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ABSTRACT

]

Vibrations of confinuous plates with elastic supports
are'beihg prgsentéd'here. The two ;pan plate is considered -
to be resting on e}astic springs located along the extqrnal
and intermediate sSupports. The other two opposite edges are
takenm to be simply supported. The theo¥ética1 formulation
is gehera1 as the position of the intermediate support and
"the aspect ratio of the.plate 55 well as the spring proper-
ties are left arbitrary. Several special céses with syﬁ-
metric and non-symmetric conditions at the external edges Y
of the plate have been studied. The variation of the eigen-
values of the fundamental mode have been obtained and are

i

given at the end of the thesis.
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CHAPTER™

INTRODUCTION

The-bré}lém of vibréfioé of rectangular plates has
intereét-for.long.; Seig;al‘pgpers have‘;ppeared'in
. the 1lit rature on the tbpic of yibrf}ion of re;téngular‘plates.
.- Warburto 3[4 presented the colle;tiqn of solutions for
rectangular plates having classical supporés in his analysis.
He used Rayleigh method and ut111zed the product ofathe
.shape function of the bean as the shape function. Young [2]
had analyzed similar problem y;ing Ritz method. lehlmura[S]
approximatéd the vibration of square plate using

relativély coarse finite difference. Vet [{] had presentéd
the exact solution of the vibration of rectangular bla;gs
having all sides éimply suﬁported. The frequency parameters
are presented infgfaphicél form as ; function of thé aspect
ratio. Iguchi [?] had extended this wOrk by solving the
problems of square plate with 51mp1e—f1amped simple-simple
supports and simple- clamgpd 51mp1e.c{amped supports A good
collection of single span plate problems and their solutions

are avallable in [6] and [7]. However, very little work has

been done on v1brat10ns of continuous rectangular plates with

=




~non-classical support conditions. Thesé& types of problems

-
are of considerable interest to practising engineers who o

work in the area of the structural‘desipn.” In fact, an

- engineer does not very often come across t e ‘classical
'

.

clamped and simple conditions in real’'lif¢g problems.
'This thesis deals with the vibration of two span

plates. The treatment is, restricted to. thin plates and
no attempt is made to jnclude the rotary inertia and shear
. %

terms. The theoretic dévelopment in thisipapér is. fairly

‘gene£a1 in the sé¢nse that the position of intermediate sup- [/
port is left arbitrary and the aspqet ratio can be varied
to include a bo;&d spectrum of cases. Furthermore, in

this thesis, the two span plate is considered to be resting
on elastic springs 10cated:élong the external and intermed- R
iate suppoét. OAe of the advﬁﬁtageg of this type of support A i
is that almost all possible bOundafy conditions can be
approdched by varying the spring stiffnesses. The other two
opposite edges are taken to be simply supported. The case
when.a rectangﬁlar plate is having zero deflection and rota-

tional restraint on the edge has been presented in {g].

Carmichael Bﬂ solved similar problems by using the
Rayleigh and Ritz methods. )
The solution used in this analysis is exact since it

satisfies the governing differgntial equation as well as

all the boundary conditions. | N



The discussions of the two equal span plates with
the outside edges resting on springs having the same
properties are presented in Chapter:d. The more general
cases such as unequal span and various support conditions
are discussed in Chapter 5.

This thesis also contains some special cases which
have been %enerated by the proper limitiﬁg procedures; The
results obtained in this study for these caﬁfs have been
found in good agreement with those available.

<
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CHAPTER 2

FUNDAMENTAL EQUATION OF PLATE THEORY
. The governing differential equation in terms of lateral
displacement W for free lateral vibration of a plate is

glven by:

‘ 2 ’
DVI*W(x,y,t) + po W(xélxﬂ = 0 i (2.1)
ot

1
-

where D is flexural rigidity and is defined as:

3 - o 4 . L h
D = Eh and _VA =2 _ 42 3 7 + 9 T . #
12(1-v?) ax ax‘ay ay"' . :

- The complete derivation of the differential equation (2.1) ,
can be found in [}, 10, 11, 12, 13, 14]_ K
The assumptions made in deriving Eq. (2.1) are the following: o
1. The material of the plate is elastile, homogeneous' ‘ !

and isotropic.
2. The plate is initially flat.

3. The thickness"of the plate is small compared to

its other dimensions.

4. The deflections are small compared to the plate
thickness. W

5. The deformations are small suéh that ;traight lines
initially normal to the middle surface remain

straight lines and normal to the middle surface.



/

6. The stresses normal to the middle surface are

LS

.

of negligible ofder of magnitude.
7. The effects of inplane forces are neglected.
8. The effect of rotary inertia and shear deformation
is negligible. |
In the cage where the effect of rotary inertia and
shear deformation are taken into considerafion, the équation
is of sixth order and they involve three dependent variables

such as the local rotations in the x-direction due to bending,

the local rotation in the y-direction due to bending and thé -

e

Arn

middle surface deflection due to bending as well as due to

shear.

¥

[P
L b

P ]

It is not the intention of the author in this study

PR

to discuss the effects of rotary inertia and shear deformation.

R

However, more elaborate explanations of these terms as well

R

as the derivation can be founq elsewhere Eq-.

Assuming that Eq.(2.1) has a variable separable solu-
tion, dependent variable w(x,y,t) can be represented By the

product of W(x,y) and T(t), wherp W(x,y) ‘is the shape function

and depend upon x and y only and T(t) is a function of time.

With this , w(x,y,t) can readily be written as:

wix,y,t) = W(x,y).T(t) : (2-2)



Introducing non-dimensional parameters such ag:

= 7 - X = X w
W o=, ,8=7 _and n= 7 EQE;

Utilizing the chain rule of differentiation for the higher
derivative and differentiation with respect to n, then the
relation between the derivative of dimensional and non-

dimensional parameters can be written as:

viy®

vhu(x,y)) = T (6, (2.3)
L

Substituting Eq. (2.2) into Eq. (2.1) and utilizing (Eq. 2.3)

one gets:

3

* h 2 .
Dvl‘.{w T T(t)} o L owNe,m $EHEL - (2.4)
L dt '
by
which can be simplified to the form:
* .
Vaw (E,n) _ _ DLA T(t) : (2.5)
* D T(t) )
W (g,n) .

0

Equation (2.5) can be achieved if and only if it is equal

4 /—\_.___/"'—-”'"'
to a constant, namely k .

Now, the right-hand side of Eq. (2.5) can be written as:

13

AR R N EA

“
~\
K
K
\
'y
1
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O a
D
A 4
. ip -
T(t) = - —5 T(t) (2.6)
. O L |
J . . .
Introducing ‘
2 k' \
w = _Z .
pL l‘

the solution of Eq. (2.6) is known as:

T(t) = Rlsinwt + chosmt i \\ (2.7)

. ¥

Provided the value of mz is positive, which in turn means

that the value of ka'must be positive, Rl and R2 in Eq. (2.7)
are arbitrary constants.
In this equation, w is the circdlar frequency of plate . ?h

vibration while k is its eigenvalue and must be a real pos-

.
s v
.

R S P

itive constant. : :

Solving the left-hand side of Eq. (2.5), first it is

necessary to rewrite it in this form:
* ,
vt bt = o (2.8)
which can be simplified to/{he form:

924x2) (v2-kP) W (E,n) = 0 (2.9)

The complete solution to Eq. (2.9) can be -obtained by super-

4

imposifig the solutions of the two equations:

~t



*
v2u* (e, m+kZw (g, n)

|
o

’ (2.10)

72wt (e, n) -k2W (g, n)

0

By ashuming Fourier series in one of the variables, the

generzl solution camn be expressed as:

o

* =, '
W (E,n) = L Xl(E)sina n+ I XZ(E)cosa n . (2.11)
m n ', m n
m=1 - om=1
Xi and Xi are, as yet, undetermined functions. The equation

which governs the nature of these functions can be obtained
by the substitution of Eq. (2.11) into Eq. (2.10). This
substitution into the first equation of 'Eq. (2.10) yields:
2,1
8 X (8D 2 2..1.:
—— + (kT-a)X(E) = 0 (2.12)
5 . n’“m -
£
i=1,2.

The solution of Eq. (2.12}) is written as: 7
i {
Km(E) = A;sin kz—ai E+ B;cosﬂ kz—ui E (2.13)

where Ai, Bi are unknown constants.
The substitution of Eq. (2.11) into the second of Eq. (2.10)
vields:

2,14

8%%2(6)

S w2, 20 04 -
! (k"+a )X _(£) = 0 (2.14)



The splution of thid equation can be expressed as:

X;(E) = Cisinh sz-ui £+ D;cosh k2+u§ E {2.13)

C; and D; are also arbitrary constants.

The general solution of plate deflectio&‘therefore is:

* ,
W (£,n) = (Aisin kz—ui E + B;cosJ kz-ai £+ Cisinhj k2+ai £

: 1 2. 2,
+ Dmcosh k +an E)sinunn

+ (Aisianz-—ai £+ BicosJ ki-a? ¢
-+ Czsinh , k2+a2 + D2 cosgh R?+az E)casu n
m 4 m n n

(2.16)

This solution is only valid when kz—ai is positive. When

kz-ai is equal to zero, it means that the plate becomes

! RIS S NS S [ B N

independent of £. Thus, it is necessary to modify the sol- ]

>
5
by

ution as that of the beam. In such case the plate is bound

to deflect into the cylindrical surface.

The other case 1is when kz—ui is negative. The problem
arises when taking the squére root of negative values.
Therefore, it is‘necessary to modify the solution of the

first set of Eq.'(f.lO) by rewriting kz-ui as -(ai—kz).

Then, the first set of Egq. (2.10), éfter substitution of .

2
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Eq. (2.11) and making use of the above modification, reduces

to:
SZX;(E) 2 2.4
——— = (e ~kT)X_(£) = 0 (2.17)
A n m
SE .
and its solution can be wriltten as:
L\“\
%k; = A;sinh J mi-kz E + B;cosh J gi—kz é (2.17a)

1= 1,2

where A; and Bi are constants of integration. The second

set of Eq. (2.10) remains unchanged.
- : 2 2
Now, thejggneral shape function when k - 45 negative can

be éxpnaﬁsed as:
* r__—““ r———‘—
W (E,T‘i) = {Aisinh ai—kz E -+ Br:tcosh ai_kz E
+ Cisinh ,!k2+ui 3 +_Dicosh J_k2+ui€}sinunt
{Aisinh.Jai—kzlg + Bicoﬂ1 Jai—kz £

+ Czsinh k2+a2
m *n

£ + chosh k2+u2‘}cosu n

m n n
(2.18)

For the case of two span Plates, the governing equation for

the deflection 1in each span 1s represented by either Eq.

(2.16) or Eq. (2.18).



_11- . } . . ’

The selection of the .particular equation depends upon the

value of k and @ .
‘The decisioﬁ of which equation is to be used will be left

to the computer to decide while computing the eigenvalues,

since both o and k are dependent on the boundary conditions.

r
e

¥




CHAPTER 3

BOUNDARY CONDITIONS . v

A

The sclution- of plate vibration prohleﬁs.;é given by
,ﬁqs. (2.16) and (2.18) must 'satisfy the boundary cénditions -
hd .o
characterizing each problem and the governing eq&ééiong of
~the plate. Consequentl&; the solution of the plate vfbration
pfoblem is essentially a boundary, value problem. 1In the}ﬁ‘
case of ﬁlates, the fulfillment of the boundary conditiong
usghlly presents considerable matnematical difficuley.
Cases investigated'iﬁ this th;sis deal with simple
support conditions along the running edges with variations
of the supiort at the two external ends as well as the inter-
mediate span.

The general boundary conditions used Iin this investi-

gation will be discussed in this Chapter.

3.1 Boundary Conditioms at the Running Edges

It was stated earlier that cases investigated in this
thesis deal with simple support Fonditiops along the running
edges. This requires that both the deflections and bending
moments along these edges must be equal to zero.r The zero BN
deflection is due to the rigid support condition which does

not permit any deflection along this edge. The zero bending



ay—
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moment conditions arise due to the 'mature of simple support

which allows free rotation of the edge with respect to the

edge line. These conditions can be expressed analytically

in the form:

i=1,2

(3.1

where My is the bending moment in y-direction and is defined

as [2,3,4,5]:- '

. (LQJ:_)

4 3y2 .8x2 A

P

[

Subscripts 1 and 2 in Eq. (3.1) refer to left-hand and

right-hand span respectively.

Substituting the non-dimensional paraemters

*_ ¥ = X =
W = 1 n 1 and §

-

X
L

into Eq. (3.1) yilelds the following equation:
' *

L op [57W 52
D 1 i

LW, = T + v = 0
i, L\ 4.2 se2 ) -
& Ny i

{ = 1,2

which can be gimplified as:

ok 0 §
“_ ("‘i - ©

ol

L
ik
éﬁ&

1

-

(3.2)

{3.3a)
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. and

Szw: : SZW: . .
— tv_7 =0 . (3.3b)
8y - 86 | '

"The. bouhdary cond;\honslas well as the governing differ-
AN

ential equation can be satisfied simultaneously by taking

the,sdlutiﬁn of“plate deflection as: ) o

B ' > | 2 2 ' 2 2
Wi(Ei,n) mil Aisinh G.n—k Ei +Bic05h Fcn—k_ E.l
+ Cisinh,Jk2+ai gi + Dicosh Jk2+ai E{}
sina n ] _ (3.4)
A
i=1,2
for k<a and
% . ! © ’
W,(E,,n) = L A sin 4k —u + B jcos kz—az £
it i n i
: m=1 )
+ Cisinh,Jk +a + D cosh,1k2+o.2 E%}sinann
(3.5)
i=1,2
for k>an -
In the above equations, un‘is &Ti%ned as:
a_ =1 T Y : (3.6)
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\ f‘.“xg{; A
where n = any posi?ive integer : '
y = the aspect ratio (length over the width).

IE can'be observed that this solution 1is only the first half
portion‘oﬁlthe Eq. (2.16).

All other pertiﬁeﬁt‘solutions which arise due to the
variation of paraméters at the otﬁer supports in the tweo
span plate vibrations are obtained by utilizing Eqs. (3.5)
.and (3.6) as the generqlfgasic equations. l

There are still eight remaining,unknown constants.
Obviously, it. means that eig more boug;ary conditions are

required, four of whichcdre acquirgﬂ at the two external ends

and the re-aining four are obtained from the continuity

“d
iy r .

_conditions of deflection, slope, hending moment and shear

forces at the iIntermediate support.

