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The application of tube-filled concrete composite columns is becoming more and more popular. The traditional tube-filled
column is easy to rust and expensive to maintain, which leads to the practical need of replacing high-strength aluminum alloy.
7A04 aluminum alloy has high strength and strong corrosion resistance, which is more in line with the material requirements
of modern building structures. In view of this, four groups of 7A04 aluminum alloy tube concrete short columns were tested
under axial compression, and the corresponding ABAQUS finite element simulation was established. The influence of tube
thickness and concrete strength grade on compressive strength, ductility, transverse deformation coefficient, and improvement
coefficient of strong concrete strength of composite column is considered in this paper. The results show that the failure mode
of composite short columns is central uplift or shear failure. The tube thickness of high-strength aluminum tube has a great
influence on the strength of specimens, and the ductility of composite columns decreases with the decrease of the collar
coefficient. The finite element model can well reflect the development trend of the load-strain curve, and the formula of
composite column bearing capacity proposed by regression analysis can well predict the strength of 7A04 aluminum alloy
tubular concrete short column. The research results have a certain reference significance for the structural design of high

strength aluminum concrete-filled columns.

1. Introduction

Concrete-filled steel tubular (CFST) columns are widely
used in various composite structures with superior perfor-
mance in terms of strength, ductility, and seismic resistance
[1-3]. In-depth studies on CFST specimens have been con-
ducted by many civil engineering designers and scholars
[4, 5], the history and development of CFST in engineering
application are summarized, and the application of CFST
in various scenarios is discussed [6, 7]. However, the poor
corrosion resistance of CFST restricts its application in var-
ious extreme conditions. CFST structures are not only
expensive to maintain but also prone to various economic
losses and even catastrophic events due to corrosion of steel
tubes [8, 9]. The simple antirust treatment of CFST cannot
meet its long-term use requirements of it.

Aluminum alloy is favored by the majority of civil engi-
neering designers for its characteristics of light weight, high
strength, high corrosion resistance, good processing perfor-
mance, and easy regeneration as utilized in the Beijing Dax-
ing International Airport (China), Staples Center (America),
Leadenhall Tower (Britain), and Japan Tokyo Dome sports
center (Japan). At present, aluminum alloy structure has
been widely used in civil engineering, such as bridges,
houses, and aluminum alloy roofs [10-12]. In order to fully
explore the material properties of aluminum alloys, the liter-
ature [13, 14] carried out a detailed study of aluminum
alloys, the results show that similar to structural steel, the
aluminum alloy has remarkable ductility and is easier to
extrude stronger corrosion resistance than steel, and there
is almost no need for anticorrosion treatment in the later
stage. Although the development of aluminum alloy
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structure is limited by its high price and special welding pro-
cess, however, with the promulgation of China’s first Code
for “CODE for DESIGN of ALUMINIUM STRUCTURES”
[15], the research and application of aluminum alloy struc-
tures have entered a stage of rapid development now.

Zeng et al. [16, 17] explored the mechanical performance
and failure behaviors of the aluminum alloy tube concrete
short column by strengthening the two ends of the alumi-
num alloy tube. The results show that the aluminum alloy
surface bulges when the short column fails, and the filled
concrete is mostly oblique cross-section. With the increase
of the strength of the filled concrete, the overall ductility of
the composite column decreases. Feng et al. [18] has exten-
sively studied the influence of section size and material
properties on concrete filling in aluminum alloy tubes,
which has been verified by experiments while conducting
finite element design and research. The results show that
the American and New Zealand codes do not consider the
conformity between the aluminum tube and the concrete,
and the calculation results are relatively conservative. Wang
et al. [19] carried out a series of parametric studies on
aluminum-tube concrete by comparing the experimental
results with the finite element results and verified the adapt-
ability of the calculation method of concrete-filled steel
tubular column to the calculation method of aluminum-
tube concrete. Lu et al. [20] and Feng et al. [21] have studied
the static properties of aluminum-tube concrete bending
specimens. It was shown that aluminum-tube concrete spec-
imens also have good bending properties. Chen et al. [22]
carried out in-plane bending tests on concrete-filled alumi-
num alloy thin-walled tubes. The ultimate strength, failure
mode, flexural stiffness, ductility, and curve of specimens
were studied to find out that the initial flexural stiffness,
and postyield flexural stiffness of the CFAT specimens gen-
erally decreased by reinforcing with the CFRP.

