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The subject of analytical and numerical investigations in this paper is a metal seven-layer
rectangular plate with a trapezoidal corrugated main core and two trapezoidal corrugated
cores of faces. The hypothesis of deformation of the normal to the middle surface of the
plate after bending and field of displacements is formulated. The plate is simply supported
on all its edges and subjected to a uniform pressure. Equations of equilibrium are derived
based on the theorem of minimum total potential energy and are solved with the use of
the Galerkin method. The influence of the trapezoidal corrugation pitch of the cores on the
deflection and the equivalent stress is analysed.
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1. Introduction

The basic theoretical models of sandwich structures were formulated in the mid of the 20th
century. Two decades later, Plantema (1966) and Allen (1969) elaborated first monographs de-
voted to bending, buckling and design problems of sandwich beams, plates and shells. Noor
et al. (1996), Vinson (2001), Carrera (2003), Carrera and Brischetto (2009) presented a re-
view of the problems related to computational models, applications and analysis of sandwich
structures. Kazemahvazi and Zenkert (2009) developed an analytical model for the compressive
and shear response of monolithic and hierarchical corrugated composite cores. Ji et al. (2010)
described design procedures and the construction process of a glass fiber reinforced polymer
corrugated-core sandwich bridge superstructure. Seong et al. (2010) introduced bi-directionally
corrugated cores in order to reduce anisotropic behaviour of sandwich plates with open channel
cores under the bending load. Magnucka-Blandzi (2011) described and solved analytically the
problem of a simply supported rectangular sandwich plate under compression in plane. Poirier et
al. (2013) proposed a methodology for designing lightweight laser-welded steel sandwich panels
with superior structural performance. Jha et al. (2013) presented static analysis of orthotro-
pic functionally graded elastic, rectangular and simply supported plates under transverse loads.
Zhang et al. (2013) investigated compressive strengths and the dynamic response of corruga-
ted sandwich plates with unfilled and foam filled sinusoidal plate cores. Magnucka-Blandzi and
Magnucki (2014) determined analytically transverse shear moduli of corrugated cores in four
different shapes. The influence of the corrugation shape on the shear modulus was studied. Le-
winski et al. (2015) studied transverse shear moduli of two thin-walled trapezoidal corrugated
cores of seven-layer sandwich plates. Magnucka-Blandzi et al. (2015) presented a mathematical
modelling of the transverse shearing effect for sandwich beams with sinusoidal corrugated cores.
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The buckling and bending problems were solved. Magnucki et al. (2016) formulated two analy-
tical models of a seven-layer steel beam with a transverse sinusoidal corrugated main core and
two sandwich facings with steel foam cores, and solved the problem of bending and buckling.
Cheon and Kim (2015) suggested an equivalent plate model to analyze the mechanical behavio-
ur of corrugated-core sandwich panels under tensile and bending loads. Mantari and Granados
(2015) presented a static analysis of functionally graded plates. In the paper, a simply supported
square sandwich plate was subjected to a bi-sinusoidal load. Vaidya et al. (2015) investigated
the response of sandwich steel beams with corrugated cores to quasi-static loading by employ-
ing experimental and computational approaches. A parametric study was also carried out on
large-scale structural size beams of a few meters in length.

The subject of this study is a metal seven-layer rectangular plate with a trapezoidal corru-
gated main core and two trapezoidal corrugated cores of facings. The plate is simply supported
and loaded with a uniformly distributed pressure.

2. Mathematical modelling of a seven-layer plate

2.1. Displacements and strains

A seven-layer rectangular plate with the trapezoidal corrugated main core, two inner flat
sheets, two trapezoidal corrugated cores of the facings and two outer flat sheets is shown in
Fig. 1. The plate is simply supported on all its edges and subjected to a uniform pressure pg.
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Fig. 1. Scheme of the seven-layer rectangular plate

