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Abstract. Thermal buckling analysis of laminated shallow spherical shell using two higher order theories for first
time, based on (Mantari displacement field) and (Reddy displacement field) are developed. The equations of motion
are derived using Hamilton’ s principle and solved using Navier-type for simply supported boundary conditions. The
effect of various design parameters such as thickness ratio, orthotropy ratio, shallowness ratio and number of layer for
laminated shell have been studied also compared with other published results which give good agreement and have
same behavior when changing design parameters, and they are closed to each other except that thermal buckling
mode sometimes changed.
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1. Introduction

Many engineering applications of composite plates and shells are used in aerospace,
automobiles, civil engineering which is always under complicated loads such as thermal loading
due to the aerodynamic heating during their service life. Buckling in the structure is caused by
increasing temperature which affects the performance of structure. Thermal buckling was
important to predict the predominant cause of failure of laminated composite shells subjected to
severe thermal loadings. Many researchers investigated thermal buckling of laminated beam,
plates and shell, for example, [1] used Timoshenko beam theory and Lagrangian approach to
investigate thermal buckling and post-buckling phenomena occurs with immovable ends of the
beam also [2] studied thermal buckling and post-buckling behaviors of functionally graded
materials (FGM) tubes subjected to a uniform temperature rise and resting on elastic foundations
using a refined beam model. [3] used three-dimensional solutions to obtain critical temperature of
laminated plates but [4, 5, 6] developed new displacement function for thermal buckling of
laminated plates, also [7], investigated thermal bucking analysis for cross ply laminated plates
using different theories while [8], analyzed stress of a laminated simply supported plate with
porosity under hygro thermal rising using first shear plate deformation theory.

Many other researchers [9, 10, 11] developed four and five variable refined plate theory to
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solve buckling equations of motion for composite plates under thermal environment. Also [12, 13]
studied thermal buckling of laminated plates under thermal and mechanical loading while [14],
analyzed critical buckling temperature response of FGP sandwich plates under various boundary
conditions. But [15] investigated wave propagation analysis of functionally graded sandwich plate
with different porosity distributions in thermal environment also [16] studied thermal buckling of
laminated composite plates using finite element method for different boundary conditions, while
[17] used commercial software ABAQUS to predict the critical buckling temperature of the
Bouligand inspired laminated plates under thermal loading concluding that as the pitch angle is
increased, mechanical and thermal properties chieved by the Bouligand structure of laminates can
be improved. Researcher [18] studied the thermal buckling of ceramic-metal FG sandwich plates
with a homogeneous core and two FGM face sheets. The mathematical model formulated
according to 3-D thermo-elasticity and approximated by making use of a hierarchical model and 2-
D natural element method (NEM), also [19] analyzed thermal buckling and postbuckling behavior
of a functionally graded (FG) graphene platelet-reinforced composite plate using finite element
method based on first order shear deformation theory.