3.2 Boundary Conditions at the End of the Span

The classical boundary conditions (free, simple and ‘
clamped support) are hardly found in real problems of

engineering designs. These kinds of boundary conditions are

A

mostly used to satisfy the mathematical equations'in order

to estimate theilr effects. In this study, Ffurther approach

is.made which leads closer to the real life suppori condi-

-

tions such as elastic supports with variable stiffnesses.
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0

It is well,known that plmostlall possible boundary conditions

fcan be approacﬂed by boundary conditions aé in elastic
supports. . ?ﬁ‘
When an end 9f a plate is.supporﬁed elastically, it
means that the end of the plate ma% have lateral and/or
-torsiqnal spring sdpporti In.order tb-accom?odate a wideé
variation of support coﬁd?tions, both iatgrél and torgional
spring supports are'considered iﬁ th?é thesils.

If the end of a span 1s supported elastically in the

transverse direction, the defleption along this end is nbt
.zero since it 1is allowed ﬁo deflect in the 1ate;él direction.
This deflection of the plate is equal to the deflegtion of
the spring suppoft which transmits reaction force to the
plate. If a torsional séring is‘attqched along the external
edge of a‘plate, this.edge is restrained from free rotation
since the torsional sﬁring resists the motion. The angular
rotation of this edée with respect to the edgg line must be
equal ‘to the angular rotation of the support ﬁhiqh transmits
fpomeﬁt reaction to the. plate.

- To elaborate more clearly, an infinitésimal width is

taken from one end of .a span normal to the x-direction as

shown in Fis. 3.1. The stiffnesses of the lateral and tor-

sional springs attached to the—-end of the plates are K and,KT .

i:espJect;ively. ) &

L
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i é oW

L oW

h Mx KT_-a-i 2 —1 F >x
OX -
| 7, Z

Vy } 7
, K-W \+w T
: | T e r

+

FIG. 3.1. Elastic edge constraints [l].

The force K.W generated in the spxring and also required

hoc)

fo deflect the lateral spring)support in the posiéive dir-
ection and the mqunt KT %ﬁ required to cause éositive' Ty
rotation are shown along with thei; reactio;s on the end of
a plate. o .

The "Kirchoff" reaction [?,3,@ Vx and the bending

moment Mx occur at an infinjtesimal distance within the

plate. By summing force and moments and neglecfing higher

. R . ’ -
order terms, the following equations are found to“hold.

on the boundary:

i
v

V.= KW ‘ | (3.7)

=
I
-~

1 - o (3.8)
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""‘,
The shear forces Vx and the moment Hx-are given by the
following eguat{ons [3,4,5]:
oo 2. '
_ £ | 8%w 3w "
Vx =D i bl + (2-v) ) (3.9)
¥x 8y .
and
2 2 1.
M_ = D [%xw 4oy 2 g]
by -
- * . %
Dimensionless stiffness parameter K and KT are introduced
for lateral and rotational springs, respectively. This non®
dimensionalization is achieved by writing:
* 3 * .
K = KL”/D and'K_, = K, L/D 2
T T N
where i
: ¢
K = lateral spring constant taking the dimension of §ﬂ
force/unit length2 o3
K. = torsional spring constant taking the dimensicn of Eﬁ
:

T
moment funit length

L = total length of the plates
D = flexural rigidity of the plateé.

Employing these new.paraemters, conditions (3.3) and (3.4)

can be written in the following non-dimensional form:

2 2 % .
LI T+ (2-9) > “2] - - K" (3.9a)
and "
// 2. % 2k * -
' §°W 8w _ % 3
> + v 7 = KT 5E (?.103)
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In order to simplify the problem of enforcing these boundary
“conditlons El and,F,2 are measured from the outer end of the -

span with the introduction of Eq. (3.1), Eq. (3.9a) and ' K>

Eq. (3.10a) yield:

* *
a Ay +LBJ"‘+ a,C, + KD, = 0 ﬂ (3.11)
and N
A KCA, + *
“A Kohy aZBi - AZKTCi + akDi = 0 (3.12)
where
_ [z 2 {2, 2
Al = A4k an Az =Adk +un
3 2 22 .
a; = Al (2—v)anll ' a, = Al—uan R
32 _ 22
a3 = Az (2 v)anAZ a, = Az va ;
"
N

It should be noted here that it is necessary to develop
* *
special cases when K and KT approach the values of zero '

and infinity.

"3.2.1 Clamped Support at an End of a Plﬁ%e

A clamped edge condition occurs when.both torsional ‘ .
and lateral spring stiffnesses approach infinite values;
x % *
thus, the values of K =K »>=.

After dividing both Eqs. (3.1la) and (3.12a) with the

appropriate constant, then these equations become:
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>
J '
I
Bi + Df = 0 . (3.11a)
and
AlAi + lzci =0 (3.12a)
\
'ﬁ_ .
ﬂfk?ﬁf??f/?f/ﬂf/ﬁé/kﬂ
3
)
FIG. 3.2. Clamped support at the end b
of a plate. ;
X
3.2.2 Simple Support at an End of a Plate \\\H %}
| A
FIG. 3.3. Simple support at an end of

a plate.
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This condition is achieved when the torsional spring
stiffness is approaching zero values but the lateral spring

.constant 1s approaching infinity.

-

After taking the proper limits, Eqs. (3.11) and (3.12)

for this particular case can be written as:
‘B, + D, =0 : (3.11b)

B, + a,D, = 0 ‘ (3.12b)

Therefore, for this kind of support, the values of B and D .

must be equal to zero since a, and a, are not necessarily

equal to zero.

B W

3.2.3 Free Support at an %nd of a Plate

[Pt

e R R R

.
.
N
N
N
N
.
;
.
.
\
“
?
X
b
ki
\
4
~

' v

| s -
iy
FIG. 3.4. Free support’ at an'end of
a plate.

- °
When both torsional and lateral spring stiffnesses are

approaching zero, then the end of the plate is said to be
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free. Again, Eqs. (3.11) and (3.12) becéqilw

a,B, + a,D; = 0 (3.11c)

3¢y =

|
o

%lAi + a (3.12¢)

]

3.3 Boundary Conditions at an Intermediate Support

The remaining boundary conditions in two span plate
vibration can be deweloped from the continuity of deflection,?
‘ .
slope, bending moment and shear -force at the intermediate

support.

L ] -
s,

—

FIG. 3.5. LaEeral spring intermediate
support.
The continulity condition of the deflections require
that tﬁerdeflection of the left span is equal to the
deflection of- - the rtight Span.on each side of the intermediate
spring. Along th?s line, the slope .is also to be continuous.
Recalling the convenFion used in Section‘ﬁ.l, that £ is |

measured for each span from the outer end, it means that the
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slope measured from the left-hand side of the intermediate

-

support is equal to the slope obtained from the right-hand

side of the support but ' with the opposite sigq. Th; contin-
uity of bending moment means that along the intermediate
support its value obtaihed from the left span 1is equal to
the value generated from the right séan. .

The last copdition‘shouid be able to accommodate the
spring support reaction due to the deflection 6f the plate
which also causes the support to deflect. At(Ehis supporﬁ,

then, the total shear forces must be equal to the reaction

of the spring.

¢ B

For springs having stiffness constant Km’ this reaction

force 1s equal to mel or me2 s;nce W1=W2 at this supporp.

R S
ST A T

Again, introducing another non-dimensional intermedlate

.
.
~
N
\
X
.
1
L)
~
.
:
N
5
.
hY
R

. . *
spring stiffness parameter, Km=KmL3/D~and working in non-
dimensional variables, the analytical expressions for the o

above-mentioned boundary ‘conditions at the intermediate

support are:

* - *
W=, _ (3.13)
*
SH 5wy
g_l = - (3.14)
1 2
- * *
azwz szwi 52w2 52w2
) + v 3 = 5 + v 3 (3.15)



’ * " 5
s3] %) 52, 8w .
3 + {(2-v) 2 + 3 + (2-v) 7 | = mel (3.16)
§€7 8,80 | L] 685 6E,6n '

*
wSpecial cases are encountered when the value of Km approach

zero and infindicty.

These conditions will be discussed 1in the next chépters.
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CHAPTER 4 .

TWO EQUAL SPANS WITH SYMMETRICAL BOUNDARY
CONDITIONS

The discussions in Ehis Chapter deal with the case when
the intermediate spring 1is symmetrically ﬁlaced with respect
go the outside edges of the plates. Furthér, the outside
.edges of the plate are resting on the springs having the
samé properties. Therefore, the relation of the spring

*

* Kk %k * *
stiffnesses are such that K.=K, =K and K, =K. =K {(subscript
1 "2 '1‘l T2 T

-1 and 2 refer to left-hand and right-hand spans), applying

NS N ]
-

LER WS

the boundary conditions at both ends, results fn Egs. (4.1)

AR

to (4.4) which are given Below:

v x
A F st F s e

L e FA VS PP W |

. * * )
alAl + K 3; + a3Cl + K D1 = 0 . (4.1) R
* * _ 3
—KTXl 1 + azBlf: KTAZCI + aADl = 0 (4.2) . f;
B 4+ a,C, + KD, =0 ' (4 Sf/l- )
alA2 + KnBz a3 2 D2 = .
* + K*A.C. + a,D, = O (4.4)
“Kphghy + apBy = KphpCyp T 8,05 7 :
where . . : _ .
120 2 _ 2, 2 . B
Al = Ak -an AZ =4k +an ) '
3 .0 2 42
a; = Xl—(Z—v)anll a, = Al v
3 2 _ .22
a3 = Az—(Z—v)aqlz a, = }2 va




-26- . g{}

kg —>=&

|

T
K
:§i<&——— 4
— 1 —

FIG. 4.1. Two equal span plates with symmetrical
elastic supports.

The remaining four boundary conditions are cbtained

-

PR
e

from the cpntinuity conditions. In this case, the inter-

mediate support is located at El=52=%.

PP
e rr iy

Applying the continuity conditions which have been dis-

=YX R A Y ¥ S

cussed in the previous chapter and utilizing Eq. (3.5) for «ﬁ
two opposite side, simply supported plates, houndary con- 1

ditions given by Eqs. (3.13), (3.14), (3.15) and (3.16),

respectively yield:

- 1 1 1
(Sin%ll)él + (cosﬁkl)Bl + (sinhélz)cl + (coshﬁlz)Dl

- (sinls),)A, ~ (coski;)B, - (sinh¥),)C, - (coshkA,)D, = 0 J
| (4.5) T
(Alcos%AI)Al - (Alsinkhi)Bl + (Azcosh%lz)cl
-+ (iésinhkkz)ni + (Alcos%AI)Az - (Alsinkll)Bz
(ﬁ.ﬁ)

1 =
+ (Azcoshékz)cz + (Azsinh%kz)nz .0
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- 1 1 1

(azsinqkl)Al + (a2c054ll)81 + (ahsinhqkz)cl
1 1 . —

+ (gacoshﬁhz)Dl + (a,sin’sh )4, (azcoskkl)Bz

- 1 - =
(aasinhﬁhz)cz (.aacoshli)\z)D2 0 (4.7)

* *
1 1 i 1 1
(alCOSﬁAl+KmSinﬁAl)Al + alsin4A1+ch051A1)BL
+ (a,coshisA +K*sinh%l Y, + (a,sinhia +K*cosh’A )D
3 y 2’771 3 24275 2270
1 - {na ainl 1
+ (alcosﬁkl)Az l(alsinﬁll)Bz f (33coshﬁkz)C2

+ (a3sinh%A2)Di = 0 _ , ’ (4.8)

o mb s

where Al’ AZ’ 214 85, a4 and a, are the §ame as prgviougly

defined.

e e e

There are now eight simultaneous homogeneous equations

involving eight unknown constants. Following established’

£ 2o

L P

[r s L 3= P AW g W R S R P ]

procedures, the values o6f k can be obtalned by allowing
the determinant of their coefficient matrix to vanishr
The eigen;alues (k) obtained from this analysis are cal-
cu;ated for different variations of spring stiffnesses and
aspect ratios.

In detérmining expressions f&r modal shapes, one of
the non-zero constants in generai equation of the plate

- vibrations (Eq. (3.5)) is arbitrarily set equal to unity..
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o {

All remailning constants can easily be obtained by solving
either of equations(é-l)to(4.81

The normalized modal shapes, therefore, are given by:

* * % . %
Wl —‘{(sinkl§1)+(cosllgl)Bl+(sinhl251)C1+(coshlggl)Dl}sinan
We = {(sin) A%+ A * r(sinh) d A *Vsi

5 = sin lgz) 2 (cos 1EZ)B2 {sin 252)C2+(cosh 2EZ)D2 sinan

(4.9)

h th ' B* X DY, Ay, BN, d D m
where e constants 1° Cl’ 1° 93 29 an 2 must

N o*

satlsfy the following equations:

*

KB, + * 5 kY =

1 3301. K Dl = - al
. KA e+ = K.\

a,8y — KpA,Cp + a,Dy = Koy

A ¢ 4 k¥ =0 i
818y F K By +agl, + R Dy :

A ket 4 anh =0
= Kpdjhy 4 anBy = KphpCy 2,057

1 * 1 * : 1 * - 1 *
(cos¢Al)Bl + (sinhflz)cl + (coshﬁkz)Dl (sinﬁkl)Az

- * *
- (cosaxl)3§\, (sinhih,)Cy - (coshish,)D, = - sinlihy

% * *
- 1 [ 1 1
(AlsinﬁAl)Bl + (lzcoshéxz)cl +‘(Azsinh4A2)D1
<y + (r.coskh )AY = (Ao sinkh,)Br + (A coshihr,)C)
19°82717%, 1 17" 72T 27%2

*
1 = - 1
L+ (Azsinhﬁkz)Dz {lc081kl

™

N IR

.
¢
N
M
2
¥
A
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‘¥

b *
* . 3 N
(azcosial)Bl + [?451nh5A2)C{ + (a4c?shl12)D1

+ (a251n£A1)Ai - (azcosixlst - (a4sinh£AZ)C§
, o .

[a4c05h£A2)D§ - azsinixl (4.10)

In the next few articles in this chapter, some special cases

of limiting certain parameters
<3 1 .

which arise as a consequence

will be discussed. It should be noted that in this chapter:
one can make use of symmetry and solves half of the totail
span only.

N o

4.1 Limiting Cases of the Sprlng Stiffness at Intermediate
Support of Two Equal Span Plates with Symmetrical
Boundary Conditions

The values of K; vary from zero to infinity. When this

value approaches&iero; the plate 1is no lbnger a two span plate.
This particular case will not be discussed further although
it can be generated from this amnalysis. )

The eigenvalues for square.plate'obtained by this method
have been worked out up to %ifth-fifth mode . 'Theipthef limit

is obtained when the stiffness value is close.. to infinity

which will be discussed in Section 4.1.1.