The 7 series aluminum alloy has higher strength and
better ductility than ordinary aluminum alloy. The use of
7series aluminum alloy instead of ordinary aluminum alloy
can reduce the section area of the specimen and reduce the
weight of the structure, which is more in line with the mate-
rial requirements of high-rise buildings and large-span
structures. Most of the researches focus on 5 series and 6
series aluminum alloy at present, and the researches on 7
series aluminum alloy are relatively few and mostly focus
on the material itself, which limits its application in practical
engineering. 7A04 aluminum alloy has high strength, but
poor plasticity index [23, 24]; and its elastic modulus is only
one third of that of steel. The high corrosion resistance of
7A04 aluminum alloy can avoid rusting during use [25].
Therefore, it is necessary to conduct further research on 7
series aluminum alloy filled concrete specimens. In this
paper, four groups of 7A04 aluminum tube concrete short
columns were tested and analyzed by the finite element
method. The influence of tube thickness of aluminum tube
and concrete material strength on the mechanical properties
of aluminum tube concrete was explored. Finally, the ratio of
the sectional composite compressive strength to the axial
compressive strength of concrete and the collar coeffi-
cient was analyzed, and the bearing capacity calculation
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formula of 7A04 aluminum alloy tubular concrete short
column was proposed based on the test results and finite
element simulation.

2. Experimental Program

2.1. Material Properties. The PO42.5R ordinary Portland
cement was supplied by Urumgqi Tianshan Cement Factory
in Xinjiang China, the fly-ash is local grade II, and the
aluminum alloy tube (7A04) is produced by Gaosheng
Aluminum Industry Co., Ltd., (Guangdong, China). Both
ends of the specimen are not sealed and the specimen curing
for 28d after the completion of pouring.

This paper is based on the design of specimen size in ref-
erence [26-30], and four group specimens were used to test
the strength characteristics of aluminum alloy circular tube
concrete, as shown in Figure 1. The basic parameters of
specimen design are shown in Table 1, and the concrete
compressive strength test result and mechanical properties
of aluminum alloy material are shown in Tables 2 and 3,
respectively.

2.2. Column Testing Procedure. The specimen loading device
is shown in Figure 2. The axial compression test was carried
out on a hydraulic servo press controlled by YJW10000
microcomputer from the Key Laboratory of Seismic Resis-
tance of Xinjiang University, which loading range of
5000 kN. And the loading system was determined according
to GB/T 50152-2012 “STANDARD for TEST METHODS of
CONCRETE STRUCTURES,” and displacement control load-
ing was adopted with a loading rate of 2 mm/min. When the
vertical displacement of the specimen exceeds 60 mm, the load
is stopped, and the specimen is considered to be damaged.

The vertical displacement of the specimen, the trans-
verse, and longitudinal strain of the aluminum tube were
measured continuously during the loading process. The dis-
placement meter is placed parallel to the specimen along the
height to measure the overall vertical displacement and ver-
ify the concentricity of the axial load at the initial loading
stage (Figure 2). A displacement meter is also set to measure
the horizontal displacement of the specimen in the mean-
time and the horizontal expansion of concrete under com-
pression conditions. The strain gauge is arranged as shown
in Figure 3. Measuring points are arranged at the upper,
middle, and lower heights of the specimens, respectively, to
measure the transverse and vertical strains of concrete. The
top of the specimen is rigidly constrained with the testing
machine, and the bottom is free in the horizontal direction
without additional torque, and only vertical load exists in
the whole process.

3. Results and Analysis

3.1. Load-Displacement Curves. Figure 4 shows the typical
axial load-strain relationship, and the axial load-strain rela-
tionship is shown in Figure 5. The curve in Figure 4 has four
points, which can be divided into four stages according to
different stiffness: (1) O-A is the elastic stage, (2) A-B is
the elastoplastic stage, (3). B-C is the plastic stage, and (4)
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FIGURE 1: Specimen parameter diagram.