Sets of algebraic equation are obtained using suitable finite element, such as [20] investigated
thermal post buckling behavior under uniform and non-uniform temperature distribution using
finite element method of batched laminated panels while [21], developed nonlinear finite element
model to find thermal post-buckling of laminated composite cylindrical/hyperboloid shell panel
uniform temperature field used direct iterative approach. Researcher [22], investigated vibration
and thermal buckling characteristics of Spherical, cylindrical, hyperboloid and elliptical shells
using higher order shear deformation theory for curved laminated composite structures also [23]
studied thermoelastic buckling composite spherical and cylindrical shells under non-uniform and
uniform thermal fields using finite element methods and higher-order theory. Researchers [24]
studied buckling and post-buckling behavior of the FG structures under uniform and nonuniform
temperature distributions using large displacements and finite rotation to accurately model and
[25] developed a new numerical method hierarchical model and 2-D natural element method
(NEM) to study thermal buckling of metal-ceramic functionally graded (FG) plates, while [26],
evaluated post-buckling strength of the tilted sandwich composite shell structure using nonlinear
finite element model also [27], focused on how structure behave under thermal loads as the
temperature of the structure increase showing its effect on the natural frequency and thermal
buckling load using Carrera Unified Formulation (CUF) while [28] developed finite element type
higher-order formulation to analyze thermal eigenvalue of the graded sandwich shell structure
under variable thermal loadings. Researcher [29] developed higher order shear deformation theory
to fined critical temperatures of cross-ply shallow shells using power series method also [30] used
first-order shear deformation theory to study thermal buckling behavior of laminates cylindrical
shells subjected to uniformly distributed temperature load. Researcher [31], developed
mathematical model of laminated composite single/doubly curved (cylindrical/ spherical/
hyperboloid/ elliptical) panel using higher order shear deformation theory subjected to in-plane
(thermal/mechanical/thermo-mechanical) while [32] investigated thermal buckling behavior of
laminated spherical shallow shell subjected to uniform temperature distribution, governing
equations are solved using Levy type method based on first-order shear deformation theory, also
[33] investigated thermal buckling behavior of laminated spherical shallow shell subjected to
uniform temperature distribution, using Levy type method based on higher order shear
deformation shallow shell theory. Researchers [34] studied thermal buckling and post-buckling
behaviors of imperfect graphene reinforced metal foams (GPRMFs) doubly curved shells.
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Since some displacement field were used to analyze static and dynamic behavior of plates and
shells, however some of them could not give close results for buckling or thermal buckling
therefore we examine (Mantari and Reddy functions) for first time to analyze thermal buckling of
shell. In present work, thermal buckling of cross ply laminated shallow spherical shells are
analyzed by solving equations of motion derived based on two theories, first one is Mantari
displacement field in which the displacements of the middle surface are expanded as a
combination of exponential and polynomial functions of the thickness coordinate and second one
is Reddy displacement fields in which the displacements of the middle surface are expanded as a
polynomial functions of the thickness coordinate. Many design parameters such as (thickness,
shallowness, etc.) ratio and number of layer are considered and compare with other researchers.

2. Displacement and strain
Displacements of the middle surface are expanded as a combination of exponential and
polynomial functions of the thickness coordinate which is HOSDT developed by Mantari, keeping

same assumptions, such as free boundary conditions at the top and bottom surfaces of the panel,
the proposed displacement field in Cartesian coordinate system, is [35]:

U(xy,x2,2) =u+ z ( 2(3) 91__>

0xq
_o(ZY 1
U(x1,%0,2) =v+ z (m Z(H) 0, —§7W> @)
2
W(xl;xZ:Z) =

For m=constant>0 and for thin shell (—)<<1 and (—)<<1 1 + —=1and 1 + —=1.The

second HOSDT based on displacement fleld dependlng on polynomlal functions of the thickness
coordinate for composite shell proposed by [36] is:

U(xy,%0,2) =u+zx0; +2z3 *(——) (91+—)
(x1,%2,2) =V + 2z %0, + 23 *(——) * (0, +—) )
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Where: u,v,w, 0,0, : are the five unknown functions as shown in Fig. 1. For all coming
derivation will base on first HOSDT while the stiffness matrix obtained from each theory is given
in appendix.

Applying strain-displacement relations [35], the resultant strain for first HOSDT, are:

g =& —zel +z X f(2)e?
g =& —zey +z X f(2)ef

g, =& X [1 —4x (%)2 ln(m)] X m_z(%)z 3)
£ = &5 X [1 —4x (%)2 ln(m)] X m_z(%)z

g = &d —zet +z X f(z)€l
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(x,,x,,x,) - Laminate reference axes

Figure 1. Shell geometry with lamination reference axes and displacement components [29]

Where:
z 2
f(z) =z X m_z(ﬁ) (4)
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3. Principle of virtual work

The equations of motion will be derived depending on first HOSDT of shells using Hamilton’s
principles [36].

0= [ 8U+5V (6)

Where: 6U is the virtual strain energy:
h

6U= [fi{f;; 010 &f + 0,06 + 056ek + 0,6&f + 056eX107 }9x,0%,] (7
=
8U = [(N,5 &) + M8l + PiSe? + NySed + MySey + P,5es + NgSel + MgSet+PsSe? + @)
K26€4_3 + K16€53) axlaXZ
Substituting Eq. (3) into Eq. (8) and integrating by parts to relative virtual displacement (6u, dv,
dw, 604, 68,), result in:
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The Virtual external work done by thermal applled load (&V) is:
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Where:
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Where {NT} is the thermal stress:
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Qx1, Ay, and @, ., are the transformed thermal coefficients of expansion defined as:
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9)

(10)

(11)

(12)

(13)

(14)

Transformed plane stress stiffness terms ([QU]) are defined in [36], while a,, @, are thermal

AT = Tf - Tref

expansions coefficients of longitudinal and transverse respectively, and 6 is the angle of
lamination. For the uniform temperature rises:

(15)

Where T is the raised final value of temperature in which the buckling of the plate is occurring

and T, is the initial temperature of plate.