The direction of the core facings corrugations is orthogonal to the one of the main core
corrugation. Trapezoidal corrugations of the main core and facings cores are shown in Fig. 2.
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Fig. 2. Scheme of the corrugations of the (a) main core and (b) faces cores
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Taking into account the layered structures of the plate, it is easy to notice that the straight
line normal to the middle plane of the plate before bending does not remain straight and normal
after bending. The hypothesis is assumed that the straight line — normal after bending — takes
a shape of a broken line (Fig. 3). The problem of the hypothesis for multi-layer structures was
described, e.g. by Carrera (2003) and Magnucki et al. (2016).
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Fig. 3. Deformation of the normal to the middle plane of the plate
The displacements with consideration of the hypothesis are as follows:
1) outer flat sheets
e the upper sheet for —(0.5 + 221 + x2) < ( < —(0.5 + z1 + x2)
ow ow
’LL(.’IJ,y, Z) = —te1 [C% +¢(9€,y)] U(.’I],y, Z) = —tla {Ca_y +$2¢(Z’,y)} (21)

ow

0
u(w,y, Z) = —ta [C% - ¢(‘Ta =

e the lower sheet for 0.5 + z1 + zo < ( < 0.5 + 221 + 29
Y v(x,y,z) = —te1 |C—=— — xzo0(x,y 2.2
)} ( ) 1{ 5y 2 ( )} (2.2)

2) trapezoidal corrugated cores of the facings
e the upper core for —(0.5 +x; + z2) < < —(0.5+ 1)

u(w,y,z) = —ta {CZ_Z) + w(wvy)}

v(z,y, 2) = —td{gz_j e+ (% s an)]ote)) (2.3)
e the lower core for 0.5+ z1 < ¢ < 0.5+ 1 + 3

u(r,y,2) = —ta [Cg—z —y(z,y)]

ley2) = —ta{¢Ge — [c= (3+ )] oG]} (2.4
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3) inner flat sheets
e the upper sheet for — (0.5 +x1) < < —0.5

ow ow
— _tc s Y, = —tc —_— 2.5
u@y,2) = —ta (G + 0@ y)] ey 2) = —taly (2.5)
e the lower sheet for 0.5 < ( < 0.5+ 23
ow ow
— _tC —_ s s s e —tc _— 26
uwy,2) = —ta [ 0@ y)]  y2) = —taly (2.6)
4) main corrugated core for —0.5 < ( < 0.5

0 0
u(x7y7 Z) - _tclg[a_: - Qw(xuy)} U(.%',y, Z) = _tclca_zj (27)

where x1 = ts/tc, Ta = teo/tan are dimensionless parameters, & = z/t.; — dimensionless
coordinate, t.1, teo, ts — thicknesses of the main core, facing cores and flat sheets (Fig. 2),
V(x,y) = ui(x,y)/ta, ¢(x,y) = vi(z,y)/teo — dimensionless functions of displacements, ui(x,y),
v1(x,y) — displacements in the = and y directions, respectively, w(z,y) — deflection (Fig. 3) — de-
flections of each layer are equal and referenced to the middle plate layer, so w(x,y, z) = w(zx,y)
and €, = 0.
Thus, the linear relations for strains are as follows:
1) outer flat sheets (upper/lower)

ou Pw O v 0%w oo}
(w/ly — 22 _ _ e s (U/l) - g “y
= o= taligE £ 5;) Ay td(cayﬂ i“ay) 28)
ou  Ov Pw o foler .
=y = wi) — 224 = — _¢,(2 + Ltz
Yoz = Tyz = 0 Tay Ay + Ox td( C@x@y oy 83:)
2) trapezoidal corrugated cores of the facings (upper/lower)
Pw O 0%w 1 ¢
(u/l) — _ e (u/l) — _ Z - &y
o T td(c 0z2 + 8x> vy T td{cayQ {Ci (2 —|—x1>} 63/}
Yzz =0 ’Yy = ¢(x y) (2'9)
81,!) 1 ¢
(u/l) — oy
by =t £ g o+ (5 o)) )
3) inner flat sheets (upper /lower)
Pw O 0%w
(u/l) — _ e (w/l) — 4 2 —
€z = —la (C o2 == 890) Ey - tclc ayg (2 10)
(u/l) 8210 81/) .
Yoz =Nz =0 oy —la (268x8y * 8_y)

“_»

The sign “+” refers to the upper facing (u), and the sign refers to the lower facing (1).

