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Present Study( Mesh density)

a/h Pagano[ Y] Sheikh [23] Cho [24]

16x16 30x30 40x40

sz (L/2,0,0) 0.256 0.2023 0.238* 0.2706* 0.2557* 0.2515*

4 Syz (0,L/2,0) 0.2172 0.1831 0.229* 0.2258* 0.2185* 0.2180*
SZZ (L/2,L/2,0) 0.4926 — 0.498%* 0.553 0.5373 0.5152

sz (L/2,0,0) 0.357 0.2437 0.356* 0.3361* 0.3402* 0.3498*

10 Syz (0,L/2,0) 0.1228 0.1015 0.124* 0.1153* 0.1185* 0.1203*
SZZ (L/2,L/2,0) 0.4994 — 0.499* 0.5362 0.5284 0.5203

loads C)La‘ WY‘ Jébu SYolro )‘ oolawl L: G’L”"*
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CS S0 b cod Y aw (amgnile 3,9 -V-F
sl 428,518 00 S S leiSy b o ool sloolS 4SS b ay¥ an amsaile 5,5 o b ol o
el )le ol osle (olym 5 oud a5 )5 )0 (L Sjg0 & by @Y s YL &Y i
C,,/C,, =0.543103, C,,/C, =0.23319, C,,/C,, =0.098276, C,,/C, =0.543103
C,/C,, =0.01077, C./C, =0.266810, C,/C, =0.159914, C,/C, =0.26293
u CFy G ol cal ply o2 b lading culbrs 3 £,=0.8h ;| cul & jle s cuwlbrs
Cols DS saims las y=CPJCT il oo po 5 Jol 4YC), sl ailge soims olis cud
Ao (Red Sjgo B9 B (o0 ) 2l 7 &S Gloy Al (e po3 g Jol Y lse
odd day (g p) Djge & g 2l slaadlee il ) Wl 1 (mgaile 59 IS Sl o
L oals &)l 380 o b g sl oals &1 (Y) Jga j0 3,9 alitee lo Cond 0 ,la5 0590 gzl g
BB 35 5l oy 598 so 0anlice a5 jshailen .cowl oo anglin [YF] 5, 5 oling e 5 [YO] o g o8
g Slon ¥ 5l feS oudh drlne gl (oled o a0y o5 (69280 40 LBl (00 519,95 2 (T3
Ay bl 4 gaoge pl el a8l jmalS ouls ploul Glisle po Cans 4 &S cl Jb o
5 slaYole sleass SVl Jols (28,5 )15 o wlid livl) )0 s (6 ndy SO i (385
S50 p Dyge 4 wn o Slebdd g 3 oy (2l 50 dbioe (Shp Sla A drsloe 0920 (riznen

1
w =WC1(12)/hq, (Sxx,Syy,Szz)=—(Gxx,O' O'xy) sloalds 4..\_9;
4,

xy 2

CHeSs b o Y 4w (gl 3,y calisee bls o i dilisee gloadlge 5 obul> 07 oy 5l =Y Joos

y Present study Fan and Ye [25] Sirvinas and Roa [26]
1 5 10 1 5 10 1 5 10
w (a /2,b/2, 0) 681.6 255 155.3 688.5 2589 1593 688.5 2589 1593
S (a/2,b/2)
Top ply at top surface 352 586  63.6 359  60.1 65.0 35.9 60.1 65
Top ply at interface 28 47.1 4938 284 464 48.6 28.4 46.4 48
Mid ply at upper interface 28 9.4 4.7 284 9.2 4.85 28.4 9.2 4.8
Mid ply at lower interface -28 -9.4 -5.01 -285 934 49 -28.5 93 -4.9
Bottom ply at interface -28 -47.7  -49.6 -28.5 -46.6 -48.9 -28.5 -49.6 -46.8
Bottom ply at surface -352  -613 -66.5 -359 -602 -652 -36 -60.3 -65.3
S, (al2,b/2)
Top ply at top surface 22.2 38.05 427 22.1 38.7 43.9 22.1 38.7 43.9
Top ply at interface 176 37.6 344 176 303  33.7 17.6 30.3 33.7
Mid ply at upper interface 17.6 5.9 34 176  6.05 33 17.6 6.0 33
Mid ply at lower interface -17.5 -6 -3.4 -17.6  -6.1 -3.5 -17.6 -6.1 -3.4
Bottom ply at interface -17.5 294  -343 -17.6  -30.1 -334 -17.6 -30.0 -33.4
Bottom ply at surface -222  -375  -445 -22.1  -384 -435 -22.2 -38.4 -43.5

