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Abstract

Concrete Filled Double Skin Steel Tubular (CFDSalumns could be considered as a new type
of concrete filled steel tubular (CFT) columns. $&eolumns are composed of two steel tubes in
the concentric configurations with concrete betwdsm. In the current study, finite element
method was used to analyze the effects of loadiagtjn, type of material, and geometric
parameters of the specimens. It was found thatebelts obtained from finite element analysis
show good agreement with available experimentalltesFindings of the current study clearly
indicate the high ductility and strength of CFDSIuenns under axial loading. The results show
the significant impact of yield stress of steeltssr; compressive strength of concrete, thickness

and diameter variations on the strength and dtyctfi CFDST columns.

Keywords: CFDST column, finite element method, material ggdmetric parameters, strength

and ductility

1. Introduction

Concrete Filled Double Skin steel Tube (CFDST) pois have been extensively used in the
construction of high-rise buildings, factories, amddges over the past yea’s.number of
investigations have been undertaken to study tieagth and behavior of CFDST columns under
various types of loading. The results of theselisgirevealed that an increased ductility and
strength can be obtained using double skin tubesgthe “composite action” between steel
tubes and sandwiched concrete [1]. According to elaal (2011) and Li et al (2012), this form
of column has higher strength as shown in Figufeniaxial, flexural, and torsion). The strength

to weight ratio is improved significantly by repément of concrete central part with a hollow



steel section. In this case, the confining pressutiebe more than CFT column because the

inner steel tube would expand outward to increBseonfining pressure [2, 3].
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Figure 1. Details and dimensions of CFDST spegime

The results of experimental studies by Han et @042 and Tao et al (2004) on slender CFDST
columns and CFDST beam-columns showed that thé eequacity of these columns depend on
slenderness ratio such that an increase in sleestematio causes a decrease in axial capacity of
a CFDST column [4,5]. Tao et al (2004) reportedt timathe experiments a greater gain in
ductility of the CFDST column and a less local Hirgk of the inner tube were obtained for
sections with smaller X, and D/tj, correspondingly [5]. Uenaka et al (2010) experitaty
examined the influence gfon the confinement effect of CFDST columns unaercentric axial
compression. The tests showed that the confineféett developed in the CFDST columns
improved the concrete strength by 5% to 30%, whvels inversely proportional tp (hollow
cross section ratio) [6]. Fan et al (2008) perfairaeseries of tests on CFDST columns subjected
to concentric compressive axial load to determireeihfluence of cross-sectional geometry on
their behavior. They found that cross-sectional ngetoy significantly influences the axial
behavior of columns. In their tests, circular cohsmbehaved in a ductile way as compared to
square columns [7].

Han et al (2010) have developed a nonlinear comenetdel for the analysis of CFDST columns
to understand the effect of confinement on thengtie of the concrete. The confined concrete
exhibits much higher strength in comparison witltanfined concrete. This explains why a
CFDST column has much strength than the sum oftitengths of outer tube, inner tube, and
concrete separately. In addition, the results sti@awstrength and ductility of the concrete in the
CFDST column could be controlled by the thicknesthe inner and outer tube [8]. Han, Huang,

and Zhao (2009) showed that as the slendernessa@FDST columns decreases, or as the



nominal steel ratio increases, the stiffness of dheves considerably increases in the elastic
stage. Moreover, as the hollowness ratio of CFDS8ILimns increases, stiffness of samples
considerably increases in the elastic stage. Tiffeests in the descending stage increases as
hollowness ratio increases for the area of inrelshcreases. It was also found that the ultimate
lateral load increases as the nominal steel ratiength of outer steel tube or concrete strength
increases, or the slenderness ratio decreaseSHah et al (2014) showed that deformation of
CFT column is decreasing 10% to 15% with the in®eda the grade of concrete [10]. Gupta et
al (2007) indicated that in circular concentricalbaded CFT samples, with the increase of
concrete strength, the confinement effect in thecoete core decreases and strength of the steel
tube decreases as lﬁ%/t) ratio increases [11].

According to the past studies, there is a needdonerical study to check the parameters, which
affect the ultimate strength. Therefore, in therent study the effects of geometric and material

parameters have been investigated on the behav@fDST columns under axial loading.

