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Abstract: A beam is a major load-carrying member in many engineering structures. Beams with properly designed
cross sections and stiffeners are required to enhance the structural properties. Such a design may cause various coupling
behaviors, and therefore, an accurate analysis is essential for the proper design of beams. In this research, we
manufactured box-beams with stiffeners, which mimic the out-of-plane composite bending-shear coupling behavior
reported in literature. A modal test is carried out to obtain the dynamic characteristics, such as natural frequencies and
mode shapes, of the box-beam. The obtained results are compared with those of 3D FEM, which confirm that the out-
of-plane bending-shear coupling behavior reported in literature is possible. The coupling behavior can be controlled by
the proper design of the stiffeners.
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Fig. 1 Design of 45" tailored box beam
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Table 1 Natural frequencies of 45° tailored box beam
according to Young’s modulus

1 Mode |2™ Mode |3™ Mode |4™ Mode
46.6 207.51 376.5 1182.4 1609.7
(GPa) (Hz) (Hz) (Hz) (Hz)
52 2223 402.47 1249.1 1700.4
(GPa) | (Hz) (Hz) (Hz) (Hz)
59.6 238.07 430.88 1337.2 1820.4
(GPa) | (Hz) (Hz) (Hz) (Hz)

Table 2 Natural frequencies of 0° tailored box beam
according to Young’s modulus

1 Mode |2™ Mode |3™ Mode |4™ Mode
46.6 202.11 372.69 1133.7 1920.6
(GPa) (Hz) (Hz) (Hz) (Hz)
52 213.5 393.69 1207 2031.0
(GPa) | (Hz) (Hz) (Hz) (Hz)
59.6 228.57 421.48 1292.2 2174.3
(GPa) | (Hz) (Hz) (Hz) (Hz)
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Fig. 2 The second mode shape of 45° tailored box beam
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Fig. 3 Shear deformation due to the bending-shear
coupling in the second mode shape
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Fig. 4 Impact and sensing locations in three-dimensional
finite element model

o, FAo YEhdE we e Ad o
S Fig. 3 o Bojx|ar gt} o3k AAA
HHow PP ==L, Fig 3 oA
EolstAl 2EM FHE YedS & F

%0,
o

olﬂy
|

-

%0, kT ot 3 X
(o]

St o X K

tlo ofo
fz
©
rr
&
z
W

Ho| i3] ANSYS A AF Harmonic
Response 3ll4]1S 333t Fig. 4
A SRS A7 2
of AW (x)SE IN ¢
Ao A H R (x) o] T3t
A7 Sl AFol ol&
AfrFal A o] ks TR, Al A
A= oAy 7HA el oste] 3
"o & AFoAN s dddA Ass sa

nlaLste] Blsle o] F 2 o]
1

P oo o

=¥ ol

% ooy

Y o
e B

e

3

Y
|

o
ol
2
N
=
ﬁ‘, o

o=

4

o B o
eI )

oo 1 Hl & 2 o ro

>
=



644 4449

SRk ForEsHS @9 FAsT Wd 7
AR M o] 7HEE SR ol
Zh7ke] A 91 A (Fig. 4 )M Fataa5 3l
A3E BAse] 1 AR=9l 2 o] & Fst

A

X
= AFTagolA Y HugS EokA Fig 5 9
TAE T ZIdigt AAH EEsAoae e
AAAETE Holes S IS & A 97]
A T HL, Fig. 5 oA BoX & REFA4S
Aukx el mrsfale] Axjel= ou|rl tEuE
Zolth, A9 Weke] | AE=o] WEky) 740
71 wZoll 1 RE=e] A7|7F Fjd ez 2 2 A
AR} H|523 A7]5 Hol7] wiolt), wWelw
P2 (F 1 AE= ) 48 Tvd 1 Ak
L) A7)1= w9 JA SAH.

i
o o

(i / 57)
500
430
400 | ™2nd Mode

| ®1st Mode

330 -
300
230 +
200 -

150
100
30 +
U 4

Acceleration

1 p 3 4 > [*] ! 3 9 10 11

Sensor Location

Fig. 5 The distributions of accelerations at each point
under unit impulse at free end for the 45° tailored
box beam
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Fig. 6 The distributions of accelerations at each point
under unit impulse at free end for the 0° tailored
box beam
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Fig. 16 Comparison of FRFs obtained by FE analysis
and experiment for 45° tailored box beam
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Fig. 17 Schematic of experimental test setup for 0°
tailored box beam
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