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A new type of concrete-filled square steel tubular(CFSST) column is proposed, which is char-
acterized by the transverse stiffened steel bars arranged inside the pipe wall to improve confine-
ment performance of the concrete core. This paper employs a nonlinear analysis of square CFSST
stub columns under axial compression. A three-dimensional nonlinear finite element (FE) model
is developed using ABAQUS, where nonlinear material behavior and enhanced strength corner
properties of steel are included. Close agreement is achieved between the test and FE results in
terms of load-deformation response and ultimate strength.

Keywords: Internal transverse stiffened bars, concrete-filled steel square tube, axial com-
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Jloist yoydireHus: XapaKTePUCTUE yIep:KaHus OETOHHOTO CepIeYHMKA IIPeJJIaraeTcss HOBBIM
THII KOJIOHHBI M3 0eToHa ¢ KBajapaTHO# cranbHoi Tpy6oit (CFSST) , koToperit xapakrepusyercs
TOIIEPEYHBIMH  YIIPOYHAOIIUME CTAJIbHBIMU CTEPKHSMHU, PACIIOJIOMKEHHBIMU BHYTPU CTEHKHU
TpyOsI, B HacTosIet paboTe UCIIOIb3yeTCs: HeJITMHEeMHbBIN aHaIm3 KBaapaTHbix croiaoukos CFSST
IIPHU 0CEBOM C:kRaTHU. TpexMepHas HeJuHeHas Moaeab kKoHeuHoro asemenTta (FE) paspaborana
¢ mcnosib3oBanrem ABAQUS, B KoTOpylo BKJIIOYEHBI HeJIWHENHOE II0OBeleHHe Marepuasia u
VCHUJIEHHBIE YTJIOBBIE CBOMcTBa craym. JlocTurayro Gm3koe corsacue Meskday pe3ysIbTaTaMu
ucneitanuit u FE B repMunax Harpysgu u nedopMariuim.

Heniniiiauit anasnia 3a1i306e€TOHHOI cTa/IeBUII KBAAPaTHOI TPyOU, IOCUJIEHUI
BHYTPIIIHIMHU [IOTI€PEYHUMU 3MIITHEHUMH CTPUKHAMH ITi[f OCbOBUM CTUCHEHHSIM.
Nan Li, Lai Wang, Yajun Xi, Tong Guan, Hui Wang, Furui Dong-

JIJ1s1 TIOJTITIIIIEHH ST XaPAKTEPUCTUK YTPUMAHHS OETOHHOTO CEeP/IeTHUKA IIPOITOHYETHC HOBUN
THII KOJIOHU 3 0eTOHy 3 KBapaTHoi crasesoo Tpybowo (CFSST), sikuit xapaxkTepusyerbest
TOIIEPEYHUMH YIIPOUHSIONIUMHU CTAJIEBUMHU CTPUKHAMY, PO3TAIIIOBAHUMHU BCEPEIUHI CTIHKHN
TpyOu. Y maiit poboTi BUKOPHUCTOBYETHCSA HEJIIHIMHUN aHaJI3 KBaIPATHUX CTOBITUUKIB
CFSST npu ocboBomy crucuenHi. TpuBuMipHa HeJriHiHA Mozesb KiHesoro ejaxemenTa (FE)
po3pobiiena 3 Bukopucranuasm ABAQUS, B aky BrJIrOUeH] HeJIIHINHE ITOBEIIHKY MaTepiaty 1
OCHJIEH] KyTOBI BiracTuBoCTI ctasu. JlocarayTo 6/iu3bke 3rofy MisK pesyJibTaTaMU BUIIPOOYBAHb
i FE B Tepminax HaBaHTaKeHHA 1 gedopMarrii.
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1. Introduction

The concrete-filled steel square tubular concrete
structure is composed of two different properties of
steel and concrete. It provide not only an increase in the
load carrying capacity but also rapid construc-
tion, and additional cost saving [1, 2]. Based
on the above characteristics, the theoretical re-
search and engineering application of concrete-
filled steel tubular composite structure in civil
engineering has become more and more exten-
sive in recent years [3-6].