4) main corrugated core

8¢ 0%w
ce = ~tal[ 55 - 23] “alp
Pu o (2.11)
T = 2@n) =0 = 2l (g -5 )

Strains (2.8)-(2.11) make a basis for formulation of the elastic strain energy of the seven-layer
plate.



Strength of a metal seven-layer rectangular plate...

437

2.2. Total potential energy of the plate

The elastic strain energy of the plate is a sum of the energy of the individual layers

Ue(plate) _ UE(S_O) + Ua(c_2) + Ue(s—i) + Ue(c—l) (212)
Consecutive components of the sum are as follows:
1) energy of the outer flat sheets
( +J?1+2?2) %+2x1+x2
ple—o) = Lt / / [ [ ebeoacy dedy (2.13)
+2m1+m2) %+x1+12
where
@U?fslvsﬂ) — Jg(Eu/l)E:(vu/l) + U§3U/l)€:(cu/l) + Tég/l)%(gz/l) (2.14)
stresses (Hooke’s law)
E E
(w/l) — = ((u/l) (u/1) s/l — = (/D) 215
Oy 1— 1/2( +I/€ ) :):y (1 +V)7xy ( )
and strains — expressions (2.8).
Integration of expression (2.13) with respect to the coordinate ¢ provides
Et a b
R / [0 = 2557 gy dwdy (2.16)
0
where
s—o 1 5—0
S = 7512827 + 1821 (1 4 222) + 3(1 + 22)° |y A7 = (1 + 321 + 229)7,
_ 2 2 82 82 82
(s—o) _ 8_’[1) w oTw
i = (G) + 2% a2 (a 2> (8x3y>
2 2
(s—o) 0w 8¢ 0“w ow _Qb 8_¢ 8¢
5= (Gt 82)8 i (8x2+8y)8 +HA-w)(G, +e 28x)8x8y
(s—o) 8_¢ 1—-v 8_1/) _@Z)% 0¢ O
1 _(8x> * 2 (8y) + 2{2 Ox +1- )Gﬂzay}
1—v 0¢\2 0P\ 2
2
+a3 5= (5) +(5,) |
2) energy of the corrugated cores of the facings
yle-2) // / 2] aASY + [ folte ) Al dody (2.17)
boz : 502 "
Tr ATr
where
@U?falvc—% — Jag),?t/l)&jg[jju/l) + JZ(/U/Z)E?(JU/Z) + ng?;/l)%(cz/l) + Tég/l),yz(/g/l) (2.18)
stresses
u/l u/l u/l c—2) _(u/l wu/l) __ c uw/l
J:(E/):Eg(/) Ué/):EgS )5?8/) Tz(y/)_G:(cy )Q(Ey/) 2.19)

7-?5?;/1) :G(C 2)  (u/l)

Yy

and strains — expressions (2.9).
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The area of one pitch of the trapezoidal corrugated cross section (Fig. 2)
A(C 2 = 2t62x02(3€f2$b2 + 84a2) (2:20)

where xg2 = toa/te2, 2 = ba/bo2, Tra = boa/te2 are dimensionless parameters, 542 — dimension-
less length of one pitch — trapezoid

- 1 2
Sa2 = \/(1 —x02)? + x§2(§ — xf2>

Integration of expression (2.17) provides

U= / / (P F B2 15 4 G050 1 G ple ) dedy (221)

where
2
(c—2) _ (c—2) (0w (c—2) Pw OYP (e 2) (02
22 = Cop (W) Clz Ox a9 Ox (%)

3 2
~ (o9 ThoTo —2) ¢ (‘T’y)
B = = e
C

2(3z poxpo + Sa2) (1 — 202)?
c— c— d%w 2 c— O*w ¢ c—2) (Op\2
(69 = g (LY e Pudo | e (90