TaBLE 1: Basic parameter table of specimen design.

Specimen  Diameter D Thickness t  Length L feu
label (mm) (mm) (mm) (MPa)
ACST3 160 3 640 35.8
ACST5 160 5 640 35.8
AHCST3 160 3 640 67.6
AHCST5 160 5 640 67.6

*In “ACST (X),” “ACS” refers to the ordinary concrete column of
aluminum alloy pipe, and “T (x)” refers to the tube thickness of the pipe.
*In “AHCST (X),” “AHCS” is the high-strength concrete column of
aluminum alloy tube, and “T (x)” is the tube thickness of the tube. f, is
the compressive strength of the concrete.

TaBLE 2: Concrete compressive strength test results.

Specimen Cubic compressive ~ Average value Poisson’s
label strength (MPa) (MPa) ratio v
C30-1 33.7 0.23
C30-2 34.2 35.8 0.23
C30-3 39.6 0.23
C60-1 71.2 0.23
C60-2 63.6 67.6 0.23
C60-3 68.1 0.23

TaBLE 3: Mechanical properties of aluminum alloy material.

f Tensile Poisson’s Elasticity
Thickness (MOPZ ) strength ratio v modulus E
Y (MPa) (MPa)
3 400 470 0.3 71000
5 450 550 0.3 71000

*fo., is the yield strength of aluminum alloy.

C-D is the strain softening stage. C, the peak point of the
curve, indicates that the whole specimen cross-section is in
the plastic state and the confinement of concrete reaches

FIGURE 2: Specimen loading device.

the maximum value. The strength of specimens begins to
decrease at a constant rate after point C. This can be
explained by the strength gain from the aluminum tubes
being less than the strength loss caused by concrete failure
in the plastic stage. The variation trend of specimens in elas-
tic and elastic-plastic stages is basically consistent with that
of ordinary CFST specimens. The variation trend of curves
in plastic and strain softening stages is different from that
of CFEST specimens.

The curve shows a linear relationship between load and
displacement and keeps a higher slope rising. The decrease
of the slope of the curve indicates that the stiffness of speci-
mens decreases in elastic-plastic stage. The plastic develop-
ment stage of all specimens is short because the aluminum
tube has yielded at this time, and the core concrete has
exceeded the compressive strength. However, the concrete
is crushed to squeeze the aluminum tube, and the aluminum
tube provides limited lateral constraints on the core con-
crete, which leads to the short plastic stage. When the load
of the specimen passed the peak point and the specimen
entered the softening stage, the curve continued to decrease.
At this time, the aluminum tube followed the change of von-
Mises yield ellipse trajectory, and the vertical pressure was
gradually reduced, but the lateral constraint stress provided
to the concrete along the radial direction was also limited.
Concrete strength begins to decline due to concrete degrada-
tion. The load on the specimen decreases continuously until
the specimen is destroyed. Due to the thin tube wall of the
3 mm specimen, the surface of the aluminum alloy is easy to
crack as the load continues to increase after the peak point.
At this time, the aluminum alloy can no longer bear the load,
resulting in a sharp drop in the load of the specimen.

As can be seen from Figure 5, the curve decreases slowly
when the tube thickness of the aluminum tube is 5mm. The
strength and ductility of the specimen with a tube thickness
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FIGURE 4: Typical load-displacement curves.

of 5mm are slightly higher than those with a tube thickness
of 3mm. In order to obtain reasonable working performance
of the specimen, increasing the tube thickness of the speci-
men and filling in ordinary concrete working together to
meet the needs of practical engineering preferably.