4’1.1 Two Equal Span Plates with Simple Intermediate Support
and Symmetrical Springs at Both Ends

This case occurs when the value of the stiffness of.
the intermediate spring approaches infinity. Therefore, at

intermediate support, the deflection is zero. This can be

shown by Eq. (4.8).

R Rt I AL P |

’

.
AL A

"
NE
-
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_FIG. 4.2.7 Two equal span plates with fimple
intermediate support. :

* Y
When Km=m by dividing Eq. (4.8) by Km and taking the

S
limits by setting Km+m ylelds Eq. (4.11):

+ cosh%AZD =0 (4.11)

sinkAi_ A, + coski 1

1
184 + ginhé}zc

181 1

This 1s exactly the deflection of the plate at interééfiate

e R R I Y N R

support. The substitution.of Eq. (4.11) into Eq. (4.5) .
J
-gives: ' ;
. R 5
1 1 i 1 1 = .
sinfklAz + cos¢llB2 + sinhrilzc2 + coghﬁlzDz 0 (%FIZ) %

" The frequency equation for this case is obtained by replac-
ing Eqs. (4.8) and (4.5) of set of Eqgs. (4.1) to (4.8) with
Eqs. (4.11) and (4.12). . '

The modal shape expressions for this_;aée are:

* . % *
Wl = {sinl1£+(coskl§g)31 + (sinhkzﬁl)cl
R
*
)Dl}sin%p

.

+ (coshkzgl
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* * *
AT+ :
) 9 (cosAlgz)B2 4 (sinhkzgz)cz

.

*
w2 = {sinA1£2

e}

. x . .
+ (coshkzgz)Dz}sinqp : . (4.13)

* <k * * * * %
whe?e the values of Bl’ Cl’ Dl’ AZ’ BZ’ 02 and D2 are det-

ermined from the set of equations given below:

k¥s* + gt + k') =
1t A% Dy =~ 2y .
BY - kKia.ch o+ o* - g : ' | g
a,By — KprpCyp +oauDy = Kpdy .
A¥ + k8T + a.ch * '
ajh,y .Bz‘ ~a4C, + K_D2 = 0 .
D k*a At 5 aB K*; x x \
- KoA A, a,B, - K;A,C, + a,D, = 0 (4.15) N

"

o mare o
Y

* % C ke .
(COS%A1)31 + (éinhaxz)cl + (<:’c>=ah1§)\2)Dl1 = sin%kl o

o a
e T

* * * - *
- (sin%ll)Az + (cos%Al)Bz + (sinhaxz)cz + (cosh%AZ)Dz = 0

s
A
N
\

M
by
\“
i
N
"

n

) X * *
- . | ~ 1 1
(llsinﬁkl)Bl + (chosh?Az)Cl + (lzsinhilz)Dl

|
1
L

) - * *
13- _ 1 1
+ (A1c08131)A2 (Alsinﬁkl)Bz t,(lzcoshﬁlz)cz

l X
- . 1
+ (lzsinhlﬂz)D2 A1c054A1

479 Limiting Cases of Spring Stiffness at the End Supp&rts
"of Two Equal Span Plates

At each end of a double span plate discussed earlier,
twd kinds of spring support exist: torsional and.lateral
spring support. Each spring stiffness can vary from zero to

infinity. Obviously, there are four combinations of the



-

T -32-

1imiting values; hence there are four cases of support limit.
They are classified as free, simple and clamped Suppoft at

both ends. The\fourtﬁ case 15 when the torsional spring

stiffness approaches infinite value, yet lateral support
stiffness approacheé zero. This case is mathematically and
physically possible,gut receives virtually né treatment in
the literature on platéai\’ J

4.2.1 Double Equal Span Plates Having Intermediate Spring
. Support and Clamped Support at Two ‘External Ends

This case occurs when both torsional and lateral spring

* K ‘
stiffness approach infini;e values therefore K =KT+m utilizing

- x k.
Eqs. (3.9a) and (3.10a) and setting K =KT=m.re5ults in the

four equations (4.%6), (4.17), (4.18) and (4.19) as follows:

B. + D, =0 (4.16)

W e

AL 3 SSEseH

N
Al
“
<
K
)
N
N
)
2
a\'
f
o
~

. AAp AL =0 | po(4:17)

AN

B, .+ D, = 0 . (4.18)

Ajh, + 1,6, = 0 < (4.19)

Combining these equatiﬁns with the continuity conditions

‘given by Eqs. (4.5) to‘(4.8), the eigenvalués can be extracted.
fhe éxpressions for normalized modal shape can be easily
established, after setting the coefficient‘Al'to unity.

- F

The modal shape for this case can then be written as:

“ -
. . g
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-

5

* - ) * |
Wl = {(sinA El-Allkzsithzgl) + Bl(cosllﬁl—coshkzgl)}sinqﬂ

1

* * ) * ‘
= by - -
W {Az(sih 152 Allkzsinhkzﬁz) + Bz(cos?\lr:2 coshkzgz)}sinqp

2
(4.20)
-
2 14 ;
T
N
. : ¢ 5
FIG. 4.3. Two equal span plates having intermediate KRR
~ lateral spring support and clamped at -
both ends. ?
x % * : :
where the values of B,, A, and B, are obtained from the 2

equations below:

.

(coska

. . .
- 1 - 1 — 1
1 coshqkz)Bl (sinﬁﬂl Alllzsinhdkz)Az

v

*
- _ 1 = _ 1 - 1
(cos%ll coshqlz)Bz (sin1k1 Al/lzsinthz)
" .

* ' *
(—Alsinakl—kzsinh%AZ)Bl + (llcoskAl—Alcosh%lz)Az (4.21)

.'—. _ 'k=_ 1Ly _ 1
+ ( Alsin%A1 lzsinh%AZ)Bz (hjcosish, Azcoshélz)

* 4 *
1 - 1 1 1
(azcosqll aacoshqlz)Bl + (azsinﬁxl+aa *llkzsinhqlz)Az

' *
- 1 1 - 1
+ azc051ll+a4coshihz)32 (azsinlgll-!-a4 Alllzsinhqkz)
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4.2.2 Two Equal Span Plates Havinpg Intermediate Lateral
Spring Support and Simple Support at the External
"Ends

*

This case 1s enclountered when KT

% :
0 andgK ==. Applying

the boundary conditions for simple support case at both

Rn
.

ends yields the relations:

B. =D, =0 and B2 = D2 = 0.

Combining these relations with the continuity conditions
given by Egs. (4.5) to (4.8), ‘the frequency equations are

as follows:

(sin%kl)Al + (Binh%hz)Cl - (sin%Al)A2 - (sinhkkz)cz =0

(4.22)
(Alcos%Al)Al + (Azcoqh%lz)cl + FAlcos%Al)Az
+ (Achshaxz;cz =0 . (4.23)
- (azsinﬁkl)Al + (aésinh%lz)Bl + (azsin%)\l)A2
- (aasinh’«zkz)c2 = 0 ‘ (4.24}

- x . *
1 1
+ (alc036l1+Kmsinﬁll)Al + (a3cosh%A2+Kmsinh%A2)Cl

. ]
1 1 = ' .
+ (alc054ll)A2 + (aBCO?ﬁﬁkz)Cz 0 ' _ (46.25)

)
=]

The corresponding normalized modal shape expressions are:?
* A s tahi }
Wl = {sin 151 151n 251 sinann

NI

Al
P
.
Ly
2
“y
8

o,
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\

*x ' N
sinhX Ez}sinann (4-2§)

W* {A* inA +
2 g8inA 1€,

M A

FIG. 4.4 . . Two equal span plates with lateral
) intermediate spring support and simple
support at both ends.

N R A e
s s

' * * *
where the values of Cl, A2 and C2 are the roots of the

following equations:

,.-4,_,
L S e

a
3
14
~
N
M
3
§

* ok A *
1 - 1 _ 1 = - 1
(sinﬁxl)cl (sin»jl\l)A2 (sinh«ﬂz)c2 sinﬁkl
* * *
. 1 1 1 = = 1
(Azcoshﬁkz)Cl + (A1c054A1)A2 + (Azcoshékz)cz A1c054A1

* * *
1 — —4 1
(aasinhqlz)cl + (azsin%kl)Az (aasinh%lz)c2 a251n1A1

2 2 2 2 .
a, = Al—van and a, = Ag—van (4.27)

4.2.3 Two Equal.Span Plates with Lateral Intermediate
Spring Support and Free Support at Both Ends

% *
When both KT-and K approach zero, then the plate is

free at both external ends. To establish the frequency

equation and shape equations, one can enforce the boundary

-
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conditions at both external ends by making use of Eqs. (3.11c)

and (3.12¢) and pbtain relations such as:

D, = - 2,/a, By, €y = - ay/a,

D, = = ay/a, By, Gy = -~ ay/a3 Ay

Substitutihg these relations into Eqs. (4.5) to (4.8), one

obtains the frequency equations of 'this case as the following:

(sinkA —alla3sinh%A2)Al + (cos%Al—azlaacosh%lz)Cl

1

- (sin%Al—a1/a3sinh%A2)Aé - (cos%kl—azlaacosh%lz)cz = 0
(4.28)

1 _ 1 _ 1 _ 1
(Alc034kl al/a3A2cosh§A2)Al (cos¢Al azlaaposhﬁkz)cl

- 1 =0
(cos%ll azlaacoshaﬁ)\z)c2 0
(4.29)

1 — -
+ (Alcosdkl allaB)\z)A2

- (aZSiﬁ%ll—al ahla3sinh%A2)A1 + (azcos%kl-alcoshkkz)cl

1 _ 1 -
+ (azsinﬁll a; 34/a3sinh4A2)A2
(4.30)

* ' *
(alcos%A1+Kmsin%kl—alcoshkkz-alla3kmsinh%A2)A1

, LS. 1\ Ja K coshih.,)B
+ (—alsin4A1+ch054ll—az a3/aasinh4 ,=ay/a, 008 278y

+ (alcosﬁll—alcosh%kz)Az -
(4.31)

1 — 1 =
(azcosikl alcoshﬂkz)cz

(alsin%ll—az a3/aasinh%A2)B2 =

0

0

R

[P

UDARFLAT AL D Che AL e
DRl SRk A'"N-W“I

L )

[ A W = S0 Sl
ra
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The corresponding normalized modal shape expresslons are:

* ' *
wl = {(sinAlﬁlra1/a3sinhA251) + Bl(cosklﬁl—azlaacoshkzgl)}sinunn

.

x . . )
W, = {Az(s;nllaz alla3sinhA2§2) + B2(cosklgz—azlaacoshkzﬁz) .
. sina_n (4.32)
. ] E
, ok
- ,/"' ?}\,
s
Y
2
! 3%
FIG. 4.5. “Two equal span plates with lateral :?
1

intermediate spring support and free
support at both ends. :

* * *
In this case, the values of the constants Bl’ A2 and B2

are governed by the equatlons as follows:

* Sk
(COS%Al—aé/34C°Sh%lz)Bl - (sin%Al-a1/a3sinh%A2)A2

- (cos%ll—azlaacosh%AZ)B; = - (Sin%ll—a1/a3sinh%A2)

* *
- (llsinakl-azlaalzsinhkk2)Bl + (Alcoskll—al/a3l2cosh%A2)A2

* — — 1
—(Alsinkll—azlaakzsinhklz)B2 = (llcos%A1 al/a3A2cosh1A2)
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” A

v

) * *
. 1 - 1 R :
(a2c034kl azcoshﬁAZ)Bl + (azsin%ll+a,aala3sinh%A2)A2

. ‘
- 1 - =
(azcosﬁll azcoshlﬂz)B2 = (azsin%kl+al a4/a3sinh%k2)

(4.33)
where . a
a; = Ai - (Z—v)aikl.
a, = Ai - ?an :
a, = Ag - (Z—v)uikz
a, = l% -va_

P

P

4.3 Limiting Cases of Spring Stiffness at Every Support
and Intermediate Support of Double Equal Span Plates

4wl
PSR, S

In this section, the cases when end support as well as

intermediate spring support stiffnesses are approaching the

WLy AL e D b AV S

o -

1imit will be discussed.

There are six combinations of these kind of supports.
Three of them having intermediate spring support stiffness
which approach zero. These three cases will not be discussed
in this thesis due to the reasons as mentioned in Section 4.2.
The other three cases w0uld.be 1imiting cases of either cas;s ,

discussed in previous sections.

A
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4.3.1 Two Equal Span Plates with Simple Intermeddiate:
Support and Clamped Support at Both External Ends

The frequency equations of this case are the combination
of Eqa. (4.16), (4.17), (4.18), (4.19), (4.11), (4.12), €4.6)

and (4.7) and the modal shape expressions for this case are:

* . .
Wl = {(sinllil—Allkzsinhlzgl) + gl(cosllgl—coshkzﬁll}sinann

L

. .
Hz = f(Sinklﬁz“llllzsinhkzgz) + gl(cosklgz-coshkzﬁz)}sinann

(4.34)
whére ~
= _- ify - i, ) i, - i, :\
8 = (sinLAl kllkzsinhLAz)/(cosﬁklVcoshle) 3}
NS
3
QQ
3 e i)
. 23
Z) ’/ v 3!
FIG. 4.6. - Two equal span plates with simple

intermediate support and clamped
support at both external ends.

4.3.2 Two Equal Span Plates with Simple Intermediate
Support and Simple Support at Both Extermal Ends

The frequency equations of this case can be established

x ) .
by setting Km+m of freguency equations in subsection 4.2.2.
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The frequency equations are as follows:

+-sinh%A2C = 0 ’ o (4.35)

.sinkllA 1

1

1 —_ R .
sin§1A2 + sinhﬁkzcz = 0 ; (4.36)

-

~ 1 1 1 .
(A1c054A1)A1 + (A2c08h1A2)01‘+ (Alc054A1)A2

1 _ ’ - .
+ (Azcoshsz)pz = 0 B - (4.37)

_.. Ly . o :
( azsind}l)Al + (aasinﬁkz)Bl + (azsinakl)Az

- ! = ‘
(aasinhfﬁlz)c2 0 . _ . (4.38) .
The normalized modal shape expressions are: Eg
{ . ’ " . , _\":‘.
W = (sinh £ +g,sinh) inan ' 3
17 (sin 151 g,81in 2&;l)s nann . ER
R L1
(4.39) N
x ; . Ty
W2 = (sinA1§2+gzs nhkzgz)ai?unn EE
‘ PR 2
n
where ! F
8, = - sin%lllsinhhkz-'
— ' ] :
. h g
7 {
FIG. 4.7. . Two equal span plates with gimple

intermediate support and simple support
. at both extermal ends.



.4.3.3 Two Equal Span Plates with Simple Intermediate
Support and Free Support at Both External Ends

Since this case is the special case at Subsection 4.2.3
. . ik
the frequency equation is also obtained by setting Kﬁ+W.