2 dy? 1y dy2 dy Oy dy
_ 2w \ 2 _9y 7 0p\2 0 )0
(c=2) _ (~(c—2)( O°w (c=2) (0P\2 (=200 | (c—2)00
1Y =405 (5, oy )+t (5,) - (0, ay)axay
Op O\ O
+ m( 25+ ay) o
(c=2) _ 1 B &LQ
Cy, 7 = 29629002 {902(1 5602) (-Tf2 + P b2) + (14 2z + 562)(90f2 + b2)}
(c 2) _ _ Toz (c—2) Sa2
G (1+y) C —$2$02(1+2$1 +$2)($f2+ 2)
(c—2) Sa2 (c-2) _ 1 4
CO:): = 2T9T02 (.%'fz + E) Cly 5.%'2(1 + 2z + 31‘2)
(e-2) _ 1 s (e=2) _ 1 4 o
COy = gxg C [-’L'l +-’L'1(1+.%'2) +Z(1+2$2+ §$2>}
c—2 o 2 zo2\3
Cfxy ) = 2%2(1 + 2x1 + xg) G( 2) _ W(S_Q)
details in Lewinski et al. (2015)
3) energy of the inner flat sheets
; a b f% %Jr:vl
v = [ [ [ et [ @b dcy dedy (2.22)
00 (g :
where
@o?fslvs*i) = g/ 4 gu/Dlw/h | 7-(U/l),yg(gz/l) (2.23)
stresses (Hooke’s law)
E E
(/) — = ((u/) (u/l) Fu/l) _ (u/l)
o T (% + vey, ) Toy ~ T y)%y (2.24)

and strains — expressions (2.10).
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Integration of expression (2.22) with respect to the coordinate ¢ provides

a b
ey Bt (=) plo=9) _ o) (s—i)
Ue( ):m//(CQ fao f1 —|—x fi1 ) dx dy (2
00
where
s—i 1 4 s—1 s5—1 s—o
Cé ) = Z<1 + 221 + gw%)xl Cf ) — (14 z1)xy f2(2 ) = f2(2 )
2 2
(=) _ (O W L (1—p LW (s=i) _ (002 | L= v (0N
5= (50 Yoy 2>a =) 50, 3y 1= (5 5 (8y>

4) energy of the main corrugated core

@(C 1 A(C 1)
%01//{ [ e an Y asay

Uéc 1)

where
@(c D= OxEx + Oy€y + TayVay + TazVaz
Trz = G(zcz_l)’Yzz

stresses
_ c—1
Tey = chy )'Y:vy

Oy = Eg(gc_l)ez

oy = ke,
and strains — expressions (2.11)
The area of one pitch of the trapezoidal corrugated cross section (Fig. 2)

-1
A(Tcr ) — 2t2 201 (% 121 + Sa1)
to1/te1, xf1 = by1/bo1, Tp1 = bo1/te1 are dimensionless parameters, 541

where xg; =
less length of one pitch — trapezoid

~ 1 2
Sa1 = \/(1 —z01)? + 9051(5 - xfl)

25)

(2.26)

(2.27)

(2.28)

(2.29)

— dimension-

Integration of expression (2.30) provides
a b
U(c 1) Et3 // 2(; 1)+ E(c 1) f1§ 1)+6G§£§; 1) 1(’1"_1)+2G(c 1) (C 1)) dx dy
0
(2.30)
where
_ 2w\ 2 0 0 . 0w 2
(1) _ (w2 0Pwdy AN (1) _ (Qw
22 (83:2) 483:2 ox +4(8x) 1z (8y2>
(c—1) _ QzZ)Q(:C’y) (c—1) _ ( 821[} )2 B aQU} a_’(][) (8_1)[))2
10 2 H oxdy dxdy Oy dy
Fle=1) _ Th1T) Cile—1) _ __Tol
z 2(.%'f1(L‘b1 + gal) ry 2(1 + I/)
~ ~ 1—=x o1\ 3
Fle=l) _ o%0L g 5 (1) _ 01 To1
v oy (L~ 700 (o + ) G S T e (§a1)

detail in Lewinski et al. (2015)
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The work of the load, a uniformly distributed pressure pg, is in the following form

W = //pow(x,y) dx dy (2.31)

The total potential energy is a sum of elastic strain energy (2.12) and work (2.31).