4. Equations of motion

Five equations are obtained from equating terms of each virtual displacement components in

Eqg. (6), to zero as follows:

Ny
du: 0x4 + axz =0
dv: e 4 We

0X, 0X4
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The result forces are given by:
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The transformed stress-strain relation of an orthotropic lamina in a plane stress is:
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Substituting Eq. (18) in Eq. (17), and integrate them result in:
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Lj = f_iQi]- [1 —4 (E)2 1n(m)] «m2) dz i = @5) (23)

2

5. Navier’s solution

The generalized displacements are expanded in a double trigonometric series in terms of
unknown parameters in Navier's method. To satisfy the boundary conditions of the problem, the
restricted choice of the function in the series is selected. Substitution of the displacement
expansion into the governing equations should give a set of algebraic equation among the
parameter of the expansion. Assuming the following displacements form to satisfied simply
supported boundary conditions [36]:

u(xq,%z,t) = Xm=12n=1Umn (Dcos (ax;)sin (Bx;)

v(Xy,X2,8) = Xm=12n=1 Vmn (D sin (ax;) cos (Bx;)

W(Xy,X2, 1) = Xm=1 Zne1 Wmn (Osin (axy) sin (Bx;) (24)
01(x1,%2,8) = Xm=12n=1 01, (Dcos (axy)sin (Bx;)
0,(x1,X2,0) = Xm=1 Xne1 ezmn(t) sin (ax) cos (Bxz)

Where: o = % , B = %, (Unmn Yins Wi, 01,05 ), are arbitrary constants.
The Navier solution exists if the following stiffness are zero:
A6 = B1g = D16 = E16 = F16 = Hig = Apg = Bog = D2g = Ez¢ = Fag = Hayg = Ays = Jus =
Lys =0
The equations of motion (16) can be expressed in terms of displacements by substituting Egs.
(19)-(22) and Eq. (24), the following eignvalue equation is obtained:

€11 C12 C13 €14 (15 (Umn \
[C21 C22 C23 C24 025] | Vinn |
€31 €3z 33— PNy — B?Ngp —aBNyiy,  Cas Cas 4 Winn ¥ =0 (25)
C41  Ca2 C43 Caa  Cas|| O1mn |
€51 Cs Cs3 Cs4 Css kezmn)

Where: C;; is the stiffness element given in appendix.

6. Results and discussion

Thermal buckling of cross ply laminated shallow spherical shells are analyzed by solving
equations of motion derived based on Mantari and Reddy displacement fields for first time, using
Matlab R2014a programming, material properties used for all figures are:

ay=1, a;=0.015*a,; a,=1*a,;To=0; E1=15; E2=1; E3=E2; v12=0.3; v13=0; v23=0.49; GG12=0.5;
GG13=0.5; GG23=0.3356, T = a, X T..=normalized critical temperature.

First theory is based on a displacement field in which the displacements of the middle surface
are expanded as a combination of exponential and polynomial functions of the thickness
coordinate (Mantari displacement field), while second theory is based on a displacement field in
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Table 1. Normalized critical temperatures of 2- cross-ply laminated shallow shells (a/b =1, m=n=1 for all
cases (except when it is written)

T
References
Prese_nt wor!< Present wo_rk [29]
(Mantari function) (Reddy function)
Shallowness ratio a/H=5

a/lR=.1 0.135336 0.118945 0.127158
a/lR=.2 0.136654 0.120973 0.133660
a/lR=.4 0.144875 0.129103 0.143169

a/H=10
a/lR=.1 0.046328 0.039156 0.038106
a/lR=.2 0.048249 0.041686 0.042379
a/lR=.4 0.057759 0.051813 0.056674

a/H=20
a/R=.1 0.013225 0.011254 0.012894
a/R=.2 0.015591 0.013969 0.019644
a/R=.4 0.026019 0.024827 0.032534

Table 2. Normalized critical temperatures of 3- cross-ply laminated shallow shells (a/b =1, m=n=1 for all
cases (except when it is written)

