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1. Introduction

Square tube is often subjected to bending load in
practical application. The cross-section of the bearing tube
will be deformation seriously under the bending load, which
leads to the stress concentration and the bending resistance
of the structure decreases sharply. And it is easy to bend col-
lapse, while the bearing capacity of the tube reaches the
limit value. So, it makes the bending resistance of the whole
structure fail. The filling of foam aluminum into the tube
can greatly reduce the deformation of the cross-section and
increase the bearing capacity of the structure. The stability
of the structure's bending resistance is improved.

The dynamic mechanical properties of foam alumi-
num epoxy composite sandwich beams were tested by three-
point bending impact test. The effects of different impact
velocity and core thickness on impact load and energy ab-
sorption were analyzed. Compared with traditional sand-
wich beams and pure foam aluminum beams, the composite
sandwich beams were better integrated in the parameters set
up by Xin et al. [1] The effects of immersion corrosion on
the mechanical properties of foam aluminum epoxy resin
composites through three-point bending experiments, and
found that immersion corrosion significantly reduced the
bending mechanical properties of foam aluminum epoxy
resin composites was studied by Yu et al. [2] In the case of
the same size of matrix material and specimen, the influence
of span on mechanical properties and failure modes of foam
aluminum sandwich panels is confirmed by Yan et al. [3]
By studying the bending problem of the double-modulus
foam aluminum core sandwich beam, the transverse load
acting on the double-modulus foam aluminum core sand-
wich beam has no influence on the neutral axis position of
the double-modulus foam aluminum core sandwich beam
under any boundary conditions, and the neutral axis position
of the double-modulus foam aluminum core sandwich beam
is determined, which has been proved by Wu et al. [4]
Through experiments, the surface thickness, core height and
angle direction were taken as variables respectively to ana-
lyze the factors affecting the flexural strength and failure
mode of the sandwich beam. The theoretical strength of four
failure modes was proposed by Yi-Ming Jen et al. [5]
Through numerical and experimental studies on the bending
performance of foam aluminum filled aluminum alloy tubes
under the dynamic energy absorption, it can be observed
that the energy absorption capacity increases at high strain
rates, which is very helpful for anti-collision applications,

and was found by Vignesh Sampathden et al. [6] Through
the experiments of foam aluminum sandwich and fiber
metal laminate on the basis of the new composite structure,
compared with the traditional foam aluminum sandwich, the
comprehensive performance of the new composite structure
is improved, and the optimization parameters of the new
foam aluminum composite structure with the best bending
strength are obtained by Wang et al. [7] The quasi-static
three point bending test of the foam aluminum sandwich
beam at 25 - 500°C temperature range was used to investi-
gate the quasi-static deformation and failure behavior of the
sandwich beam. The failure mode diagram of the foam
sandwich beam was extended to high temperature. The law
of variation of initial failure mode diagram with temperature
is found. The ultimate failure of foam aluminum sandwich
beam is mainly caused by the shear of core layer by Li et al.
[8] Through the three-point bending test of the fabricated
metal sandwich structure, the initial failure load, peak load
and failure mode were analyzed, and the initial failure
mechanism was proved by L.L. Yan et al. [9] By comparing
the theoretical calculation results and simulation analysis re-
sults with the experimental results, the mathematical model
of the calculation formula of the bending moment and angle
of the filled foam aluminum square tube structure was ob-
tained, and the correctness of the theoretical analysis was
proved.

2. Experimental study

2.1. Sample preparation

In this experiment, the material of the thin-walled
square tube is Q235 low carbon steel. The section size is
30 x 30 mm and the wall thickness is 1.2 mm. The mechan-
ical properties and stress-strain curves of tube wall materials
are shown in Table 1 and Fig. 1, respectively.

