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Experimental, numerical and theoretical analysis of energy absorption process
by aluminum profile with H-shaped thin-walled cross section
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ARTICLE INFORMATION ABSTRACT

This article investigates energy absorption capacity and plastic deformation trend of lateral flattening of
an aluminum profile with H-shaped cross section under the quasi-static lateral loading by experimental,
numerical and theoretical methods. Samples were prepared with different lengths and three different
filling conditions including empty, core-filled and perfectly-filled by polyurethane foam. In addition,
samples with the same geometry and filling conditions were laterally compressed with loading angles of
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Keywords:

Lateral loading 0 and 90 degrees. Effect of some parameters such as length, three different filling conditions and
Aluminum profiles with H-shaped cross loading angle were experimentally investigated on lateral force and specific absorbed energy (SAE).
section The results show that SAE is independent of samples length. At the loading angle of 90 degrees,

Lateral flattening
Polyurethane foam
Specific absorbed energy

presence of the filler causes increment of SAE by the structure. Using the perfectly-filled profile under
the loading angle of 90 degrees is the most optimum condition. Based on two different energy
absorption mechanisms, a theoretical equation was derived to estimate total absorbed energy (TAE) by
empty sample with loading angle of zero; and predicted results were compared with the experimental
samples. Due to present limitations in preparing the samples with different geometrical dimensions,
nonlinear ABAQUS software was employed. Some samples with different wall thicknesses were
modeled and influence of thickness was investigated on TAE. TAE is directly correlated to the second
power of wall thickness; and this relationship can be clearly understood from the theoretical equation
and numerical results. High correlation of experimental, numerical and theoretical results indicates
precision and accuracy of the performed research.
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Fig. 11 Diagram of energy-lateral displacement of three thin-walled
samples with different filling conditions and with the same material and
geometrical properties under loading angle of zero
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Fig. 12 Diagram of energy-displacement of three thin-walled samples
with different filling conditions and with the same material and
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Fig. 8 Diagram of load/length-displacement/height for three empty
samples with different lengths and with the same other properties under
loading angle of 90 °
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Fig. 9 Diagram of absorbed energy-lateral displacement of three empty
samples with different initial lengths and with the same properties
under loading angle of 90 °
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Fig. 10 Diagram of energy/length-lateral displacement of three filled
samples of model 2 with different initial lengths and with the same
material and geometrical properties under loading angle of 90 °

Agad dus (gly ol S ,is - Job axlg  oal i (65,0 loges 10 K&
ot oSy i 5 g0le Sloogas K3 5 Sglie sl Job b 2 Jo ey
a>,0 905,135, ayl;

8 o ploss 17 ©)93 1396 oLT ()3 SHlse Sw e


https://dorl.net/dor/20.1001.1.10275940.1396.17.8.25.9
https://mme.modares.ac.ir/article-15-5098-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1396.17.8.25.9 ]

Ol 9 5)9 48 Hize

i H 550,18 alodio mlows b 505858090 T Jad9 53 6351 33 35Trd (595 9§33 ()75 Jubos

D) §99x0 s (ogars 655 iz Whise S 4z 0 90 4 o
Gloaises (ogame 55,5l iz @z 0 90 ()56 al; 50 @S g5k
sloaised ay cod 2 Jospsd bondy 91 Jos pgd bondsyy o Jlg
O Egmene )3 sl Jiion 230 jho 6)35)L ) cod bl
Ole 40 SOBF2 55 L oy JelS’ aiges ) 3laie (ogeaine (5351 i
Sl rlpln ol 4203 90 (6 I8 )L aysly w0 S 9kS 2 Jo35kS 5.96
Sl (n 5 a1 8551 23la plgie 4 iU e dhalie (pl Sl eslil
pod Lroady g4z, 90 (il Lid (6 05k agly o cojl s

el 2 e s L

3 Julo b ag lio jo (goue Judxi  miwwimio —4-6
99 Lflo €9y=9, (SL‘) )‘ SO1EN 5”_‘>93 4_a9.ou uu).:)s)ﬁ M4 JS_.;';" BN
ol 0 00ls lis az 10 90 (g A8 L aysly Co go0e g 0y Sl
S e 295 Cillae 00,5 o blawl "14 ISa" 5l as jsblen
Ol 800 05 25 soue (g5l Jae 5 alisles] diges Sl JSi s
Coro (gl SR ol 1y oads aleeil goae slosilwand Coro Ll
LI CYUVE WESPIP I I N "15 JS_.Z" (gode Julov g o
J38le 50 0 (g3lwand digad 5 (ALl Wiged S sl |y il
aslie K0S b I35 cdls )0 ax 0 jao 6,05 ) dygly Ci ¢ usSL]
.A.;SGA

