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Abstract— Composite column such as other columns made from two or more materials worked as partially or fully. The composite

column consists of hot steel section with filled reinforced concrete behaving as compression member and mainly to resisting axial
force and moments. The high strength capacity of composite columns with a reduction in cross-sectional area as compared with the
reinforced concrete columns gave benefits to adopt this type of construction in building, especially in high-rise and complex buildings.

In this paper, an evaluation of composite columns under the effects of static and dynamic loadings to check the adequacy of such
composite column that analyzed and designed under static load and then after subjected to dynamic load. Theoretical analysis and
numerical solution by finite element approach through ANSYS software program are adopted and assumed that full interactions

between reinforced concrete and steel section to check out the performance of composite column taking into account parameters such
as loading type as static and dynamic loading, concrete type and method of analysis as modal and harmonic dynamic loading. The
results showed that the increasing of core concrete strength delayed the occurrence of local buckling of steel tube. Therefore, the
harmonic analysis must be taken into account to check out in the analysis and adopted in the design of composite column in case of

the presence of this type of dynamic loading because of the performance of the column is different under this type of loading

Keywords—composite column; full interaction; finite element method; ANSYS; dynamic loading.

impact loading was rectangular to evaluate the buckling of
I. INTRODUCTION the columns. The numerical solution results indicated that

In modern buildings such as high-rise structure, the the damping ratio not significant on the dynamic response.

composite columns are adopted because of carrying high'ﬂ. 2013”’ ('jstrzycka et al.,l [8]. mvzstlgated tZehbuckImg 0{
loading capacity with a reduction in cross-sectional area.Mn-walled composite columns and compared the test results

The benefits of composite columns are combining the with those from finite elements and analytical approach. In

rigidity and deformability of reinforced concrete with the 201‘?’ AI|| et al.h[9] f!ﬁogeg out I?n the behavior of C'r?lﬁlar
strength of structural steel to produce an economic structure.St.ee;c column t atd' € 'yl Te (—j(_:ompaﬁt concrete without
In case of concrete filled steel tubes (CFST) such as hollowfSinforcements under axial loading. The parameters were

circular, rectangular or square, the steel section is working airlenderness ratio so that the composite column diameter

a permanent framework, so that make reducing in cost an iePS as conlstan; anddthr? Ier;gth Olf the colum_n was vanedH
time of temporary casing. The cross-sectional of steel € test results showed that the column capacity as strengt

column make the structural element to have more relay on the slenderness ratio. In 2014, Xiaodong Ji et al.,

confinement against lateral displacement and higher ductility,[lo]’ exz_;lmmed the seismic behavior of steel tube remforc_ed
omposite column with different parameters such as axial

strength and energy dissipation capacities than equivalen . )

steel and RC members [1] — [5]. In 2009, Kolakowski [6] '°"¢€ and the ratio of steel reinforcement. The results

checked out the global buckling mode of cémposite columnsindicated that the failure was flexural and stable hysteresis

under the effects of various loading in case of simple ended|°0p.s' In 2015, Hajjar_ [11] studied th_e effects of seismic
loading on the composite column consisted of a hollow steel

and taking into account the shear-lag. A finite element be filled b dditi h ismic loadi
approached was adopted in the analysis of such problem an e filled by concrete. In a ftion to the seismic loading,
the models subjected to monotonic loading by axial, flexural,

the analysis results indicated that the stability of composite _
columns reduced when the loads increased. In 2012,and torsion.

Kolakowski and Teter [7] analyzed composite columns Furthermore, many r_esearchers_such as [12] — [17]
subjected to impact loading in the presence of damping. Thefocused on the numerical analysis by finite elements
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approach. In 2016, Abbas et al., [18], adopted full interaction

theory and studied the performance of composite concrete -
encased columns under the effects of static and dynamic
loading with different boundary conditions. The finite  |n which, A, is the cross-sectional area of the composite

element analysis results indicated that the flexural stiffnesscross-section of the column.

mainly by concrete encasement and encasement prevents The assumptions adopted in the present study matching

buckling of steel bars and steel shape. In the presenthe requirements that derived the equations mentioned above
manuscript, analysis and design check of composite columnsnd are listed below:

using finite element approach by ANSYS software with . First order analysis, so that the equilibrium satisfies

C,= 025+ 3(7A5;gAsr )<07 )

different parameters such as type of concrete and types of  through the whole structure and the stress developed
applied loadings as static and dynamic. below the yield.

