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Influence of dimensional ratio on collapse characteristics for
the thin-walled structures of light weight
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Jong-An Jung - Jeong-Ho Kim - In-Young Yang
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ABSTRACT

In this study, collapse test of thin-walled structure is performed under axially quasi-static
and impact load in collapse characteristic to develop the optimum structural member for a
light-oriented automobile. Furthermore, the energy-absorbing capacity is observed according to
the variety of configuration(circular, square), aspect ratio in aluminum specimen to obtain basic
data for the improved member of vehicle.

In both quasi-static and impact collapse test, Al circular specimens collapse, in general, with
axisymmetric mode in case of thin thickness while collapse with non-axisymmetric mode accor-
ding to the thickness increase. For Al rectangular specimens, they collapse with axisymmetric
mode in case of thin thickness, with mixed collapse mode according to the increase of
thickness.

In terms of initial max. load, Al square specimen turns out the best member among speci-
mens, and then Al square, circular and circular with large scaling ratio, respectively. In case of
quasi-static compression test, the absorbed energy per unit volume and mass shows higher in
Al circular specimen, and then Al square, circular with large scaling ratio, respectively, ac-
cording to shape ratio the absorbed energy per umnit volume and mass in case of max. impact
compression load is higher than that of static load. But the absorbed energy per unit volume
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and mass shows that Al circular specimen is the best member. Especially, unlike max.
compression loan, the absorbed energy per unit volume and mass in impact test turns out the

low value.
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Fig. 1 Configuration of the thin-walled specimens

Table 1 Definition of the specimen number

A CLS 00 8O ®

l A Aluminum

C: Circular $30mm
L: Circular $45mm
S Square
Thickness

070 : 0.7mm

095 0.95mm

120 1.20mm

145 1.45mm

S: Statics
I : Impact

Specimen number
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Fig. 2 Impact testing setup for crushing
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Fig. 4 Relationship between load and displacement
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Fig. 5 Shape of circular specimen by static collapse
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Fig. 6 Shape of square specimen by static collapse

B9 gAllel Jge NAE AoE 958 F
S, 53, S e Agd d5E
zo) w4l wch Telm, BEgAeEe)
Ade GANY ARV FF-AA4ES
HEste] ALl S WA T3 2ol
R,

F,=

olM TR BF FASFL FAAY A
HH oz Yo HFSY o.,2 7Y
o},

Arzte u dEnE 4%
uren sl o] AA gAAME A - F F
Bo] A% Qe wonz GAANZY Jehd
s a7 ”%}Xl %6ﬁ AgTdo] ghukats

R e L L s Ry

N

AR, FEoA Vet A @
Asze ohe —3—91 el wal B 2e g
2 ek

w3 dFnE 9% dsRAe] Fau st o
A5AA vAE 9FS 2337 Y3t W3
30mmeo) = Zo] 100mm¢<! A9 W7 45mmeo]
I Ho] 150mm<l #AE ZzZk 07, 095 1.2
145mm7t HEE AWrbEsie gAdEE @
ot WA 0mme LF0E 4F SSFAS

Journal of KIS Vol. 13, No. 3, September 98



97 Hmm FFUF A5 W4V L 97

Wy Al RAe 244 49 QWA 3

Azstg wRLH YAl LASYO olKE 2Y

T3S st Table 2, 39 et

Table 2 Mean value of circular specimens from experimental data

Specimen Aspect | Maximum Mean Absorbed Mean Encfgy per En.crg_v per Collapse
No. Ratio Load Load Energy Stress Unit Mass Unit Volume Mode
R/} | Fuax [KN] | Fn[KN] | Erl] | om(MPal | [KI/Kel (M]/m’]
ACO70S 21.42 9.54 375 237.72 67.20 1573 409 - N
AC0955 1578 13.52 6.99 426.10 84.38 19.34 51.27 S—N
AC120S 12.50 19.47 11.11 671.70 103.94 2368 62.09 S—N
ACL45S 10.34 2574 16.60 10124 123.83 28.08 75.09 S
ALO70S 3214 817 2.99 272.64 4197 875 25.39 N
AL095S 2368 1542 7.19 654.71 56.84 12.92 34.27 S—N
ALI20S 1875 21.10 10.59 963.99 59.07 1387 3586 S—N
AL145S 1551 2131 1568 1426.68 7062 16.57 43.03 N