gh (o8 09 GLSa b g (Bl ST Jloged 99 0o Slgen
b aged lagl 00l Ll (65,31 A5 (S et i 935 5l0903 25
plodl (goue Jdo B 5 oo was o plii |y lr (Sade anl s
6‘4_..]5| sS_u ‘"15 JS..’L" 5 X 3] )‘«)9—6.; 9o o A'“SKSA uLu‘ |) (X
ool 8 gl 4o (il 59, Jdo @ 4 098 o cunlive gy jlade 4o
Wil slol jo i el (Judg (50508 (3loe s 98 50 (5,105
olml b aS S o Jes 5kl (BleS v g 90 wiilen &l g0 oyl
2 g adall Joo (hed 5lisS (593l Gl g ald 90 cnl o Ll

(&d3—=< 4 u’_mlf_.wla)] sl loges gy (T Coo Sy izen
Fo dnsly oo oal ()RSl diges Sl B gt e (655 23
@l 16" 515 sla o ol oo ools ()lis "16 JS&" o a0
SIS L agly o S5 H sladiges (goae slosjlwancss 5 alKioles]

time=0 (s)

] -

time=78 (s)

time=168(s) @ :
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Fig. 17 Comparison of experimental and numerical diagrams of lateral
force- displacement of empty H-shaped thin-walled under loading angle
of 90 °
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Fig. 18 Comparison of experimental and numerical diagrams of energy-
displacement of an empty H-shaped thin-walled specimen under
loading angle of 90 °

3Bl aiged sl e is (53,3l (g33e 9 (275 lo oged annlie 18 S
a0 90 5 8L aygly cov JBg Su H

400 T r - .
SOTEN
3001 LA 1
= SO6EN -~
=
) 200 o 1
< s
& SO4EN _ -
L
1001 oseN_ .-~ 1
ED
o i \ . .
0o 1 1.5 2 25 3

Thickness (mm)

Fig. 19 Diagram of energy absorption of four H-shaped thin-walled
section under loading angle of zero versus their wall thickness
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Fig. 15 Comparison of experimental and numerical diagrams of lateral
force- displacement of an empty H-shaped thin-walled specimen under
loading angle of zero
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Fig. 16 Comparison of experimental and numerical diagrams of energy-
displacement of empty H-shaped thin-walled under loading angle of
zero
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Table 5 Comparison of experimental, numerical and theoretical results

of energy absorption capacity of several H-shaped thin-walled samples

Ot e o @l
Kalojl iged A5
s 0oy S o9 e S5 e
3.7% 128.93 133.91 1323191 0 SO4EN
5.06% - 52.30 55.09 0 SOSEN
3.18% - 230.67 223319 0 SO6EN
45% - 35359  337.6129 0 SO7EN

e 4 ol (lopls 5 orpe Sl e Sy b Alia o o Sl
84.18% 556.83% . f;e 4« Js3 20.93 5 57.11 (65,31 i cud s L
£ 4 o (g 00t Jidl sLiad) Gy Slal &5 Jl> o sl jiioy
H dg s 51 oolizasl ool (6,53 eyal ool sl ey 53 alaie

