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Abstract

This study is concerned with the overall buckling analysis of sandwich plates under
biaxial loads by applying the Ravleigh-Ritz method, which are considered to buckle
simultaneously in overall from of core and thin faces together. In order to study the
effects of boundary conditions on the buckling behaviors, the simply supported, fixed
and it’s combined boundary conditions are considered as well as the effects of material
characteristics of core and thin faces of sandwich plates on the buckling behaviors.
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Fig.1 Sandwich plate model

Table 1 Mechanical properties of faces

Materials o . E: o Gy ] Densit3y
(kg/cm))| (ka/cm’) (kg/em’) | (g/cm’)
Chopped Strand 154
Mat 126531 | 70714.29 | 0.32 | 26183.72
/Polyester

Woven Roving _
172449 1197959.18 | 0.25 | 7918367 | 260
/polvester

Keblar 49
/Epoxy

244898 1204081.63} 0.35 | 71558580 ; 1.30

oc : Allowable compressive stress of
faces

Ef @ Compressive Young modulus of faces

vf © Poisson’s ratio of faces
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oc : Allowable compressive stress of
faces

Ef : Compressive Young modulus of faces

vf © Poisson’s ratio of faces

Table 2 Mechanical properties of cores

Material Ge Density

atenals tg/emd | (g/em®)
Polyurethane 83.01 0.096
PolyVinyl Chloride 28143 | 0.100
Divinycell(H100) 408.16 0.100

Gc : Shear Modulus of cores
3.1 XSBAHS 1M
3.1.1 250 28t T=2AH50 Y3

Fig. 2& 1%38}5°] $3 9 2 AAZxAF} «a
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¢} (2.1) mode, (2.1) modest (3.1) mode2! H=ZA
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@0l BE o] 7kl WAl FEMA P& ¥
# qlek

3.1.2 ZAIZT200 olst As

Table 3& [F-FIXAZAAA zZtzte] A} &
Ag Z§Ele] A=9x] Hag P4 Ao A
3] wizglg Jehd Aolnl BE AA 29
A 71AH Ado] E& WA A HAE AP
A7t I AAE AR A5 ou) ol e
Z85 Z7HE 7hAL v AuerAdAsrt e A
AE AHEE Aol WA 7AEH EAdo) $5%
RAE A E AZEEY S vaEes g F
gtk o)L AAe] AARAAST HZEF v
A Aol Athe AL HAFE Aoz 5@
Ao Hgo) Fage & 5 Ytk

Table 4% a/b=1.0 ¢ W Z A== WA
Al AAe) FAZ 2z FUEINE FE AT
€89 uislg Jedn HAE @AAF BeS
Z 578 F7tshs Aol B&Foln AA: Adw
AAF} BESFE FAE FUske Aol gAY
Aoz yepgrth F S4A7F 2 BAY Aaey
AF7t & AAE ALY o FAr7t FkldE
A=A AH Fage] S AR A28 &
Zhle 2 9388 ¥ nXoz B9 ks vlg
oty & AAe] FAFE ST o) Al
EAE 7 AR 9 28 Rz ek
o F#E mHE AAHA 82 ¥lsH

Fig. 4% [S-S1ARAA Z+ AAe zio %
#22ES nud RUd EAo] FL& Keblars}
Divinyceli®] 2ol 7H% $a9n 540 W=
C.S.M3} Polyurethane2] Z¥o| 7k wolth

AR ZH3E JZZAeE viasy, [F-FIAA7 7
ZF 52 HFET L ¢g 5 A [S-SIHA 7P
wotom [S-F]RI#|¢} [F-SIAAE H|5:8 Heke
RYck(Fig. 5 &2)
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Table 3 Buckling stress of sandwich panels for (Fix-Fix] condition

c=4.0cm, =0.2cm, b=230cm F.R:Ny/Nx

el kgl em?

Core Polyurethane PVvC Divinyvcell
Face a/b | FR=0.0 F.R=05 F.R=0.0 F.R=05 F.R=0.0 F.R=05
0.5 71.84 6385 141.87 126.11 162.62 14455
CSM/ (10 71.84  49.67 109.05  72.70 116.04 77.36
Polyester 2.0 69.53 49.67 109.05 6842 11604 7775
30 69.57 48.46 109.05  44.42 116.04 70.05
05 85.67 78.98 22468 199.72 281.02 249.80
W.R./ 1.0 85.67 7556 21840 145.60 248.33 16555
Polyester 2.0 85.67 75.56 211.00 14560 248.33 161.63
30 85.85  75.56 208.66 140.10 24496 156.08
05 86.11 80.19 23341 20747 29471 26197
Kevlar/ (1.0 86.11 78.30 23341 156.25 269.23 179.49
Epoxy 2.0 86.11 78.30 22254 15625 26857 17546
3.0 86.41 7830 221.39 151.11 262.69 169.85