The test bearing capacity is shown in Tables 4 and 5 below.
The bearing capacity of specimens can be increased signifi-
cantly when increasing concrete strength and tube thickness
of the aluminum tubes. The increase of tube thickness
improves the strength of the specimen among them especially.
For the aluminum tube specimen filled with ordinary con-
crete, the ultimate bearing capacity of the specimen can be
increased by 28% with the increase of tube thickness. The ulti-
mate bearing capacity of high-strength concrete specimen can
be increased by 24% with the increase of tube thickness. When
the tube thickness is 3 mm and 5 mm, respectively, with the
concrete strength grade being increased from C30 to C60,
the ultimate bearing capacity of specimens is only increased
by 8% and 5%. Therefore, increasing the tubes thickness of
aluminum tube can better meet the need of bearing capacity
of specimens in engineering.
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3.2. Coefficient of Lateral Deformation. The coefficient of lat-
eral deformation is the absolute value of the ratio of horizon-
tal strain to a longitudinal strain of the specimen (Poisson’s
ratio). The vertical strain and transverse expansion occur
during the loading of the specimen. The vertical and trans-
verse strain of aluminum tube can be measured by the strain
gauge pasted on the surface of the specimen.

The surface strain of the aluminum alloy can reflect not
only the bending deformation of specimen but also the
restraint mechanism of aluminum alloy on concrete. Pois-
son’s ratio can be expressed by the absolute value of the ratio
of horizontal strain to vertical strain (Figure 6), where N is
the load on the specimen, and N, is the peak load on the
specimen. The ordinate is the load of the specimen; the
abscissa is the change of Poisson’s ratio during the loading
process on the surface of the aluminum tube.

Poisson’s ratio of aluminum tube is about 0.3 in the elas-
tic stage, and the elastic stage is the ascending stage with a
large slope as shown in Figure 6; Poisson’s ratio of concrete
is about 0.2 at this time. The core concrete is not restricted
by aluminum tube, because the deformation of aluminum
tube and concrete is no longer consistent, resulting in the
joint force of concrete and aluminum tube no longer exist.
The specimen enters the elastic-plastic stage when the load
increases to about 0.75 N, continuously, with Poisson’s ratio
of aluminum tube increasing gradually. The aluminum tube
has produced a tightening force on concrete at this time, and
the constraint on concrete reaches the maximum at the peak
point. After the peak load point, aluminum alloy has yielded,
the circumferential strain has exceeded the yield strain, and
concrete cannot be restrained. Core concrete keeps squeez-
ing tube wall with the increase of load, and the circumferen-
tial strain of aluminum tube increases rapidly. It is
important to note that Poisson’s ratio of specimens of alumi-
num alloy develops rapidly after entering the elastic-plastic
phase. It shows that the ductility of 7 series aluminum alloy
decreases while its strength increases at the same time com-
pared with ordinary aluminum alloy. Due to the yield and
large deformation of aluminum alloy, the constraint and
strength degradation of concrete are reduced, and the devel-
opment of specimen in plastic stage is restricted. This is dif-
ferent from steel’s constraint on concrete.

3.3. Ductility Index. Ductility refers to the ability of a speci-
men to undergo large deformation without strength degra-
dation. The axial ductility index is used to evaluate the
ductility of aluminum-tube concrete components under
axial compression. Tao et al. [26] proposed the definition
of ductility index (DI) as follows:

DI = 585% (1)

&

where &g, is the axial strain when the load drops to 85% of
the ultimate load, &, = ;54,/0.75, &5, is the axial strain when
the load in the prepeak stage reaches 75% of the ultimate
load, and the calculation results are shown in Table 6. The
ductility index of the specimens in this test is between 2.59
and 4.58. The ductility of the specimens increases with the
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FIGURE 5: Test load-displacement curve.

TABLE 4: Axial compression test data.

Specimen label Failure mode N, (kN) (kN)
AC3-1 Swelling failure 1606.84

AC3-2 Shear failure 1533.76 1581.57
AC3-3 Shear failure 1604.10

AC5-1 Swelling failure N 2010.74

AC5-2 Swelling failure 2041.95 2022.09
AC5-3 Shear failure 2013.58

*N, is the ultimate bearing capacity, and N is the average bearing capacity

of the specimen.

increase of the confinement coefficient, and the tube thick-
ness of aluminum tube has a greater influence on the ductil-

ity of the specimens.

3.4. Constraints of Aluminum Tubes on Concrete. It can be
seen from Table 6 that the ratio of ultimate strength to yield
strength of aluminum tube is between 1.17 and 1.22. The
strength of aluminum tubes is generally slightly lower than
the yield strength under axial compression due to the
presence of defects and circumferential stresses. The
improvement of concrete strength and ductility is realized
by the constraint of aluminum tube. By comparing the
concrete bearing capacity with that of the plain concrete
column, the constraint of aluminum tube on concrete can
be estimated and analyzed roughly.