The frequency equatlons are:

I
o

T Thlo .1'_
(sin%kl allaasinhﬁkz)Al + (cosﬁkl azla4c0§h%A2)Cl

- 1 ' 3
(.c.;:l.nlfg}\_1 al/a3sinh1}2)A2 + (c054kl

1 =
—azlaqcoshsz)czr .0
- 1 - -
(llcoskhl a1/a3A2c°Sh1A2)Al (cos%kl azlaacpshkhz)cl

el ) — . : _ 1 - - 1 -
+ (Alc034ll_alla3A2cosh%A2)A2 (c95§ll azlaécoshéﬁz)cz 0

- (azsinkkl+al a4/a3sinh%A2)Al + (azcoskll—alcosh%kz)cl

. 1 - 1 _ 1_l 1 .=
‘ + {é?Siqﬁll+ﬂl a4/a3sinh4A2)A2 ({chsékl alCOShilz)Cz 0

<A

.

For this case, the expressions for normalized modal shapes

are: .
\/ * . ‘ . P
wl = {(sinAlEl—allaBSinhkzgl) + g3(cos}lzl—qzléacoshklgl)}
sinann
’ (4.60) -
* >
w =

{(sinllﬂz—allaBSinhhzﬁz) T g3(c?sklgz—ézlaacoshklzz)}

sinqnn .o 4

- N
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>
where ' ‘ ‘ ' .ﬁ

85 = - (sin%ll—éllaBSinh%lz)/(C68%31‘33/34°°5h%32)

S 2
al Al (2 \))anﬁl /

2 2 -,
a2 - ﬁ - van |

3 2, : - - —

33 12 - (2—_\J)unR2

1
L= AVt A

= me

[P

NERN PR S RIY e

- . .
FIG. 4.8. Two equal span plates with simple
- 4intermediate support and free of. support
at both external ends. '



CHAPTER 5

FREE VIBRATION OF TWO SPAN RECTANGULAR PLATES

n

)
%.
This Chapter deals with the vibration of Tectangular
plates having two unequal spans. Furthermore, the, tndepend—
%

ent variation of every elastic spring support stiffness for
_ - . ’

various aspect ratlos are considered. This case 1s. the

general case of vibration of t®ho span plgﬁés having simple

support along two opposite sides.

Ky, —>=& £, <—— KT
]
K. Km : Ky
e [ —e—— Y >
/Z VA Yz ra
* - =

f

FIG. 5.1. Double span plate having different spring
stiffnesses and variable intermediate

. support spacilng. .
.. +

The frequency equationsfor this general case are
!)[
achieved by satisfying the boundary conditions at the ex-

ternal ends and contlnuity conditions at the intermediate -
v : -
support of the plate. . . .

. [
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LY
The enforcement of boundary cdnditions at the two ex-

ternal ends yield the following four homogeneoud equations:

* * . , '
) 3151 + K;B, + ayC, + KyD, = 0 (5.1)
K A.A. + a.B *
T Mt T %25 T KTl 2€1 t 340 = 0 ’ (5.2)
A K'B. + a.C *n =
ajA, + KyB, + a5C, + KDy =0 | (5-3)
K* A.A. + a.B * + a,D 0 5.4
“Fr,M1% 2,8, - KTZ 2Cg 84Dy = | (5.4)
where agaln ' .
L2 2 | T
Al = k o E
Az = k2+a2 > 3?
03 piuyg? i
a, = A} = (Z-v)a Ay ;ﬁ
L2
32 = Al - van
- 3 2
a3 Az - (2-v)unA2
2 2 =
aﬁ = AZ - van .

To simplify the enforcement bf the boundary ébnditions
At the.intermediate support ﬁhe paraﬁeter v 1s introduced -
as thelratio of the first span lenggh ove£ the ovefall length
of two span piates. - In general, the value of u varies from

zero to one.
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v
' ’ -4
The remaining span, therefore, has the ratio 1-u and

is designated as Y. -Application of these conditions at El=u

and EzﬁY yiefd the, following equationss<

(sinukl)Al +'(cosuA1)Bl + (sinhukz)cl + (coshqu)D1

, r [ ' .
- (sinyll)A2 - icosvkl)Bz - (sinY?\z)C2 - (coshy)\z)D2 = 0

[+

(5.5)

(llcosukl)gl - (klsinukl)Bl + (Azcoshulz)cl + (Azsinhulz)Pl
T+ (AlcosYkl)Az - (Alsinykl)Bz + (Azcosh*flz)c2

+ (Aysinhy),)D, = 0 ‘ _ (5.6)

t
- L]

(azsinu}l)Al + (azcosuAl)E;m+ (aasinhukz)cl +.(aAcoshuA2)Dl

.

Pl i

+ (azsinYll)éz - (aZCOSYAl)BZ + (al‘sinhyl\_z)c2

Vv s LAt b FivE s EALLT S 2 €0

h o £ o s

- (hécoshle)Dz = 0 . (5.7)

Y]

.* . ) * .
(alcosuA1+Kms;nuAl)Al + (—alsinuA1+chosuA1)Bl
\ * WA +K coshud D
+ (a3coshuA2+KmsinhuA2)Cl + (aasinhu 2+chos i 2) 1

+ (alcos'ﬂ\l)z’L2 - (alsinyll)Bz + (azcoshrkz)cz

vy
Lol

Ly

¥

+ (a3sinhYl2)D2 = 0 L (?.8)

There are again eight simultaneous homogeneous equations
. A

involving eight unknown constants. J -



* .
The eigenvalues K are developed by setting the deter-

minant of the coefficient matri’x in the above equation to n

Zero. , ' -
/ Y

dﬂ'
The gJéEEE} exgressions of normalized shape for any

A

double span plates having two opposite side simply supported

are given by:

ki

P

* * * ' *
p Wl = {(sinhlﬁl)+(cosklﬁl)B;+(sinhkzglgcl+(coshkzﬁl)Dl}sinunn

N .1

* * * * *

WZ = {(sinklﬁz)A2+§cosll£2)B2+(sinhlzgz)cz+(coshlZEZ)DZ]sinann
{(5.9)

h he 85 ¢*. p*, A%, 8%, ¢ and D) h
where the constants 1? 1’ Dl’ 97 2 2 an D2 are the

= D I S A Y

roots- of the following set of equations:

A
;u
2,

o

*B* ‘ C* + K*D*
KyBy + 2330 1P1 = 7 3
* K* A C* + * _ * X c
a,B) = Kq 2,Cy + 3,0y = Kp Ay
1 1 N

'A* + K*B* + C* + K*D* 0
a a =

142 2 3¢y 2P2

- —

X a AL 3 - k% A ct + a0, =0

-KTZ 189 F 38, - KT2 2y T 8,405 =

* * * *
uAl)Bl + (sinhqu)Clcr (coshuAZ)Dl - (?inykl)Az
A )B YA, )C A)Dy = inpA
- (cosY 1)32:~ (sinhy 2)C2 - (coshy 2)D2 = - sinuk,
A )BT 4+ (A * A D, 4 (A A )AL
(Alsinu l)Bl + ( 2coshulz)cl (Azsinhu 2)Dl pcosw 1) 2

Lk *x * .
- (llsinYAl)Bz + (lzcoshY?\z)C2 T (Azsinhykz)D2 = ~A1cosuA1

L
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* ' * ' * *
+
(azcosukl)Bl  (aasinhuhz)cl + (aacoshukz)Dl + (azs}nyll)Az

) * * *
- (azcosyﬁl)ﬁz - (aasinhYkz)C2 - (az‘coshY?\z)D2 = azsinuA1

5.1 The Cases When Linear Intermediate Spring Support
Stiffness Approaches the Limit

This sectlion is the general case of the case presented

in Sectioph 4.1.1. In Sectionlﬁ.l.l, the plate-considered hés

two equal spans. In this section, the discussion 1s extended

furtﬁer to two unequal spans.

he two limiting cases for the‘intermediate spring are ‘

obtdined when its stiffness goes to zero and infinity. The

plate system degenerates into a single span plate as this
s ‘

.detail in this’ﬁory. The other case of -a continuous plate
on a nop—yielding type support if generated as the stiffness
' goes to infinity. A
The jrequency equations for the case of two span plates
haviﬁg simple intermediate support can be generated from
Eqs. (5.1) to (5.8) and setting the value of K;=¢;
The normalized modal shape of this case is also ob-
t;ined from‘the.general case by setting Kgﬂw.

After simplification, the normalized modal shape may

be expressed as the following:

stiffﬁess goes to zero. This case is not dealt with 1n - ‘

N
-
~
~
~
Y
X
3

-
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Lo

FIG. 5.2. Two span plates with simple intermediate
o support.

* *
{sinkl£1+(cosklﬁl)B1+(simA2£1)Cl+(coshkzﬁl)Dl}sinann _

* * * * * é///f\\##jﬂ
{(sinllgz)A2+(cosllg2)Bz+(sidﬁ252)C2+(coshA2£2)D2}si g.n -

(5.11)

=
I

1l
1L or sty

PO S,

[PLRSS

%

* *

h 1 £ B* C* D A * * d D* h - f
The wvalues o 1 1’ 1’ 22 BZ’ 02 an 2 are the roots o

BN I -
i i N L

the following set of equations:

]

K*B; + C* + *D
183 a3t v Ky

Y m ma M oaw o ar WAICT L S AN S
£omsan

* A C* + * X
281 . 2pCp T a0y T Kp Ay

* * ) *
- KTzllAz + 32B2 - KTZ)\ZC2 + 34D2 = 0 ‘ .3

* * *
(cosukl)Bl + (sinhulz)cl + (coshuhz)Dl = - sinull

* * . * %
(sinykl)Az + (cosyll)Bz + (sinhylz)c2 + (coshle)D2 = 0
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* * * - *
(Alsinukl)Bl + (Azcoshukz)cl + (Azsinhpkz)Dl f (Alcoswkl)Az

* * ok :
(Alsinykl)Bz + ()\Zcosh\r)\z)c2 + (AzsinhYkz)Dz ——(Alcosull)

(5.12)
where
N 2
a; = Al (2 v)anA1
2 2
a, = Al - va
' 3 2
ag = Az - (Z—u)anA2
L2 2 )
a, = Az Ya

[V AV T B A
.y

5.2 The Cases When the Spring Stiffnesses at the External
End Support Approach the Limit

This famlly of cases consists of 10 situations of double

span plates having conditioné such that the spring support

-

-
P L L I W Y VPR SV I

LTI AN

stiffnesses approach the limit either zero or infinity.

T AT e e e # o

The four situations which occur when the value of the tor-

sional spring stiffness approaches infinity and the value of
the linear spring épproéches zero in one or both external
end supports will not be discussed in this thesis although

the computation has been included. The remaining six situa-

e e
o dayresr -

tions will be discussed in the following articles.



5.2.1' Two Span Plates with Lateral Intermediate Spring
Support and Clamped Supports at External Ends

SN

BN\ 4

FIG. 5.3. Two span plates with lateral intermediate
' spring support and clamped Supports at
external ends.

X

This case occurs when both torsional and lateral spring
stiffnesses approach infinite values for both end supports.
* x % *
Therefore, the values of KT , KT ’ Kl and K. are approaching

2
1 2
"infinity. Utilizing Eqgs. (3.9a) and (3.10a) and setting

K* =K* l=-K*=K*= result iﬂ the four following ®quations:
T, T, 1 72 .
Bl + Dl = 0 ‘ 7 (5.13)
AjAy A€ =0 ' (5.14)
B2 + D2 = 0 : | — | (5.15)
*, -' A.A, + A,C, =0 ‘ (5.16)
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‘ Combining these equations with the continuity conditlons
given by Egs. (5.5), (5.6), (5.7) and (5.8), the eigenvalues -
can be extracted using the ;sual precedure.

The normalized modal shape expressions can be-easily
establisﬁed aftef setting the coefficient Al to unicy.

The modal shapes for this case can then be expressed as:

* ) * '
W, = {(sinklil-k1/lzsinhhzgl)+ﬁl(co§A1£l—coshA2El)}sinunn

1
= {Ar(sinA £, -A /A ¥ (cosh & A E,))
W2 = {Az(s n 152— l/ 2sinhk252)+52(cos 1£2—cosh 252) sinunn
(5.17) .
' Tk * * . 7 0
where the values of B A, and B, are the roots of the 3

1 %2 2
following set of Egs. (5.18):

PR

e o  w a vo
I e

3
v
4
)

(cosukl—coshulz)Bl - (sinyll—lllkzsinhykz)Az

- (cosykl—coshyki)Bz = - sinuAl-Alszsinhukz}

(—A;singll-lzsinhpAZ)Bl + (AlcosYAleligoshYkz)Az

+ (—Alsinykl-kzsinhykz)Bz = - (AlcosYkl—hhcoshykz)
(azcosull-ahcoshuhz)Bl + (azsinyA1+a4A1/lzsinhYA2)A2
+ (—azcosykl+a4coshykz)32 = (azsinuA1+aall[lzsinhul2)

where the following abbreviations have been used in the



Sa. - :

above.equations:

‘ 2
a2 Al - v an
and
_ 5,2 2
aa = Az v an
for this case. . /

When the linear spring stiffness at the intermediate

support approaches infinity, the two span plates are said
to have simple support at intermediate and clamped support
at external ends. The éigenvalues of this ;ase may be com-
puted from-the frequency equation discussed earlier.by‘setting
the value of intermediate lateral-spring gtiffneﬁs to infin-
1ty. : ;5
Afgeg_being simplified, the above mentioned modal shapes | Sj
for th;péase of two span plates having clamped support for

two external ends becomes:

sinh55;1+hl(cosAlgl—coshkzgl)}s%nann

*
Wl = {sinklal—gl
* .
W, = h3{sinllgz—glsinh12£2+h2(cosnklgz-coshkzﬁz)}sinunn

(5.19)
vhere the following notations have been used in the-above

equations:
r]

g1 = M/



. sinklu glsinhkzy -
1 cosAlu—coshAZu
o sinAiY—glsinhAZY
2 - coskly—coshlzy - //
A ALu- - )
L lpos 1* glkzcoshlzu hl(AlsiJAlu+AzsinhA2u)
3 Alcoslly—glkzcoshkzy—hz(Alsinkﬂ+kzsinhlzy)

5.2.2 Two Span Plates with Lateral Intermediate Spring
Support and Simple Support at External Ends

+

FIG. 5. 4. Two span plates with lateral intermediate
: spring support and simple support at
external ends. '

+

When the torsional spring.stiffness approaches zero

and the linear spring stiffness approaches infihity for

»

external end supports, the plate has simple suppdrt at the

external ends.
3 —
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Applying the boundary conditioms for simple support
case at both ends-yieldé the relations of the constants as

_follows:

Substituting the above equations into Egqs. (5.5}, (5.%), (5.7)

and (5.8) yields the frequency equations below: .ﬁ

(BinPAl)Al,+ (sinhuAZ)C1 - (sinY)\l)A2 - (sid«kz)cz = 0

L 3

(Alcosukl)Al + (XZFOBhuAZ)Cl + (J\lcosyl\l)A2 + (Azcosh'f)\z)c2 = 0

- (azsinukl)Al +‘(aasinhuA2)C1 + (azsinY}\l)A2 . 3

»
>

+ (aasinhy)«z)c2 f 0 . ‘ 1

A * ‘ by ) + * inhuix,)C :
(alcosu 1+Kmsinull)A1 + (a3coshuA2 Kms nhy 2) 1 . yis
+ (alcosykl)A2'+ (a3cosh7A2)C2 = 0 . ' gt

where again

_ 2_ 2
Al = k an
2 .
12 = k +un
3 -2
a, = Al - (2—u)ankl
a, = RZ - v 02
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Simplifyiné'the modal shape for the general case by |

'S R . 2. R
a, = Az (2 u)unlz ]
* ;
_ 22 : :
3, = r; = V% . o

X * * *
setting K.=K,=« and K =K% =0, the normalized moddl shape |
12 hoh L
*  expression for this case can be written as: - ‘ " .

a W* - {sin) "rC* " ‘ -

A Mg = sin 151 _1KS nh§251)}81nann |
| | - — (5.20)

W = (AT (sin) +c" (sinhA }si
p = (Ay(sindity) o (sinhd,E,)}sina,n .