Table 1

Material parameters of low carbon steel
Parameter Value

Density p, kg-m 7860

Elastic modulus E, MPa 206000

The tangent modulus T,MPa 180
Poisson's ratio u 0.28
Yield strength o, MPa 235

The closed cell foam aluminum used for filling the
thin-walled square tube was produced by Shenyang Dongda
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Advanced Materials Development Co., Ltd by seepage cast-
ing method. The base material is ZL102 aluminum alloy
with an average pore diameter of 3 mm~4 mm and a relative
density of 0.22. The mechanical properties and stress-strain
curves are shown in Table 2 and Fig. 2, respectively.
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Fig. 1 Stress-strain of low carbon steel under strain rate 0.1
Table 2
Material parameters of closed-cell foam aluminum

Parameter Value
Density p/(kg-m-%) 540
Elastic modulus E/MPa 254
Poisson's ratio u 0.33
Yield strength o,/MPa 8.1
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Fig. 2 Compression stress-strain of foam aluminum

Reference to YB/T 5349-2006 "bending mechani-
cal properties of metal method" in the regulation of the re-
lationship between the specimen length and span, and com-
bined with the experimental conditions in the laboratory and
the particularity of the three-point bending test of foam alu-
minum filled square tube, the span ratio of three-point bend-
ing test of foam aluminum filled square tube is determined
to be Ly/b =6.67. So, the span of the specimen is 200 mm,
and the length is 240 mm. The experimental schematic dia-
gram is shown in Fig. 3. The diameter of the two supporting
columns at the lower end and the cylinder punch at the upper
end are both 20 mm.

In order to analyze the influence of the bonding be-
tween the foam aluminum core and the tube wall on the
bending deformation ability of the foam aluminum filled

square tube, the foam aluminum was cut into rectangular
shapes of 27 x 27 x 240 mm and 27.5 x 27.5 x240 mm. And
two different sizes of the foam aluminum cores were filled
into the empty square tube with the length of 240 mm. The
foam aluminum core with the cross-section size of 27 x
27 mm was bonded to the tube wall by epoxy resin. There is
clearance fit between the foam aluminum core with the tube
wall in the other group, and the gap size is about 0.1 mm.
The final prepared specimens for the three-point bending
test are shown in Fig. 4, such as empty tube (1-3), foam alu-
minum filled tube without glue (5 and 7), foam aluminum
filled tube with glue (4 and 6).
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Fig. 4 Specimens for the three-point bending experiment
2.2 Experimental equipment and methods

The experiment is carried out on SANS-CMT5205
microcomputer controlled electronic universal experiment
machine. Before the experiment, the specimen was freely
placed on the two supported columns, the span of the spec-
imen was set as 200 mm. And the axis of the loading punch
was aligned with the center line of the specimen, as shown
in Fig. 5. The specimen can slide in the horizontal direction,
but the displacement in the vertical direction is limited. Dis-
placement loading method was adopted in the experiment,
and the loading rate was 0.1 mm/s (i.e. the strain rate was
10-2). During the experiment, the loading punch was gradu-
ally pressed down until the specimen was damaged or the
loading displacement reached 65 mm. The deformation and
load-displacement curve of the specimen were observed in
real time. After the end of the experiment, the load-displace-
ment data were processed to obtain the bending moment-
angle curve of the square tube.

In order to compare and analyze the experimental
results, the quasi-static three-point bending experiment of
foam aluminum filled square tube and the square tube were
carried out. Three samples of empty tube are tested, and two
repetitions of foam aluminum filled square tube with and
without glue are also tested, and the average value is taken
as the experimental result.



Fig. 5 Three-point bending experiment

2.3. Experimental results and analysis

In all cases, the two repetitions of the specimens
show almost the same deformation behavior.