Furlong [7] studied the axial and bending
ultimate bearing capacity of 22 square-shaped
CFST columns through the axial and bending
tests. Knowles et al. [8] studied the ultimate
bearing capacity of concrete-filled square steel
tubes. The influence of slenderness and other
factors on the axial compression performance is
analyzed and compared with the section of the
hollow steel pipe. Shkir K [9] studied the axial
performance of 11 CFSST columns with length
of 3 m ~ 5 m, and compared with the numeri-
cal results of finite element numerical simula-
tion. Brian Uy[10]proposed a nonlinear fiber
analysis method for the three-dimensional non-
linear analysis of concrete-filled steel tubular
columns, which is used to predict the ultimate
strength and behavior of short concrete filled
steel box columns with local buckling effect. the
ratio of L/b, aspect ratio b/t and other factors to
the circumferential strain of the column were
analyzed. M. Dundu[11] carried out the axial
compression test of 29 square steel tube con-
crete specimens. The formula for calculating
the bearing capacity of short columns and mid-
dle columns is put forward. X.H.Dai[12]studied
the axial compression performance of concrete-
filled square steel tubular column after fire and
put forward the formula of bearing capacity
concrete-filled square steel tube under high
temperature circumstance.

Finite element (FE) analyses are frequent-
ly being used as a tool by researchers to in-
vestigate the behavior of structural members
[13,14]. FE models show accurate results when
compared with experimental works for differ-

Table 1. List of specimens

ent case studies. This paper aims to perform a
nonlinear analysis of square CFSST stub col-
umns under axial compression. Previous avail-
able test results are used in the present study
to establish consistent FE modeling technique
using ABAQUS [15,16], where nonlinear mate-
rial behavior, enhanced strength corner proper-
ties of steel, and initial geometric imperfections
are included. Using the FE model, the behav-
ior of CFSST columns is compared with that
of carbon steel composite columns. A series of
parametric studies is further carried out to in-
vestigate the effects of different parameters on
the behavior of CFSST columns.

2. Finite element model
and verification

2.1 configuration of specimen

All specimens were fabricated by steel
sheeting with thickness of 4 mm. The dimen-
sion of the section is 200x200 mm, the height
is 600 mm. The spacing of internal transverse
stiffened bars is 50mm, 75mm and 100 mm
individually, the diameter of stiffened bars is
4 mm and 6mm, the length of stiffened bars
is 180 mm. The material of the steel plate
is Q235B, the stiffened bar is HPB335. The
dimension of specimen is shown in Table 1.

2.2 Unit selection and meshing

2.2.1 Unit selection

Unit selection is necessary in the struc-
tural nonlinear analysis mainly for square
steel, horizontal steel and concrete. In con-
crete-filled steel square tube strengthened by
internal transverse stiffened bars, The steel
tube was simulated by using 4-node shell ele-
ments with reduced integration (S4R). The con-
crete core was modeled using 8-node brick ele-
ments (C3D8R), with three translation degrees
of freedom at each node. The beam unit selects
unit B33 for simulation. Considering the actual
size of the column model, the height is 600 mm,
the cross section is 200 mm width, so the grid
size is 25 mm by grid analysis and calculation.

specimen width, mm | height, mm t, mm Dlaélnlflter, length, mm spacing, mm
A0 200 600 4 None None None
Al 200 600 4 4 180 100
A2 200 600 4 4 180 75
A3 200 600 4 4 180 50
A4 200 600 4 6 180 100
A5 200 600 4 6 180 75
A6 200 600 4 6 180 50
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Fig. (1). Model and meshing