Because the load on the specimens is common to alumi-
num tube and concrete, the vertical load on the specimens
cannot be measured directly. Therefore, the stress of the core
concrete can be subtracted from the total load of the speci-
men by the force of the aluminum tube. And the force of



TABLE 5: Axial compression test data.

Specimen Labe Failure mode N, (kN) N(kN)
AHC3-1 Swelling failure 1732.46
AHC3-2 Shear failure 1594.08 1707.75
AHC3-3 Swelling failure 1796.70
AHC5-1 Shear failure 2088.30
AHC5-2 Swelling failure 2092.06 2110.70
AHC5-3 Swelling failure 2151.74
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F1GURE 6: Poisson ratio.

TasLE 6: Ductility index and coeflicient of strength improvement.

Specimen  Confinement  Ductility — Coefficient of strength
label coefficient & index DI improvement k
ACST3 1.31 3.23 1.63

ACST5 2.28 4.58 1.79
AHCST3 0.735 2.59 1.09
AHCST5 1.27 4.03 1.49

*foo is the yield strength of aluminum alloy, 6=f ,A,/f Ac is the
confinement coeflicient, f;, is the yield strength of aluminum tube, f, is
the axial compressive strength of concrete, A, is the sectional area of
aluminum tube, and A, is the axial compressive strength of concrete,
sectional area of concrete.

the aluminum tube can be multiplied by the measured yield
strength of the aluminum tube by the cross-section area of it,
when the specimen bears the peak load. The constraint of
the aluminum tube on inner core concrete can be roughly
predicted and analyzed according to the calculated load of
concrete. The compressive strength f,' of concrete can be
obtained by dividing the load borne by the cross-section area
of concrete. The coefficient of strength improvement of con-
crete constrained by aluminum tube can be obtained by
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dividing the f,' by axial compressive strength of concrete
fo which is expressed by k value. The calculation results
are shown in Table 6 and Figure 7. In Figure 7, D/t is the
ratio of diameter to thickness.

The coefficient of strength improvement of concrete is
1.78 while the confinement coefficient is 0.735. The coeffi-
cient of strength improvement of concrete is only 1.09 when
the confinement coeflicient is 2.38. The coefficient of
strength improvement decreases gradually with the increase
of confinement coefficient. The diameter to thickness ratio
has a greater influence on k value among them. This is
because for high-strength aluminum alloy, the greater the
tube thickness of the specimen with the same cross-section,
the stronger the constraint on the side confining pressure
of concrete, which can better resist the transverse expansion
of concrete and limit the generation and expansion of cracks
in concrete. With the improvement of concrete strength
grade, the constraint of the aluminum tubes on core con-
crete gradually decreases. This may be because the greater
the compressive strength of concrete, the greater the pres-
sure borne by concrete when the proportion of axial force
borne by concrete and aluminum tube changes constantly
in the elastic-plastic stage. The higher the strength of con-
crete, the worse the plasticity, when concrete is crushed under
too much pressure, internal cracks gradually increase, and
concrete transverse expansion causes the aluminum alloy to
swell and spring. The lateral confining pressure of aluminum
tube wall on concrete is limited if the section diameter to
thickness ratio is too large, which the transverse expansion
of concrete cannot be well restricted, and then the swelling
deformation is further increased; the constraint of aluminum
alloy on concrete is very limited at this time. Therefore, the
interaction between aluminum tube and concrete can be fully
utilized if ordinary concrete is filled in the specimen with a
small to thickness ratio to maximize its utilization while satis-
tying the sufficient ductility of the specimen.

3.5. Failure Modes and Characteristics. The failure modes of
the specimens are basically the same, and they are finally
presented as the central swelling failure or shear failure, as
shown in Figures 8(a) and 8(b). Due to the low ductility of
7 series aluminum alloy, it fails to produce good plastic
deformation like steel tube after yielding, and the increasing
load leads to aluminum alloy tube cracking in the mean-
while, as shown in Figure 8(c).

