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A Study on Flexural Behaviors of Sandwich Composites
with Facesheets of Unequal Thickness

{\J:,C_)}g‘f OIKHOE:‘* . 1‘??%_75_** . OIQH***

Kwang-Bok Shin - Jae-Youl Lee - Bong-Jo Ryu - Sang-Jin Lee

Sandwich composites made of glass fabric epoxy facesheets with aluminum honeycomb core or balsa core is
considered for the structural design of bodyshell of a Korean Low Floor Bus. Initially, in order to select the optimal
facesheet and core materials in design stage, the flexural response of a sandwich composite is a critical importance.
In this study, theoretical formula which could easily and quickly evaluate and obtain the flexural responses such as
deflection and flexural stiffness of a sandwich composite subjected to external load was established. This theory could
calculate the flexural responses of sandwich composites with narrow as well as wide width and with facesheets of
unequal thickness, and also distinguish between the bending and shear effects of deflection. Finite element analysis
using ANSYS V10.0 was used to offer the best elements for real sandwich composites, and flexural test according
to ASTM C393 was conducted to compare with the results of theoretical formula and finite element analysis. The
results show that the flexural responses of sandwich composites using proposed theoretical formula is in good

agreement with those of experiment and finite element method.

Keywords : Flexural behavior, Sandwich beam theory, Sandwich composite
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Fig. 1. Design Concept of Korean Low Floor Bus.
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Table 1. The Types of Sandwich Composites Considered in Design

Stage.
Facesheet Core .
Name Material Material Thickness, (mm)
. Aluminum 5052
GE/AH | Glass fabric Honeycomb 3.5/24.4/2.0
/Epoxy (3/8"-5052-0.0025")
(WRS80/ BAlsa CK-100
GE/BA| NF4000) —ama LR 3.5/24.4/2.0
(Contour type)

WA= 2] Aaks), T F9lo A A=A, 4A 2
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Table 2. Mechanical Properties of Facesheet and Core Materials.

Elastic Modulus Shear Modulus

Poisson's ratio ;
Material (GPa) (GPa) Density

(kg/m’)
En | Ex |Ess| Gio |G| Gis| viz | va3 | vis
WR580
NEaoy | 2081|1871 (348 426 |142|142] 06 | 045 | 045 | 1850
Aluminum |3 3 1334|137 0,854 | 0.18| 0.18| 0991 |0.0001 |0.0001 | 59
Honeycomb
Balsa 016 10053 | 3.52| 0018 | 0.13] 0.19| 023 | 0009 0018 | 151
Ckooo | “16 | 0053|352/ 0.018 | 0.13 0191 0.23 | 0.009 | 0.
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Fig. 3. Total Deflection of Sandwich Beam.
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Fig. 4. Dimensions of Sandwich with Facesheets of Unequal
Thickness.
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Fig. 5. Shear Deformation of Sandwich Beam.
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Table 4. The Values of k, and ks with External Loads at Simple
Support Boundary Condition.

Beam Type ko ks
IP
\ ! 1 1
\ L2 \ Li2 \ 48 4
\ i \
[Simple Support & Midspan Loading]
P/2 l l P/2
| | 23 | 1
| Li3 | Li3 L Li3 | 1296 8
\ \ T \
[Simple Support & Third Point Loading]
Pr2 l l P/2
‘ ‘ 11 l
| L4 Li2 | L4 | 768 8
\ \ \ \
[Simple Support & Quarter Point Loading]
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Table 5. The Values of k, and ks with External Loads at Cantilever
and Both Ends Fixed Boundary Condition.

Beam Type ko ks
l P
L 1
| L | 192 4

[Both End Fixed & Midspan Loading]

P
1
= 1
\ L | 3
\ \
[Cantilever & End Loading]
T
m mﬁ\i‘v\\ 1 1
’ ‘ 15 3

\ L |
\ |

[Cantilever & Triangular Loading]
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180min
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&0 1.5C/min
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I Pressure Release Point |
]
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3
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Fig. 6. Autoclave Curing Cycle.
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Fig. 7. Fixtures of Flexural Test.
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Table 6. The Types of Element for FE Analysis of Sandwich
Composites using ANSYS.
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Case Elements Features
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2 BEAM 188 orl89 * Only sandwich beam
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SHELL 63 or 93 (facesheet)
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wpe} 32 o] AR 14
Ho] 3714 el 71 ;e%@ <l &49& FHAETH9). &
2= 2(solid element)Wo 2 AR 2
wdlo] vf-¢- =3 HAje] FAZ} ek A BEH
3l wiAsFATE

SHELL 915 ©]-88+ 841 7P AwhAl wio = Al
=9A gA(sandwich option)s ARESFH AAl= wek
“eH(transverse shear), WA= w3 sk @dshA s
BEAM 188 H=i= 189+ Timoshenko X o]&2& 7[qto =
star glom Hek WS aegich

whA WS H(transformed section method)S ©]-&3}e]
tUe s TS BEARHAT, Bl 288 5 9l W
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rg,
-u
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£
L
=
s
(@)
2

o)l x
S
o

]