2.3.1. Experimental results and analysis of empty square
tube

Fig. 6 shows the moment-angle curve of the three-
point bending experiment of the thin-walled square tube. It
can be seen from the figure, in the initial stage of the exper-
iment, the bending moment rapidly increases to the maxi-
mum value of 249.4 Nm. As the loading moment is greater
than the plastic limit moment of the square tube structure,
the tube walls on both sides of the square tube are extruded
by the loading punch to produce plastic hinge. The bending
deformation only occurs in this area, and the other parts only
rotate. With the collapse of the local structure, the cross sec-
tion of the square tube decreases sharply, and the bending
moment decreases gradually with the increase of the angle
of rotation. The bearing capacity of the structure decreases
significantly. The bending moment value rises slightly,
when the folds on both sides of the punch contact and
squeeze each other. However, compared with the axial com-
pression of square tube, the bearing capacity of bending de-
formation is much lower than that of compression defor-
mation. Therefore, the bearing capacity and energy absorp-
tion of square tube under bending moment load or transverse
load are not ideal. The final bending deformation results are
shown in Fig. 7.

Through the observation of the experimental pro-
cess, Wang et al. [10] found that the bending process of
square tube can be divided into three stages:
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Fig. 6 Moment-rotation of square tube
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Fig. 7 Three-point bending experimental results of square
tube

1. Initial elastic deformation stage: at this stage, the
load of pressure is not greater than the yield strength of the
square tube, and there is no plastic hinge movement defor-
mation, that is no plastic deformation, only elastic defor-
mation. At this time, the bulge begins to appear on the web
of the square tube, and the bending moment increases rap-
idly to the maximum value. The bending angle ranges from
0° to 5°, and has a linear relationship with the bending mo-
ment.

2. Bending deformation stage: this stage is the
main stage of bending deformation. At this stage, the square
tube structure has plastic bending deformation, which in-
cludes both bending around the static plastic hinge line and
moving around the plastic hinge line. The bending moment
decreases with the increase of the angle, and the bending
angle ranges from 5° to 30°.

3. The termination stage: with the ongoing of the
loading, the moving plastic hinge lines of the left and right
parts of the buckling side plate are squeezed after contacting
each other, that leading to the moment rising. At this time,
the original plastic hinge line stops moving and forms a new
one. If the bending moment increases to exceed the tensile
limit of the lower web plate of the square tube, the fracture
occurs at this place. So, the whole bending deformation pro-
cess is terminated.

2.3.2. Experimental results and analysis of foam aluminum
filled square tube

Fig. 8 shows the moment-angle curves of the three-
point bending experiment of foam aluminum filled square
tubes with bonded and unbonded epoxy resin.
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Fig. 8 Moment-rotation of foam aluminum filled tube with
or without glue



By comparing the bending moment-angle curve of
the empty square tube, it can be found that the curve trend
of the foam aluminum filled square tube shows similar de-
formation process, and the curve changes more smoothly.
The bending process can also be divided into three stages:
the elastic deformation stage, the bending deformation stage
and the termination stage. However, the bending moment of
foam aluminum filled square tube is greater than that of the
empty square tube at each stage, especially the limit bending
moment and its corresponding rotation angle. By comparing
the bending moment-angle curves of the foam aluminum
filled square tubes bonded and unbonded with epoxy resin,
it is found that the limit bending moment of the foam alumi-
num filled square tubes bonded with epoxy resin is 542 Nm,
which is higher than the ultimate bending moment of the
unbonded tubes’ 434 Nm. However, tearing failure occurs
at a small angle, which makes the moment load decreased
sharply. Fig. 9 shows the final deformation results of the
bonded foam aluminum filled square tube.
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Fig. 9 Three-point bending experiment results of foam alu-
minum filled square tube with glue

The final deformation results of the three-point
bending of the empty square tube and the foam aluminum
filled square tube is shown in Fig. 10. Comparison with the
bending process of the empty square tube, the bending de-
formation mode of the square tube is changed after filling
the foam aluminum material. The filling foam aluminum
core hinders the formation of complete folds in the compres-
sion side of the tube wall, which results in the reduction of
the length of folds. It can also be seen that there is a tear
failure on the lower surface of the foam aluminum filled
square tube with adhesive under the compression area. This
is mainly due to the connection between foam aluminum
with tube wall by epoxy resin adhesive, which increases the
stiffness of the foam aluminum core. It further limits the for-
mation of the complete fold of the square tube. In the early
stage of bending deformation, tensile tearing is easy to occur
on the lower surface of the square tube, and the bending mo-
ment decreased sharply, which makes the whole filled struc-
ture failure.