When the specimen is subjected to a larger load, the alu-
minum alloy begins to yield while the concrete expands hor-
izontally, leading to swelling in the middle of the specimen.
The stress on the swelling position of aluminum alloy is
small, which weakens the constraint of aluminum alloy on
concrete. The concrete at the swelling position is less con-
strained, the vertical pressure borne by concrete increases
continuously with the increase of external load, and the con-
crete at the swelling position further expands, resulting in
the final failure of the specimen.

Due to the self-weight of concrete and the vibration pro-
cess, the coarse aggregate is easy to flow to the bottom, and
the concrete at the end is fragile. Another reason is the
uneven concrete at the end of the specimen did not fully
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FIGURE 8: Failure pattern of aluminum alloy concrete columns.

contact with the cover plate, and the existence of the end
effect in the loading process made the end of the aluminum
tube bear a large force; the concrete drives the aluminum
tube to produce oblique slip. The deformation further
increased as the load continued to increase, resulting in
shear failure.

Microcracks and damage emerge in the internal of con-
crete in the initial stage of loading, aluminum alloy tube
which limits the development of the internal micro cracks.
The proportion of axial force between the aluminum alloy
tube and the concrete changes with the displacement of con-
tinuous loading. The concrete inside begins to swell and the
cracks grow, resulting in macroscopic deformation. Outward

swelling cracking of the aluminum tube occurred because
the inward buckling is limited by the concrete.

Due to the low aluminum content of the specimen cross-
section, the 3 mm specimen has limited constraints on con-
crete. Before the load of the specimen reaches the peak point,
the concrete expands horizontally and squeezes the tube wall
continuously, causing slight swelling in the middle or upper
part of the specimen. As the load continues to increase, the
constraint effect of aluminum alloy tube is limited, resulting
in small cracks on the surface of aluminum alloy tube, and
easy to crack in weak position.

For 5mm specimens, the surface of aluminum alloy
changes a little before the peak point, and the swelling
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FiGure 9: Finite element model.

deformation of aluminum alloy occurs after the curve
reaches the peak point. The aluminum tube has a stronger
constraint on concrete due to the large content of aluminum
in the cross-section of the specimen, which effectively
inhibits the horizontal expansion of concrete, and the small
cracks on the surface of aluminum alloy are relatively less.

The strength grade of concrete has little influence on the
test phenomenon in the process of this test. The failure
modes of the test concrete are the fracture of weak aggregate
and mortar, and the separation of mortar and coarse aggre-
gate. The specimen filled with high-strength concrete is eas-
ier to crush, and the cracking degree of the aluminum tube is
relatively larger compared with the specimen filled with
ordinary concrete for the one with a tube thickness of
3mm. The failure modes of filled ordinary concrete and
filled high strength concrete are relatively uniform for spec-
imens with 5mm tube thickness.

4. Finite Element Simulation of a
Composite Column

Aluminum tubes are filled with concrete, and the two of
them are interactive. On the one hand, the transverse expan-
sion and crack development of concrete filler can be limited
by aluminum tubes; on the other hand, concrete also
restricts the inward bending of aluminum tube. In order to
represent the interaction between aluminum tube and con-
crete correctly, it is very important to select an appropriate
constitutive model during simulation.

4.1. Constitutive Model of Aluminum Alloy. Ramberg-
Osgood’s model can better reflect the actual properties of
aluminum alloy; so, this model has been widely used [31].
The constitutive model is expressed as follows:

-5 g

Geofluids

F1GURE 10: Nephogram of finite element calculation.

where E is the initial elastic modulus of origin, and B and n
can be measured by the test.

When the residual strain is equal to 0.002, the corre-
sponding stress is the yield strength f, , that can be obtained
from Equation (2).

