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Investigation into Characteristics of Bending Stiffness and Failure for ISB
Panel
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ABSTRACT

The objective of this research works is to investigate into characteristics of bending stiffness and failure for the ISB
ultra-lightweight panel with internally structured material. The expanded metal with a crimped pyramid shape and
woven metal are employed as an internally structured material. Through three-points bending test, the force-
displacement curve and failure shape are obtained to examine the deformation pattern, characteristic data, such as
maximum load, displacement at maximum load, etc, and failure pattern of the ISB panel. In addition, the influence of
design parameters for ISB panel on the specific stiffness, the specific stiffness per unit width, failure mode and failure
map has been found. Finally, it has been shown that ISB containing expand metal with the crimped pyramidal shape is
prefer to that containing woven metal from the view point of optimal design for ISB panel.

Key Words : ISB pancl(ISB #'dl), Expanded metal (2] 2B = Z%), Woven metal (B3 23 &%), Three points
bending test (3 T Al¥), Specific bending stiffness (8] & P72 4), Failure mode (FERT),
Relative density (‘3 THE &)

7154y W = width of specimen
t = thickness of specimen
¢ = bending angle of woven metal C = thickness of internally structured material
0 = crimping angle of expanded metal with pyramid mysg = mass of ISB panel
shape D, = diameter of supporters
L = length of specimen D, = diameter of punch
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W, = width of supporters
n, = number of unit structure in the width direction
n, = number of unit structure in the length direction
S = span size between supporters
= load in three points bending test
& = displacement in three points bending test
p; = relative density of ISB panel
pisg = density of ISB panel
Psolia = density of solid material
P...x = maximum load of each experimental
conditions
= maximum load per unit width of specimen
8, = displacement at the maximum foad
g = acceleration of gravity
oy = specific stiffness of ISB panel
Bx = specific stiffness per unit width of specimen
Keq = equivalent stiffness of ISB panel
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Fig. 1 Structure of expanded metal with pyramid shape
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Fig. 2 Structure of woven metal
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Fig. 3 Design parameters of specimen for ISB panel with
expanded metal
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Table 1 Dimension of design parameters for specimens
for the case of ISB panel with expanded metal
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Table 2 Dimension of design parameters for specimens
for the case of ISB panel with woven metal

Material L w t C Mg
o | L | W " C | mm Dir. | (mm) | (mm) | (mm) | mm) | (g)
(deg) | (mm) | (mm) | (mm) | (mm) (g) 160 20 2.26 1.71 22.5
20 2.77 2.17 17.5 30 2.30 1.70 33.0
160 Weft
9 30 2.82 2.22 26.0 200 20 2.25 1.65 29.0
200 20 2.80 2.20 23.0 30 227 1.67 41.0
30 2.85 2.25 33.0 160 20 2.31 1.66 22.5
20 2.37 1.77 17.5 30 2.25 1.65 32.5
0 ™30 | 242 | 182 | 265 Wrap 20 | 228 | 168 | 290
120 200
200 20 2.35 1.75 25.0 30 2.25 1.65 41.5
30 2.30 1.70 320
160 20 1.61 1.01 17.5 Table 3 Number of unit structure in the direction of the
30 1.62 1.02 25.5 specimen with expanded metal as internal
150 200 20 1.58 0.98 25.0 structure
30 1.56 0.98 32.0
W(mm) 20 30
L n(EA) 5 7
W _l L(mm) 160 200 160 200
0=90° | 21-22 | 26-27 | 21-22 | 26-27
m 0=120° | 22-23 | 28-29 | 22-23 | 28-29
(EA) 6=150° | 23-24 | 29-30 | 23-24 | 29-30

Fig. 4 Design parameters of specimen for ISB panel with
woven metal
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Table 4 Number of unit structure in the direction of the
specimen with woven metal as internal structure

W(mm) 20 30
n(EA) 5 7
L(mm) 160 200 160 200
ny Weft 38-39 | 47-48 | 38-39 | 47-48
(EA) Wrap | 38-39 | 47-48 | 38-39 | 47-48
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Fig. 5 Experimental set-up