S_(al2,b/2)

Mid ply at lower interface -0.93 -0.92 -0.91 -095 -094 -0.93
Mid ply at upper interface  0.02  0.04  -0.05 0.02  0.04 -0.051




VYY bl o (gl oauds Mol oo — coges (55555

alh 5 EfEc 31 oy 9 Sangyigp! dund g a9, b o2 g0ilu §)9-Y-F
o L o) laasg, aS (Al/core/Al) 4N Hloowz b e o)lie (ugsile 5,9 o (595 Jlo 4o
olgiin Jow 5l eolatul b ol oo 0.8 Jolao aiwd cuolses § 0.1h Jolao (s cwlses g puiogl]
g b S8 B9 9 oole (Gyg i llpd sl oad (pwy @ g EYEe Cons Fl g oS
S8 s DIV silso L8 it atn g atgy Slge olss ol oo ¢(x, ) =¢ sin(zx fa)(zy [b)
Sgda oy iliia oo 15 it s el s dnlllae jolaie 4 4 Cod

v=0.34,E, =73GPa,FCSR =10 = E, =7.3GPa, FCSR =10° = E, =0.73MPa
w3 (EJIEC=10°) p 3 s g (EfJEC=10) s s 5))5 _zgiilos G yg Ao 95 (sl Lo Lol
s g o olouls Cosl 0ss oy (@h=100) S35 5 (@/h=10) wans G (a/h=4) g >
Aloads day oy abaly) oS L

100E ,, i’ 100E ,, h*
W =w 00 4skmh , U,V :(u ,V) 00 3skmh ,
adq, adq,
h? h
Sxx ’Syy ’Sxy = a2 (O-xx ’O-yy ’ny) 2 Syz ’Szx = _a(ayz ’sz )
0 0

(SIS (e (o908 (6555 Lamgi oel Gy (gl G 35 e dmia 2 @l ((Y) oo 4o
Slp Vas e SIS p)lex e (sl a8 ool ¥ SO 3D o aw ati¥l (g, mls L
lags Ls.w)J J9| MJA 9 &.»..w MS LgLbeg)}b aS cowl UT)‘ L.SSl} C;L.: I MLQA calises Lgl.mwl?bo
b Jolas Y oS5 (sl 555 45 39 oo Alinda 5,10 1 3905 S| jui s A by s (sla s
Wl el oy et b (Zmgaile 3,9 (200 plmlr e (i 4 B (P e J2) las e 2
S5 3 S15505 (5,95) 3 o0 L0 5 e Gidu 093 slmlr (o 0 a5 olas, e Al o
ahle sebes o b chw atia b sl o mgaile jo oYL jLews Cds (Lol

3 ol s ol loarg, 5 SeugFonl divn b aY aw (augnile 35 35 50 ) dien s 35 @l =V Jouo
[yv 9 VY] &=l 3D3 S5 o Jolee a¥ S slos,055 L QT duslie g yol> (5,95

3D 13.294 - 6.3923 - 5.0649 -
Present 13.028 2 6.4881 1.5 5.1079 0.85
E/E~10 CLT 5.0515 62.3 5.0515 21 5.0515 0.26
FSDT 8.0821 39.2 5.5364 13.4 5.0563 0.17
ED4 12.497 6.00 6.2671 1.96 5.0637 0.02
773 13.343 0.37 6.3935 0.00 5.0649 0.02
3D 1299.4 - 1230.6 - 126.70 -
Present 1269.5 23 1209.67 1.7 128.347 1.3
E/E~10° CLT 5.5815 >100 5.5814 >100 5.5814 >100
FSDT 9.8240 >100 6.2602 >100 5.5852 >100
ED4 112.51 >100 24.078 >100 5.7692 >100

