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Abstract In this paper, we compared various shear deformation functions for modelling anti-symmetric composite
sandwich plates discretized by a mixed finite element method based on the Lagrangian/Hermite interpolation
functions. These shear deformation theories uses polynomial, trigonometric, hyperbolic and exponential functions
through the thickness direction, allowing for zero transverse shear stresses at the top and bottom surfaces of
the plate. All shear deformation functions are compared with other available analytical/3D elasticity solutions,
As a result, reasonable accuracy for investigated problems are predicted. Particularly, The present results show
that the use of exponential shear deformation theory provides very good solutions for composite sandwich
plates.

Key Words : Shear deformation functions, Cmposite sandwich plates, Antisymmetric angle-ply, Mixed finite
element, Lagrangian/hermite interpolation function
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[Table 2] Deflection and stress of anti-symmetric
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[Table 3] Deflection and stress of anti-symmetric

angle—ply(@/*G/CORE/G/*B) square angle—ply(BO/*30/CORE/30/*30) square
sandwich plate(t,/t, =4) sandwich plate(t,/t, =4)
g ol w Oy Ty Tey t/ 4 ol w & %y Ty
. Swaminathan et al.
15 Swaminathan et al. 135481 | 1.4147 | 03491 | 0.3906 4 (2006) 13.0335 | 1.0175 | 0.5013 | 0.4982
(2006)
Swaminathan and
. : 13.2429 | 1.0108 | 0.4982 | 0.5932
Swaminathan and |5 2500 | 4530 [ 0,3524 | 0.4000 Ragounadin (2004)
Ragounadin (2004)
Reddy (1984) 8.1972 | 0.5576 | 0.3002 | 0.3694
Reddy (1984) 8.8488 | 0.7862 | 0.2407 | 0.2787 Levinson 5.1834 | 05564 | 0.2994 | 0.3770
Levinson 8.8486 | 0.7862 | 0.2407 | 0.2831 Touratier 9.6287 | 0.6264 | 0.3329 | 0.4161
Touratier 10.2915 | 0.8868 | 0.2621 | 0.3069 Soldatos 8.0702 | 0.5510 | 0.2967 | 0.3739
Karama 11.5085 | 0.7201 | 0.3763 | 0.4663
Soldatos 8.7351 | 0.7785 | 0.2389 | 0.2812
Swaminathan et al.
Karama 12.1532 | 1.0212 | 0.2888 | 0.3365 101 2006) 96.6657 | 3.4494 | 1.6989 | 1.8110
Swaminathan et al. Swaminathan ~ and
30 2006) 13.0335 | 1.0175 | 0.5013 | 0.5859 Ragounadin (2004) 98.2424 | 3.2296 | 1.5387 | 1.8137
Swaminathan  and Reddy (1984) 45.1407 | 1.4128 | 0.7554 | 0.9078
Ragounadin (2004) | |>2429 | 10108 1 0.498210.5932 Levinson 44.7666 | 1.4028 | 0.7479 | 0.9475
Reddy (1984) 1972 | 05576 03002 | 0.3694 Touratier 56.8453 | 1.7227 | 0.8877 | 1.1139
Soldatos 43.8565 | 1.3790 | 0.7374 | 0.9349
Levinson 8.1834 | 0.5564 | 0.2994 | 0.3770
Karama 73.0890 | 2.1604 | 1.0763 | 1.3375
Touratier 9.6287 | 0.6264 | 0.3329 | 0.4161 5
20 | Swaminathan et al- | 40 ygeq | 71995 | 3.5922 | 3.6643
Soldatos 8.0702 | 0.5510 | 0.2967 | 0.3739 (2006)
Karama 11.5085 | 0.7201 | 0.3763 | 0.4663 Swaminathan and | 305 155 | 6 5706 | 3.1104 | 3.6402
Ragounadin (2004)
25 ?ngggnathan et al| oo 07313 | 09313 | 0.6698 Reddy (1984) 195.8631 | 3.3148 | 1.7080 | 2.0122
Levinson 190.4903 | 32115 | 1.6480 | 2.1506
Swaminathan —and | | o200 2000 107070 | 0.6705 Touratier 235.8810 | 3.8991 | 1.9405 | 2.5178
Ragounadin (2004)
Soldatos 186.8736 | 3.1571 | 1.6248 | 2.1214
Reddy (1984) 7.9482 | 0.4237 | 0.4237 | 0.3908 Karama 2883106 | 47025 | 2.2807 | 2.9438
Levinson 7.9298 | 0.4223 | 0.4223 | 0.4000 50 (S;(v)%:)rg)lnathan et al. 7443126 | 6.6225 | 3.6018 | 3.9285
Touratier 9.3643 | 0.4717 | 0.4717 | 0.4467 P—— .
waminathan an
745.8548 | 6.0370 | 3.2452 | 3.932
Soldatos 7.8176 | 0.4184 | 0.4184 | 0.3964 Ragounadin (2004) 585 3 3
Karama 112333 | 0.5364 | 0.5364 | 0.5078 Reddy (1984) 647.4147 | 52918 | 2.9203 | 3.5121
Levinson 620.7589 | 5.0533 | 2.7641 | 4.0074
Touratier 644.6136 | 5.2312 | 2.8377 | 4.1121
al QHIK O 2 S0 ARIE 7k AT olx|uho. 2=
ok dR e FAR AAE e MESIAEE A3 Soldatos 618.1779 | 5.0346 | 2.7564 | 3.9963
hva ya 4} vlE ol % AGgY =
dreh Ao A AR ol ‘j]‘:—}% el we Karama 657.1331 | 5.3361 | 2.8809 | 4.1715
ATE AT a5, 196), ARelE] I 100 | Swaminathan et al- | ;o5 220 | 5 3705 | 3.6670 | 42115
Karama®] 2]k 2 {%bﬂﬁé%@} SehHAet (2006) ' ' ' '
AN 7k e olz]w o] H WA * ﬁ“l]|~§ i
HAE e MESIAe] lo) wlad ddigars lszwamma;],’a" 2032d 796.6311 | 4.9925 | 3.3528 | 4.3103
Z Jdsta oy ek agounadin (2004)
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Touratier 7503954 | 4.7899 | 3.1952 | 4.9098
Soldatos 764.2478 | 4.8162 | 3.2061 | 4.9365
Karama 733.0268 | 4.7496 | 3.1782 | 4.8725
Table 4= F-FAM|(a/h)o] w2 A2 AR-SHS

