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[1] Li S, Guo X, Li Q, Ruan D, Sun G. On lateral
compression of circular aluminum, CFRP and
GFRP tubes. Composite Structures.
2020;232:111534.

536

E § 50 _
2110 < ©g
%33 § § 30 E
232 \ \ 20 E
g31 § \ a
2, 1N \ o
EZS §:=:=:= § 0 §

st StPESH s
B9 9 (&S S i (590 dmlie loges () S8
Losdy g JBg5 slaaiges lp (Sose (ke

-

-PLE-4H St-PLE-5H St-PLE-CH

1200

1000

Energy absorption (J)

St St-PLE-3H St-PLE-5H St-PLE-CH

5 B Gladises (65l Ddz anlia jlages (1) S5
05 il b oad

=
LS
[
N

-
M

b4 o
o )
=4 ]
S ®

14
IS

Crushing force efficiency
o
4

o
N

g
EZZZ undulation of Load-carrying Capacity

R e e e

V7777777777

o

A Y,

=
=
)
R E
&
x
[ &
@
I

oS (Slagi 5 (St 9 dmalie Jlage :() S
oAbl Ol boad g JB sladiges ()b 2ud)b
oHleS easplis (Sontd o 00k yo YL ol
b cedb pad Gleg YL polie g oddy, ey
3Pl @iz pleoy 4o JSEmt )0 Mkl easmslis
sl i WSS Slogas 5 45 jeblen ardl o
shlo wizpe ob)l Gl eassS sl sladiges
Sed (JB diged 4 S (5 (S S o)k
Ol dedo &8l i b SOy0ss o ol L
ool Juds & oy iy (WS (6,5 IS 5l s S5l
Sy (68 IS gl Codgaze ol g cuiS
0l sladigel o j0 g Cewl (638 wing yo oo

St-PLE-CH

£ oylos 1A 095 1F+) Jlo /Ladlgn il



OS5 5 355,

73

windowed tubes under dynamic axial loading.
Thin-Walled Structures. 2017;119:412-20.

[14] Kathiresan M. Influence of shape, size and
location of cutouts on crashworthiness
performance of aluminium conical frusta under
quasi-static axial compression. Thin-Walled
Structures. 2020;154:106793.

[15] Song ], Guo F. A comparative study on the
windowed and multi-cell square tubes under axial
and oblique loading. Thin-Walled Structures.
2013;66:9-14.

[16] Song ], Chen Y, Lu G. Axial crushing of thin-
walled structures with origami patterns. Thin-
Walled Structures. 2012;54:65-71.

[17] Zhou C, Wang B, Ma ], You Z. Dynamic axial
crushing of origami crash boxes. International
journal of mechanical sciences. 2016;118:1-12.

[18] Ciampaglia A, Fiumarella D, Niutta CB,
Ciardiello R, Belingardi G. Impact response of an

origami-shaped composite crash box:
Experimental analysis and numerical
optimization. Composite Structures.

2021;256:113093.

[19] Baroutaji A, Sajjia M, Olabi A-G. On the
crashworthiness performance of thin-walled
energy absorbers: recent advances and future
developments. Thin-Walled Structures.
2017;118:137-63.

[20] Isaac CW, Ezekwem C. A review of the
crashworthiness performance of energy absorbing
composite structure within the context of
materials, manufacturing and maintenance for
sustainability. Composite Structures.
2021;257:113081.

[21] Abramowicz W, Jones N. Dynamic axial
crushing of square tubes. International Journal of
Impact Engineering. 1984;2(2):179-208.

[22] Abramowicz W, Jones N. Dynamic
progressive buckling of circular and square tubes.
International Journal of Impact Engineering.
1986;4(4):243-70.

[23] Liu W, Lian ], Miinstermann S, Zeng C, Fang X.
Prediction of crack formation in the progressive
folding of square tubes during dynamic axial
crushing. International Journal of Mechanical
Sciences. 2020;176:105534.

[24] Guillow S, Lu G, Grzebieta R. Quasi-static axial
compression of thin-walled circular aluminium

¥ oylouis VA 095 [1F+) Jlo /Ladlgn Kilso

[2] Zhang W, Qin Q, Li ], Li K, Poh L, Li Y, et al.
Deformation and failure of hybrid composite
sandwich beams with a metal foam core under
quasi-static load and low-velocity impact.
Composite Structures. 2020;242:112175.

[3] Sebaey T, Mahdi E. Filler strengthening of
foam-filled energy absorption devices using CFRP
beams. Composite Structures. 2017;160:1-7.