93

Table 4 Buckling stress of S/W plate for each conditions varying thickness of face &

core
Face(t)=0.2cm, Core(c)=4.0cm 71&, a/b=1.0 o9 ¢ kg/om?
T ¥| core Polyurethane PVC Divinycell
B.C Face t.c tx2 | cx?2 . tx2 {cx?2 t.c tx2 |cx?2
CSM | 3720 60.53 60.08 43.50 81.99 | 8065 | 4457 85.04 84.40
3-§ W.R 63.14 83.23 31.62 1103.22 | 17551 | 174.23 | 109.44 | 19417 | 192.74
Kevlar | 70.38 84.31 82.52 11162 | 18744 | 186.06 | 11893 | 208.86 | 207.33
CSM | 71.34 85.49 83.48 | 109.05 | 183.16 | 18267 | 116.04 | 203.71 | 203.16
F-F W.R 85.67 94.27 8590 | 21840 | 27586 | 273.23 | 248.33 | 363.55 | 360.81
Kevlar | 86.11 95.11 36.11 | 23341 | 28235 | 27940 | 269.23 | 374.78 | 372.14
C.SM | 50.40 69.54 68.94 7490 | 12512 | 12420 | 79.99 | 139.82 | 138.79
S-F W.R 76.33 86.51 8354 | 14957 | 21458 | 212.83 | 171.13 | 260.97 | 258.98
Keviar | 78.04 87.33 8354 | 15821 | 22332 | 22146 | 18252 | 273.78 | 271.86
C.SM | 49.74 73.35 72.77 67.47 | 11801 | 117.14 | 70.80 | 128.40 | 127.45
F-S W.R 82.42 91.78 8528 | 14455 | 25458 | 21959 | 16043 | 259.65 | 257.73
Kevlar | 83.54 92.60 8548 | 154.18 | 232.39 | 230.58 | 172.38 | 275.03 | 272.98
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"* Bimple-Stmpiel g Core: RVC = 40 cm
Face : Woven Roving/PE = 02 cm 20
Core: PVC = 4.0cm g
§ 15

Buckting Coetfcient(K)

a=10",

2 3
ab

(d) x¥ nF-y#H HEAIX[(F-S)

H 2 - . . .
(a) HI1 SHEXIX(S-S) Fig. 2 Buckling coefficients of S/W plate
2 for each conditions under uniaxal
£ [Simple-Fix} B
§ Face : Woven Roving/PE » 02 cm compression loads
€ fSimple-Simple}
,_g § Face : Woven Roving/PE » 02 om
§ § Core: PVC = 4.0 cm
@ g or b = 230 om
g
(1]
54
1 3
ah
) 4 ) J
2 3
(b) xt# BH&EXIX|-y# TLH(S-F) ‘ o
(a) HItH SHEXjR|(S-S)
g°r
H [FoFiq I isimple-Fol
é Face : Woven R £ 02 cm % Face : Woven Roving/PE = 0.2 cm
:Woven Roving? 38 Core: PVG = 4.0 ¢m
8 Core :PVG = 4.0cm 15 b:230cm
2 g
3 3
0

ab

(¢) WD HKIR(F-F) (b) x# SHEXIX-y#H TF(S-F)
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g JFm-Fix)
¥ Face ' Woven Roving/PE = 02 cm
K Gore : PVC = 40 cm
1wl b:230cm
g ‘ FR : NyMx
FR=00
3 } 3 B=0.t
02
\\ d
wl A\ FRag
\ R<05
Ha06
Reb7
Ralf
ER 209
st )
i o A J . b 1 J
2 3
1 ab t 2 b 3
(¢) HiH AKX (F-F) Fig. 4 Compression buckling stress for
various materials
% [Fox-Simplel £°r Face ; Woven ROVIng/PE = 0.2 om
f5f mewown foving/PE = 02 om ¥ Gore : PVC = 40 cm
Gore : PVG =40 em g 61230 om
Ny/Mox 0.0
1 1
ERITS @

(d) x¥ 1F-y# HERX|(F-S)

Fig. 5 Compression buckling coefficients

Fig. 3 Buckling coefficients of S/W plate for different boundary conditions

for each conditions under biaxial
compression loads
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