Nomenclature

Ac Cross section area of concrete fsi  Yield strength of inner steel tube

Ag Cross section area of inner steel tube fso Yield strength of outer steel tube

Aso Cross section area of outer steel tube L Length of stub column

CFDST Concretefilled double skin steel tubular | MSI Material specifications of inner steel tube

CFT  Concretefilled steel tubular columns MSO Material specifications of inner stedl tube

CHS  Circular hollow section MCI Material specifications of concrete and inner tube
D, Inside diameter of CHS SHS Square hollow section

Do Outside diameter of CHS tj Inner wall thicknesses

E. Concrete modul us of elasticity t,  Outer wall thicknesses

Es Steel modulus of elasticity x Hollow cross section ratio, given by Di/(DO — 2tyy)
f.  Maximum compressive strength of concrete

2. Finite element modeling of CFDST columns

In order to understand the structural behavior BDST columns and carry out comparative
investigation under axial loading, material andrgetric nonlinear finite element analysis have
been undertaken. The models were simulated usin@YSNR 10.0 (2005) finite element

software designed especially for advanced struicamalysis [12].



2.1 Characteristics of models

ANSYS R 10.0 (2005) elements and capabilities ar@kows [12].

SOLID65 (for the modeling of concrete) is used tloe modeling of concrete, with or without
reinforcing bars. It is capable of cracking modetension and crushing model in compression.
The major property of this element is the treatn@monlinear material properties. Concrete is
capable of cracking (in 3 orthogonal directionsjysting, plastic deformation, and creep.
SOLID45 (for the modeling of steel wall and stagde) is used for the modeling of steel walls.
The element has plasticity, swelling, stress stiffg, creep, large strain, and large deflection
capabilities. CONTACS52 (for the modeling of gapviee¢n steel and concrete) represents two
surfaces that might maintain or break physical @cinor might slide relative to each other. The
element is capable to support compression membedfginormal direction to the surfaces and

Coulomb shear friction in the tangential direction.

2.2 Material characteristic

The stress-strain behavior of the steel wall anfilled concrete, used for geometric and material
static analyses according to Schneider (1998) andsiM2003), is given in Figures 2 and 3,
respectively [13, 14]. Considering Figure 2, thédeor of steel is characterized with an initial

linear elastic segment of stress-strain relatigns¥ith a elastic modulus of 200 GPa and up to
the yield stresy, (ST 37 with F,=370 N/mmZ)’ which is equal to 280 MPa, followed by a

strain plateau of varying length and a followingiom of strain hardening.
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Figure 2. Stress-strain of steel material Figure 3. Stress-strain of concretgerial

For the concrete element, the elastic modules (f&e),Poisson’s ratifvy,), the values for the
ultimate tensile strengtlf,{) and ultimate compressive strengfl) @re the properties of isotropic

material as shown in Figure 3.



2.3 ANSY S analysisand validation

The accuracy and feasibility of the numerical resswas verified by the comparing the
calculated results with the experimental obserwatiof Tao et al (2004) under axial loading [5].

The specifications of circular section (cc2a) of OEH column used in experimental

investigation are presented in Table 1.

Table 1. The specifications of the experimental CFDST columns (after Tao et al)

] Concrete
Steel Properties _
Properties L
x D;xts; | D,%ts, | Specimen
, (mm)
Es fsyi fsyo Ec fc
(MPa) | (MPa) | (MPa) | (MPa) | (MPa)
200000 | 396.1] 275.9 33300 47.4  0/47540 | 48x3| 180x3 cc2a

Figure 4 shows the experimental and numerical ld&placement response of a CFDST sample
under axial loading. It is found that the columeh@vior predicted by the finite element analysis
closely followed the behavior shown by the experntakresults. Consequently, it was observed

that the finite element method has a sufficientrdegof reliability to be implemented in

undertaking nonlinear analyses of CFDST columns.
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Figure 4. Experimental and numerical responsesGFRST column (cc2a Specimen)




3. Numerical Investigations

For investigation of the effective parameters oa blehavior of CFDST columns as shown in
Figure 1, various concrete strengths and steedssgsehave been considered for the analyses as
follows:

A) Material specifications

i. Effect of various yield stresses of steel onlitkbavior of CFDST columns.

ii. Effect of various compressive strengths of aete on the behavior of CFDST columns.