[4] Sun G, Chen D, Wang H, Hazell PJ, Li Q. High-
velocity impact behaviour of aluminium
honeycomb sandwich panels with different
structural configurations. International Journal of
Impact Engineering. 2018;122:119-36.

[5] Bai R, Guo J, Lei Z, Liu D, Ma Y, Yan C.
Compression after impact behavior of composite
foam-core sandwich panels. Composite Structures.
2019;225:111181.

[6] Andrews K, England G, Ghani E. Classification
of the axial collapse of cylindrical tubes under
quasi-static loading. International Journal of
Mechanical Sciences. 1983;25(9-10):687-96.

[7] Yao S, Huo Y, Yan K, Xu P. Crashworthiness
study on circular hybrid corrugated tubes under
axial impacts. Thin-Walled Structures.
2019;145:106358.

[8] Li Z, Ma W, Hou L, Xu P, Yao S. Crashworthiness
analysis of corrugations reinforced multi-cell
square tubes. Thin-Walled Structures.
2020;150:106708.

[9] Ma W, Xie S, Li Z. Mechanical performance of
bio-inspired corrugated tubes with varying vertex
configurations. International Journal of
Mechanical Sciences. 2020;172:105399.

[10] Xu P, Xu K, Yao S, Yang C, Huang Q, Zhao H, et
al. Parameter study and multi-objective
optimisation of an axisymmetric rectangular tube
with diaphragms for subways. Thin-Walled
Structures. 2019;136:186-99.

[11] Li Z, Yao S, Ma W, Xu P, Che Q. Energy-
absorption characteristics of a circumferentially
corrugated square tube with a cosine profile.
Thin-Walled Structures. 2019;135:385-99.

[12] Tran T. Study on the crashworthiness of
windowed multi-cell square tubes under axial and
oblique impact. Thin-Walled Structures.
2020;155:106907.

[13] Nikkhah H, Guo F, Chew Y, Bai ], Song J, Wang
P. The effect of different shapes of holes on the
crushing characteristics of aluminum square



74 Soliwlas o )l38 )L cou Ll L b oo 5 (so¥s8 slailginl slaaing (65,5 @i slo sl )by gy

[34] Baykasoglu A, Baykasoglu C, Cetin E. Multi-
objective crashworthiness optimization of lattice
structure filled thin-walled tubes. Thin-Walled
Structures. 2020;149:106630.

[35] Patel V, Tiwari G, Dumpala R
Crashworthiness analysis of multi-configuration
thin walled co-axial frusta tube structures under
quasi-static loading. Thin-Walled Structures.
2020;154:106872.

[36] Cho Y-B, Bae C-H, Suh M-W, Sin H-C. A vehicle
front frame crash design optimization using hole-
type and dent-type crush initiator. Thin-Walled
Structures. 2006;44(4):415-28.

[37] Bodlani S, Yuen S, Nurick G. The energy
absorption characteristics of square mild steel
tubes with multiple induced circular hole
discontinuities—part I: experiments. Journal of
applied mechanics. 2009;76(4).

[38] Bodlani S, Chung Kim Yuen S, Nurick G. The
energy absorption characteristics of square mild
steel tubes with multiple induced circular hole
discontinuities—Part II: numerical simulations.
Journal of applied mechanics. 2009;76(4).

[39] Li G, Xu F, Sun G, Li Q. A comparative study on
thin-walled structures with functionally graded
thickness (FGT) and tapered tubes withstanding
oblique impact loading. International Journal of
Impact Engineering. 2015;77:68-83.

[40] Zhang Z, Lei H, Xu M, Hua ], Li C, Fang D. Out-
of-plane compressive performance and energy
absorption of multi-layer graded sinusoidal
corrugated sandwich panels. Materials & Design.
2019;178:107858.

[41] Koh hei Nitta MY. Poisson’s ratio and
mechanical nonlinearity under tensile
deformation in crystalline polymers. Croatia:
Rheology, Open Access; Vicente, JD, Ed.; Intec:
Rijeka; 2012.

tubes. International Journal of Mechanical
Sciences. 2001;43(9):2103-23.

[25] Li Z-g, Yang H-f, Zhang Z-s, Ye S, Han Z-t, Wei
J-f. Crashworthiness of extruded magnesium thin-
walled square tubes. Transactions of Nonferrous
Metals Society of China. 2019;29(6):1223-32.

[26] Wang Z, Zhang ], Li Z, Shi C. On the
crashworthiness of bio-inspired hexagonal
prismatic tubes under axial compression.
International Journal of Mechanical Sciences.
2020;186:105893.

[27] Chen Y, Bai Z, Zhang L, Wang Y, Sun G, Cao L.
Crashworthiness analysis of octagonal multi-cell
tube with functionally graded thickness under
multiple loading angles. Thin-Walled Structures.
2017;110:133-9.