3. Equations of equilibrium and its solution

The principle of minimum total potential energy
S(UPate) _ W) =0 (3.1)
where UP® is the elastic strain energy of the plate (2.12) and W is the work of the load (2.35).

The system of the equations of equilibrium — three partial differential equations derived
based on principle (3.1) is in the following form

(s—o—i) (c—2) (c—1) _ _Po
R0 1 Rle-2) 4 R A (3.2)
where
R0 — L forols=0) 4 cls=iygy, _ oo [ 9 2 0 o2
7 = e+ TV e = O [ (TP + g (VR
s—1 0
-5 ()
c—2) __ c—2) _ ple=2) _ n(c=2)
R = 2R 2 — Ry — R
e2) _ e 00 | em2) [ memay OMw o) O0tw
R = Cp o +Coy (4G ' o 5 + Ef >8—y4)
(c—2) 0 (e— 28'¢ (c—2) A(c— Qaw
R _8(0 62+Ch[,,y kels 32)
(=2) _ A=) O (o =2 9) 00
%w,qﬁ C O ( Gzy o2 +Ey 8y2)
1 1 (e— ~ 9w *w ~ *w
(c=1) _ (c=1) _ (c=1) (c=1) _ ple—1)ZT & (e=1)_Y & (e-1)Z =
T 12§R 6%“’” Bipw” = Ed Ort G 0220y> T By oyt
(e=1) _ 9 c— 1)6 w c—1) aQw 4 84’[1) 64’[1) 64’[1)
— E 2 - = 2
R = g (B 50 +26% ay2) Viw= 5ot T a2 T gy
and
3:Eq(;fofi) + %55*2) + %55*1) =0 (3.3)
where
(s—o—i) 1 (s—o) (s—1i) 0 2 2'¢ 62'¢
R _1_V2{(01 + O ) o (Vi) = 2 2 o (1_u)8—y2}

82
_ .%'1.’1}2(1 + I/) axgby}

R 9 (20t 0w e >G<cz>82_w) o(cle™ Pv 2ol 0 w)

e 92 "l T gy a2 ay
o
2 ~(c—2)
Gmy 0xdy
1) _ 10 (zenyPw e 0w BP0 | se-n Py se-n @)
Ty o= 6636(E’” o2 T 2 dy 2> 3(EI o2 G 6y2> 16z t2
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and
Ry RETY =0 (3.4)
where
(s—o—i) _ 1 (s=0) 9 (o2, N 0%y
RS = 1_1/2{:6201 oY )—m[(1—y)ﬁ+ W} —:clxg(l—}—y)axay}
2
(c=2) _ q(e=2)  23(c—2) OV (c—2)
e N T
(=) _ ole- 2) 0 (520 | (90w
Row =Cly 5, (2G4 o TG0 >)
e 2)0 92 ’
RSP = 2072 (Gl 8<§+E<c 2) ¢) e )¢(; y)
cl
Pw  *w
2 = — _
Viw = Ox? + Oy?

Three equations of equilibrium (3.2), (3.3) and (3.4) with three unknown functions w(z,y),
Y(x,y) and ¢(z,y) are approximately solved assuming three unknown functions in the forms

w(z,y) = we sin — ™ sin ™Y Y(z,y) = 1, cos T ein ™
a b a b (3 5)
TY .

T
d(x,y) = ¢gsin - cos

where wg, 14, ¢, are parameters of the functions, a, b — sizes of the plate (Fig. 1).
Substituting these functions into equations (3.2), (3.3) and (3.4) and using the Galerkin
method, three algebraic equations are obtained