B) Geometric specifications (slenderness and compas of steel section)

i. Effect of thickness variations of steel wall ihve behavior of CFDST columns.

ii. Effect of diameter variations of steel wall tre behavior of CFDST columns.

iii. Effect of load application type on the behavad CFDST columns.

The following are assumptions that have been takenconsiderations for the selection of these
sections:

1. CFDST columns have been selected with typicaledsions having a high load bearing
capacity (L=3000 mm)

2. Steel wall thickness has been selected accotdid@| and AISC codes [15, 16], so that the
local buckling may not be observed at lower loads.

3. The columns are considered as fixed-end columns

4. Before loading, enough imperfection is appli@ddrds the buckling directions.

4. Effect of variousyield stresses of steel

In order to assess the yield stress effects ofl sta#, two states have been considered as
follows:

1. First, yield stress of inner steel wall hasxedi amount (320 MPa), and the yield stress of
outer steel wall is variable as specified in Table

2. Second, yield stress of outer steel wall hagexlfamount (320 MPa), and the yield stress of
inner steel wall is variable as specified in Tahle

For example, MSO400 is the sample, which the ystléss in outer steel wall is variable,
supposing that the yield stress of inner steel wationstant (320 MPa). In addition, MSI280 is
the sample which the yield stress in inner stedll iwaariable, supposing that the yield stress of

outer steel wall is constant (320 MPa).



Table2. Thematerial specifications of specimens (Variationsof f,,)

Steel properties Concrete properties
E. (MPa) fsyi fsyo E. f- X Specimen
(MPa) (MPa) (MPa) (MPa)
200,000 320 240 35400 50 0.495 MSO 240
200,000 320 280 35400 50 0.495 MSO 280
200,000 320 320 35400 50 0.495 MSO 3R0
200,000 320 360 35400 50 0.495 MSO 360
200,000 320 400 35400 50 0.495 MSO 400

Table 3. The material specifications of specimens (Variationsof f,,;)

Steel properties Concrete propertigs
, x Specimen
EMPay| Jovo e Je
(MPa) (MPa) (MPa) (MPa)
200,000 240 320 35400 50 0.495 MSI 240
200,000 280 320 35400 50 0.495 MSI 280
200,000 320 320 35400 50 0.495 MSI 320
200,000 360 320 35400 50 0.495 MSI 360
200,0000 400 320 35400 50 0.495 MSI 400

Figure 5 shows load-yield stress of steel corredpanresponse of MSI and MSO samples. It
can be seen that load carrying capacity and past yehavior of MSI280, MSO360, and
MSO400 samples are significantly higher than tHa80280, MSI360, and MSI400 samples,
respectively.

Considering Figures 5 and 6, it was defined thagmwthe yield stress of inner steel wall is less
than the outer one, maximum load bearing capaaity ductility of the samples MSI240,
MSI280, MSO360, and MSO400 are significantly highbean that of MS0240, MS0O280,
MSI360 and MSI400 samples. It means that in caaettio kinds of steel with different yield
stresses are available, if the steel with moredyséless to be used at outer steel wall, that would
have a higher efficiency and a better performamoenfthe viewpoint of ductility and load

bearing capacity.
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Figure 5. Effect of steel walls yield stress vaoias on the strength of CFDST columns
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Figure 6. Effect of steel walls yield stress vaoias on the ductility of CFDST columns

5. Effect of various compressive strengths of concr ete

To assess the effect of concrete strength, fiveptesnhave been selected having various
specified compressive strengths of CFDST samples. tlis purpose, the yield stress and
geometric specifications of the inner and outeelstall for all specimens are the same and the
strength of the filling concrete is variable.

For example, MSI240-C20 is the sample for whichdbecrete strength used in the samples is
variable (20 to 60 MPa), supposing that the yietdss of outer and inner steel walls is fixed

(320 MPa outer tube and 240 MPa inner one). Theemaatspecifications of samples are

presented in Table 4.