. . .. .
N 1 . ' ’ : !

) * * . % - :
The values of-Cl, A2 and C2 must satisfy-therequations-below: . .

_(sinukl)C; - (Sinykl)A; - (sinykz)C;I='— s}nukl ) ‘ i

) ' ' N o e .

* . x 4 * ' s

| (lzcoshull)cl + (Alcosylkl)Az + (Azcoshykz)cz = -Alcosull :%
(aésinhuﬁz)cl + (azsiqylkl)gz T (Azcoshylz)c2 = —Alco§ukl°_ '%

. \
. . 3
* - * * : !
(aASinhulz)Ci + (azsinYll)Az - (éasinhj}Z)C2 = aésinukl

{(5.21)

y - N -
Th#/speciai.case of this-case occurs'whéﬁ‘the lateral

7< stiffness approaches infinity. The two span plates_become L

-

simply supported at every edge as well as-along the inter—

mediate support.. ' . ' . . . '

-



r
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The eigenvaluesof thiq cése are obtained by setting the
value of K;=W,of the fgéqugncy equation for two span plates
with lateral interﬁe%iate support and simple support at
external ends. A similar prOﬁfdure is taken for the modal
shape expression; the normalized shape expresslons for two

L)

re are:

span plates with all sides simply ‘supported thA
* Tk .
W, o= {sinAl£1+cl(sinhxigl)}sinunn
) (5.22)
X Cx ok
W, = {Az(sinkiﬁzfcz(siﬂﬂzzz)}sinann:

' * * * : .
The wvalues of C A. and C. can be obtained from the follow-

1> 2 2

ing equations:

Y

hud. ~t Ck o
siniky . Cl(sinhuﬁg 0

. * l * | *
(Azcoshull)cl + (AICOBY1§1)A2 + (Azcoshylz)C2 = -klcosukl:

\-

)

* =
| (ainykl)Agsﬂ(sinhyiz)Cz 0

(5.23) -
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5.2.3 Two Span Plates with Lateral Intermediate Spring
Support and Free at the External Emds

Free support at the external end cases are encountered

.ghen both lateral and torsional spring,approach at the ex- 7
ternal ends approdch zero. Applying the boundary conditions
for free support at both ends, one obtains relations of the

constants as follows:
D, = i 32/a4 Bl

D, = - 82(34 B, - . | "
' C1 = - Fl,aB Ay - ’
Cy = - al/a3 A, , . : _ . Es
Satiéfying the continulty égnditions'and\eliminaging. . '.f
s?me constants, éhe frequency equations can be written as s

below: A _ ' ¢

(sinuki—alla3sinhuA2)A1 + (cospll-azlaacoshukz)ql )

\|

- (sinyll—al/a3sinhykz)A2 - (COBYll_aZ/aACOShTAZ)QZ = {
(A1cospll—alla3lzcoshu12)Al - (°°SUA1‘32/?4c°5h“A2rC1
'

: + (AlposYAl—al/a312coshYl2)A2 - -(cosYll-azlaacoshle)C2 =0
- (azsinull—alaa/aBBiHhuAz)Al + (azcosuyi—alcoshuka)cl

il

+ (azsinl}l—ala4/a3ainh7A2)A2 - (azc?sYkl-alcoshylz)Cz = 0

N
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. * ! [ N * -
. _ A
(81C08U31+Km81nul1 alcoshuJ\2 al/aszsinhulz)Al

_ *
+ (—alsinull+chosul a, 3/a sinhqu-a /a K coshui )B

14 .
+ (alcosYll-alcoshle)A2 - (alsinykl—gzajlaasinhyAz)Bz =0

The corresponding normalized modal shape expressions are:

W' = {(sinA
1 ‘(S’ ni 6y

*
2
(5.24)

a

: . _% * '
The constants AQ, B1 and 32 are obtained from the -following

set of equations:

(cosu)\l 2/3 coshul )B - (sinykl—al/azsinhyxz)A:

- CCOSYXI-BZ/aACOEhYAZ)B; = - (iinukl—allaBsinhukz)

- g)lsénull“azlaékzsinhuk )B + (AlcosYkl-al/a3A2coshYl )A
- (Alsinyk /a A sinhyA )B = - (A;cospkl-a1/a3lzcoshul )

. . * . . *
(azcosull—azcoshulz)Bl + (azsinYAI+(alla3)aasinh7A2)A2

. *
- (azgosyll—azcoshykz)Bz = (azsinull+a133/aasinhuk2)

(5.25)

For thé case of”f;;_g;;n-plates with simp}e intqrmediate

support and_ﬁree‘of support at the external ends, the fre-
¥ b .

. . . <
~a1/a3sinh }251)+B1(cosklﬁl-azlaacoshkzal)}sinann

A

’ * , . ' x - : -
W o= {A2(sinl152—a1/§3sinhkzgz)+B2(cosklﬁz—gzlaécoshkziz)}sinann
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’,

gquency equationsxés well as the modal shape expression can
-be achieved by sefting K: equal to infinity.-

After simplification, the normalized modal shape fo? ) )
two span plates having simple iétermediate suppbrt and free

of support at.the external ends can be expressed as:

* .
W, = {sin}151+(gllg3)sinhkzﬁl+hl(cosklﬁl+gzcoshhzﬁl)}sinann
- sl

W, = h3{sinA +(g1/g3)sinhk2£2+h2(cosl1£2+g2cosh3252)}sinann
. a -

152
(5.26)

"where the following notations are used in the above equations:

-2 Ly

\\ o (+sinl1u+g1/gasinhkzu) . : o fiﬁ
. | Lo
1 (cosllu+gzcoshuA2} .

L e s

W T RIS

(+sinyll+gl{§3sinhvkz) \\
-2 \ (cosY}l+g2coshkzy)

-

. - . _ ‘-A -
(AlcosuA1+gllglkzcosul2)+hlkl( sinukl+gzlzsinhu 2)
(X,qnsyll+gllg3lzcoshyA2)+h2Al(—sinyh1+gzkzsinhykzz

PR

ek - evradV6E 4 (1-v)a)

2, 2 ‘2 2
_ (K ZGma ) (k= (1mv)a )

L

B4
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5.2.4 Two Span Plates with Lateral Intermediate Spring
Suppart, Simple Support at One End and Free of Support
at the Other End

FIG. 5.9. Two span plates with lateral inter-
mediate spring support, simple support . R
at one end and free at the ‘otherl & 4

This case occurs when on one end the torsional spring

stiffness approaches zero and the linear spring approaches
-infinity. While at the other end, both of the spring stiff- \_\\
nesses.approach zero. It has been discussed in Chapter 3
that Eqs. (3.11lb) and (3.12;) are sets of équations‘;hich
satiéfy the simple support conditlons at the end éupports of

a platev” Eqs. (3.1lle) and (3.12¢) also satisfy the boundary

conditions for the free support at an end of plates. -

Thus, the frequency equations for -this case are estab-
lished by combining these four equations (3.11b), (3.12b),

(3.11c) and (3.12c) with the continuity conditions.

.
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The contimnuity conditions are satisfied by Eqs. (5. 5),

(5.6), (5.7) d (5.8).
For the normalized modal shape expressions, follewing

r\)
. f
the usual procedure can be written as follows: &\ﬁ\\\\

* * )
Wl = {sinl1£1+ClsinhA251)sinan

* * ' * .
W, = {Az(sinllﬁz—a1/a3sinhkzﬁ2)+B2(cosklﬁz-azlaacqshlzgz)}

2
sinan : : (5.27)

x . % : *
_The values of Cl,’A2 and B2 are the roots of the equations

*
- (cosykl—azla&coshYkz)Bz = - sinu},

. .
(AzcoshuAZ)C1 + (AlcosYkl-allaBA2coshyk )A

,r\\;/(klsinylz a /aalzsinhyk )B = —Alcogull

’

A * . *
: ,,;) (aasinukz)cl + (azsinykl+alla3.aasinhYAZ)Az
| A ) B inpAl (5.28)
- (azcosYll—azcoshY 2)32 = azs npi, .
The case when tghe intergediate spring stiffness reaches

infinity, this intermediate support becomes rigid support.

D
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Utilizing the usual procedure by setting the, value of

*
Km=w, the frequency equations as well as the modal shapes

expresslions can be derived.
The normalized modal shapes for the case of two span

plates having simple and free support at the external ends

and simple support at the intermediate are as follows:

Wl = (sink1£l+hlsinhkzgl)sinanq
* , ’ . ‘ )
. W, = h3{(sinA152+gl/g3sinhA2g2)+h2(cosA152+g2coshAlE2)}sinunn
'(5.29)° -i.
where f€
. sinllu &
1 sinhi,u . it
WE
i ’ ' ‘-I\
h2 = - sinAlyfgllglsinhAZY ﬁ
i
o Alcosllp+hlkzcoshkzu ‘ E
3 ALposAlY +gl/gakzcoshA2Y+h2(—Alsinkly+gzxzsinhth).
8y = Mlhy
2 2
gy ="(-k2 - (l+v)a§)/(k + (1—v)an)

-V 2
gy O - -2/ - (@-v)a)
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5.2.5 . Two Span Plates with Lateral Intermediate Spring and
Having Simple Support at One End and Clamped at the

Other

1
\VL\V\

24’%;

FI1G. 5.6. Two span plates with lateral intermediate
spring support and simple gupport at one
end and clamped at the other. ) '

Again utilizing relations of the unknown constants for

1
\
\".
N

simple and clamped conditlons as established earlier in
Eqs. (3.11b), (3.12b), (3.1la) and (3.12a), the frequency
equations can be obtained by combining these four equations

with the continuity‘conditions as éstablished in Egs. (5.5),

(5.6), (5.7) and (5.8).

The normalized modal shape expfesSions‘can be estab-
1ished easily be eliminating some constants.

The resulting expresslons are:

* *
wl = {sinAlE1+ClsinhA2£1}3inann

¥ * : *
7 W2 = {A2(sin{lﬁz-kllhzsinhhzg2)+Bz(cosAlgz—coshAZgz)}sinunn
) | (5.30)



* * * . ‘
where Cl’ A2 and B2 are the roots of equationg as follows:

* ; ‘%
A - -
(sinhy 2)Cl . (ainYA1 AllkzsinhyAz)Az

- (cosyl\l-coshy?\z)B2 = - sinukl
* - : *
(lzcoshulz)cl + (llcosyk -X coshle)A2

172

. x ’
+ (qklsinyll—kzsinhykz?Bz = - Alcosukl

- * . : - *
(aasinhulz)cl.+ (—alsinyl +a4A1[Azsinh7A2)A2

1

*
+ (—azcoshyll+a4cosh7A2)B2 = azsinull . (5.31)

The special case arises when K; approaches infinicy.
After employing the same procedure as used earlier to express
the modal shape equations; {its normalized modal shapes for
two. span plates with simple intermediate support and having

.simple support at one end and clamped support at the other

are as follows:

17

*
Wl(ﬁl,n) = (sinAlE +h sinhlzﬁl)sinann

. .
Wz(Ez,n) = h3{(sinAlE2—glsinhA252)+h2(cosllﬁ2—coshA2£2)}
sinann J . - (5.32)

where

gl = ll/lz
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siniA_ pw : ‘ .
h, = = — . ’
1 sinhA,u )
oo (sinAly—glsinhlzl) .
2 (cosAlY—coshkzy)
o (llcosklu+h112coshkzu)
3 '(Alcoskly—glxzcoshkzy)—h2(AlsinllY+lszahlzy)

5.2.6 Two Span Plates with Lateral Intermediate Spring

Supports and Free of Support at One End and Clamped
at the Other

AN

. FIG. 5.7. Two span plates with lateral inter-
mediate spring supports and having free

support at one end and clamped at the
other.

B

Similarly, for this case, use is made of Egs. {(3.11c),
(3.12c), (3.11la) and (3.12a) for these conditions, and com-
bining with Egqs. (5.5), (5.6), (5.7) and (5.8) for the

continuity conditions, the frequency equations can be set up.
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The modal shape expressions, after making certain simpli-

_fications, can be expressed as:

* *
Wl = {(sinklﬁl-alla3sinhA251)+B1(cosklslfazlaacoshkzgl)}sinunn

* * * :
P P {Az(sinklﬁz—klllzsinhlzgz)ﬂ}z(cosAlgz—cosh?\zg2)}sin?nn

(5.33)
*

. * *
where the values of Bl’ Az and 82 are the roots of the

equations below:

* ' *
(cosull—azlaacoshulz)Bl - (SinYkl_A1/A251nhYl2)A2

- : i

* .
- (cosykl-coshykz)Bz = - (sinuAl—alla3sinhuA2)

- (AlsinuA

* ' *
1—32/a4A281nhuA2)B1 + (Alcosyll—kzcoshykz)Az

’ * ‘
+ (—AlsinYAl—lzsinhykz)Bz = - (Alcosukl-al/a3k coshulz)

4 * *
(ﬁzcoaukl—azcoshukz)ﬂl + (azsinykl+ahklllzsinhyAZ)AZ

_ . * '
+ (—aicosYkl—aacoshYAZ)Bz = (azsinull+3184/3281nhuk2)

' (5.34)
@ , .