« Full interactions between the concrete and the

Il. MATERIAL AND METHOD surrounding steel section, so that there are no slips

between them.

A. Filled Composite Column » The supports of the column are restrained against

The design flexural strength of filled composite column rotation about their longitudinal axis.
sections relay on the local buckling conditions as compact, . No friction between inner concrete and the
non-compact, slender or too slender. The compact section surrounding steel section.

full plastic strength before local buckling occurs. The cgjculated based on the equations mentioned above,
compact section limit based on the AISC-360-2016 [19] is:  regpectively.

D/t < 015E/Ey (1) B. Material properties and model geometry

Compressive strength and modulus of elasticity for

The nominal strength of the composite column based on
ordinary concrete are (24 MPa) and (23100 MPa)

the principal axes of bending. The nominal tensile (Equation

(2)) and compression strength (Equation (3)) according torespectively, Poisqn‘s ratio fo_r concrete and steel are (0.15)
the limit states of yielding Lord Resistance Factor Design @"d (0.30) respectively. The yielding of steel and modulus of
(LRFD) are [19]: elasticity are (368 MPa) and (200000 MPa) respectively.

Column dimensions are (160 mm) external diameter of steel
) section with (2.8 mm) in thickness and (1500 mm) height.

No shear connectors inside the steel section and the concrete
) ) ) ) without main reinforcements.

Where, ¢, is (0.90)F,, is the yield stress of steel section,  The composite column was checked as dimensions and
A, is the cross-sectional area of steel sectigy,is yield capacity designed based on the AISC — 360 — 2016 [19].
stress of reinforcement arg;, is the reinforcement area. Mass of concrete and Hollow Steel Section (HSS) are (25

The compressive strength capacity of the compositen/m?) and (78.5 kN/f) for concrete and steel section,
column in case there is no reinforcement embedded in thgegpectively. The diameter to the wall thickness ratio is

OPn= FyA+ysr A

concrete [8]: (57.15) is less than the limit in equation (1) which is (81.6).
The steel plate at the top and bottom of the column is (160

Pho mm) in diameter with (25 mm) in thickness. Figure (1)

P shows the composite column layout with ended boundar
P =P (0658 © 3 p Y y

h =Fho (0659 ®) conditions at the top and bottom.
Pac= Fy Ast Fysr Ay + 085 fc A, 4) R
T El
P= Lgeff (5)

Where, f.', is the compressive strength of concreig,
cross-sectional area of concretd, is the cross-sectional
area of steel sectioE, is the Young modulus of elasticity of
concrete, Pe, is the elastic critical buckling loadkle,
effective stiffness of composite section that calculate as
follow:

- 6
Blerr =(ENs+(Elsr +C1 (N ©6) Fig. 1 Composite column layout.
Where, (El), (El)s; and (El). are the stiffness section of C. High strength concrete

steel section, reinforcements, and concrete respectively. The Steel fibers were mixed with the cement, fine aggregate to
coefficient for the calculation of effective rigiditg, is produce a new concrete as reactive powder concrete or high
calculated as follow: strength concrete (HSC) with special mechanical properties
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such as compressive strength, splitting tensile strength,MPa), and the mode of failure is shown in Figure (5) and
modulus of rupture and modulus of elasticity. The properties Figure (6) respectively. Based on the test, the reactive
of straight steel fibers are listed in Table (1) and shown in powder concretehas a modulus of elasticity (49100 MPa),
Figure (2). Figure (3) and (4) show the curing and testing of splitting tensile strength (9.50 MPa) and modulus of rupture
the specimens, respectively. (13.25 MPa).

TABLE |
STEEL FIBER SPECIFICATIONS

Length | Diameter | Aspect | Density | Ultimate tensile
(mm) (mm) ratio (kg/m3) | strength (MPa)

10 0.1 100 7800 1180

=

—
Fig. 2 Steel fiber

i, E T A

Fig. 6 Failure mode of specimen normal concrete

D. Finite elements approach

Numerical analysis, with the help of finite elements
software-ANSYS [20], was selected to simulate the
composite column models. The composed structural
elements are connected at a finite number of nodes.
Compatibility of displacement at any connected nodes
between the steel section and concrete is satisfied due to the
full connections between them. The full contacts between
the interior nodes of steel and the exterior nodes of concrete
make the displacement identical for the two materials at
common nodes The numerical analysis adopted to simulate
the composite columns by FEA through ANSYS relay on the
suitable selection of element type, as SOLID65 [20], for
concrete, SOLID185 for hollow steel cross-section and plate
above the column that used to distribute the applied loading.
In addition to the element types, a number of elements,
proper material models, and boundary condition simulation

The superplasticizer type used to increase the concretetor columns at the ends, convergence criteria anq solution
workability is sulphonate melamine, and naphthalene method are selected. The solver that used for static analysis

formaldehyde condensates with density (1.07 Rgand the was Newton — Raphson method and for dynamic analysis

dosage were (1%) by weight. The reactive powder concreteVas Frontal solver with displacement convergence (5%).