Table4. The material specifications of component partsof CFDST columns

Steel properties Concrete properties
. (MPa) fsyi fsyo E,. fs ¥ Specimen
(MPa) (MPa) (MPa) (MPa)
200,000 240 320 22400 20 0.495 MSI 240-C20
200,000 240 320 27400 30 0.495 MSI 240-C30
200,000 240 320 31600 40 0.495 MSI 240-C40
200,000 240 320 35400 50 0.495 MSI 240-C50
200,000 240 320 38700 60 0.495 MSI 240-C60

Figure 7 shows load increment percentage and censteength ratio responses of MSI240-C*
samples. For comparison, MSI240-C20 has been edlexd a benchmark specimen. It can be
seen that load-carrying capacity of specimens as&e as the strength of the filling concrete
increases.
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Figure 7. Effect of compressive strength of coteeon the strength of CFDST columns

Considering Figure 8, it is observed that with itiirease of concrete strength in specified range,
ductility of samples increases, but for more inseeaf concrete strength, out of specified range,
ductility of specimens, decreases. Therefore,réssilt clearly shows the considerable effects of
concrete strength on the behavior of CFDST colusush that, for getting an appropriate
behavior of CFDST columns, concrete strength ofcispens would be suggested between
30~45MPa.
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Figure 8. Effect of compressive strength of corecmt the ductility of CFDST columns

6. Effect of thicknessvariations of steel wall
To assess the effect of steel wall's thicknessatans, eight samples have been selected

including the various thicknesses at outer andristeel walls according to Tables 5 and 6. For
comparison purpose, ThicOut 4 and Thicln 2 has Bettted as a benchmark specimen.

Table5. The specifications of specimenswith various thicknesses at outer steel wall

The thickness of outer steel wall is variable @nsteel wall thickness is constant)

Sample ThicOut 4~8(Outer Thickness is variable
Wall position | Diameter (mm) t, (mm) | t,(mm) | t3(mm) t, (mm)
ouT 300 4 6 8 10
IN 100 4 (Inner thickness is constant)

Table6. The specifications of specimenswith variousthicknessesat inner steel wall

The thickness of inner steel wall is variable (@steel wall's thickness is constant)
Sample Thicln 2~10(Inner Thickness is variable)
Wall position| Diameter (mm)| t; (mm) | t, (mm) | t3 (mm) t, (mm)
IN 100 2 5 8 10
ouT 300 8 (Outer thickness is constant)

Figures 9 and 10 shows the effects of incremerstex| wall area on the increment of strength
and ductility of CFDST samples, respectivdtyis defined that axial compression and ductility
of CFDST samples increases as the thicknesseseobuter and inner steel walls increases,

respectively.
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Figure 9. Effect of area of steel wall on thresgth of CFDST columns

Considering the results in Figure 9, it is definledt with the increase of ratio of inner steel wall
area at point 2.5, load carrying capacity of specisare increased about 5%, while with the
increase of ratio of outer steel wall at point 2d&d capacity of specimens are increased about
40%. That means the achieved load for the samptasowter steel wall thicknesses variations is
considerably more than the variations of thickngsseinner steel wall. The reason is that
increment in the thicknesses of outer steel watlssierably affects on the concrete core

confinement and that resulted in improvement otititycand strength of the samples.
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Figure 10. Effect of area of steel wall on the ditgtof CFDST columns

7. Effect of diameter variations of steel wall
In order to assess the effect of diameter variatwfrsteel wall, eight samples have been selected

as shown in Tables 7 and 8 including the variouskiiesses at outer and inner steel wall,

respectively. It is noticeable that for the setaciof these sampIeQ,/t ratio of specimens have

been considered the same amount for all samB;Qs 2.5).



Table 7. The specifications of specimenswith various diameters of outer steel wall

x variant and outer steel wall variations

Sample| DimOut 200-8 | DimOut 250-10 DimOut 300-12| DimOut350-14
Wall ouT 200x8(mm) 250x10(mm) 300x12(mm 350%x14(mm)
position | |N 100x5 (mm)
x 0.54 0.43 0.36 0.31

Table 8. The specifications of specimenswith various diametersof inner steel wall

x variant and inner steel wall variations

Sample | DimIn100-4f DimIn150-6 DimIn200-8 DimIn250-1
Wall ouT 350%x14 (mm)
position IN 100x4(mm) | 150x6(mm)l  200x8(mm 250x10(mm)
X 0.31 0.47 0.62 0.78

Figure 11 shows that by decrease of outer stedl di@eter (increase of factor, DimOut
state), maximum load capacity of the samples effity decreases, while with the decrease of
inner steel wall diameter (decreasexofactor, DimIN state), degradation of strength gas

inclined towards increasing slope with negligiblerement of load capacity.
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Figure 11. Effect of hollow cross section ratiotba strength of CFDST columns

