. Initially, the
buckling factor has been calculated for the middle
column (A-B) in these charts. Moreover, the line
graphs make it clear that the buckling factor curves
steadily got higher as the beam length went from
4 m to 15 m. Additionally, the solid lines are the
alignment chart solutions that resulted from using
steel beams. Also, the dashed lines are the solutions
from the proposed formula, and the dot-dashed
lines are the solutions from the alignment chart
when composite beams are used.

- As observed from Fig. 23, the ratio between the
solid and dot-dashed lines is 1.04. However, the
dashed line outclasses the dot-dashed lines by
around 1.08.

- Concerning Fig. 24, the solid line outmatches the
dot-dashed line by 1.05. Actually, the dashed
line is above the dot-dashed line by approxi-
mately 1.09.

— — proposed
formula

— - =comp

— steel

0.68
3000 3000 7000 9000 11000 13000 15000

Ly(mm)

Fig. 23. Comparison between the buckling factor for braced frame with
hinged far end girder, fixed base, t, = 120 mm, E, = 220 t/ent’,
Lot = 4000 mm, I, = HEA340, Ly peam = IPE330, center
spacing = 3000 mm, two bays frame.
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Fig. 24. Comparison between the buckling factor for braced frame with
hinged far end girder, fixed base, t. = 120 mm, E. = 220 t/cm?,
Loy = 4000 mm, 1., = HEA340, Iyeer peam = IPE330, center
spacing = 3000 mm, two bays frame.
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Fig. 25. Comparison between the buckling factor for unbraced frame
with hinged far end girder, fixed base, t. = 120 mm, E, = 220 t/cm?,
Loy = 4000 mm, 1.,, = HEA340, Iyeer peam = IPE330, center
spacing = 3000 mm, two bays frame.
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Fig. 26. Comparison between the buckling factor for unbraced frame
with hinged far end girder, hinged base, t. = 120 mm, E. = 220 Hem?,
Loy = 4000 mm, 1., = HEA340, Iyee; peam = IPE330, center
spacing = 3000 mm, two bays frame.

- from Fig. 25, we can clearly notice that the ratio
between the solid and dot-dashed lines is 1.04.
Furthermore, the dashed line outpaces dot-
dashed line by about 1.18.

- In Fig. 26 as well, the solid is above dot-dashed
lines by 1.05. Eventually, the ratio of the dashed
to dot-dashed lines is 1.23.

9. Conclusions and summary

This paper demonstrates the effective length factor
calculation method for columns in braced and
unbraced frames with composite girders. The con-
dition of the girder's far end is represented as hinged.
In addition, the equations for the proposed buckling
factor have been proven using parameter-based
methods (o). Moreover, the closed form of the
parameter (o) has been determined. Furthermore, we
compare the values of the buckling length factors
calculated from the alignment chart equations in the
frame with the steel beam with hinged far end con-
dition and the values estimated from the proposed
formula for composite girder with hinged far end
condition in both braced and unbraced frames.
Additionally, the relationship between the proposed
buckling factor and beam length has been clarified.
Also, we study the influence of changing the slab
thickness from 8 cm to 20 ¢cm on the suggested
buckling factor. In both braced and unbraced frames,
the relationship between the critical buckling factor
and the modulus of elasticity has been examined. On
top of that, we show the comparison between the
buckling factor calculated from the proposed formula
and the buckling factor estimated from the alignment
chart for composite beams and steel beams, respec-
tively, in braced and unbraced frames.

Finally, a number of inferences may be drawn
from the results of the current study as well as these
results are summarized below:

1. When we compare the values of the buckling
length factors obtained from the alignment chart
equations in the frame with the steel beam and
the values estimated from the proposed formula
in the braced frame with the composite, we find
that the percentage of difference for side sway
prevented frame ranged from 0.172% to 7.519%.