2.2.2 Interaction between steel pipes, con-
crete and transverse stiffened bars

As concrete-filled steel square tube strength-
ened by internal transverse stiffened bars is
composed of steel pipe, transverse stiffened
bars and concrete, it is necessary to consider
the relationship between the two contact be-
tween each other, that is, the column square
pipe and the concrete core, the welding connec-
tion between the rebar and the inner wall of the
square steel tube and the transverse reinforce-
ment and the concrete core. As the concrete
stiffness is larger than steel, so the choice of
concrete as the main surface, steel pipe for the
subordinate, steel and concrete contact surface
selection of surface contact properties (Surface
to Surface Contact) to simulate, along the con-
tact surface is taken as a hard contact (hard con-
tact), can better simulate the interface between
steel and concrete interface performance. The
Coulomb friction model is used to simulate the
tangential force of the contact interface in this
paper, a friction coefficient of 0.25 was used in
those models. The embedded element command
is used to simulate the interaction between the
transverse reinforcement and the concrete in
the concrete-filled square steel tubular column.
Use the embed command to embed the various
transverse bars in the concrete. In the assembly
step, the horizontal bars are merged at differ-
ent intervals (Merge) to form an entity, after
which the reinforcement is tiled with the inner
wall of the pipe. Part of model and meshing as
shown in Fig. 1.

2.2.8 Material modeling

(1) Constitutive model of steel

The steel used in the test is low carbon steel
Q235B.In order to simplify the calculation, in
the finite element software of ABAQUS, the
stress-strain relation of steel strip is considered
in the analysis. The steel yield strength and
tensile strength are selected measured values
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Fig. 3. Constitutive model of concrete.

by computer simulation. The constitutive rela-
tion of steel is based on the double broken line
model, as shown in Fig. 2.

(2) Constitutive model of concrete

Considering the special structure form of
concrete filled square steel tube strengthened
by internal bars, the strength and ductility of
concrete core in tube were improved to a cer-
tain extent due to restriction of steel tube and
transverse reinforcement, in the ABAQUS finite
element model. Han[17]proposed the concrete
constitutive model. The constitutive relation
curves are shown in Fig. 3.

3. Finite element simulation results
analysis

3.1. Comparison of finite element simu-
lation and experimental bearing capacity

The finite element analysis results and ex-
perimental results are presented in Table 2,
which is based on the ABAQUS finite element
software.

The simulation results of load-displacement
curves and load displacement curves obtained
from finite element analysis are compared with
those obtained by ABAQUS finite element soft-
ware. The results are shown in Fig. 4.
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Table 2 Comparison of finite element result o R o | B e
and test i ey | AT
=
Speci- ngd Loa.d. Different i | ST
men capability by | capability 3 T | )
simulation, kN | by test, kN (%) (@)A1 (b)A2
T T Emah |
A0 1570 1630 3.82 :
Al 1607 1650 2.68 1
A2 1670 1700 1.80
A3 1720 1750 1.74
A4 1640 1690 3.05
A5 1710 1800 5.26
A6 1806 1860 2.99 (A5

It can be seen from Fig. 4 that specimens
of finite element analysis software of the load-
displacement curve reflects the characteristics
of linear increase, nonlinear increase, decline
after peaking, it is in good agreement with the
experimental curves. Compared with test re-
sults, the numerical simulation of the bearing
capacity is a little bigger, it is owing to the ideal
load condition and material properties.

3.2 Specimen stress analysis

The stress analysis of reinforced concrete
column with internal transverse stiffener is
shown in Fig. 5.

As seen from Fig. 5, because of the built-in
transverse reinforced set of square steel tube
coagulation corner stress decreases, with the
increase of transverse reinforcement spacing,
reinforcement constraint effect on the core con-
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Fig. 5. Longitudinal stress distribution of
section

crete, around the weak constraint area narrow,
center area increases, improve the compres-
sive strength of core concrete, section stress is
uniform the specimen axial bearing capacity
increase, that built in the transverse stiffener
structure on the axial compressive bearing ca-
pacity is more effective.

3.3 Parametric analysis

3.3.1 Effect of square steel tube strength

The effect of steel with different yield strength
on the mechanical properties of reinforced con-
crete filled square steel tubular column. The
thickness of the steel plate is 4mm, and the yield
strength is 235 N/mm?2, 345 N/mm?, 420 N/mm?.
Steel HPB335 steel, concrete strength grade
C30. The results of numerical simulation on
the bearing capacity of concrete-filled square
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Fig. 6. Load-displacement curve with different bar spacing.