v|wslo] el Aolrl  Levinson¥}  Soldatos:=
Touratier®} Karamao H|3}| 70| A WAYsl= kS
7WX 1 ok E38|, a/h=49] T4 Levinson}
Soldatos”} Karama®} H| 1 3}o] 29% A = x| Zo] ZHA| v
Aelsion], 1 Aol SV} gFass asich. of
oF 2 S T wol H7l $IsiA, Fig 4=
Swaminathan et al. (2006)2] ARG 7|Fo2 7} o]2
H AL Z-FAu](a/h)ol] met vlaste] ey
At

[E 4] 9diA g=2-Z2}+0](30/ —30/CORE/30/ —30) AR
=oAwe] Ay 9 39
[Table 4] Deflection and stress of anti-symmetric
angle-ply(30/ —30/CORE/30/ — 30)square
sandwich plate

a/h o2 w a, o, Tay
2 Levinson | 27.732 | 1.3712 | 0.6657 | 0.8146
Touratier | 32.154 | 1.6098 | 0.7668 | 0.9297
Soldatos | 27.374 | 1.3520 | 0.6575 | 0.8053
Karama 37.506 | 1.9026 | 0.8901 | 1.0694
4 Levinson | 8.1834 | 0.5564 | 0.2994 | 0.3770
Touratier | 9.6287 | 0.6264 | 0.3329 | 0.4161
Soldatos | 8.0702 | 0.5510 | 0.2967 | 0.3739
Karama 11.509 | 0.7201 | 0.3763 | 0.4663
10 Levinson | 1.9724 | 0.3540 | 0.1704 | 0.2161
Touratier | 2.2303 | 0.3621 | 0.1772 | 0.2247
Soldatos | 1.9524 | 0.3534 | 0.1698 | 0.2155
Karama | 2.5730 | 0.3737 | 0.1863 | 0.2359
20 Levinson | 1.0314 | 0.3378 | 0.1476 | 0.1862
Touratier | 1.0978 | 0.3392 | 0.1495 | 0.1886
Soldatos | 1.0263 | 0.3376 | 0.1475 | 0.1860
Karama 1.1865 | 0.3413 | 0.1520 | 0.1919
50 Levinson | 0.7633 | 0.3348 | 0.1407 | 0.1770
Touratier | 0.7741 | 0.3350 | 0.1411 | 0.1775
Soldatos | 0.7625 | 0.3348 | 0.1407 | 0.1770
Karama | 0.7884 | 0.3353 | 0.1415 | 0.1780
100 | Levinson | 0.7248 | 0.3344 | 0.1397 | 0.1757
Touratier | 0.7275 | 0.3345 | 0.1398 | 0.1758
Soldatos | 0.7246 | 0.3344 | 0.1397 | 0.1757
Karama | 0.7311 | 0.3346 | 0.1399 | 0.1759
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Table 5= AZS|(ELS; Pagano, 1970)7} AA|Eo] =
ama-Bojo] Aapl dajd, LAhERolEo] U}
£ AMUE vlassS Aol 1A o] &(FSDT;
Whitney and Pagano, 1970)°] H|3] XA THHE |25
o 9ApESIsL 2k, ulela), Aehid a4 285t
L AEeHTe A w0l Wago]n, ofo|
i3t 2 ePdo] Ago] Fasiet. o] s & A7t
sife] 2 2ol Biglew sk vialke s,