T
References
Present work Present work [29]
(Mantari function) (Reddy function)
Shallowness ratio a/H=5

a/R=1 0.1116303 0.1f6§04 0.178609
m=n=1 m=n=1

a/R=.2 0.1f9§62 0.1f8§55 0.181867
m=n=1 m=n=1

a/R=4 0.1(_30&296 0.1§6§82 0.194406
m=n=1 m=n=1

a/H=10

a/R=1 0.0§1§55 0.06_18_584 0.078796
m=n=1 m=n=1

a/R=.2 0.0534313 0.0534379 0.082481
m=n=1 m=n=1

a/R=4 0.(174033 0.(1732_10 0.097118
m=1,n=2 m=1,n=2

a/H=20
_ 0.019605 0.019555

a/R=.1 m=n=1 m=n=1 0.026601

a/R=.2 0'9220f'8 0.021977, m=1,n=2 0.032921
m=1,n=2

a/R=4 0.028094 0.027774 0.047090

m=1,n=2 m=1, n=2
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Table 3. Normalized critical temperatures of (2 and 3) layer cross-ply laminated composite shallow shells
(a/b =1, a/R1=b/R2=0.5, m=n=1 for all cases (except when it is written)

T
No. of layers=2
References
. . Present work Present work
Thickness ratio (Mantari function) (Reddy function) [29]

5 0.1517784 0.135219 0.1505
10 0.065349 0.059415 0.06863
20 0.034082 0.032972 0.03927

No. of layers=3
5 0.192131 0.162276 0.1942
10 0.089364 0.077210 0.09874
0.032122
20 0.042916 m=1.n=2 0.04986
0.23 . ‘ o —
0.22F /*"‘/4»4"—# .
e — % —Reddy theory
0.21 + - Mantari theory
/ — =+ — Hiroyuki Matsunaga
02+ /
5 7
= 0.19 - |
§ ] | $——— k= —F
é 0.18 !I *%/—
o 017 I,
z | /’
016 " T
0.15 "‘!
0.14 | |
*
0.13 . - : : :
0 5 10 15 20 25 30

Number of Laeyrs

Figure 2. Normalized critical temperatures T of cross-ply laminated composite shallow shells
(a/b=1, a/H=5, a/R=0.5) for different theories and no. of layers

which the displacements of the middle surface are expanded as a polynomial functions of the
thickness coordinate (Reddy displacement field) are compared with third shear deformation theory
which based on displacement components may be expanded into power series of the thickness
coordinate [29] and the transverse displacement is assumed to be constant through the shell
thickness for these three shear deformation shell theories. Normalized critical temperatures
obtained from three different theories are shown in Tables 1-2 and Fig. 2, they are decrease when
thickness ratio increase and increase when shallowness ratio increase so it has same behavior, for
thick shell, Reddy function gives under predict critical temperature while for thinner shell results
from these theories are close to each other, also when changing shell curvature differ for thick
shell and closer for thinner shell.

Effect of number of layers on thermal buckling behavior is shown in Table 3, which is a direct
relation as expected, except that for second theory, the mode of minimum thermal buckling
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Figure 3. Normalized critical temperatures T of cross-ply laminated composite shallow shells
(a/b=1, a/R=0.5) for different no. of layers and thickness ratio, based on Mantari function
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D012
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E 01r
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E1/E2

Figure 4. Normalized critical temperatures T of [0/90] cross-ply laminated shallow shells
(a/b=1, a/R=0.5) for different orthotropy and thickness ratio based on Mantari function

changes for three layers with thickness ratio=20, and they are closed to each other but Reddy
theory is under predicted compared with other two and is closed to Mantari function, but when
increasing number of layers critical temperature will increase until five layers and then it tends to
be constant as shown in Fig. 3. while increasing orthotropic ratio that cause increasing shell
stiffness results as shown in Fig. 4.

