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Appendix

The detail expressions of Iy, I, I3 and 1, are as follows:

{y,, sinh(k,z)+ v, cosh(ks2z)}{sin[27z% - kslzj - sin[27z% + kslzj

{ys3 sinh(k522)+ Y cosh K 2 {cos( % kslzj+ cos(2;z%+ kslzj
{Ves cosh(k,z)+ y,, sinh(k { (

{y,, cosh(k,,z)+y,, sinh(k_,z)} s1n(27r% kslzj + sin(Zﬂ'% + kslzj}

{y,, sinh(k_,z)- v, cosh(k,z }{sm(27z% kslzj - sm[27z% + kslzJ} -
{y.ssinh(k,z)-y,, cosh(kszz)}{cos(Zﬂ% - kslzj + cos(Z;r% +k,, z)} -
I, = )
2 {y,; cosh(k,z)- v, sinh(kszz)}{cos(bz% — kslzj - cos(zn% + kslzj} +
{y,, cosh(k,,z)-y,, sinh(k, Z)}{sm(Zﬂ'% - kslzj + sin(znl + kslz)}



—{y,, sinh(k,2)-y,, cosh(ks2z)}{cos(27z% - kslzj - cos(27z% + kslz)} +
{ys, sinh(k,,z) - y,, cosh(k {sm 27r + sin(Zﬁ% +k, ZJ} +

I, =
{y,; cosh(k,,z) - y,, sinh(k {sm 27r sin(27r% + kslzj} -
{y,, cosh(k.,z)-y,, sinh(k,,z }{co -k, Z + cos 277 + Kk, Z }

—{y,, sinh(k,z)- v, cosh(ks2z)}{cos[27z —k, zj cos[zn +k, Zj}

{y.ssinh(k,z)-y,, cosh(kszz)}{sm(zn Tk zj + sin(27r% +k, ZJ} -

{¥ss cosh(k,,z) -y, Sinh(kszz)}{sm(m = —k, zj sin(zyz% + kslzj} n
{y,, cosh(k,z)-y., sinh(kszz)}{cos(Zﬂ% - kslzj + 005(271'% + kslzJ}

Reffering to Fig. A1, the expressions of Wobpe » Weee, > Woop, » Woawme » Wacs and Wop,; are

given by

rlz _ r02 5 e26’l tan ¢ -1
Wooreo = 4tan ¢ AL 4tan ¢ ’

B H || rsing sin(6, +6,) H, .
Woce, =0->7 Hsinﬂ Hsin(91+0b) bs}sin(01+9b+ﬁ)}{sin(€l+6?b)}sm(el+0b+'8 )]

in @, sin &
Mooy =051 S % S G, ,
oD 7o Lin(@l +6,)

I sin6, I, sin6, sin(6, +6,)
=0.57]{— 1<~ 1 ——L b o
Wepee, 4 H sin(6, +6,) H sin(, +6,) H sin(6, + 6, + 8 )H ’

r22 _ r12 X e292 tan ¢ _1
Wonveo = 4tan ¢ = 4tan ¢ ’

Wy, = 0.57{{H [cot,b’ - cot(é?a +6, )]} sm(0 +6,) Sin(;ifg N ﬂ)}



I, sin 6,
sin(6, +6,)

Wopy = 0.5y {H [cot - cot(é?a +0, )]—

sin 6,

}2 sin(6, + ¢9b)

sin(91 + Hb) .

r1sin(0; +6y)
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Fig. A1 Geometry for the calculation of the center of gravity and moment of forces.