[28] Chen ], Li E, Li Q Hou S, Han X
Crashworthiness and optimization of novel
concave thin-walled tubes. Composite Structures.
2022;283:1151009.

[29] Marzbanrad ], Ebrahimi MR. Multi-objective
optimization of aluminum hollow tubes for vehicle
crash energy absorption using a genetic algorithm
and neural networks. Thin-Walled Structures.
2011;49(12):1605-15.

[30] Albak Ei. Crashworthiness design and
optimization of nested structures with a
circumferentially corrugated circular outer wall
and inner ribs. Thin-Walled Structures.
2021;167:1082109.

[31] Zou X, Gao G-j, Dong H-p, Li ], Zhou X-s, Chen
W, et al. Crushing analysis and multi-objective
optimization of bitubular hexagonal columns with
ribs. Journal of Central South University.
2017;24(5):1164-73.

[32] Xu P, Yang C, Peng Y, Yao S, Zhang D, Li B.
Crash performance and multi-objective
optimization of a gradual energy-absorbing
structure for subway vehicles. International
Journal of Mechanical Sciences. 2016;107:1-12.

[33] Bahramian N, Khalkhali A. Crashworthiness
topology optimization of thin-walled square tubes,
using modified bidirectional evolutionary
structural optimization approach. Thin-Walled
Structures. 2020;147:106524.

¥ oylois VA 0590 1F+) Jlw /Ladlgn Suilso



OS5 5 355, 75

Sialesl 890 sladiges cwiin Slasie (il Jguz

£y ol Cligw lo ;8 oyl ks el e Aiges pb
® (mm) (mm) (mm) (mm)
¥ AY . ¥A/¥ - (Ertalon 6 PLA) L3l L PLE
o \IY YA Y-./f O (mild steel) ¢ i s¥qd St
PLE St ghswolus-,bd St PLE St
. D LSt LoV g8 St-PLE-CH
A =Y. YA YA Y oAl oYy
PLE St ¢lswolawi,ké St PLE St
. A L3l L-sYs  St-PLE-3H
YA /A Yo\ YA YA YYF Ol oYy
PLE St glhswolaw,ké St PLE St
" - LSl LoV g8 St-PLE-4H
YA /A f4 YA YA YVF oAl oYt
PLE St Zligw olasi- ;3 St PLE St
0 > b ol L-oYss  St-PLE-SH
YA /A O-A YA YA Y

¥ oylouis VA 095 [1F+) Jlo /Ladlgn Kilso



Journal of Aerospace Mechanics/ 2022/ VVol.18/ No.4/ 65-76

Journal of Aerospace Mechanics

DOR: 20.1001.1.26455323.1401.18.4.5.9

Investigating the Energy Absorption Parameters of Steel Cylindrical
Shells Filled with Polyethylene Subjected to Quasi-static Loading

Farid Raoufl®, Javad Rezapour2*®, Sina Gohari Rad3?, Reza Rajabiehfard3

1Ph.D. Student, Department of Mechanical Engineering, Lahijan Branch, Islamic Azad University, Lahijan, Iran.
Z Assistant Professor, Department of Mechanical Engineering, Lahijan Branch, Islamic Azad University,

Lahijan, Iran.

3 Assistant Professor, Department of Mechanical Engineering, Rasht Branch, Islamic Azad University, Rasht,

Iran.

HIGHLIGHTS

GRAPHICAL ABSTRACT

e Polyethylene filler reduces the peak

crushing force C)
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o force transmission is more uniform in
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In this research, the main goal is to investigate the energy absorption
parameters of cylindrical steel tubes filled with polyethylene. For this
purpose, experimental tests and numerical simulation were used. In order
to compare the performance of energy absorption, empty steel cylindrical
tube specimens and four type of steel cylindrical tube filled with
polyethylene specimens with different axial perforations in the filling part
were subjected to quasi-static compression test and compared with each
other. Numerical simulation was also done with the help of ABAQUS
software and experimental results were used for the mechanical
properties of materials. The results of the numerical simulation showed a
good agreement with the experimental results. Also, the results showed
that the use of polyethylene filler in the filled samples causes a decrease in
the initial peak crushing force values, an increase in the mean crushing
force values and also a decrease in energy absorption, and an increase in
the crushing force efficiency compared to the empty samples. For
example, in the sample filled with polyethylene and having five axial holes,
there was a 60.5% decrease in the maximum crushing force and an
increase in the crushing force efficiency by 166.77% compared to the
empty sample. Also, the samples with five holes have the highest crushing
force efficiency among the samples filled with polyethylene.
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