a3 oo lis (655 Ll SO lsie a1y Sl

&5 o -7
Cualied g Jybo ol Jdyp chlises (pwiin sl el )y Sl i ol yo
5 OLmch pd oaiS » bawg ladiges alides (Sadp S a0 )lax
iz Cdib (Sl 59 e 635 (S0 Al Sl S
€95 S il Sadog anl B o 5 pesaste 5l iz (sl
sl lad IS L eSS H alatie o b S36 e b
5 Lo g2 5 (55 (2l ile] (sla by, 4o (Soliulas byls
el osd Jolo ) gl 5 (o2
P e o e s oo (S 0ud plxll 08 @l e
lul) (o 0550 Aigad asl Jobo L il (Saiiigg anl
il Gialidl diges adsl Job azse Ko Ol ols (s
Obes o Sl (il (Sud lp eV (Sl o e
pyaly s oad Qi (65, lade JA 0gd co s (Cas
Jsbo 5l Jitne 090 o0 00l (ogats (651 iz & ladiges
el |
lodises o @i Saby clb aw oo mliawlia b o
gy S ooty MalS g S H e o L
5 55 65 23 aye Olsie 4 ez )0 90 il )15 L
Gt Ol a3 90 (61381 4yl cod JLg aised
Lgdioo (Frre JE 55 Dl
Cizr byl e G gl oad gliiul 695 Ly, @
Ay o §IEL ly s JBB g sladiges by (555
@ose sla o g (655l iz calise p5lSe 90 el
L (65,01 i byl S ams e Lt oads plovl
5 ol atinly 1 oo Cules pgs g 4 S H S50l
3 i Peted laddsed 65l Qi Cudib an o
el FS B ol b bl slaaise o550 iz el b
S Gkl (liolesT 5 oae (028 @l G SIS amlin b
ol 0 ool gy ©30 5 Como 5| Sl 45 b ssnlie mls st

&xlp-8

[1] S. Azarakhsh, A. Rahi, A. Ghamarian, H. Motamedi, Axial crushing analysis

of empty and foam-filled brass bitubular cylinder tubes, Thin-Walled
Structures, Vol. 95, No. 1, pp. 60-72, 2015.

8 o)laibs 17 0931396 oLT (Hurde Suilfo wie

L aline ablio b aulio o 1) mi oo cules b SO H S50 o
ool Gralidl il oo aas o slpiin S 6 S o las Culbis
A ol Seodly S5 s o581 oS e b S H sdaiia ol clies

el ol 0525 (pge (IS 5k

9 600 Jdxi 90 b dmg Lo j0 (6,955 Judowd' (xiow o —6-6

sty
Calis ialy sl as 0o 5 svalie "19 ISE" (g9, 0ol plol dulis
byl e o (il g, SO el (S H ST las alais oo
A AS e Cmnd o Az )8 Slales Wiz SO o 8 ey ¢ a3
p90 et L U H S5blas ahaie (65,0 de cod )b S0 ojle
Ol g0 ceenl JB g Cl iS04l puditas bLS 1 ] oo calses
el adlie oyl yo eund a8l (6,955 Judod b ases cpl duslie cannd
ablin (65,5 iz cd b (5,05 idu ,0 edds gl el (13) abal,
Ll 5o ile (Sabit) Samed ol (b, JS6 H S5kl
Sil iz Eudil 6,95 dal) (ol Billas Wjo0 eSS (Slinlacd
ly S3b ez dges Jsb Jsl olg g 0las culses pgo ol 4 Lisle
Wl goue lagilwan i Jaxrl a5 "19 JL.;S" (b 3wl
9 UT o laz Cwlbs pogo la an Lzl (65,5 i o b ks'i"‘““‘j
@l o etz Gl ol s e i 1) T sk Jsl ol & ksl
Jlow s (goue slagiloas o Gmliwl.oj =l 5 sy Sl
S35 Jlow Como S (omyn sl 08 (o0 DLST) 0ud el (6595
L (13) Ty d.la.ab Ja..aj_\ ol (S e 6))J| od> u..;!).,o IRV 43|)|
Jlod (b Gy asged S sln oad Tl 65l i el b
50 0 )8 el sl sad awslie K0S L5 Jgax o o alKisle]
3 S las adate diges SO (6550 Qi Cud b waas o lis Jeus (ol
L ol e 5 as (SOAEN a5ged) (so0e (g5lamd s g Linlol plol
4ged cpl (85 o ud bl odd s 93 132.3191 4 128.93
Gl a8 050 oe (o ey Jo3 13391 L 5 (13) (5,95 el
Sl 6,555 Julow ©ds § Como «Slgan (pl s oo lis |y s Jle
solie B Jsaz 10 (cpemd 0 il e D3l s |y gy cpl jo oud
GRS ,L a0 jho dgly Cood a5 K0 dged duw (655 L cud b
dolie S0 S Ly asloads s (6008 5 (6,655 g, 90 5l 5 wiloads
ez 4 S aas o s Jgaz il jo eand 3155 mmls aS s
sl 00,3 6 5| fiaS 00l g 2 sladigad plad sl (6555 bt
Iy ol iy g adlie ol 5o oo gl 5wl (6,555 Julow (oYL 8o a5

s o lis

ool I 30 1o ablio g JSCih H dg y dus i -7-6
o=l il (Sobiomtg 9l ® (SIS H g o Slee (IS 2050 6l
MM Cwles 340 MM 2l s an oy S50 ooz diged SO L Judgpy
1.6 MM culs 540 MM, s a slo,ls S50 o> dges S 5 1.6
O iy o=l el ool aglae K085 b g (giluand soue Ojea
J95132.3191 (S H 3L las ataie (65,50 i cud b was o