Referring to Fig. Al, the detailed expressions of M jype, M see, » M opp, » M oamve » M acy s

’ ’ 2 ’ ! ’ .
Mop,s » M ppes M see, » Mopp, » Mg s M ey - and M o,y areas follows:



3
i g;)an2 ; [esal n? {3 tan gcos(@, + 6, )+ sin(6, + 6, )} -3 tanpcos b, —sin Hb]

M ODPEO —

H sin(6, +6,) r. sin 6. H '
Mgee =0.5 L — LB 2 L __p |WR— 6, + 6,
BEE, 7/Hsinﬂ sin(é?1 +6, +ﬂ)(sin(¢91 + ‘9b) Sszin(é?l q )}x sm( L+ 0, +/3):l

H, 2 sin(6,+6,) ( r,sing ,
2 b o)1, cos(6, + 0
Hsin 5 3sn0 04 p)l s +0) )< +eos(f+0)-r; cos(6,+6,)

sin @, sin 6, cos(@b +0 )
4sin o sin(@1 + 0, )(sin 0, cos 6, +cos b, ) ’

2
M obD, — 57%3

) {ewz ¢ 3tan gcos(6, + 0, +6,)+sin(6, + 6, + 6, )} —3tangcos(, + 6, )}

M =
OAMEO m —sin(6, +6,)

M. =0 Sy{ sin(6, + 6, )sin B{H [cot B — cot(6, + 6, )] }{

s {H cot f—H cot(6, +6,)}
sin(6, + 6, + B) st

sin fcos(B+5')—r, cos(6, +6,)

17 sin(6, +6, )sin(6, + 6, )cos(6, +6, +A)
6 sin A(sin @, cosé, + cos#), )siné, ’

_ r, sin 6, I, sin 6, 1
HSMG _p U ToSMG_p UPH cot f—, cos(6, +6,)—
{sin(@l +9b) s}{sin(el +0b) S} co ,3 ) COS( b)

2| r,siné s
{ sin(6, + 6,) } (E {_Sinowl X 419_b) —b, } cosA J

sin(6, + 6, + B)

Mepe =0.57

3
M ppeo = m [e”‘ ¢ 3 tan gsin(6, + 6, )—cos(6, + 6, )} —3tanpcosé, +cosb, ]

M I;EEI = Osyl:{ H1 Sll’l(91 + eb) ( I, sin 91 —bs ]}{L}sm(ﬂ +9b +ﬂ)]

sinf sin(6, +6, + B)\ sin(6, +6,) sin(6, + 6,)

. 2 .
[Hl 1, sing, - H,sin® Bsin(6, +6,) }

3sin8"sin(6, + 6, + )



sin @, sin 6, sin((9b +0 )
4sin o sin(@1 + 0, )(sin 0, cos 6, +cos b, ) ’

, 2
M obD, — 57%3

ML Ay e’% % {3tan gsin(6, + 6, +6,)—cos(6, + 6, +6,)}—33tan pcos(6, + 6, )
OAMEO T 31 1 9tan” ¢)| + cos(6, +6,)
r,sin g, + Y
. . 2 sin
M, = 0.5]{8111(06‘ + Gb)sm. ,B(‘{gH [C(;[ﬁ —c;ot(é?a + 6, )]} } {H cot 2~ H cot(0, + 0, )}
sin(6a + 6, + /5 sin Bsin(B+6')-r, cos(, +6,)

M "2 sin(6, + 6, )sin(6, + 6, )sin(6, + 6, + A)

!

6 sin A(sin 6, cos, +cos#, )sin 6,
r, sin 6, b r, sin 6, b W—r sin 6, +
, sin(6,+6,) [|sin(6,+6,) |, .
Mcpe =0.5y 2| r,sin6, R
o sin(6, +6,) 3 m—bs sin A
sin(6, +6, + ) I5 L

S —tan"! tan @, tan 6,
2tanf, +tané, |

2sin(@, +6,)
: : —cot |,
2sin(6, + 6, + B)sin B{H cot f—hcot(6, + 6, )}

| sin 6,

A =tan"~

b

2r,1"tan @ .
tan 6, (Ob—cos 6, cot 6, +sin Glj

sin 6,

2{ H, _{ rsing }{ sin(6, + 6, ) }}
sinf | sin(@,+6,) | sin(6, +6,+p)
H, sin(6, +6,)

sin(6, + 6, + B)

—_

—cotf |,

0" =cot”




) sin(H1 + Hb)
_fysing
5 sin(l9l + Gb) )

M b sin(@1 + ﬁb)
sin(0,+6,) | sin(6,+6, + 5)

A'=tan”

— cos(@l +6, )