From the experimental results, it can be found that
the bonding mode of foam aluminum and tube wall further
improves the bending stiffness and load capacity of the fill-
ing structure. But it also greatly limits the formation of the
folds on the surface of the square tube, and causes the tensile
stress of the lower surface too large, which leads to the fail-
ure of the filling structure at a small rotation angle. It is ob-
vious that the adhesion between the tube wall and foam alu-
minum is not desirable for energy absorption since the bond-
ing mode significantly reduces the total energy absorption
capability and deformation uniformity of the structure.
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Fig. 10 Deformation mode of empty tube and tube with
foam aluminum filler: from top to bottom: empty
tube, filled without glue, filled with glue

3. Quasi-static bending performance of foam aluminum
filled square tube

According to Wierzbicki's [11] super beam ele-
ment model of square tube bending, the bearing capacity of
foam aluminum filled square tube under static bending de-
formation and the relationship between bending moment
and turning angle were analyzed theoretically at small turn-
ing angle. The bending deformation diagram of foam alumi-
num filled square tube is shown in Fig. 11. The cross-section
size of the square tube is b x b, the wall thickness of the tube
is t, and the angle of the square tube is 6 during bending.
The maximum bending moment of the section of the filled
square tube appears at the midpoint of the section. From the
deformation results in the Fig. 11, it can be deduced that the
relationship between the bending moment of the structure
and the rotation angle is:
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Fig. 11 Deformation of square tube with foam aluminum
filler during three-point bending

3.1. Loading capacity of foam aluminum filled square tube

The stress analysis of the foam aluminum filled
square tube structure shows that the composite structure will
undergo elastic bending deformation in the initial elastic
bending stage. At this time, due to the action of the punch
load, the bending deformation of the tube is composed of
two parts: bending moment deformation and shear force de-
formation. If L/b >4, the influence of shear force can be ig-
nored in the calculation, because the additional deformation



generated by shear force will not exceed 5% of the maxi-
mum deflection. According to the parallel axis law of the
moment of inertia of the section, the moment of inertia of
the square tube in Fig. 12 can be obtained as follows:

b —(b-2t)"

=0 ©

The moment of inertia of foam aluminum core is:

(b-2t)"

lo =" (4)

It can be concluded that the equivalent bending
stiffness (El )eq of foam aluminum filled square tube struc-

ture is:

(Ey=——f B+ Eo (5)
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Fig. 12 Section of square tube with foam aluminum filler

In the initial elastic bending stage, the foam alumi-
num filled square tube has not occurred plastic deformation,
and the interaction between the foam aluminum filled core
and the tube wall can be ignored. So, the bending deflection
of the foam aluminum filled square tube in the elastic bend-
ing stage is:

3
5:L
48(E)

eq

(6)

By substituting Egs. (1) and (2) into Eq. (6), in the
case of small rotation angle of elastic bending, let tang ~ @
, then the relationship between bending moment and rotation
angle is approximately linear:

M :{[lo“—(b—zt)“]Ef +(b-2t)" Ec}&- (7)

The maximum bending strength of the square tube
is controlled by the elastic buckling of the compression side
of the thin-walled section. The critical stress o, on the

compression side is expressed by Rhodes J. and Harvey J.
M., [12] as:

5.397E, ([t
Oy = - (8)
12(1-4*)\b
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Considering the strengthening effect of the tube
wall material, the maximum bending moment of thin-walled
square pipe can be approximated as:

UC r

M, :Mp—(Mp—Me)(&J. ©)