16 a®b? T
AW — 2=V — 13— Pa = —3—3— o Q21 —~Wq — a22Yq — 023¢q =0
us us ot e a (3.6)
™
Q315 Wa — 32 — azzpe =0
where the dimensionless elements
3 1 2 5—0 5—1i b a2
a1 = a(n) + 0‘(11) + agf agl) =1 1/2 (C( ) 4 Cé ))(5 + 3>
€ ~(c— c— b ~(c— F(c—1) (@
Qg3 = x2(1 _1 + -’L'QG(C 2)) a(ﬁ) D {Eg(c b (5)2 + 4G§Cy Uy E?(J 1 (5)2}
a(21) _ 2{052—2)( + C c—2) (4G(c 2) + E(c 2)(6)2)}
_ 1 (s— s—i (=2)b | (-2 (.;2)
aw = (0" ) 4 ¢! )( )+20 ~ 40y, G S
1/~ b a
- (e—1)"Y c 1)«
+ (B —+26 )
_ ™ (s o) (b (€=2) (5 (c— 2)b = (c—2)
a13—1_y26’1 ( —i—b)—i-C (2G + Ey b)
Q21 = (12 Q31 = Q13 Q32 = (23
gy = 201 [Qb -0 (e 2b 22GlD L) 4 1(5@:—1)9 G Y
1 b a o 3V q o
b
G(c 1) 40
Tt

o b a (c—2) ~(C—2) b =(c—2) a 2.’1)2 ~(c—2) ab
L@ vys g 20 (G BT ) + TGN 7z
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Solving equations (3.6) one obtains

v — 16 @b’ po o = Wowa’bp 6, = 10200°bpo (3.7)
“ wa, 2, E “ byt E oy, 3 E '
where
_ _ bagiagz —aaziass

Qpy = Q11 — (Oé¢0q2 + 0z¢0é13) Qyy = a(@ma% 2 )

23
acz) oz — bagiasy
ap =

b(apass — a3s)

The stresses on the outer sheets and in the middle of the plate, for ¢, = F(0.5 + 221 + z2) and
x=a/2,y=>b/2 are

1 b a 16 ab
Op = 1_1/2 |:(a+VE)<oi(@¢+Vx2a¢):|m%po .
= (& 4 v2)6 £ vy + maa)| -2 Y
Oy = =2\ I/a o T (Vay + 22004 o tglpo
and the equivalent stress (Huber-Mises-Hencky )
16 ab
— . Jf2 _ 2 =
Oeq = \/foz faxfoy + fay 7T4(1 _ 1/2)0(“, tglpo (39)
where
b a a b
fax = (a + VE)CO + (CW, + I/.%‘gCW;) fay = (E + VE)CO + (VOWJ + x2a¢)

4. Finite element model of the seven-layer plate

A family of simply supported rectangular plates of dimensions 2024 mm x 2000 mm subjected
to a uniform load of 0.01 MPa has been considered. The linear static analysis was carried out
using the finite element software ABAQUS. A quarter of the rectangular plate was modeled.
The linear S4R shell elements were placed at the mid-surface of the plate layers (Fig. 4).

Fig. 4. The meshing scheme of a simply supported plate

The mesh density study was carried out to refine the global mesh size to 4 mm. The mesh
convergence plot for the maximum deflection in the middle of the top face sheet is presented in
Fig. 5.
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Fig. 5. The mesh convergence plot

Perfect bonding between the cores and the flat sheets was assumed. The interaction between
flanges of the cores and the flat sheets was provided with the use of the tie constraint. The
flanges of the cores were slave surfaces and the flat sheets were master surfaces.

The boundary conditions were imposed only to edges of the flat sheets (master surfaces) —
each edge was simply supported. The implementation of the symmetry and the simply supported
boundary conditions on a quarter of the plate is schematically shown in Fig. 6.

YA

w(z,b/2)=0
<
0,9,2) =0 =
u0.7 w(a/24)=0
oul |
83} =0 i
! a/2
:n ______________________________ L
v(z,0,2) = z
ow|  _
8y y=0

Fig. 6. The scheme of boundary conditions

5. Results of numerical calculations of deflection and stresses of the plate

The aim of these calculations was to verify the results obtained through the linear finite element
analysis with those obtained through an analytical method. The maximum deflection and the
equivalent stress of the family of seven-layer rectangular plates, using both analytical and finite
element methods, was evaluated. The results of the parametric studies for changes of bys and byy
are collected in Case 1 and Case 2, respectively.