222


http://www.sciencedirect.com/science/journal/02638231
http://www.sciencedirect.com/science/journal/02638231
https://dorl.net/dor/20.1001.1.10275940.1396.17.8.25.9
https://mme.modares.ac.ir/article-15-5098-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1396.17.8.25.9 ]

Obled 9 5)9 48 Hize

JSi H o556)1sa alade gl b 5ogaiaegT Jads s 63051 v da 3isTrd 698 9 338 o1y Jukxs

tubes with metal foam core, International Journal of Mechanical Sciences,
Vol. 91, No. 1, pp. 99-109, 2015.

[19] A. Baroutaji, M. D. Gilchrist, A. G. Olabi, Quasi-static, impact and energy
absorption of internally nested tubes subjected to lateral loading, Thin-
Walled Structures, Vol. 98, No. 2, pp. 337-350, 2016.

[20] A. Niknejad, P. Heidari Orojloo, A novel nested system of tubes with special
cross-section as the energy absorber, Thin-Walled Structures, Vol. 100, No.
1, pp. 113-123, 2016.

[21] A. Baroutaji, M. D. Gilchrist, D. Smyth, A. G. Olabi, Analysis and
optimization of sandwich tubes energy absorbers under lateral loading,
International Journal of Impact Engineering, Vol. 82, No. 1, pp. 74-88,
2015.

[22] S. A. Galehdari, M. Kadkhodayan, S. Hadidi-moud, Low velocity impact and
quasi static in plane loading on a graded honeycomb structure, experimental,
analytical and numerical study, Aerospace Science and Technology, Vol. 47,
No. 1, pp. 425-433, 2015.

[23] M. Choubini, G. H. Liaghat, M. Hossein Pol, Investigation of energy
absorption and deformation of thin walled tubes with circle and square
section geometries under transverse impact loading, Modares Mechanical
Engineering, Vol. 15, No. 1, pp. 75-83, 2015. (In Persian ., ,l$)

[24] R. Rajabiehfard, A. Darvizeh, M. Alitavoli, H. Sadeghi, M. Moghaddam, N.
Noorzadeh, An investigation into the behavior of cylindrical shells with
different thickness distributions under axial quasi-static and impact loadings,
Modares Mechanical Engineering, Vol. 16, No. 12, pp. 269-280, 2016. (in
Persian ..,15)

[25] M. Damghani Nouri, H. Hatami, A. Ghodsbin Jahromi, Experimental
investigation of expanded metal tube absorber under axial impact loading,
Modares Mechanical Engineering, Vol. 15, No. 1, pp. 371-378, 2015. (In
Persian ..,15)

[26] E. Mahdi, A. M . S. Hamouda, Energy absorption capability of composite
hexagonal ring systems, Materials and Design, Vol. 34, No. 1, pp. 201-210,
2012.

[271E. S. Mahdi, H. E. Kadi, Crushing behavior of laterally compressed
composite elliptical tubes: Experiments and predictions using artificial neural
networks, Composite Structures, VVol. 83, No. 4, pp. 399-412, 2008.

[28] R. Ghajar, A. Rassaf, Effect of impactor shape and temperature on the
behavior of Eglass/epoxy composite laminates, Modares Mechanical
Engineering, Vol. 14, No. 10, pp. 1-8, 2014. (In Persian ..,13)

[29] N. Tavassoli, A. Darvizeh, M. Darvizeh, S. A. Sabet, Analytical and
experimental investigation into the crushing behavior of hat shaped
composite energy absorber, Modares Mechanical Engineering, Vol. 14, No.
14, pp. 211-216, 2015. (In Persian ..,

[30] S. P. Santosa, T. Wierzbicki, A. G. Hanssen, M. Langseth, Experimental and
numerical studies of foam filled sections, International Journal of Impact
Engineering, Vol. 24, No. 5, pp. 509-534, 2000.

223

[2] X. Yu, X. Qiu, T. X. Yu, Theoretical model of a metal tube under inversion
over circular dies, International Journal of Mechanical Sciences, Vol. 108-
109, No. 1, pp. 23-28, 2016.