Table 3 Mean value

S: Axisymmetric, N Non-axisvmmetric

of square specimen from experimental data

Specimen ASD{?C[ Maximum Mean Absorbed Mean Energy per Er?ergy per Collapse

No. Ratio Load Load Energy Stress Unit Mass | Unit Volume Mode
[C/A] | Froax[KN) | FulKN] | Erlll | om[MPal | [KI/Kel MI/m’]

AS070S 35.71 1228 451 275.12 59.52 1357 36.35 S

AS095S 2631 18.36 7.01 427.61 69.21 16.71 42.28 S—N

AS120S 20.83 26.72 1166 711.08 88.65 20.43 54.14 S—N

AS1458 17.24 34.04 16.23 9390.06 10185 23.32 6221 S—N

S: Symmetric, N Non-svmmetric
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Table 4 Mean value of circular specimens from experimental data

Specimen Aspe'zct Maximum Mean Absorbed Mean Ene.rgy per En.ergy per Collapse
No. Ratio Load Load Energy Stress Unit Mass | Unit Volume Mode
(R/t] | Frax [KN] | FulKN] | Er[]] on{MPal | [KI/Kgl IMJ/m’]
ACO07015 21.23 10.38 249 205.61 42.87 1347 3545 S
ACO095I5 15.65 1848 5.36 393.50 101.02 17.36 47.35 S
AC09519 1565 20.15 416 37807 50.29 17.16 4549 SN
ACI12015 12.39 21.65 6.39 22860 59.74 7.983 21.28 S—N
AC12019 12.33 2365 579 417.70 54.20 417.70 14.60 S—N
AC14515 10.26 26.40 11.48 32375 85.64 898 24.01 S
AC14519 10.26 29.10 7.18 471.79 53.56 13.09 3499 S—N
ALQ7015 34.78 14.90 499 611.03 69.88 1961 56.91 S
AL0%BI5 23.86 1810 6.04 393.60 4769 777 2060 S—N
ALO095I9 23.86 42.10 8.39 942.35 66.30 18.60 49.33 S—N
AL12015 1761 23.00 950 294.40 52.96 424 1095 S—N
ALI12019 17.61 32.10 771 73550 42.99 1058 27.36 S—N
AL14515 14.45 27.00 10.56 278.70 4755 324 841 S
A114519 1445 40.10 11.82 664.40 53.25 7.72 20.04 S

S: Axisymmetric. N : Non-axisymmetric

Table 5 Mean value of square specimen from experimental data

Specimen Aspect | Maximum Mean Absorbed Mean Energy per Energy per Collapse
No. Ratio Load Load Energy Stress Unit Mass Unit Voh;me Mode
[C/t] | Fmax (KNI | Fry {KN] Er(N 6 m [(MPal] [KI/Kgl [MJ/m’}
AS07015 3354 14.00 311 258.30 41.02 1272 3413 S
AS095I5 25.30 20.20 6.14 369.40 6.14 1443 36.57 S
AS09519 25.30 27.00 6.80 642.40 67.10 25.10 63.59 S—N
AS12015 1974 23.00 10.36 208.30 40.77 598 15.86 S—N
AS12019 19.74 20.35 6.47 498.80 49.20 14.33 37.98 S—N
AS14515 16.44 3125 15.86 398.15 99.54 9.38 25.02 S—N
AS14519 16.44 33.90 1116 754.60 70.04 17.77 4742 S—N

ool d¥AAEREH FAM e FH7 D
mm?! AFFA, A% 46mm EFA R ¥
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S Symmetric, N : Non-symmetric
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Table 6 Comparison of the static and impact collapse characteristics
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