For the special case of this case when the intermediate
spring is becoming rigid support, the frequency equa-

“*
ions are obtained by setting Km=-.

/
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The modal shapes for this special'case; aftér making

some simplifications, can be written as:

% U
Wi (g ,n) = {(sinxlgl+g1/g331nhng2)+hl(cosxlgl+g2cosngl)}

sina
nrl

* ' : .
Wz(Ez,n? = h3{sinklgz—glsinhA2£2)+h2(cosllgz—?oshhzgz)

sinunn (5.34)
where
g) = 2/
2 2,.2 2 .2 2 2
By = k% - (1-v)al/K® + (1-v)a gy (k" - B-v)al)/ (k ~(1-v)a)
o sinllu+gl/g3sinhukz
1 cosliﬁ+g2coshlzu
S sinlly—glsinhlzy
2 cosklv—coshlzy
L (AlcosA1u+gllg3A2coshA2u)+hl(—Alsinhlu+gzhzsinh12u)
3 Alcosxly—gllzcosh}zv—hz(Alsinkly+kzsinhA2Y)




CHAPTER 6

N

RESULTS AND DISCUSSION

The results are presented in 'the form of graphs.
Figf (Alj and Fig. (A2) show the variations of the eigenvalues
of fundamental frequencies with respect to the variation of
intermediate spring constants and different aspect ratios.
Figs. (A3) and (A4) show the variation oé the eigénvalues of‘
fundamental frequency with respect to the spacing ratio and
different aspect ratios for classicai boundary conditions which .
are the special cases of this analysis. Figs. (A5) to (Al0)
show the independent variations of the spring parameters K;

™

*
and K% and the aspect ratios.

When the intermediate support of the two span plate

is placed close to the external edge support, the two span

plate will degenerate into sinéle span. It is also known that
the eigenvalues of double span are always laréer than those
of 51ng1e span plates. These réasons explain why there are
various peaks in the eigenvalue curves shown in the Flgs
(A3) to (Al2).

Realizing that the variations of the aspect ratio and
the spring parameters are raﬁging from zexo to infinity, it

is necessary to transform these variables. This is done with



4 -

a view to 51mpl1fy the problem of presentlng the results. A

transformatlon parameter is 1ntroduced as: ¥ g

= z/(1 z) ) : S ‘ -

. . . .- BN

where z is the original value and g, the transformed value.
With this definition, the.value of t varies from 0 to 1

which corresponds to the original range of z from 0 to infinity.

In this thesis, the ejgenvalues of the fundamental

frequencies are calculated.

Although in some cases higher mode analysis is import-
ant, the designers and analysts are pximqrily éoncerned with
the fundamental frequencies, Presenting the higher modes will
require many more graphs ﬁr tables, siﬁcé for plates the mode’
shapes ére associated with the two rectaﬁgular directions.

Since the flexural rigidity contains v, the frequencies
themselves depend upon the Poisson ratio. The effect of the
Poisson's rat10 will be more when one or more edges are free.

For the calculations, the value of Poisson's ratlo is taken

as 0.3. ° - | = | ' L . ".II

The higher modes, even though they are not presented

here, can be generated easil& from the same set of equations
presented earlier”in Chapters 4 and 5. The results of square
plates with symmetrical b&undary"conditions, obtained‘frqﬁo

this ana1y51s, are presented in the form of tables and may

be found in Appendlx B. This set of tables.contains the
eigenvalues of square plates with simple supportsrin two " .

r

opposite sides up to fifth-fifth mode.
. ‘ L . v

- &
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The expressions‘of normalized modal shapes have been

) - o -
established for thg general solutions as well as for the

s{mplified forms for the special cases in Chapters 4 and 5.
It is intended that these results will hélp desigﬁers'
. and ana;ysts to find the desired values of natural frequencles .
of double 5pan plate v1brat10n and their pertfﬂent modal ,
shape expressions. ”// oo ’ : ' . hr
Several values for the spéciaI';ases uz 0 or 1 which
can be %,und in Figs. '‘(A3)} and _(A4)_'are--comparéd with ;;hose

available in the literature.

e -

The special casesy = 0 and §,p'= }, correspond to a '
AR T . P :

single span square plate.

v

”i
- For 4= 0 and Zar =

span clamped plate shown in Fig (AS).ismS.35. This value

is in excellent agreement w1th the resﬁ{:s for fundamental

'}, the eigenvalue Kk fo;’the two

} {frequency available in [3:] for a squareclamped simple~ clampeé

‘simple plate. -The difference in the two values is less than

.8%. Trating the soli&‘line for ¢ l in the above- mentloned

AR

'figure yiéldi’the eigenvalue for the £undamenta1—mode of a
fixed- 51mp1eqi}mp1e simple square plate. According to the . |
g R
calculations performed here, this value is 4.85 which is about
A

0.02% less than the results presen;gd in [{]. Following the’

Y
-

EAR © i, the e1%enva1ue at = 0

is 5.0. This value is within 2% of the eigenvalue for the

“ proken line in Fig. (A4) for

fundém@ntgl mode for square 5imp1é-simple-clamped—simple‘plétes
. ., o :‘a ’ . P o i .
) -~
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. ! ’ . .
given it a Hokkaida Universigy report as quoted in [5]. The

plate w1th 51mp1e free conditions at external edges as shown
in Fig. (A4) reducés to a 51ng1e span square plate with
clamped 51mp1e -free-simple conditions at u= 0 and for

YAR ° }. The eigenvalue obtained by the Zuthor is 3.6 which
is w1th1n 1. 1% of the- elgeﬁvalue quoted in [ﬁ]: Two more
values from Fig. (A4) at u- 1 and cAR z iﬁcén be compared
with those avaiiab;e in the literature. The solid line for

the above noted pafametric values giﬁes an eigenvalue of 4.85

3

”whiéh js less than 0.1% off the value of the Hokkaida Univers-

ity Report referred to earlier in this section. Once again,
i ot -
the second case mentioned in the legend of Fig. (A4), u=1

aqd CAR - 3, gives an eigenvalue of 4.45 which is extremely

',close to the value in [}]5

Figs. (All) and (A12) show the eigenvalues. for two span
beams'with various end tonditions. These results are obtained
by maklng the plate solutlon given in Eq. (2.16) uni-directional

terms of E- These results ate exactly the same as given in E4]

LS
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CHAPTER .7

CONCLUSIONS .

L]
!

The tréétment of.the vibration of two gspan plates is not
available in the literature. Onlyﬂéame special cases of this
family can be found in the liceraturé.. The treatment is still
quite inadeqﬁate.
| Thus, the resul;s|of thisnanalysis can be compared with
the one avallable only in the area of its special cases. It
1s interesting to note the behaviour of classical suppo;fa
when the intérmediate,support is placed véfy close to thé
external support, the two spgﬁ plates degenerate iﬁéo single
span, and the external support behaviour changes depending
on what the originél support is. The two span plates orig- "

inally having simple supports behave as a clamped support

when approached closely by éimple intermediate supporté.
When £he edge is originally clamped, the combination of theée
supports and intermediate supports ﬁedomes a clamped support.
When the hanging edge. 1s approache& by simple intermediate
supports, it behaves as a simple-support; .Similar limitimg
analysig‘has been presented eérli%% [?

It can be comclided also that all Eamilies of double

r

span plate vibrations with two -simple support edges as well
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A

*as the beam vibration with proper setup ‘can be generated

from the present analysis.
'Thiq analysis provides engineers and other persons
working in the area of plate vibration with only one set of

parent equations instead of a number of equations for differ-

ent kinds of supports.

The simplified modal shape expressions areeprovidgd for

every limiting case. . S,

All possible cases in this family of two plates with

two sides simply supported are analyzed thoroughly.

.

v,

i
i
|
'
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0.52000000 2.6084 2.7072 2.7102 2.7338 2.8363 2.0952
b,430000000 Z.8131 2.8202 28225 2.8a1a Za9262 2.2049
1.00000000 2.0384 2.0570 2.0038 2.1144 242990 3.8483
. -
XY = 0,00000000 XT2 = 030000000 )
. %52 0. 00000000 0.20000000 0.23000000 0. 50000000 8.60000000 1.00006000
xS1 ’ .
0.00000000 2.7287 247369 2.7397 247615 "+ 2.0567 2.0391
9.2€£00000 Z.7382 2,7463 2.7490 2.7T04 2.80641 2.0809
0-25000000 2.7413 2.7408 2.7521 2,773 28860 2.0880
0. 50000000 2. 7656 2.7742 2.7707 2.7970 2.0004 Ze1a17
9.80000000 2.876) Z.08824 2.8845 2.9010 2.9734 2.3300
1- 00000000 2.0749 2.0933 2.0993 v 2.1450 Z.3150 3.0093
1 -
- had
- %HS = 0.23000000 WAR = 0. 33333333 PRI = 0000
XT1 = 0.00000000 XT2 = Q.80800000 s
¢ xs2 0.00000000 020000000 0.26000000 .%0000000 0.B0000000 100000000
X514 .
0.00000000 2. 8641 248701 2.8721 248879 2.9578 2.1770
0.20000000 2.B729 z.o0708 Z.8R07 2.8983 2.9052 21969
Ce 25000000 Z.8759 2.8817 2-6836 2.8951 2.9676 2.2034
0. 50000000 2.8992 2.9048 J.9006 2.8214 29873 2.2330
4.80000000 3.0012 3.00%8 3.0073 3.0198 3.0TA% 2243565
1.00000000 2.1438 2.1605 2.1683 2.2023 22348 3.7802
XT1 = 000000000 xJ2 = 1.00000000 -
x32 0, 00Q00000 0.206000000  © 0.25000000 0.50000000 0.80000000 1.00000000
x51 . .
0. 00000000 3.01491 3.0229 3.0241 1.0342 . 3.0797 2.3647
¢.200002300 3.0273 3.0311 3.0123 3.0422 3.0870 2.3825
0423000000 3.0301 3.0338 3.0330 3.084% 3.0894 2.3083
©. 50000000 - 3.0519 3.0535 3.0566 3.0661 3.1089 Zea331
0.H80000000 . 1aT4 3. 1504 31314 3.1593 3.1953 2.6043
1.00000000 3.2214 2.2327 2.2368 242655 2.3825 satedl
KT] = 0.20000000 xT2 = 0.25000000
%32 De 00000000 0420000000 023000000 0.30000000 0,00000000 1. 00000000
x51
0.00000000 2.6975 2.7008 247099 2.7385 2.8412 2.0330
3.20000000 2.17007 2.7150 2.718% Ze7ad1 2.0a31 Z.0343
.240000G0 2.7098 2.7189 2:.7219 227459 2.850% 2.0813
0, 50000000 2,734 2.7829 S.ra38 2.76AT 2.8691 221140
0.60000600 Z.tuall 2,081 Z.0%504 2.8692 2.953% Z.3040
1.00000000 20603 2.0004 2.0870 2.138% Z.3189 3.8783




XHS = 0425000000 KAR w 033333333 pPHl « 0000 T1

AT1 & 0.20000000

XT2 = 0.30000000

xS2 0. 00000000 0,.20000000

0.2%000000 ° 0.+%0000000 04080000000 100000000

xs1
Da €0Q00000 2.T673 227753 Z.TTB2 2.7994 228921
9420000000 2.TT04 2.7082 2.7869 20077 Za0990 §:?g§:
0.253000000 2.7TH3 2.7871 2.7B97 2.8103 2.,9014 241108
0. 50000000 2.8027 2.8102 2.0127 Z2.0323 2.9199 21611
0. 80000000 2.9049 2.9110 2.9131 2.9293 3,003 2.3a64
1.0C000000 2.0903 241172 221231 2.1680 2.335% 3.8380

. . N XT1 = 0.20000000 xT2 = 0.80000000
xs2 0400000000 0420000000 0.25000000 0.30000000 ©.80000000 100000000
£t x51 '
0,00000000 2.,9038 2.9098 ZaA11S 2.9269 2.9930
0+200000C0 2.9120 2.9177 2e0198 2I93a7 3.0019 . 2.2014
0425000030 2.9147 29204 2.9223 2.9373 3.0042 2.2273
0.%000D0000 Z2.936% Z.9819 249437 2.9582 3.0226 242742
0. 80200020 3.0315 3.0361 3.0376 3.0498 3.1047 Zoaand
100000000 241710 2.1054 2.1901 2.2266 243679 3.800%
) AT1 = 0.20030000 XT2 = 1.00000000 R
. ) ' .
%52 ~ o0.00000000 0.20000000 0.25000000 0 +30000000 0.800600000 1.00000000
x51 _
0. 00000000 3, 0606 3.,00643 3.0655 3.0733 321198 Za3944
420000000 3.0683 3.0719 3.0731 3.0827 3.1262 Z.4110
0.25%000000 3.oro8 J.0TAd 3.0786 3.0852 3.1288 Z.4183
0,%0000000 a 3.0912 3.0947 3,0938 3.10%0 3. 1467 24300
0,80000000 3.1804 3.1833 3.1883 3.1921 3.2277 Ze6211
1.00000000 22479 2.2890 2.2626 2.2910 2.403% a.1897
! —_— . :
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xM5 = 0.28000000 XAR = 033333333 Frt = 0.000 °
. XT1 = D.25000000 XT2 = 0.30000000 B
xSz 0.00000000 0.20000000 0423000000 0.30000000 0.80000000 1,00000000
.
xSt . a
.
£.00000000 2.7790 2.7669 ! 2.7890 2.58106 2.9026 Ze0904 K
0.20000000 2.7B7G FCEL 2.7980 2.8187 29094 2.1104 ;
0.23000000 2.790% 2.7982 2.0008 248214 Z2.9118 241170
0.50000090 2.0134 Z.0208 2.6233 2.0430 229298 2. 1608
©.80000000 Ze9134 2.9195 2.92106 2.9380 3.0116 2.349%
1.06000000 Za1067 2.1240 Ze1304 2.1780 2.3818 J.oase
. XT] = 0023000008 . xT2 = ©,80000000 \
. .
- .
ns2 0,00000000 0.2000G000 0.23000000 0430000004 #.00000000 1.00000000
'oxs1 .
Q.00000000 2.91%3 2.9212 2.9232 249304 3.,0060 242103
0.320000000 2.923% 2.9292 2.9311 229461 3.0127 722206
0.25000000 2.9262 2.9318 - 2.9337 249886 3.0150 2223453
Q. 56000000 2.941% 2.9529 29547 249690 3,030 2.26804
0.080000000 3.0406 3.0451 3.080668 3.0560 3.1133 2.as826
1400000000 2.1700 21931 2.1970 2.2340 2.3740 43,8140
e
xTi = 0.23000000 XT2 = 1.00000000
x52 0. 00000000 0.20000000 0.28000000 £.30000000 0.80000000 1.00000000
-