The parameters o, M, and M, are defined as:

o, =0, ~(0,~0,) 22, (10)
UCT
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After filling foam aluminum core into square tube,
the bearing capacity of filled tube is improved, which is
showed as the increase of limit bending moment and delay.
The foam aluminum filling is equivalent to increasing the
critical stress of the thin-walled tube. Through experiments,
Xu et al. [13] found that the increased value Ao, of the

critical stress o, can be expressed as:

25
Aoy _ zﬂ(P_f] (L](E_J (13)
Ocr Ps b O-y
o, =0, +Aoc, is substituted into Egs. (8) - (12)
as the new critical stress value, and the maximum bending
moment M of foam aluminum filled thin-walled square

tube can be obtained. By substituting M into Eqg. (7), the

critical angle of the square tube filled with foam aluminum
under the maximum moment can be obtained.

6, = oMyL (14)
bt -(b-2t)" g, +(b-2t)'E,

By substituting Eq. (14) into Eq. (7), the maximum
bending moment of foam aluminum filled square tube can
be obtained.

M, ={[b4—(b—2t)4]Ef +(b-2t)" EC}%‘L. (15)

3.2. Quasi-static bending deformation of foam aluminum
filled square tube

By observing the results of the three-point bending
experiment, the bending moment of foam aluminum filled
square tube can be divided into two parts: the bending mo-
ment of square tube and the bending moment of foam alu-
minum filled core.

Wierzbicki derived the moment-angle formula in
the process of plastic bending deformation of square tube by



using the super beam element model as follows:

1
M (6)=2P,b| 0.576 +—= |, 16
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15
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The equivalent stress o, is approximated as:

—. (18)

Then, the bending moment-rotation relationship of
the thin-walled square tube can be expressed as:

M, 0<6<6,

M (0)=

1 - (19)
2P b| 0.576+—— 6> 0,
20

It should be pointed out that Equation (19) is only
applicable to the case of bending angle less than 30°.

Through the observation of the experimental pro-
cess, it is found that the collapse of the bending part of the
square tube is prevented from filling of foam aluminum ma-
terial. The bending resistance of the square tube is im-
proved. Specifically, the maximum bending moment and
critical turning angle of foam aluminum filled square tube
are improved compared with those of square tube. The max-
imum bending moment M can be expressed as:

My =M, +AM. (20)

AM is related to the relative density of foam alu-
minum and the size of structural section, and its expression
is as follows:

AM = Ag, -gtbzay. (21)

Ao, isthe increment of the bending strength of the

filled structure compared with the square tube, which can be
expressed as:

o 1/2
Aau:0.34—f(p—'j . 22)
o, p,

Substituting Eq. (22) into Eqg. (21), we can get:

1/2
AM = 051th%c, (ﬂ] . (23)

Similarly, the critical bending angle of foam alu-
minum filled square tube can be expressed as:

0, =0,+A0=0,+398°". (24)

Ps

Therefore, the relationship between bending mo-
ment and angle in the whole bending deformation process
of foam aluminum filled square tube can be expressed as:

M, 0<0<6,

. (25
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Fig. 13 Comparison on theoretical and experiment three-
point bending results of empty square tube
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Fig. 14 Comparison on theoretical and experiment three-
point bending results of square tube with foam alu-
minum filler

As shown in Fig. 13 and Fig. 14, the theoretical
calculation results are compared with the experimental re-
sults of the three-point bending of square tube and foam alu-
minum filled square tube respectively. It can be seen from
the figure that the theoretical calculated results of the square
tube are in good agreement with the experimental values at
the initial stage of bending. However, the theoretical values
of the filled tube are smaller than the experimental values.
It may be that the theoretical analysis does not fully take
account of the influence of foam aluminum filling in the
structure, nor does it account for the stress strengthening
stage of some aluminum foam materials during bending de-
formation.

At large rotating angles, the theoretical values of
square tube and filled tube have a large deviation from the
experimental values, which indicates that the theoretical



analysis is only applicable to the bending of small rotating
angles.