Considering Figure 12, it is found that with theremase ofy factor in specified range, ductility
of samples increases, but for more increasg faictor, out of the specified range, ductility of

specimens, decreases. So this result clearly stt@vsonsiderable effects of diameter variations



on the behavior of CFDST columns such that, in orde increase the ductility and an
appropriate behavior of CFDST columns, the incredstiameter of steel wall must be defined

within a specified range.
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Figure 12. Effect of hollow cross section ratiotba ductility of CFDST columns

8. Comparison of effective parameterson CFDST columns
The quantitative comparison between some paramst®ts as yield stress variations of steel
wall, compressive strength variations of concreateckness and diameter variations of steel wall

for CFDST columns have been summarized in Table 9.

Table9. Comparison of effective parameterson CFDST columns

Effective parameters Strength Ductility

Yield stress variations ofsteel wall Increases dases

Initially increases

Compressive strength variations of concrete Inegas
Then decreases
Thickness variations of steel wall Increases IneEea
) o Initially increases
Diameter variations of steel wall Increases

Then decreases

Considering Table 9 , with the increase of yidietss of steel wall, compressive strength of
concrete, thickness, and diameter of steel waltngth of specimens increases. In addition, with

the increase of compressive strength of concrete diameter of steel wall, ductility of



specimens initially increases. But for more inceca$ those effective parameters out of an
specified range, strength and ductility of specisnéecreases.

9. Effect of load application type

In order to investigate the behavior of CFDST sa®spunder axial loading, three types of load
application have been considered as shown in Fit@8irén the case of load application types (b)
and (c), the axial load is applied only to the kgsetion and to the concrete core, respectively.
However, in the case of load application type ff@,axial load is applied to the entire section. In

each case, two rigid plates, located at the topbatidm of the columns, transfer load.

Pﬂ (@) Pll (b) i l

Load on the Load on the Load on the

composite section  steel pipe concrete core
LFS LEC

Figure 13. Three types of load application

Considering Figure 14, in the case of applying leathe entire section, The results show that
the strength of samples in the case of load agpitdéype (a) is considerably higher than that of
the load application types of (b) and (c). In tlhse of load application to the entire section, the
samples exhibit appropriate strain-hardening charistics on their post-yield behavior. In
addition, steel walls show the highest ratio irmerof load carrying capacity of columns, not
available in load application type of (c).
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Figure 14. Effect of load application type on thresgth of CFDST columns



Table 10 shows load application type effects ihi Ibad attraction ratio of component parts of
CFDST columns. For comparison purpose, LFE state lwen selected as a benchmark
specimen. Considering the obtained results in TabJehe amount of increase in the maximum
load when load applied to the entire section ie@nt and 25 percent more than (LFS) and

(LFC) samples, respectively.

Table 10. Effect of load application typeinto theload attraction ratio of component parts

Effect of loading state and the load attractioimrabf component parts
In comparison Steel load Concrete load
State to LFE state | attraction ration| attraction ration
(%) (%) (%)
Load on the composite sectian
100 60.3 39.7
(LFE)
Load on the steel pipe
94.2 71.6 28.4
(LFS)
Load on the concrete core
75.8 43 57
(LFC)

10. Conclusions

In the present study, some effective parametecsthig buckling behavior of CFDST columns
under axial loading have been investigated. THewahgs are conclusions:

1. To construct the composite CFDST columns, iredast two kinds of steel with different
yield stresses are available, the steel with maglel wtress is suggesting to be sued at outer steel
wall to have a higher efficiency and a better penfance from the viewpoint of ductility and
load bearing capacity.

2. The findings obviously illustrate the signifitampact of concrete strength including the fact
that the use of high strength filling concrete fiesliin a reduction of CFDST's ductility.
Therefore, for having a desirable behavior in CF2SILMns, compressive strength of concrete
should not exceed a specified range

3. In order to have appropriate ductility of CFD&dlumns, the increase of diameter of steel

wall should not be more than a specified range.réhalts show that the increase of thickness in



outer steel wall gives behavior that is more appabdg rather than the increase of thicknesses in
the inner steel wall.

4. In the case of load application to the entiretisa, the columns exhibits appropriate strain-
hardening characteristics on their post-yield bedraand a better performance from the

viewpoint of ductility and load carrying capacity.
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