0.002=¢— % = (%) | (3)

Substitute Equation (3) into equation (2).

o o\"
e=— +0.002 (j—> . (4)
E 0.2

The index # is a parameter to describe strain hardening.
To facilitate calculation, SteinHard [32] proposed an
approximate calculation formula in 1971. The expression is
as follows:

101 = fo 5. (5)

4.2. Constitutive Model of Concrete. The improvement of the
strength and ductility of aluminum alloy tubes on concrete is
fully considered. The classical Minder model is adopted to
calculate based on the study of Ishvarbhai et al. [33-34].
After repeated simulation, a constitutive model more
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proposed as follows:
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FIGURE 11: Comparison of experimental and finite element results.
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When X< 1’ fcc = YGf£+ klfrp’ x> 1’ andfcc = 079fcu

y.=1.85D.7%1% (0.85 <y, <1.0), (8)

D
fip= (0.006241 ~0.0000357 7) fy (9)

E, is the elastic modulus of concrete, E, =4730 X \/f ;
E,.. is the peak stress secant stiffness, E..=f /e.; k; =4.1,
k, =20.5; and ¢ is the peak strain.
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TaBLE 7: Comparison between test results and finite element
calculation.

Specimen  Test results N Finite element calculation NIN

label (kN) Ny (kN) I
ACST3 1581 1551 1.019
ACST5 2022 2090 0.967
AHCST3 1707 1787 0.956
AHCST5 2110 2148 0.983

“N is the test peak bearing capacity; N is finite element calculation of peak
bearing capacity.
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2.0 1 R =0.91435
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1.0 T T T T T
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B Numerical analysis value
® Testvalue
—— Caurve fitting

FIGURE 12: Relation between f /f . and 6.

When x<1, e, =¢.(1+ kz(frplyafé) )&, =0.002.

When x > 1, and D/t =50, ¢ is 0.0027, D/t = 30, and ¢,
is 0.0023, when D/t < 30, €. equal to 0.0021. The diameter to
thickness ratio can be calculated as a linear difference when
the value between 30 and 50.

4.3. Modeling Parameters. Abaqus, a finite element software,
is used to establish the analysis model, and 3D 8-node linear
with reduced integration (C3D8R) is used to simulate both
aluminum alloy tube and filled concrete (Figure 9).
Surface-surface contact is used to define the interaction
between aluminum tube and concrete. The hard contact
model and isotropic Coulomb friction model were used to
simulate along with the normal and tangential directions,
respectively. Because aluminum tube and concrete are
loaded at the same time, there is little or no sliding between
aluminum tube and concrete; so, the friction coefficient has
little influence on the structural performance of aluminum
tube concrete column. Referring to the existing test results
[16] and considering that the surface of aluminum tube is
smoother than that of steel tube, the y value equals to 0.4.
The setting of boundary conditions is the same as the exper-

Geofluids

iment. At the same time, considering astringency and calcu-
lation accuracy, the expansion angle is 30°, eccentricity is 0.1,
the biaxial and uniaxial initial yield strength ratio f,,/f, is
1.16, the ratio K of the second stress invariant in the
tension-compression meridian plane is 0.667, and the vis-
cosity parameter is 0.0005.

4.4. Finite Element Model Validation. Nephogram of finite
element calculation is shown in Figure 10. Finite element
simulation is calculated under ideal conditions, without con-
sidering the impact of test errors such as end effect and con-
crete coarse aggregate subsidence. The results show that the
concrete in the column expands laterally. The finite element
calculation curve is shown in Figure 11, and the calculation
results of bearing capacity are shown in Table 7.

The finite element model proposed in this paper fits well
with the test curve. The plastic section of the test curve is
small because the compressive strength of the core concrete
decreases continuously due to the degradation of constraints
due to the crack generated after the peak point of aluminum
alloy. The software calculation is different from the test
results in the descending stage due to the limited of finite ele-
ment software cannot simulate the aluminum alloy cracking
and the internal concrete crushing. The ratio of peak bearing
capacity between test results and finite element calculation
results is between 0.956 and 1.019, and the error is less than
5%. The finite element calculation results can well predict
the ultimate bearing capacity of specimens and the variation
trend of stress-strain curves of specimens, which can be used
to study the axial compression performance and bearing
capacity of 7A04 aluminum alloy tube concrete, and also pro-
vide a theoretical basis for the subsequent simulation.