%351 ) ’
0,03000000 31.0729 <3.0768 320778 3.08T5 3.1312 2.4031
§.20000000 3.0n04 J.onan 30832 3.0048 3.1379 Zea194
Q. 25000000 3.0u27 3.086% 3,0877 3.0972 3.1801 ZaazaT
0,50000000 3.1029 3. 1043 3J.1074 3.1106 3.15480 2.a001
0. rO000000 3. 1903 3.1 032 3. 1062 3.2019 32374 ° Za6260
1.00000000 2.2561 2,670 2.2700 22988 Z2.8127 a.1981




AMS # 0425000000

XTI = 0.30000000

xAR A 0s333333233 PHI = 0.000 -

X¥2 = 0.60000000

x52

K51

0.,€0000000
£.20000000
25000000
©.5000Q0000
0.ADQOCOQO
1.00000060

x52

x51

0.0000000%
020009000
© 2%000000
0.%0070000
” . 40000000
1. C0000000

&\ 0,00000000

0.,00000000

XT1 = 0.00000000

020000000

Ktl a 0.00000000

0, 20000000

J.1062
3.10872
32,1097
3.1180
Jel a9 .
J.aa2?

xr2 = 0.25000000

0,.25000000 0.50000000 0.00000C00
3.1048 3.1111 3.1373
3.107H 3.11238 3.1401
3,1083 3.t147 3.1410
3.1151 3.12106 3. 1402
3.1429 J.1495 3.1780
3.4120 3.8433% 3.4923

xT2 - 0450000000

0.23000000 0 . 30000000 %-00000000

1070 Je1131
Jel090 301158
J.ilO Jalla?
3.1174 Y1275
3a.1a87 31523
Jabaal 3.433%0

52 0. 00000000 0. 20000000 Q423000000 #.50000000 0.80000000 1.00000000
x5l A
$,00000000 2.98496 249991 2.9909 3.011% 3.07680
0.20000000 249903 3.0019 3.00237 30181 3.0819 §:§322
Q. 2%000000 2.9989 3, 0042 3,0060 3.020) 3.,083% 242780
8, 50000000 3.,0173 3. 0229 3.0242 3.0381 3.0997 243189
0. 80000000 3.09u3 3.1024 341043 3.1103 3.1703 2.4737
1.00000000 2:2314 2.2431 24,2498 Z.2843 2.4202 3.0739
t/, . -
XTt = 0.,30000000 AT2 = 1.00000080
. ’ !
x52 0.00000000 0420000000 0425000000 0450000000 0.80000000 1400000000
*31
0,00002000 3.1514 341349 3.1360 341632 3e2087 as
0.20000000 3.1560 3.1014 J.1625% 3aTie 3ozi26 §‘.m’§
0,.2%00C00Q 341601 3.1635 3.1647 3.1737 32140 2.4763
0, 50000000 Iu1TTA 3. 1607 3.,10108 3.1906 3.2302 2.3131
0.30000000 3.2537 3.25068% 3.2373 3.2651 3,2998 2.85877
1.00000000 2.3118 2.3222 2.32%6 2.3524 2.4810 4.2567
xT1 = 0.5000000C T2 = 1.,00000000
X852 0. 00000000 0420000000 - 0,25000000 0.%0000000 0. 80000000 1. 00000000
xS} .
0.00000800 343115 3e3187 C3.3137 3,.3242 343021 2.9613 '\'\
g.20000000 3.3162 343194 3.3204 3.3288 3.3064 Z.5728 -3
0.25000000 3.3178 3.3209 3.3220 3.330) 3.3678 Z2.3761 °
0.30000000 3,3304 3.3334 343344 3.3428 3.3703 ¢ 2.5048
0. 80000000 3.3801 3.3889 3.3898 3.0072 33,4305 2.7285
1.00000000 2.8495 2443068 244619 2.4860 2.5852 ae4350
.
XHS = 0.230008000 XAR = 0,50000000 PHI = 0.000
xT1 = 0.0000000C xJ2 = D.20000000 o
xsz - 0. 06000000 0. 20000000 0,23000000 0.,30000000 0.80000000
’ N .
) N x5} -, .
»  0,00000000 . t012 . 3. 1038 C}.)oas 3.1109 3,137
020000000 3.1038 3.1063 1071 3.1135 ¥.1399
0.25000000 3.1046 3.1071 3.1079 3, 1144 3.1408
0.50C00000 3.1114 3.11239 Ju11aT 3.1212 3.1401
0.B8000000¢ 3.1390 3. 1410 3.1428 3.1458 3.1778
1.00Q00000 3.4243 3.a287 344302 3.4418 3.4912

1.00000000

1+00000000

31.4318
J.8304
3,4379
J.4500
3.3010
&,0928




xM53 = 0.25%000000

KT1 = 0.0000C000

XAR = 0.50000000 PHT # 0,000

AT2 = 0.80000000

132 0. 00000000 ¢e 20000000 $a29000000 030000000 0,20000000 1+ 00000000
x51 .
0.C0000000 J.1091 J.1512 3.1119 21178 40T
0,200000C0 Jel1t8 3.1139 EREEY 3.1202 g:,isgs g::?;g
0. 23000000 de1327. 3ull48 A.1156 3.1211 Je14a8 JeATal
0.30Q00000 3.1198 ‘3a1220 31227 Ja.1283 31819 34004
Q0. 80000000 3.1490 l.1512 31320 3elB79 3.1027 3. %389
1.00000000 Juabls . Ja.4T1) 34725 3.4820 Ja.3232 4.3901
xXT1 = G.00000000 Xr2 = 1.00000000
. X352 0.00000000 0.20000000 0w 25000000 030000000 080000000 1. 00000002
%51 / . .
0.,00090000 3. 1143 3.1183 3.1189 31237 alba
0.2000004Q0 3.1194 Je.t212 31218 3i1z86 g.ur:
0.250C00000 3.1203 J. 1221 3.1227 3.1275 3a.lanl
0.%000Q000 3.1277 Jal296 3. 1392 3.135%0 31557
0.B0000Q00 A.1584 3.160) 3.1609 31660 3.1873
1.COo0Q000C0 3.3124 3.5153 J.51062 3.%239 3. 53372 A=BO62T
,
AT1 = 0.20000000 XIZ = 0.25000000
X582 0. 00000000 Oe20000000 0425000000 0+50000000 0.00000000 1. 00000000
xS1 .
a,00000000 1.1028 3.1033 3.1061 3.1125 3.138% 348257
0,20000000 3.105%4 3.1079 1.1987 3.11981 . 1616 3.4301
0.2%5000000 31082 3.1087 3,1095 A c3.1160 3.142% 3.43106
9. 30000000 3.1128 3.1133 31162 Jal1227 J.1498 Jedads
0. 80000000 341400 3.1a27 3.,1435 31504 3.1788 3.4934
1.00000000 J.adt? J.a361 Je43TS 3.44Q1 3.4983 ALATAS
r “ .
i . -
. :
XMS = Q.23000000 XAR = 0450000000 PHT = 02000
XT1 = 0420000006 xTa = 0.30000000
x52 0.,00000000 0.20000000 0425000000 030000000 0.80000000 1.00000000 |
b
x51 N
0.00000000 3.1074 3.1083 Ja1145% 3.1399 J.4383 :
0. 20000000 3.1102 . 31110 3a1171 3,1427 3.4a28 .
0.2%000000 3elll0 3.1118 3.1180 3.1436 Ja4asd
£.50000000 J.1178 3.1t 86 3. 1240 3.18407 3.4561
0,80000000 3e1453 J.l804 3.1529 3.18023 3.5064
1.00000000 Ja. 8403 34499 3.a000 3.5307T8 4.80068
XT1 = 0.20000000 AT2 = 0.50000000
xs82 0,00000000 . De.20000000 Gae23000000 0.50000000 0.80000000 100000000
x31 '
0.000000C0 3.110% 3.l1126 321134 3.1189 3.1423 3.ATA9
0+ 20008000 3.1132 0 341153 3.1160 J.1218 3. 1452 3.4795
C»2%000000Q 31,1141 3eil062 341169 3.1225 J.l481 3.4810
0.3%000Q000 341210 3.1232 3.1239 :dal2%0 3.13348 3.4030
0, 80000000 Je1a9? 3.1519 3.1327 3.1380 3.182358 3.54840
1.,06000000 3,aT38 3.ATTA 3.47H7 3.4883 3.3293 425048
XT1 = 0.20000000 XT2 = 1.00000000
'
x52 0. 00000000 Q.20000000 0423000000 D+30000000 0,80000000 12006000000
As1 )
¢, 00000000 3.1181 . 31199 3.1205. 31253 J. 1459 3. 0642
€+ 20000000 3.1209 3.1227 3123 3.1201 3. 1480 3448889
0.23000000 Je.1218 31230 3,122 J.1291 Jela9s 3.870%
0.50000008 3,1290 3.1309 . 313153 . J.1300 31573 3.5829 -
Qs HNDOQO0D 3.,1592 3,161 J.1017 l.1608 J.188% PRSI
100000000 3.5193 3. 3221 J.3231 3.9307 3.504) 4.0708




%M3 w 0.230400000 KAR W 0430000000 Pri & 0.000

KTL % 0423000000 .xTZ = 0.30000000
. -
x32 9.00000000 . 020000000 e 25000000 0450000000 0.80000000 1.00000000
P ®
0.00000000 3.19%8 341080 3.1088 3.1149 3.1404
0. 20000000 3. 1082 31108 3113 .1173 31832 a3
9425000000 31090 3elile 31122 Je1104 J.1aal I.aan2
0.3a000000 3.1137 3i11d) Ji11 80 31252 3.1%12 34873
o. 3000000 3.1432 31457 3.1at0 321531 3.190% 3.5079
1.00000000 3eassl 3ias03 3417 3.a028 © 3,3094 s.5108 .
. ATl = 0.2300000¢ XT2 = D.B0800000
¢: rd
xs2 000000008 0.20000000 023000000 0.50000000 00060000000 1.00000000
%51
6,00C00000 3.1109 3.1131 3.1138 3.1194 3.1429 a7
0.20000000 3iq13e 31157 31188 3.1221 L3l 1a86 3
0. 25000000 31183 Ji1166 31173 3.12130 3. 1468 3. 4832
. 0250000000 301218 3.123% Je1za3 31298 31538 3.4930
0. 80000000 31499 31821 31829 3.1380 3.1838 Je3a80
1.03000000 J.a7s8 3.a798 , 34806 3lav0a 3.5331% AsBOB9
AT1 = 0.25000000 XT2 = 1.00000000 e
- .
xS2 - 0i06000000 0.20000000 0.25000000 0.50000000 0.80000000 1.00000000
%51 . '
©.00000000 341185 3.1204 3.1210 3.12%8 2.14858 3.3864
920000000 301213 3.1232 31238 31286 31493 38713
¢.25000000 1222 31281 EREYS 321293 3.1303 35731
0.50000000 521295 31313 3.1319 31388 31377 3.5835
0. 60000000 31594 3.1813 3.1520 3.1670 ENTI 3s638%
1.00000800 3.5214 305243 33253 " 35329 3. 4662 ~ a.n838
. N ¥
.
. ] "
. : .
XW5 = 0.25000000 XAR = 0.50000000 Pnl = 0,000
XT1 = 0430000000 XT2 = G.80000000
x3z 0.00000000 0.20000000 o.zsaooooos © 030300000 ©.50000000
xs1 .
000000000 3.1138 3.1160 3.1187 1.1224 3.1462
9. 20000000 311183 ENEE L 31192 3.1249 3.14859
0, 23000000 3.3172 31194 31201 3.1238 3.1498
©.50090000 3t1238 3.1260 . 31267 31323 311507
0. 00000000 31512 3.1535 3n1543 3.1603 311856
1.00000000 34899 304933 34047 35043 3.3459 a-0a22
XT1 = 0.5000000C X2 = 1.00000000
. )
xs2 0.00000000 0.20000000 0.23000000 0.30000000 0.800000400 1400000000
xsi
©0.00000000 y.1217 3.123% 3.1242 3.1290 3.1500 3.3840
0.20000009 3a1243 3.1282 31268 3.1317 3.1528 3.5893
0.35000000 3.1232 31271 31277 301326 3.1537 3-2908
0-50000008 3.1321 3.1340 301348 L1348 3.1608 3. 6024
2. 80000000 311610 31629 3.1636 3l16n7 3.1906 36527
100000000 35372 3.5400 3.3410 J. 5488 3.sm20 a.az08
L ]
XT1 ®» we00C0D000 KT2 = 1.00800000
xsz " 9.00000000 0.26000000 0425000000 0430000000 ' 0,80000000 1.00000000
- .
xs1
0.00000000 3.1207 3e1307 3,1313 3.1364 3.1581 3.6278
0120000000 EMETY 341331 3.1337 3. 1348 341603 3.6316 :
0023000000 11319 301373 3o13a3 31398 31613 3.6329
9.50000000 321302 3.1a01 3.1a08 ERR TS 3a1a7? 3820
&, A0600030 31046 NPT EMTSE L ED 321949 3.6067
1.000000C0 3.5834 35003 3.2873 IoSesa - 3eszpd 5e03rL