7. Conclusions

In present work different shell theories are investigated to obtain critical temperatures of simply
supported shell, (Mantari displacement field) and (Reddy displacement field) are compared with
third shear deformation theory (Matsunaga). Normalized critical temperatures obtained from three
different theories with changing design parameters have same behavior except that for second



Comparison study for thermal buckling behavior of laminated shallow shell 221

theory, the mode of minimum thermal buckling sometimes changed, and they are closed to each
other, for thick shell, Reddy function gives under predict critical temperature while for thinner
shell results from these theories are close to each other, also when changing shell curvature differ
for thick shell and closer for thinner shell.
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Appendix

First HSDT stiffness elements of C;; are:
Ci1 = —AnO(2 —A66B2
Ciz = Cpp = —Apa B —Aga B
Ci3 = C31 = ]3110(3 + BlzaBZ + 2B66a82 + Aqq Ril + Ay Riz
Cig = G4y = —}:‘:110(2 - Eesﬁz
Cis = Cs1 = —Ejpa B —Egea B
Cyz = _AZZBZ - A66a2
Cp3 = C3 = B12a?B + By,a® + 2Bga®B+ Apy R% + Ay, R%
Cz4 = C4y = —Ejpa B —Egea B
Cas = Csp = —E3,p? — Eg0?
2 2 2
C33 = —Dyja® — 2D B2 — Dy, p* — 4Dgea®p? — 2f{_Bu - zﬁ_Bzz - zg_Blz -
a? 1 1 ! 1 ’ ’
Phy P TR TR A TR
C34 = C43 = Epy Ri+E12 Ri + Fiap? + Fy103 + 2Fgq0 B2
1 2

All

C35 = Cs3 = ]312%"'}3221%2 + F120%B + F,B% + 2Fg6a®B

Cqq = —Hypa? —HgeB?  —Lss
Css =Css = —Hip a f—Heg a B
Css = —Hzyp? — Hee? — Ly
Second HSDT stiffness elements of C;; are:
C(1,1)=-Al1*(a"2)-((8*E11* a2)/(3*R1*H"2))-A66™( "2)-((8*E66™ p"2)/(3*R1*H"2))-
((A55)/(R172))+((8*D55)/((R172)*(H"2)))-(16*F55)/((R1"2)*(H"4))-
(16*H66™ p"2)/(9*(R172)*(H"4))-(16*HI 1*A”2)/(9*(R172)*(H"4))

C(1,2)=-A12* o* B-(4*EL2* a* B)/(3*R2*HA2))-(4*EL2* oc* B)/(3*RL*HA2))-AB6* oc* B-
((4*E66* a* B)/(3*R2*HN2))-((4*E66* oc* B)/(3*RL*HA2))-(16*H12* a* B)/(9*R1I*R2*HA))-
((16*HB6* o * B )/(9*R1*R2*H"4));

C(L,3)=(( a*ALL)/(RL))+((4*ELL* a3)/(3*HA2))+(( a*AL2)/(R2))+((A*E12* oc* BA2)/(3*HA2))+(
(B*E66* a* B2)/(3*H"2))+(( o*A55)/(R1))+((32*HB6* o* B2)/(9*R1*HA4))-
((8*D55* a))/(R1*H2))+((16*F55* a)/(R1*HA4))+((4*E11* a)/(3*(R172)*HA2))+((16*H11* «
A)(9*RI*HA))+((A*EL2% o )/(3*RI*R2*¥HA2))+((L6*H12* o * B ~2)/(9*R1*H))

C(1,4)=-(B11* a’2)+((4*E11* o2)/(3*H"2))-(B66* B72)+((4*E66* Br2)/(3*H2))+(AB5/(R1))-
(8*D55/(R1*H2))+(16*F55/(R1*HA4))-
(4*F11* o"2)/(3*R1*HA2))+((L6*HL1* o2)/(9*R1*H4))-
((4*FB6* Br2)/(3*R1*HA2))+((16*HB6* B A2)/(9*R1*H))
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C(L,5)=- a* B*(BL2+B66)+((4*E12* or* B)/(3*HN2))+((4*E66* oc* B)/(3*HA2))-
(4*F12* a* B)/(3*RL*HA2))+((L6*H12* or* B)/(9*RL*HAA))-
((4*F66* a* B)/(3*RL*H"2))+((L6*HE6* o * B )/(9*R1*HN4))

C(2,2)=-(A66* a2)-(A22* B2)-(Ad4/(R22))-((B*E66* o 2)/(3*R2*HN2))-
((8*E22* B2)/(3*R2*HN2))+(8*DA4I (R2°2)*(H72)))-(16*F44/ (R272)*(H4)))-((16*HB6™
A2)(9*(R272)*(HA4)))-((16%H22* B A2)/(9*(R272)*(H"4)))