[3] M. Nema-Alla, Reproducing hoop stress—strain behavior for tubular material
using lateral compression test, International Journal of Mechanical Sciences,
Vol. 45, No. 4, pp. 605-621, 2003.

[4] B. Rezaei, A. Niknejad, H. Assaee, G.H. Liaghat, G.H, Axial splitting of
empty and foam-filled circular composite tubes - An experimental study,
Archives of Civil and Mechanical Engineering, Vol. 15, No. 3, pp. 650-662,
2015.

[5] X. Pang, H. Du, Dynamic characteristics of aluminium foams under impact
crushing, Composites Part B: Engineering, Vol. 112, No. 1, pp. 265-277,
2017.

[6] L. D. Mutchler, Energy absorption of aluminium tubing, Journal of Applied
Mechanics, Vol. 27, No. 4, pp. 740-743, 1960.

[7] J. A. DeRuntz, P. G. Hodge, Crushing of a tube between rigid plates, Journal
of Applied Mechanics, Vol. 30, No. 3, pp. 391-395, 1963.

[8] R. H. Burton, J. M. Craig, An investigation into the energy absorbing
properties of metal tubes loaded in the transverse direction, BSc
(Engineering) Report, University of Bristol, Bristol, England, 1963.

[9] A. G. Hanssen, M. Langseth, O. S. Hopperstad, Static and dynamic crushing
of square aluminium extrusions with aluminium foam. International Journal
of Impact Engineering, Vol. 24, No. 4, pp. 347-383, 1998.

[10] N. K. Gupta, G. S. Sekhon, P. K. Gupta, Study of lateral compression of
round metallic tubes, Thin-Walled Structures, Vol. 43, No. 6, pp. 895-922,
2005.

[11] S. A. Karamanos, C. Eleftheriadis, Collapse of pressurized elastoplastic
tubular members under lateral loads, International Journal of Mechanical
Sciences, Vol. 46, No. 1, pp. 35-56, 2004.

[12] Z. Fan, Z. Shen, J. G. Lu, Investigation of lateral crushing of sandwich tubes,
Procedia Engineering, Vol. 14, No. 1, pp. 442-449, 2011.

[13] A. Niknejad, S. A. Elahi, G. H. Liaghat, Experimental investigation on the
lateral compression in the foam-filled circular tubes, Materials and Design,
Vol. 36, No. 1, pp. 24-34, 2012.

[14] A. Niknejad, S. M. Elahi, S. Ahmad Elahi, S. Ali Elahi, Theoretical and
experimental study on the flattening deformation of the rectangular brazen
and aluminum columns, Archives of Civil and Mechanical Engineering, Vol.
13, No. 4, pp. 449-464, 2013.

[15] A. Niknejad, D. M. Rahmani, Experimental and theoretical study of the
lateral compression process on the empty and foam-filled hexagonal
columns, Materials and Design, Vol. 53, No. 1, pp. 250-261, 2014.

[16] M. Zohrabi, A. Niknejad, S. Ziaee, A novel method for enhancing energy
absorption capability by thin-walled sections during the flattening process,
Thin-Walled Structures, Vol. 97, No. 1, pp. 140-153, 2015.

[17] Z. Xiao, J. Fang, G. Sun, Q. Li, Crashworthiness design for functionally
graded foam-filled bumper beam, Advances in Engineering Software, Vol.
85, No. 1, pp. 81-95, 2015.

[18] J. Shen, G. Lu, D. Ruan, C. C. Seah, Lateral plastic collapse of sandwich

8 o ploss 17 ©)93 1396 LT ()3 SHlse Sw e


http://www.sciencedirect.com/science/journal/00207403
http://www.sciencedirect.com/science/journal/00207403
http://www.sciencedirect.com/science/journal/16449665
http://www.sciencedirect.com/science/article/pii/S1359836816314536
http://www.sciencedirect.com/science/article/pii/S1359836816314536
http://www.sciencedirect.com/science/journal/02638231
http://www.sciencedirect.com/science/journal/02638231
http://www.sciencedirect.com/science/journal/02638231
http://www.sciencedirect.com/science/journal/02638231
http://www.sciencedirect.com/science/journal/0734743X
https://dorl.net/dor/20.1001.1.10275940.1396.17.8.25.9
https://mme.modares.ac.ir/article-15-5098-fa.html
http://www.tcpdf.org