2. Furthermore, the difference between the values
of the buckling length factors calculated from the
alignment chart equations in the frame with the
steel beam and the values estimated from the
proposed formula in the unbraced frame with the
composite beam ranged from -0.123% to
37.214% for the side sway permitted columns in
the frame.
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3. Concerning braced and unbraced frame, it's
clear that the ratio between the moment of
inertia ratio (I;/ I;) and the proposed buckling
factor (K;) grows progressively by using a
hinged column base instead of a fixed one when
all other studied parameters remain constant.

4. While all other examined parameters stay con-
stant, the proposed buckling factor (K)
moderately rises when the parameter (Gg)
grows as a consequence of altering the com-
posite beam's far end from rigid to fixed.

5. Regarding the unbraced frame, it's remarkable
that the relationship between the length of the
composite beam and the proposed buckling
factor (K) increases gradually when changing
the column base from hinged to fixed.

6. Furthermore, whenever the IPE section number
grows, the proposed buckling factor rises as
well.

7. Obviously, the result of using an unbraced
frame instead of a braced one demonstrate that
there is a significantly growing in the proposed
K-parameter (K.) with the gradual lengthening
of the composite beam.

8. Consequently, there is a diminishing trend in
proposed buckling factor curves resulting from
employing the IPE section number from IPE400 to
IPE600 with a steadily increasing modulus of
elasticity of slab concrete. Furthermore, there was
also some fluctuation in buckling factor curves
due to the use of the IPE section number ranging
from IPE100 to IPE300 when the modulus of
elasticity of slab concrete grows continuously.

9. Itmustbe noted that, the proposed buckling factor
curves go down as the slab thickness goes up.

10. Graphed charts make it easier to follow design
procedures.
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Appendix
Parameters V, Y, Z, and Q are given by:
Ve ( cos (Kja) =1  tan (Kja) 1

K;?L? cos (K;a) KL rK,?L? cos (Kja)
n <g LKz sin (K;a) tan (K;L) + K; cos (Kea)

cos (Kqa)
Kja —K;L —tan (Kja)
< K, 2K, L2
n 1 — cos (K;a) — tan (Kja) sin (K;a)
K;’L

n tan (Kja) — Kja
K.%L?

Y= ( 1—cos(Kia) sin (Kja)
K;°L? cos (Kya)  rK;Leos (KoL)cos (Kja)
1
- 1K;’L’ cos (Kqa)
n (g . Kz sin (K;a) tan (K;L) +K; cos (Ksa)
cos (K;a)

. < cos (Kpa) a tan (K;a)

Ky*Leos (KoL) K212 Ky°L?

tan (Kja) sin (Ksa)
rK;K;Leos (K;L)

tan(K1a)+ a )))
rK,2K L2 K212

. a 1
7= ( (gK2 sm (KzL) tan (KzL) * (IKZ—ZLZ — m

_cos (Kja) tan (Ksa) tan (Kja) sin (Kja)

KL K312 K%L
tan (Kja) a 1 )) <
— — + + K, cos (K,L
KK L2 KL KL g Kz cos (KoL)
*( a 1 cos(Kja)  tan(Kja)
K212 rKPL K%L K312
_tan (Kja)sin (Kja) tan (Kja) a L))
K%L KK Lr KL K2
1)
rK,21.2
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. cos (Kpa)
= K KoL) tan (KGL) * | ————F—
Q ((g 2 sin (KoL) tan (KoL) (erchos (K;L)
tan (K;a) sin (K;a)
rK,K; L cos (K,L)

a tan (K;a)
K2 KL
zzz(éliz + K?Lz )) + <g K; cos (K;L)
. ( cos(Ka) 2 tan(Kja)
K’ Lcos (KoL) rK’L2 Ky °L?
tan (Kja) sin (Kya) = tan (K;a) a ))

rKyK;Leos (K,L)  rK,2Kq L2 K, 2L?
tan (K,L) 1
+ 272
I'KzL I‘Kz L
1
7%

Ky

t= (M (K; sin (Kya) tan (K;L) 4+ K; cos)
x (Kaa) + cos (K,a) tan (K,L) —sin (K,a))

Where:
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