(RPC) with (2%) of steel fiber, (30%) silica fume and water- The load was applied with sub-steps in case of static loading

cement ratio (0.19) gave cube compressive strength (158.67‘jp to the uItimate load. For the dyr}amic analysis, ﬁfSt’ the
modal analysis was run to determine the frequencies that

Fig. 4 Testing of the specimens
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make the model resonance range for modal analysis. The TABLE Il
finite elements ANSYS software's was used to simulate the MODAL ANALYSIS RESULTS

composite columns that subjected to static and (model anfl Case | Mo | Perio | Frequen | Circular Eigen
harmonic) dynamic loadings. The dynamic harmonic de d cy Frequency value
analysis that applied on the composite column is containing sec. | cycle/sec| rad/sec rad?/sec?
low and medium frequency range as (0-40 and 40-400 Hz). Modal | 1 | 0.025| 39.896 250.673|  62837.204
The frequency-domain analysis is based upon the dynamicalModal | 2 | 0.025] 39.897 250.678|  62839.518

response of the structure to harmonically varying load. At

each frequency, the loading varies with time as sine and TABLE Il
cosine functions. The cases adopted here are the harmonic ANALYSIS RESULTS FOR STATIC AND DYNAMIC LOADINGS
i H he
e o R S i ()| Al et o852
: ) normal concrete Lateral strain at the point of maximum
calculated as follow: axial displacement is 0.0124
Static loading (kN)- Axial displacement of 7.35 mm
f=1 (8) HSC concrete Lateral strain at the point of maximum
axial displacement is 0.0053
Dynamic loading 12.70 mm axial strain at frequency 20 Hz
In which, (T) is the period according to: (kN)- normal concrete| (low)
163 MPa axial stress at 40 Hz
T _2nm (9) 1.69 .axial strain at frequency 80 Hz
) (medium)
15.80 MPa axial stress at 120 Hz
Where, () is the circular frequency calculates as follow: | Dynamic loading 24.53 mm axial strain at frequency 24 Hz
(KN)- high strength (low)
concrete 94 MPa axial stress at 40 Hz
w=|X (20) 1.02 axial strain at frequency 160 Hz
m (medium)
1179 MPa axial stress at 360 Hz

Where, (k) and (m) is the stiffness and mass of the

composite column, respectively. Figure (7) shows the mesh elements of the composite
column and Figure (8) represents the cracks and crushing of
I1l. RESULTS ANDDISCUSSION the fillet concrete at the final stage of applied static loading

The numerical solution by finite element analysis first IN case of normal concrete. Figure (9) shows the axial

was checked by the maximum axial displacement with thatdiSplacements along the composite column, and Figure (10)
stated in reference [9] and then analyzed the model undeshows the lateral displacement at the ultimate static loading
dynamic loading. It is showed that the static analysis resultsfo’ normal concrete. Figure (10) shows the lateral

as axial displacement by finite elements approach is (8.56d|splacement-normal concrete, while Figure (11) represents

mm) for normal concrete and is matching with test result by the lateral strain of HSC, Figure (12) shows the axial
[9]. And the axial strength capacity according to the d|splacer_nent_ HSC. Figure (13) shows t.he full performance
experimental test by [9], adopted in the present study was ofof the axial displacement of the composite column up to the
axial load (1260 kN), and the composite column is sustained/Ull capacity load in case of normal and high strength
this load which is higher than the calculated strength concrete. Figure (14) shows the variation of lateral
capacity from equations mentioned above that is in case ofdiSPlacement under static loading at the point of maximum
normal concrete. axial displacement in case of normal and high strength