C(2,3)=(8*E66™ B* o2)/(3*H"2))+(A12* B/(R1))+((4*E21* B* a*2)/(3*HA2))+(A22* BI(R2))+((
4*E22* BA3)/(3*HA2))+(AdA* BI(R2)))))+((16%H22* BA3)/(9*R2*HA4))-
((8*D4d* B)/(R2*H2))+((16*F44* B)/(R2*HMA))+((32*HB6* B* o2)/(9*R2*HA4))+((4*E21* B)
J(3*R2*RI*HA2))+((L6*H2L* B * o A2)/(9*R2*HAA))+((A*E22* B )/(3*(R272)*(HA2

C(2,4)=- oc* B*B66-( B* a*B21)+((4*E66* B* a)/(3*HN2))+((4*E2L* B* )/(3*H"2))-
((4*F66* B* o)/ (3*R2*H"2))+((16*HB6™ B* )/(9*R2*HN))-
(4*F21* B* o)/ (3*R2*HA2))+((16*H21* B * o )/(9*R2*H"4))

C(2,5)=-(( o*2)*B66)-))-((8*D44)/(R2*H2))+((16*F44)/(R2*H"))-
(B22*( B"2))+(Ad4(R2))+((4*EB6* o2)/(3*HA2))+((4*E22* Br2)/(3*H"2-
((4*F66* a2)/(3*R2*HN2))+((16*HB6* o2)/(9*R2*HA 4))-
((4*F22* Br2)I(3*R2*HA2))+((16%H22* B ~2)/(9*R2*H)):;

C(3,3)=-(A55* a"2)-(Add* Br2)+((8*D55* a*2)/(H"2))-
((L6*F55* o2)/(HM))+((8*D4d* Br2)/(HM2))-((16%F4d* Br2)I(H4))-

((B*E11* 2)/(3*R1*HM2))-((16*H11* a)/(9*HA4))-((4*EL12* o 2)I(3*R1*HA2))-
((B*E12* BA2)/(3*R1*HM2))-((32*H12*( a2)*( BA2))/(9*HM))-((8*E22* B2)/(3*R2*HA2))-
((L6*H22* BAAY/(9%HAA))-((64%HB6*( BA2)*( a*2))/(9*(HM4)))-(A11/(R172))-(2*A12/(R1*R2))-
(A22/(R272))-((4*E12* o "2)/(3*R2*H2));

C(3,4)=- a*A55+( o*B11/(R1))+((8* a*D55)/(H"2))-
((16* a*F55)/(HA))+((4*( o3)*FL1)/(3*H2))-
(16*( a3)*HLL)/(O*HA))+((4*( o BA2)*F12)/(3*H 2))-
((16*( o* BA2)*HL2)/(9*HA))+((8*( o BA2)*F66)/(3*HA2))-((32*( o BA2)*HB6)/(9*H4))-
((4* o *E11)/(3*R1*HM2))+( o *B12/(R2))-((4* e *E12)/(3*R2*H2)):;

C(3,5)=-B*Ad4+(8* B*DA4/(H"2))-((16* B*FA44)/(HM))+((4*( a2)* B*F12)/(3*HA2))-
((L6*( a2)* BH12)/(9*HN4))+((4*( Br3)*F22)/(3*HA2))-
((L6%( BA3)*H22)/(9*HN4))+((8*( a2)* B*F66)/(3*HA2))-
((32%( ar2)* B*HB6)/(9*HN4))+( B*B12/(R1))-((4* B*E12)/(3*R1*H2))+(B22* B/(R2))-((4* B
*E22)/(3*R2*H12));

C(4,4)=-D11*( a2)+((8*( a2)*FLL)/(3*H"2))-((16*( o*2)*H11)/(9*H 4))-
D66*( B 2)+((8*( B"2)*F66)/(3*H"2))-AB5-((16*( B2)*H66)/(9*H"4))+(8*D55/(H2))-
(16*F55/(HM));
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C(4,5)=-D12*(o* B)+((8*( o> B)*F12)/(3*H"2))-((16*( o> B)*H12)/(9*H"4))-
D66*(B* o) +((8*( B * a )*F66)/(3*H"2))-((16*( B * o )*HE6)/(9*H"4));

C(5,5)=-DB6*( a2)+((8*( o*2)*F66)/(3*HN2))-((16*( o 2)*HB6)/(9*H"4))-
D22*( BA2)+((8*( BA2)*F22)/(3%HA2))-Ad4-((16%( B2)*H22)/(9*H L)) +(8*DAd/(H2))-
(16*F44/(H"4))