773 994.51 23.5 933.11 24.2 122.92 2.98
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A o HLaS LYE sga Bl ol 10 pdes Sl
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Gl i dwlre e AoVl Jole Yol 3l oolaiwl .ol (6,055 (pl Cg Jlaws Cdo lis a5
el oS Conl S @ piY il 00g ¥ dd o ST (6,05 4 Cand ol (6,950 yidon <80 Lo oo
Sl cds bihd g wil o (gl 3)g pae 5 P Bl & bgyye i 598 Jslar o ouds 1|
3 L g 2lule Jlosed Canlbico yidon gwyp S Wbl ged LSS LS soles jo ouls SO
B9 Sz (£2,8 B S loged i (V1) 5 () G Sl [0 098 sy 5 (39 Cuslies sl
AVY o W] el ons aslio (ED9) ¥ as o Jolas 4Y S5 (5,555 ¢ 3D aseninyl =l ol
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03D 535 Jo> b 095 jlews Gabai o jiSg, 5 aud 10 Budod (] 10 ool colaiul (6,955 gl gl
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Theory a’h=4 a’/h=10 a/h=100
Result  Disc.(%) Result  Disc.(%) Result Disc.(%)
3D 0.0111 - 0.1627 - 16.039 -
present  0.0114 3 0.1672 2.8 16.343 1.9
CLT 0.7045 >100 1.7612 >100 17.612 9.81
FSDT  0.7045 >100 1.7612 >100 17.612 9.81
ED4  0.6502 >100 1.7379 >100 17.609 9.79

773  0.0082 26.1 0.1225 24.7 15.537 3.13
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Sl sl Sig bl o q(x,y)=q051n(7)sm(7y) e Hb ST 5,9 9 oolw FAST axg

(E,,E,,E,,G,,,G,,G,,)=(25E, E, E,0.5E, 0.5E, 0.2E)GPa ,v =0.25 Laays,
(E,,E,,E,,G,,,G,,,G,;) = (0.04E,0.04 £,0.5E ,0.016E, 0.06E, 0.06E)GPa , v =025 :aius

o 9 Jo8 Sl & S by ol S35l b ol (6595 @l )1 ame ks cnl 5 o
il o a/h = 410,100 e &y Jsb o gy 500k

B9 pie bl j0 o056 5 Slamio by i g @ogee BT (oo bl o @l —O 9o
Su9595) saiwd g laayg, b o)lae 4Y 4w sugaile

ah  Approach W S S, S Sy Sy
(a/2,6/2,0) (a/2,b/2,h/2) (a/2,b/2,0/2) (0,6/2,0)  (a/2,0,0)  (0,0,h/2)
3D [22] 7.59620 1.556 0.2595 0.239 0.1072 0.1437
ZigZag[28] 7.65570 1.5158 0.2495 0.2509 0.1151 0.1462
4 (Disc.%) (0.78%) (2.59 %) (3.86 %) 498%)  (137%)  (1.74%)
Present 7.4062 1.5248 0.2548 0.2335 0.1039 0.1494
(Disc.%) (2.5 %) (2%) (1.8%) (2.3 %) (3 %) (3.95 %)
3D [22] 2.200 1.153 0.1104 0.30 0.0527 0.0707
ZigZag[28] 2.2003 1.1438 0.1082 0.3146 0.0567 0.0709
10  (Disc.%) (0.0%) (0.81%) (1.99%) (4.87%) (7.59%) (0.28%)
Present 2.1362 1.1912 0.1085 0.3069 0.0548 0.0685
(Disc.%) (2.9%) (2.3%) (1.7%) (2.33%) (4.11%) (3%)
3D [22] 0.8923 1.098 0.0550 0.324 0.0297 0.0433
ZigZag[28] 0.8917 1.1092 0.0546 0.3407 0.0323 0.0434
100 (Disc.%) (0.07%) (0.99%) (0.72%) (5.14%) (8.57%) (0.23%)
Present 0.8833 L1111 0.0541 0.3132 0.0281 0.0431

(Disc.%) (1%) (1.25%) (1.5%) (3.33%) (5.38%) (3.93%)
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Abstract

In the present article, a global-local theory with three-dimensional elasticity corrections is
employed to trace the local and instantaneous variations of various displacement and stress
components of sandwich and composite plates. The governing equations are extracted based on
Hamilton principle. One of the key features of the proposed theory is incorporation of the
transverse flexibility of the core; a fact that is crucial when studying behaviors of thick or soft
core sandwich plates. Since the transverse shear stresses are extracted based on the 3D elasticity
theory, the interlaminar continuity condition of the transverse shear stresses is met.

The verification results show that the presented finite element formulation is efficient and leads
to accurate results, even for thick or soft core sandwich plates. A comprehensive parametric
study is accomplished to evaluate effects of different parameters such as stiffness of the core
material and boundary conditions. Finally, the obtained results verified by the available results
existed in the literature.