The modal analysis measures the dynamic response of th€oncrete. Figure (15) and (16) show the axial displacement
composite column during excitation. The typical excitation @nd axial stress performance of composite column under the
signals classed as impulse, and the analysis relies on Fourieff€ct of harmonic loading in case of low frequency at the

series. The modal analysis uses the overall mass (equivalerfCint of maximum axial displacement under the applied
mass) and stiffness of a composite column to find the static loading in case of normal and high strength concrete.

various periods at which it will naturally resonate. These Figure (17) and (18) show the axial displacement and axial
periods of vibration lists in Table (2) are critical in Stress performance of composite column under the effect of
calculations and check out in the harmonic dynamic analysish@rmonic loading in case of medium frequency at the point

In the harmonic analysis, as it is imperative that a composite®f maximum axial displacement under the applied static
column natural frequency does not match the applied!0@ding in case of normal and high strength concrete. These

varied values are based on the time change and then after the
applied frequency, and the values in case of HSC become
less because of the stiffness of the whole section increased
due to the increase in compressive strength that leads to
increase in modulus of elasticity.

external frequency.
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Fig. 7 Model mesh Fig. 10 Lateral displacement-normal concrete (mm)
s 0 mm
L E K =7 =]
Fig. 8 Cracks in concrete-normal concrete Fig. 11 Lateral strain HSC

Fig. 9 Axial displacement-normal concrete (mm) Fig. 12 Axial displacement HSC
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Fig. 13 Axial displacement under static loading for normal concrete (NC) Fig. 16 Axial stress under harmonic loading at the point of maximum axial

and high strength concrete (HSC). displacement under static loading (low frequency) for normal concrete (NC)
and high strength concrete (HSC).
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Fig. 14 Lateral displacement under static loading at the point of maximum Fig. 17 Axial displacement under harmonic loading at the point of
axial displacement for normal concrete (NC) and high strength concrete maximum axial displacement under static loading (medium frequency) for

(HSC). normal concrete (NC) and high strength concrete (HSC).
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Fig. 15 Axial displacement under harmonic loading at the point of S!g‘ |18 AX|aItstredss ur:dtgr rarér_]onlc Iozgﬁmgfat the pom’; of maxmlmm aX'iI
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V. CONCLUSIONS

The composite column was checked and analyzed basedi
on the ANSI/AISC 360-16 code under static loading and
then evaluated under the effects of dynamic harmonicy
loading in case of normal and high strength concrete
surrounding by steel tube to form the composite column. The
maximum values of axial displacement by the application of (3]
the principle of stress analysis for the composite column
which applies the equivalent modulus of elasticity is (8.52 [4]
mm) for normal concrete and (7.25 mm) for high strength
concrete that closed with the results obtained from adopted
finite elements analysis. The maximum value of axial 5
displacement in case of normal concrete is more significant
than that for high strength because of the increase in
compressive strength that reflects on the modulus of 6]
elasticity value — the decrease of displacement in case 01{
high strength around (15%).

The maximum strain in the concrete at the point of [7]
maximum displacement show enhancement in the tensile
strength of concrete in the presence of steel casing columnfs]
In case of high strength concrete, the strain become less
because of at the same applied loading the stress become
more so that the strain decreased around (57%) which dela)Lg]
the occurrence of the local buckling of steel tube. The
maximum displacement at low range frequency of (20 and[10]
80 Hz) is (12.52 and 17 mm) in case of normal concrete, but
at the same frequency, the displacements become (3.72 anﬂl]
0.61 mm) for high strength concrete respectively. The
maximum axial stress occurs at the frequency (40 and 120
Hz) for normal concrete strength, and the axial stress forl[12]
HSC is less than that developed in normal concrete. The
reduction in stress around (42% and 90%) at the same
frequency values for normal concrete in case of low and
medium frequency

Stress due to harmonic loading of low range frequency is
more than that from static loading because the frequency[14]
range for this type of loading hit this structural geometry that
caused stress concentration at the point of maximum
longitudinal displacement gradually. In the case of medium
range frequency, the stress is lower than that for the static
loading so that it is safeThe frequency of applied loading 18]
has not reached the failure due to fatigue in both cases as
normal and HSC. The harmonic analysis must be taken into[17)
account to check out in the analysis and adopted in the
design of composite column in case of presence of this type
of loading because of the performance of the column is g
different under this type of loadindNo resonance occurs
throughout the low and medium frequency ranges because
there is the infinite result. The natural frequency for g
composite column did not match an applied frequency from
modal analysis list in Table (2) so that the composite column
as a structural member may continue working and there is nd?"!

structural damage

(23]

(15]
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