[# 5] 222-5240](0/90/90/0) H3e] AH
[Table 5] Deflection of symmetric cross-ply (0/90/90/0)

square laminated plate

a/h O]& (Ref.) w Error(%)

2 ELS (11) 1.954 -
TSDT (13) 1.894 3.07
ESDT (19) 1710 12.49
SC-FSDT (3) 1.832 6.22
Karama (6) 1.925 1.48

10 ELS (11) 0.743 -
TSDT (13) 0.715 3.77
FSDT (19) 0.663 10.77
SC-FSDT (3) 0.700 5.73
Karama (6) 0.727 2.15

20 ELS (11) 0.517 -
TSDT (13) 0.506 2.13
FSDT (19) 0.491 5.03
SC-FSDT (3) 0.503 2.77
Karama (6) 0.511 1.16

100 ELS (11) 0.438 -
TSDT (13) 0.434 091
FSDT (19) 0.434 091
SC-FSDT (3) 0.435 0.68
Karama (6) 0.436 0.46

4. 2 E

H 3= Hermite Y Lagrangian X 7Fgkro] 2]t &
3 48KMixed formulation)2 F3FRARES ZFAJS)
n, BF-Beolg 2 BaAE AEABol Wl
Levinson(1980), Touratier(2003), Karama et al.(2003) L
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[Table A-1] Stiffness Z;, F};, H,; and Zi]- by shear deformation function f(z)
78 f E,(=[rd) Fy(=[ o )
. . 4 1 1 1 4
Levinson fi(z) = Z[I_WZZ] 522 —Wz" 523 s z°
h . 2 3 2
Touratier f(2) = fsm(ﬂj —(ﬁj COS[E) (ﬁJ sin(ﬂ)—(ﬁj zcos(E)
T h z h T h T h
Soldat f.(z) = hsinh Z |- zcosh 1 W cosh| 2 —lcosh 1 7 #zcosh| 2 —lcosh 1 S _Rsinh| 2
lcatos : h 2 n) 22 n) 32 h
. _o(z/n) 1 o) 1 *25,2 1 57 \/Ez
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5 7
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3 15h° 63h

) 1[11]2 1(11)3 . (Zﬂ'zj
Touratier —|—=| z==|—| sin| —
2\ 7 4\ h

1+e) 1+ 3
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2 12 e e h h 4 h
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Karama —lhzze [”j +LhzﬁErf &
8 32 h
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3h 5h
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[Table A—2] Higher order displacement models for the purpose of evaluation

T

LRk

Swaminathan et al. (2006)

ulz,y,z) = uo(a:,y) + 20, (a:,y) +z2u:(x,y) +z3€; (a:,y)
v(z,y,z) = 1)[)(x,y) +z()y(ac,y) +z2vz (*7,y) —0—230;(.76,;1;)
w(z,y,2) = w,(z,y) + 20, (2.y) + 2w, (z.y) + %0 (z.y)

Swaminathan and Ragounadin (2004)

ulz,y,z) = uo(a:,y) + 20, (a:,y) +z2u:(x,y) +z3€; (a:,y)
v(z,y,z) = 1)U(x,y) +29y(ac,y) +z2vz (a:,y) —0—230;(.76,;1;)
w(w,y,2) = w,(z,y)

Reddy (1984)

u(@,y,2) = uy(2,y) +z[9;,. (z,y)— %(%)2{91 (2.y) + %H
v(z,y,2) =v,(z,y) +Z[01/('r7y) - %(%)2{@/(%”) + (ZL;JH

w(x,y,z) = wo(;uy)
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