Table S Set-up conditions of three-points bending tests

S (mm) Dp (mm) D, (mm) W, (mm)
120
25 25 58
160
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Fig. 6 Force-displacement curve according to crimping
angle (L = 160 mm, W = 20 mm)
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Fig. 7 Force-displacement curve according to crimping
angle (L =200 mm, W = 30 mm)

HZAA () B ABEY uBE @) &
4 (3), (4) o 2ol AT Fig. 83} 9= A
A3t A58 299 43 WPy 2 AAREG o)
%4 BA



- F54

AR ALTREA A 22A A9

Fig. 8 7 9 ¢} o] A 2A19 % AP 7o
FME5E Ae) Mydoz wAgel Zast:e
AL o 4 9ot ojAL AW o] ZrlE4E
WRrzAY TR I ol —‘no}xw ISB

#de) AuAxg UM n, UETEEe] &%
I} Ao d¥z wdstd A AT ] g
Bz Aloje] F&of < WY A FHIY

@ 2 A RAlEZF ghol Aaste] A AY &F
o] Aadte 27HA olf WELE AR

Table 6 Results of three-points bending tests for the case
of ISB panel with expanded metal

0 %8| () | o) | (0 | () | i)
160 20 0.09 1.48 4.40 0.25
9 30 0.13 1.54 4.30 0.24
200 20 0.09 2.98 4.35 0.25
30 0.14 3.38 4.70 0.24
160 20 0.07 |.2.20 3.90 0.29
120 30 0.11 2.15 3.70 0.28
200 20 0.06 3.20 3.00 0.32
30 0.10 3.44 3.16 0.30
160 20 0.05 3.01 2.40 0.42
150 30 0.07 2.76 233 0.41
200 20 0.04 4.21 2.00 0.48
30 0.06 425 1.90 0.42
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Fig. 8 Relationship between crimping angle and specific
stiffness for the case of I1SB panel with the crimped
pyramidal expanded metal
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Fig. 9 Relationship between crimping angle and specific
stiffness per unit width for the case of ISB panel
with the crimped pyramidal expanded metal
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Fig. 10 Center depression failure of ISB panel with the
crimped pyramidal expanded metal (8 = 90 °)

Fig. 11(a) Center depression failure of ISB panel with the
crimped pyramidal expanded metal (6 = 120 °,
L =160)

Fig. 11(b) Face wrinkling failure of ISB panel with the
crimped pyramidal expanded metal (0 = 120 °,
L =200)
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Fig. 12 Face wrinkling failure of ISB panel with the
Crimped pyramidal expanded metal (8 = 150 °)
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Fig. 13 Failure map of ISB panel with the crimped
pyramidal expanded metal
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Fig. 14 Force-displacement curve for ISB panel with the
woven metal (L = 160 mm)
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Fig. 15 Force-displacement curve for ISB panel with the
woven metal (L =200 mm)
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Table 7 Results of three-points bending tests for the case
of ISB panel with the woven metal

Material| L W | Prax Oy P,
Dir. |(mm) | (mm)| &N) | (mm) |@eN/m) P
160 20 0.11 | 6.04 { 550 | 0.39
30 0.16 | 570 | 533 | 0.37
Weft
200 20 0.09 | 7.92 | 4.50 | 0.41
30 0.13 | 7.71 | 447 | 0.38
160 20 0.13 | 450 | 6.65 | 0.38
30 0.19 | 4.04 | 6.53 | 0.37
Wrap
200 20 0.10 | 9.54 | 5.05 | 0.40
30 0.15 | 874 | 487 | 0.38
20 I L =160mm W =20mm
-l = 160 mm, W = 30 mm
~i~L = 200 mm, W = 20 mm
15 [ +L=2M--,W=30--/
E 0 |/
3
0.5 : —
00 L—
0 30 60 90
Welt Dir. Wrap Dir.

Material Dir. (deg)

Fig. 16 Relationship between material direction and
specific stiffness of ISB panel with the woven

metal
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Fig. 17 Relationship between material direction and Fig. 19 Failure map of ISB panel with woven metal
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Fig. 18(a) Failure shape of ISB panel with the woven
metal (Thickness direction of specimen)

Fig. 18(b) Failure shape of ISB panel with the woven
metal (Upper surface)
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