4. Finite element numerical simulation study

In order to further study, the accuracy of theoretical
analysis, the three-point bending deformation of foam alu-
minum filled square tube under quasi-static and dynamic
conditions is simulated by using HyperMesh and LS-
DYNA. And the simulation results are compared with the
experimental results.

4.1. Model building and meshing

2D shell 163 thin shell element is used in the square
tube, the thickness of the element is 1.2 mm, the shape of
the element is quadrilateral, and the mesh size is 2 mm. The
foam aluminum core is divided by 3D Solid164 element, the
element shape is hexahedral, and the mesh size is 2 mm. The
supporting columns and the loading punch are divided by
shell element, and the grid is 4 mm. The bending model of
foam aluminum filled square tube is divided into 23,716
solid elements and 7,200 shell elements. The three-point
bending finite element model is shown in Fig. 15.

Fig. 15 Finite element model of three-point bending
4.2. Analysis of bending simulation results
4.2.1. Quasi-static simulation results and analysis

As shown in Fig. 16, the experimental data of the
quasi-static three-point bending of the empty square tube are
compared with the simulation results.

By comparing the two curves, it is found that the
simulation results have a similar trend with the experimental
data at a small rotate angle, while the deviation is large at a
large rotate angle. The simulated limit bending moment of
the square tube is 290 Nm, which is slightly higher than the
249.4 Nm measured by experiment.

The simulation results of the quasi-static three-
point bending of the foam aluminum filled square tube are
shown in Fig. 17. Comparing with the experimental data, it
is found that the moment-rotation curve obtained by the sim-
ulation is close to the experimental data without bonding in
the small angle, and the difference is larger when the angle
is greater than 35°. The main reason is that the folds gener-
ated by the tube wall surround the punch well in the analy-
sis, and the folds on both sides of the punch do not contact
with each other in the large angle bending, which makes the
simulated load curve very smooth. The simulated limit mo-
ment of quasi-static bending of foam aluminum filled square
tube is 452 Nm, which is slightly higher than 434 Nm meas-
ured by experiment.
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Fig. 16 Three-point static bending moment-rotation of
empty square tube
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Fig. 17 Three-point static bending moment-rotation of
square tube with foam aluminum filler

Fig. 19 Three-point static bending result of square tube with
foam aluminum filler

Figs. 18 and 19 are the final deformation results of
the quasi-static bending deformation of the square tube and
the foam aluminum filled square tube respectively. Com-
bined with the experimental results of three-point bending,
it can be seen that the finite element model can well simulate
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the deformation results at small rotation angles, but the final
deformation results are quite different from the experi-
mental results, and there is no contact and extrusion of folds.

4.2.2. Simulation results and analysis of dynamic bending

The simulation analysis results of dynamic three-
point bending of square tube is shown in Fig. 20. It can be
seen from Fig. 20 that the limit bending moment of the tube
under the impact load is greatly increased compared with
that under the of under quasi-static load. The limit bending
moment of the tube under the impact load is 788 Nm,
which is 2.7 times of the quasi-static condition. This is be-
cause the yield stress of low carbon steel material increases
obviously under high strain rate loading conditions. While
the rotation angle of the square tube increases to about 80°,
the load decreases rapidly and the deformation tends to stop.
It indicates that the impact energy is completely absorbed.
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Fig. 20 Three-point dynamic bending moment-rotation of
square tube
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Fig. 21 Three-point dynamic bending moment-rotation
curve of square tube with foam aluminum filler

The simulation analysis results of dynamic three-
point bending of foam aluminum filled square tube is shown
in Fig. 21. As can be seen from Fig. 21, the limit bending
moment of foam aluminum filled square tube under impact
loading is much higher than that of under quasi-static load.
The limit bending moment of foam aluminum filled square
tube in impact process is 1289 Nm, which is 2.9 times of the
quasi-static bending moment 434 Nm. While the angle of

the square tube increases to about 33°, the deformation tends
to stop. By comparison with Fig. 20, the bending angle of
the foam aluminum filled square tube is significantly lower
than that of the square tube under the same impact loading
conditions, and the limit bending moment of the foam alu-
minum filled square tube is also higher than that of the
square tube. It indicates that the bending bearing capacity
and energy absorption performance of the square tube have
been greatly improved after the filled with foam aluminum.