SOLIDS} SHELL 2245 Z£35eto] AMgeh= 9= &
Z= @ 4vkS ARE3E 9o ulal] 84 9} A (degree
of freedom)7} 74xste] T&24 0% 3449l RS &
Ak

Ty Fig. 804 HRo] &Ejuet A 945 ZJse]
AREEE A A FAZE AARS (d—t.) 2 57t
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Fig. 8. Different Ways of FE Modeling for Sandwich Composites.
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(b) Third Point Loading (4-Point Bending)

Fig. 9. Loading and Boundary Conditions for Flexural Analysis of
Sandwich Composites.
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w715 BlaE 913k AlHe] A5 Table 794 1
Efflom, Hojof m} o] 7o s Hrtaslr] 918l 34
w3 EAelAE 29l Ho|(span length, L)E 100mm<}

230mm= LHFo] 22t wlalsts]

Table 7. The Dimensions of Sandwich Specimens for Flexural Analysis.

_ Type |Length,|Width,| Span Thickness
Specimen
of test Lt w|length, L| ¢ | ¢ | &
agq | 3 Point [ 150 [ 76 | 100 35 [244]20
G& Bending | 250 | 76 | 230 | 3.5 |24.4]20
GEBA | 4 Point |0 a6 | 210 | 35 |244] 20
Bending

* Unit, mm

@ AA 723t v

Fig. 10> WRS580/NF4000 E3t#] WAje} &Fr]s s
7] 5°|(GE/AH A1), WR580/NF4000 E-34] A} 1k
Al FO(GE/BA Al E 48 AM=912] Bl thgk A
7 A= o] 224 15)7 ASTM €393 23 AJg 13}
AL frekedeafaol ofal nlasie] vekd Aol K=
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570 Aol tigk Bk A8eoink AlE ghsel o
A= e el eI

rh‘ rlo m

|

3}
“

[ 1GE_AH sandwich
[ GE_BA sandwich

) : Standard deviation for test

1.0¢
0.8
E o6l
£ 0.6
=
2
=
§ 0.4
‘S | (3.18%) 0.245
o (4.15%) 0244 4,34 006 0215 (0245 0233 0.257 0.253
i m
0.0 Tl F F F
Experi,,-,ent heory EA(Beam) EA(She”) EA(Solid/She”)
(a) 3 Point Bending (L=100mm)
[ GE_AH sandwich
() : Standard deviation for test [ GE_BA sandwich
1.0 5555 oo0e o975l [0:989}——
(4.72%)(1.35%) [0:942] [0.934] 0.955|
] 0.903 [0.886]0.897
0.8
E L
£ 0.6
=
=
o=
§ 0.4 H
=
@
[=]
0.2 H
0.0

Ex”erimem Theory FEA(Beam ) FEA(SheII) FEA(Solid/s;,e")

(b) 3 Point Bending (L=230mm)

[_1GE_AH sandwich
[ GE_BA sandwich

1.0 () : Standard deviation for test

0.8 -

0.6 |-0553 0557 0589 o584 0585 (oon
. 7.4
[(0.82%)7.49%) 0543 o co0 0854 521

Deflection(mm)

Expenment Theory, FEA(Beg, ) FEA(Sheu) FEA(SoI:d/She,,)

(c) 4 Point Bending (L=210mm)

Fig. 10. The Results of Deflections for GE/AH and GE/BA
Sandwich Composites.
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Fig. 11. The Comparison of by Bending and Shear Deflection
with Span Length, Core material and Applied Loading.
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Table 8. The Results of Flexural Stiffness vs. Weight for GE/AH
and GE/BA Sandwich Composites.

Unit 3Pt(L=100mm) | 3Pt(L=230mm) | 4Pt(L=210mm)
[kN/mm/kg]| GE/AH |GE/BA | GE/AH |GE/BA | GE/AH |GE/BA

81.00 | 74.30 | 13.66 | 11.68 | 24.91 | 19.33
(3.71% | (3.65%)| (0.90%) | (8.95%| (2.97%) | (5.49%)

Theory 9433 | 76.24 | 13.67 | 11.58 | 24.55 | 20.70
FEA

Experiment

101.70 | 80.71 | 14.28 | 12.08 | 22.64 | 18.67

(Beam)
FEA
3.90 586 | 1348 | 1142 | 2243 | 19.24
(Shell) 939 7 ?
FEA
. 89.52 | 69.64 | 15.05 | 12.16 | 24.06 | 20.93
(Solid/Shell) o o ?

* Standard deviation(%)
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Fig. 12. The Comparisons of Load-Deflection Curves for Sandwich
Beam Theory and Flexural Test.
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