5. Calculation of Axial Bearing Capacity

At present, most of the bearing capacity calculation formulas
of aluminum alloy tubular concrete columns are modified
based on concrete-filled steel tube columns. For high-
strength concrete-filled steel tubular columns, the strength
and ductility of core concrete can be greatly improved due
to the strong restraint of steel tube on concrete. It is found
that there is no obvious plastic stage or small plastic stage
in the axial compression process of 7A04 aluminum alloy
tube concrete, but the strength drops rapidly after the peak
point. This indicates that the concrete fragments form con-
centrated transverse damage to the aluminum tube, resulting
in the rapid degradation of the transverse constraint on con-
crete. Therefore, it is necessary to explore the bearing capac-
ity calculation method of composite column of aluminum
tube concrete. In this paper, 17 groups of 7A04 aluminum
alloy tube concrete short columns with different parameters
are simulated by using the finite element model proposed in
the fourth section. The diameter-thickness ratio is 33-80, the
concrete strength is C30-C70, and the yield strength of the
aluminum tube is 420 MPa.

The axial compression capacity of each column is
divided by the total area of the section to obtain the compos-
ite strength of the specimen section (f ). The ratio (f,./f )
of the composite strength of the specimen section (f ) to
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FiGure 13: Comparison of the bearing capacity calculated by the formula with the experimental or simulated bearing capacity.

concrete axial compression strength (f ) is taken as longitu-
dinal axis, and the constraint effect coefficient 8 is taken as
transverse axis. Linear regression analysis of the test and
simulation results of 21 groups was performed, and the
results are shown in Figure 12.

It is found that the ratio of the composite strength of the
specimen section (f ) to axial compression strength (f ) of
concrete has a linear relationship with the confinement coef-
ficient (). Accordingly, the bearing capacity of the specimen
can be expressed as follows as the fitting formula of the ratio
of the composite strength of the specimen section to the
axial compression strength of concrete and the confinement
coeflicient of the specimen.

fo. = (1.110796 + 0.98244)f .. (10)

The bearing capacity of 7A04 aluminum alloy tubular
concrete short column can be calculated by the following
formula, according to the “Unified Theory” of the calcula-
tion of the bearing capacity of the concrete filled steel tube
short column.

Nsc =fscAsc’ (11)

where N, is the bearing capacity of the specimen, and A_, is
the cross-section area of the specimen.

As shown in Figure 13, the comparison error between
the calculation formula of the bearing capacity proposed in
this paper and the simulated value is in the range of
-6% ~8%, and the comparison error with the experimental
value is in the range of -6% ~6%. The bearing capacity calcu-
lation formula of the 7A04 aluminum tube concrete column
suggested takes into account the interaction between alumi-

num tube and concrete, which can accurately predict the
bearing capacity of such aluminum tube concrete members.

6. Conclusion

The following conclusions can be drawn based on a series of
tests conducted on 7A04 high strength aluminum alloy tube
filled concrete short columns:

(1) The failure modes of specimens are mainly middle
swelling and shear failure. The load-strain curve of
specimens is divided into four stages, and each stage
is analyzed. Due to the poor plasticity of 7A04, there
is no obvious plastic stage in the load-strain curve of
the specimen, and there are different degrees of
decrease after the peak point

(2) In the test process, 7A04 high strength aluminum
alloy tube concrete short column shows the strength
comparable to that of high strength steel tube filled
concrete. However, the ductility of the specimen
decreases slightly with the improvement of the
strength grade of the filled concrete. In order to make
the specimens show good ductility to meet the needs
of practical engineering, the tube thickness of alumi-
num tube can be appropriately increased while the
strength of the filled concrete can be reduced

(3) The finite element model of 7A04 high strength alu-
minum alloy tube concrete short column is proposed
considering the compound action between alumi-
num alloy tube and concrete. This constitutive curve
accurately reflects the mechanical characteristics of
the specimen under axial compression and fits well
with the test curve. Further research is needed to bet-
ter fit the descending section of the curve
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(4) A formula for calculating the bearing capacity of the
7A04 aluminum alloy tube concrete short column is
proposed. The formula can predict the strength of
the 7A04 aluminum alloy tube concrete short column
well by calculation. Due to the limited number of spec-
imens in this test, the complex mechanical characteris-
tics between high-strength aluminum tube and core
concrete still need to be further explored
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