5. Conclusions

In this paper, the three-point bending properties of
square tube and foam aluminum filled square tube are stud-
ied experimentally by means of quasi-static mechanical
loading experiment respectively. The moment-angle curves
of the two types of square tube are obtained. The defor-
mation mode, bearing capacity and energy absorption effi-
ciency of two types of square tube are discussed by analyz-
ing the obtained moment-angle curve and observing the ex-
perimental deformation results. The results show that the
filling of foam aluminum can improve the bearing capacity
and energy absorption performance of the square tube. Un-
der the bending load, the deformation of the bearing section
is greatly reduced, which increases the bearing capacity and
the bending resistance stability of the structure. The bonding
mode of foam aluminum to the tube wall further improves
the bending stiffness and bearing capacity of the filled struc-
ture, but leads to the failure of the filled structure at a small
turning angle. Therefore, it is obvious that the adhesion be-
tween the tube wall and foam aluminum is not desirable for
energy absorption.

Based on the results of experimental and theoreti-
cal analysis, the static bending deformation behavior of the
square tube filled with foam aluminum is deeply analyzed
and studied. The mathematical model of the moment rota-
tion for the square tube filled with foam aluminum under the
static bending load is established. Furthermore, the three-
point bending deformation of the square tube and ones filled
with foam aluminum under quasi-static and impact loading
is simulated. The simulation results show that the finite ele-
ment method is feasible to analyze the bending deformation
behavior of the square tube filled with foam aluminum un-
der quasi-static loading. Comparing with the simulation,
theoretical and experimental results of the three-point bend-
ing deformation of the square tube and ones filled with foam
aluminum, the error among each other is small in the case
of small corner bending. So, it provides a theoretical basis
for the design of the square tube filled with foam aluminum.
Due to the limitation of experimental conditions, the three-
point bending performance of square tube filled with foam
aluminum under dynamic loading is simulated and analyzed
by finite element method. Therefore, the theoretical model
under dynamic loading needs further study.
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K. Yang, Y. Sha, T. Yu

RESEARCH ON THREE-POINT BENDING
MECHANICAL PERFORMANCE OF SQUARE TUBE
STRUCTURE FILLED WITH FOAM ALUMINUM

Summary

In this paper, the quasi-static three-point bending
experiments are carried out to study the deformation behav-
ior of square tube and square tube filled with foam alumi-
num. The difference of bending deformation mode, loading
characteristics and energy absorption efficiency between
tube and foam aluminum filled tube is compared. And the
influence of adhesive between the foam aluminum core and
the tube wall on the bending deformation of square tube
filled with foam aluminum is analyzed. Based on the bend-
ing super beam element model of tube structure, the rela-
tionship between the moment and rotation of square tube
filled with foam aluminum under transverse static loading is
analyzed. And the formula for calculating the moment and
rotation angle of square tube filled with foam aluminum at
three-point bending is obtained. In order to compare the
simulation results, theoretical calculation results and exper-
imental results of quasi-static bending, the three-point bend-
ing deformation of square tube and filled with foam alumi-
num under quasi-static and impact loading is simulated by
finite element method. The results show that the filling of
foam aluminum can improve the bearing capacity and en-
ergy absorption performance of the square tube structure.
Under the bending load, the deformation degree of the bear-
ing section is greatly reduced, which increases the bearing
capacity of the structure and increases the stability of its
bending resistance.

Keywords: foam aluminum; filling structure; square tube;
bending resistance; three-point bending.
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