Case 1. The study for constant area of the trapezoidal corrugation of the facing core
AFE,?O;Z? = nAgfr_ 2), where n is the number of the corrugations and Agfr_ 2) (2.20) is the
area of one pitch of the trapezoidal corrugated cross section. The numerical calcula-
tions are carried out for the rectangular plate with the following sizes: ¢ = 2024 mm,
b = 2000mm, t; = 0.8mm, t,; = 11.2mm, fp; = 0.8mm, by; = 46 mm, by = 10mm,

teg = 9.2mm, brp = 8mm, A(Tco_tﬂ = 1811.83 mm?, py = 0.01 MPa, and material constants
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E =2-10°MPa, v = 0.3. The results of the calculations are presented in Table 1. The va-
lues in the ABAQUS columns in Table 1 enclosed in parentheses are percentage differences
with respect to the analytical ones (the absolute value of the relative deviation).

(c=2)

Table 1. The deflection and the equivalent stresses of the plate for the first case AT ota] = const

W Oeq

n [ﬁf;] [;0;] Analytical | ABAQUS | Analytical | ABAQUS
[mm] [mm] [MPa] [MPa)

50 | 400 | 038 530 | 541 (21%) | 594 ] 60.01 (1.0%

60 | 33.333 | 0.751 5.33 5.43 (1.9% 29.7 60.86 (1.9%

70 | 28.571 | 0.6968 5.38 5.48 (1.8% 60.1 62.40 (3.8%

90 | 22.222 | 0.5867 5.51 5.61 (1.8% 60.9 64.94 (6.4%

100 | 20.0 | 0.5363 5.61 5.72 (1.9% 61.2 66.29 (8.0%

| | — | — | —

)
(1.9%) (
(1.8%) (
80 | 250 [0.6409 | 543 [553(1L.7%) | 605 | 6344 (4.7%
(1.8%) (
(1.9%) (

Case 2. The study for constant area of the trapezoidal corrugation of the main core

A’Eﬁo_ti? = Agfr b , where m is the number of the corrugations and A(C 2 (2.29) is the area

of one pitch of the trapezoidal corrugated cross section. The numerlcal calculations are
carried out for the rectangular plate with the following sizes: a = 2024 mm, b = 2000 mm,
ts = 0.8mm, t, = 11.2mm, byy = 10mm, teo = 9.2mm, fp2 = 0.8mm, by = 40 mm,
by = 8mm, A1) = 1876.03 mm?, py = 0.01 MPa, E = 2 10° MPa, v = 0.3. The results
of the calculations are presented in Table 2. The values in the ABAQUS columns in Table 2
enclosed in parentheses are percentage differences with respect to the analytical ones (the

absolute value of the relative deviation).

Table 2. The deflection and the equivalent stresses of the plate for the second case

-1

; = const
b " Wq Oecq
o 01] : 01] Analytical | ABAQUS | Analytical | ABAQUS
R imm [mm] [mm] [MPal [MPal
44| 46.0 0.8 5.30 5.41 (2.1% 59.34 | 60.01 (1.1%

o4 | 37.481 | 0.7349 5.33 5.43 (1.8% 59.44 60.07 (1.1%

74 | 27.351 | 0.5973 5.65 5.65 (0.0% 60.55 61.33 (1.3%

) )

(1.8%) ( )

64 | 31.625 | 0.6652 | 541 | 549 (1.5%) | 59.73 | 60.47 (1.2%)
(0.0%) (1.3%)

(8.0%) (1.4%)

84 | 24.095 | 0.5245 6.48 5.98 (8.0% 63.90 63.00 (1.4%

6. Conclusions

As a conclusion, it can be said that the results obtained through the analytical and the numerical
method are consistent with each other. It proves that the broken-line hypotheses assumed for
deformation of the cross-section in z and y directions are sufficient for evaluating the plate
deflection and equivalent stresses. It can also be seen that decreasing of the parameter bg; has
much more influence on the increase of the maximum deflection of the plate. This effect is due
to a significant change in the shear rigidity of the plate.
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