Table 3 Comparsion of load capacity on col-
umn with different steel strength

steel tubular columns with lateral stiffeners
are shown in Table 3. The comparison curves of
load displacement and bearing strength under
different steel strength are shown in Fig. 6 and
Fig. 7.

As seen from Fig. 6, it is shown that with
the enhancement of the strength of steel, the
peak load displacement curve of up to a cer-
tain extent, the rise in the range of about 15%,
therefore, increase the yield strength of steel
can improve the bearing capacity of reinforced
concrete with horizontal square steel tube
column.

As seen from Fig. 7. it is shown that when
steel yield strength increases, the bearing ca-
pacity of concrete reinforced with horizontal
square steel tubular column with steel yield
strength increase linearly and growth trend
has little effect on the linear growth of bar
spacing.

2300

Table 4. The steel plate thickness of conver-
sion with different space

Speci- Bar ar- Q235 Q345 Q420 Type of bar S=50mm | S=75mm | S=100mm
mens | rangement (kN) (kN) (kN) arrangement

1 @450mm 1720 1980 2270 4mm-J4 4.27 4.21 4.14

2 @4x75mm | 1690 1930 2260 4mm-J6 4.6 4.47 4.3

3 J4x100mm | 1640 1900 2210 3.3.2 Amount Of steel

Under the condition of the same amount of
steel pipe concrete filled square steel tubular
column and the horizontal reinforced concrete
filled square steel tubular column, the bearing
capacity of the two kinds of structural columns
is calculated and analyzed. In the case of the
same amount of steel, according to the formula
(1) to calculate. ,

t =n % ! /bh 1)
where: n — the number of transverse reinforce-
ment; d — cross sectional area of bar; [ — length
of internal transverse stiffened bar; b, h — width
and height of concrete filled square steel tubu-
lar specimen.

After calculation, the thickness of the steel
plate with different spacing is shown in table 4.

The results of numerical simulation of con-
crete filled square steel tubular column with
inner transverse stiffening steel bars and
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Fig. 7. Load capacity-strength curve with different steel strength.
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Table 5 Comparison of bearing capacity be-
tween different columns

Load Conver-
capacity, sion
kN thickness

4.27-C30 1957
4.21-C30 1939
4.14-C30 1920

Load ca-
pacity, kN

Specimen
lable

4-C3094 x50 2060
4-C3004 %75 2010

4-C3004 %100 1940

concrete columns with different thickness are
shown in Table 5.

Comparison of the bearing capacity of concrete
filled square steel tube column strengthened with
transverse reinforced concrete columns under the
same amount of steel is shown in Fig. 8.

Through the analysis of Fig. 8 and Table 5,
in the same amount of steel under the condition
with the bearing capacity of concrete filled steel
tube column is higher than that of transverse
reinforcement bearing capacity of concrete
filled square steel tube column, transverse re-
inforcement spacing is dense, improve the ef-
fect of better, the simulation results show that
the increase in the range of about 5%.

4. Conclusion

Nonlinear analysis of concrete-filled steel
square tube strengthened by internal trans-
verse stiffened bars under axial compression
is carried out by using ABAQUS finite element
software, the numerical simulation results and
experimental results were compared and ana-
lyzed, conclusions about influence on bearing
capacity are drawn as follow.

(1)ABAQUS finite element software can be
used for the simulation analysis of the axial
compressive bearing capacity of concrete filled
square steel tubular column with internal
transverse stiffened bars. Compared with the
test results, the simulation results agree well.

(2)with the increase of yield strength, the bear-
ing capacity of reinforced concrete filled square
steel tubular column with lateral reinforcement is
increased, but the increase is small.

(3)with the increase of the yield strength of
steel pipe, the bearing capacity of concrete filled
square steel tubular column strengthened with
transverse stiffening steel is increased, and the
growth rate is linear.

(4)under the same amount of steel, the bear-
ing capacity of the concrete-filled square steel
tubular column is better than that of the con-
crete filled square steel tubular column.
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