WS = 0s2300000Q AR = (o 80806067 PHL = 04000 ’ -
. XT1 = 0.00000008 xT2 = 0.20000000 B
- -
'
x82 0.00000000 0.20000000 0423000000 0.50000500 0. 80000000 1.. 00000000
xSl
0. 00000000 6.2409 be2412 a.24121 .
0,20000000 6.2412 T 6aZALT 4239
0. 23000000 Ga2414 6.2417 62418 be.2000
0. $3000QU00 624231 ca2827 T B8.24T0
080000000 B4 2404 6o 24064 642409 642320
1.006000000 G.4206 6ea213 6.4215 8e4318 .
-
AT1 = 0,00000000 XT2 = 0,23000000
K52 0.00000000 0420000000 023000000 .50000000 8.80000000 1 00000000
xSl
0400000000 6e2411 5.2413 Ga282 a
0, 20000000 6e2413 692418 ﬁ:§423 :'.%.23
0.25000000 ba24td ) 6e2419 542430 6.2470
0.50000000 6a2429% be2429 G249 G4 2480
#.80000000 G.2a67 , Ges2aTl 6a2401 6.29%22
1,00000000 ba4213 6.4220 Get24l - 6.4323 T.0294
¥T1 = D.0000000C xT2 = 0.30000000 : : -
. N .
xsg‘ . 0. 00000000 020000000 023000000 D+ 50000000 0.80000000 1, ©0000000
)
x51 . . R
0400000000 842432 622433 Be2AN2 G240 Bt
9,20000000 6. 2436 62817 a.3aas o:zaal s §?2
0.2%000000 6 6a2437 642430 BeZAAT G.240%
0.%0000000 YYILY] 6Ga2440 Be24AT7 Gia 2450 6.2495 T
0. 80000900 /! @a2485 Ge2488 6a2490 Be2499 642538 ’
I.OOUQDOOO ded262 Gad269 * dat2Tl1 s Baa289 ) G060
. L] -
R . N
- _
. }'"
. N
AmS w 0.25000000 XAR = Do0086040T PHI = 0e000
l‘ ) -
xT] = 0.,00000000° xY2 = 0,80000000
x52 0.00000000 020000000 0 +23000000 0.50000000 0.B80000000
. . '
x51 .
8, 00000000 6.2478 Ge2081 Be2462 642490 6.2523
0,20000000 6.2482 e 2403 6.2406 842494 622529
0.25000000 6.2483 6+2480 Be2407 Ba2495% 642530
0.50000000 6.2493 6.2496 6.2497 6.250% : Ge2%40
. 0.80Q00000 842336 6. 2540 62341 Be2589 642564
1.00000000 Be8A00 . baddl2 o.ns‘su Baa430 64102
g AT1 = 0.CO0C000K XT2 & 1.00000000 .
xs2 0, 00000000 0.20000000 . 0+23000000 #.30000000 #. 50000000 1.00000000
xSl .
0.€0600000 6.2995 62397 62390 642604 842630 : BeASOT
8, 2000¢000 625399 06,2601 5.2602 62608 62034 Baa3TA
0.25000000 6.2600 642603 62603 6.2609 6e2823% 6.4377
0.%0003000 6220611 L 6e2613 ¢ Be2614 2620 Be20640 Bea390
0. 50000000 b. 2650 6. 26060 62661 G.20067 6.2694 8.48689
1.00000000 GeATOO GeALTO B.ATT2 G.aT7BA 804039 71885
XT1 = 0.20000000 XY2 = 0.25000000 \
, . .
x52 0400000000 0,20000000 . Qs23000000 0.30000000 4.80000000 1,00000000
xs1 Yy .
0.00000000 B.2819 6.2423 6.2424 6.24133 64247) 8e4209
e 20000000 62423 6o 2420 B.2a27 6.2038 . G.28TT Saa218
0.25000000 Bel2a24 Le2827 BheZ2t2A a2 38 Ge2aTH - GeAZ18
6,%00000C0 62433 Be24 37 6.2438 6.2847 . 6.2488 6ea237
Q.080000000 B.24TH »  Ge2ATB 62879 BeZMB6 6.2530 Be4320
1+ 00000000 Gea222 ba#229 . 6.4231 &.8250 6o 4332 7.8329




XMy = 0425000000
ATL = Q.20000000

0. 00000000

RAR » O.00OGDOOT

XT2 = 0.30000000

PHL = 0,000

52 0.20000000 0., 23000000 0.+ 30000000 2. 80000000 100000000
xs3
a.00000000 B 2437 GelAd0 [ YY1Y) L]
0,20000000 PREPYY. Be2a43 PPt FE L 8i3a02 8:2239
0.25000000 Deltdl Ga2ha5 Ge2bad B 28583 G 2804 Q.Qzao
0,30000000 Ge248l G244 S.2435 a.2404 42303 0.4250 ’
0.080000000 Ge24Q92 6a2495 B.2497 8.2308 Ba23450 6:!3‘2
1.00000000 Baea27l 6eA2TB Bo4200 6.4290 6.4378 7.0413
XTL @ 0.20000000 XT2 = 080000000
x32 0400000000 0.20000000 0,23000000 0. 30000000 080000000 1. 00000000
x51
8,00400000 Ge240806 O 2489 Ga24490 A,24908 - 3
0.20000000 62490 6s2493 6:2!@4 6:2502 b:gﬂg; :::g?:
0.25000000 6.2401 G.2404 6.2495 6.2%503 6.2338 64313
0.54000000 He2%01 he B.2504 aB.290% G.2513 Ga2540 a.4332
0.680000000 Ba 2584 Be2347 Ga23A0 e-1.3-1-1 d.2592 6:‘!1?
1.00000000 k Gadall s.4421 Gead23 YY) 6.4512 720709
.
}" XTL = 0.20000000 AT2 = 1.00000000 "
xs2 0s 00000000 0.20600000 0.25000000 #.50000000 © 0.80000000 L. 00000000
x51
a.00000000 Be 2006 Ga 2606 Ge2007 H.2613 A42019 Bk
0.200020400 Be 2008 620610 O:Zbll 6:20]7 GeZ&Ad G:Aggg
9. 250043000 6e2609 Ga2612 A.2012 Ge2G10 O 2044 Gu602 !
0.%0000000 6a2620 Ba2622 #2623 BHa2629 6.2635 Ba4522
0. 80000000 Y4111 426608 B.206469 S.25675 62702 DeaTI2
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AT1 = 0423000000 XT2 = 0.80000000
xs2 0.00000000 0420000000 0.23000000 0450000000 0480000000 1.00000000
- . ' ’ a
xs1 .
4,00000000 s 2458 B+ 2459 Ge24860 402460 802303 G.4311
6. 20000000 6.2439 o.2862 ° 6.2443 si2aTL 6.2307 6.4320
0.2%000000 Ga2860 Gel2ab] Se2004 7 Ha28T73 ) 6.2500 Ba8322
30000000 6. 2ATOC Ge2ATI GeZATA 2482 \-_/, 6.25318 Gaklal
0. 80000000 62312 . 6.2515 8e2516 t2324 6+2361 Sesa23
1.00000000 6.4356 c.4362 6aa304 ta3so 614453 . 740693
’ XT1 = Da25000000 . XT2 = 1.00000000
xs2 0.00600000 " 0420000000 0425000000 050000000 ©£.80000000 1.00000300
/ x31 ] L .
26000000 4. 2576 . te2578 642579 6.2905 642612 6246803
0. 20007000 6.2380 . Bo2582 6e2383 822389 0e2813 seas1d
0.23000000 6e2501 : 622582 62304 642390 8.2617 Bes6l3
8.50009000 56,2391 6.2594 6.2394 6.2600 622627 624033
0. 00000000 6.2037 622679 812560 6.2640 8.2673 Searz3
1200000000 < searl? a.3722 6.aT23 G.a730 sea791 T.1926




»

- KMS = 0.80000000 RAR 0.Q9660°07 PHE = 0,730

XKTL = 0.30000000 XT2. 2 000000000

X312 0400000600 0.23000000 0.300006000

100000000

020000000 0.80000000
xs1 i R
9.€0000000 B.ZATA 6.2477 a.2470 86,2486 ‘6.2322
0.20000000 6. 2ATT 4a2800 de24Nl 6.24090 642526
9.45000000 . 642478 622482 6.248) 62891 R 642327
€.30000000 . 6.2488 6a2401 62692 6.2300 6.2%36
0.80000000 5.2528 - 642331 6a2332 8.2%41 6.2377
100000000 6,437 - Ga4305 6.4388 GeaA04 . 6,477
. XAT1 = 0,50000000 AT2 = 1.00000000 '
. . :
xa2 0.00000000 0420000000 0.25600000 0450000000 0.80000000_ 1.00000000
xS1 .. -
4. 00000000 6. 25908 6.2598 - 842599 6226093 - 6.2632 a.a662
0.20000000 642600 6.2602 6.2603 62609 . . 6426236 Getb5d
4,2%000000 &s26801 6a.2001 : Ba2ZH04 Bs.2610 6e2637 S+4072
0,50000000 Gs2811 de 2811 AedtlA 02620 Ge2ta? Sa4591
080000000 622653 6.2657. 8.2638 6a2004 642691 Gaalln
1.00000000 i GedTAN GahTAD - . G+ 4T30 . GeATO] . Geab1ll T+2033 T
N XT1 = 0,80000000 X72 = 100000000
x5z " 0.00000000 0420000000 025000000 0.50000000 + 0.80000000 1.00000000
X5 i .
0.00000000 6+2694 ' 6.2650. "8.2087 62063 6.2691 6.4829
020000000 62687 Ge 2850 B.26060 as 26067 S 2698 YR RT3
8.25Q00000 6.2638 64,2661 &.2661 d.2668 620696 64838
0,%30000000 Ga.2047 642670 Sa25T70 G 20677 6a2705 SHudndo
0.80000000 6.2706 622709 B 6.2T10 642716 Ge2744 68914
1,00000000 8.4835 | 64839 9oy T GadB54 6.4910 T.2403
XMS = 0.00000800 XAR w 0.75000000 PHI = 0s730 P
L ATl = 0400000000 XT2 = D,20000002 _
‘xsz - 0.00000000 0420000000 0.25000000 6.30000000 0.80000000 1.00000000
us1 ]
0., 00000000 93796 9. 3747 Q.37%7 9.3800 9.3813 v 9.35023
0. 20000000 9. 3797 9.3798 9.3798 93801 9.3814 9.3028
4.2%000000 Q. 3197 Q3798 . Q.AT99 9.3801 9,301% 9.50206
0. 30000000 - 9.3800 9.3801 93801 9.3804 9.3818 925032
0. 80000000 9. 3813 9.3814 9.3815 9.3818 9,3831 g.1080
1.00000000 , 93018 9.3020 9.5021 9.3027 9.5034 9.9348
XT1 = 0,00000000 - XT2 = 0.23000000
xs2 0. 00000000 0.20000000 0.23000000 0430000000 ©.00000000 1400000000
x31
0. 00000000 9.3797 9.3798 9.379% 9.3802 93813 ¢.3024
9.20000000 9.3798 92,3800 923800 9.3803 9.38186 0.4026
9.2%000000 9.3799 $. 3800 9.3800 9.3803 943816 9.3027
0. 20000000 9.3802 9.3803 9.3003 9e3008 93817 9.3033
0, 80000900 Q23813 9.308148 9.3817 Q3820 =38133 93061
100000000 948022 9.8023 $.3025 . 98031 25058 9.9332
XTL = 0,00000008 XT2 = Q,306400000
xs2 0.00000000 . 0.20000000 0.23000000 0430000000 04060000000 1.00000000
q
xs1
00000000 P.3811 9.3812 9.3812 9.38113 9.3828 9.3031
8:26200000 F.3812 2.3813 9.3813 9.3818 943829 923032
0.25000000 Q.3812 9,.3813 Q. 3014 9.3817 Q.302% 95034
0. 30000000 9.301% 9,387 6 943017 9.3820 9.3832 9.4040
§,00000000C Qe JB29 Pe srI30, 9.3030 Q.383] 23840 Pe+5008
1« 00000000 9.5053 9.5L37 9.5038 Q.5064 2.3090 9.9383




~J

. XNS m 0,80000000 ° XAR # 0. 75000000 PHI = 04730 -
! XTL » 0.,00000000 Y2 = 0.80000000
x32 0.00000000 0.20000000 0.23000000 0430000000 0480000000 12 00Q00000
xS ‘ ]
#.00000000 | 943634 . 9,383% 9.3a83 g.3838 ) RTTCES 9.5098
0.20C00000 9. 3355 9. 3856 9.3037 943839 9.3870 9.8008 o
0«2%000000 , Uy 3038 9.3857 Q.3as? 9.3859 Q.3871 O.%5039
£+30000000 Fe JUBY Qs JE0O0 Q.3880 Q30063 9.307s . VeB065
980002000 29,3873 9.3874 . 9.3874 Q.387T 9.3808 © 93093 .
1.00003000 v.8162 G.5164 Q.51 64 G.5170 948194 93497
. -
KT1 » 0,€000000Q 272 = 1,00000000 .
xs2 0.00000000 0420000000 0.24000000 0.30000000 0:80000000 1. 00000000
xs1 ’ - ’
- . .
$.00080000 9. 3992 9.3992 93992 9.3994 ©.4001 9.5188
0.20002000 9.399) . 93993 Q.3954 243995 9,4003 923191
0e23000Q00 Q.3993 - P 1T Q3994 0.39906 Q4003 Pe3192
0030000000 923997 ! Qs 3997 [ Q.3998 - 9399 . 98007 9. 3196
4.20000000 Qs4012 ENTIE ., 98013 9.40198 Qea022 9.3227
100000000 9.3528 9.3330. 1 ' 2.5%530 " 95334 9.5551 10.0128
XT1 = 0,20000D00 XT2 = 0s23000000 .
x5z 0,00000000 0,20000000 0429000000 0450000000 0.80000000 1.00000000
xs1 ' ’ B
200000000 9. 3803 9.3804 - 0.380% 9.3807 903821 92,9038
4.20000000 9. 3804 9,3808 9.3806 943809 ° 9.3m22% Gan0a0 .
0.25C00000 9.3803 9.3608 9.3806 9-3809 9.3822 9.5041
0. 50002000 9.3807 9.3809 © Qe3B09 . 9.3812 943025 9.8047 s
2.80000040 9 3821 Qe ldB22 . . V3822 GeIB25 93038 9.5074
1.00000000 93023 9.5027 Q.5028 V3034 Q.3081 9.2308%
. -'l"!
XM5 = 0,00000000 XAR w Q73000000 PHI = 0.730 4
) L]
XT] = 0,20000008 XTZ = ‘0.30800000 %
32 R 0400000000 0.20000000 9.23000000 " 0.30000000 . 0.80000000 1.00000000
xs1 : L ' : :
€.00000000 9.3017 9.3818 g9.3810 i 9.3821 9.3834 9.5048 .
0.20000000 9 3810 D.3019 - Q,3819 Q.3822 T+383% 9.T0AT -
0 23004000 Q=818 Q,.,3819 . » 9.3820 . Qae3822 9.3835 i QL0048 "
0.30000000 9. 3021 9.3822 9.3823 9a3825 9,3838 . 9e3054
€,80600000 G.3834 923835 9.38386 943839 29,3832 9.8081
1.00000000 9.3058 93080 9.3061, Q3067 945093 9.9396
XTL = 0.20000000 XxTz = 0.80000000
x32 0.00000000 0.20000000 - 0.23000000 0.30000000 0.80000000 ° 1. 00000000
xs1 -
0. 00000000 943880 . 943861 0.3881 g.3084 9.3878 . 9.5089
9.20000000 G 3861 .3062 9.3863 9. 3005 g.3076 9., %072
0.2%003000 9. 3862 : Q43483 2.3083 9a3865 93877 9. 5073
0. 50000000 Q. 3065 . 938485 Q.38000 Q+30869 936480 9.3079
8,80000000 ' Q9. 1878 G 3879 G.3080 Sa.3882 . 3094 9.51006
1.00000000 Gu.3168 9.5167 . 9.3167 9.5173 9.8197 929810
XTi = Q.20000000 XTZ = 1.00000000
x32 000000000 0420000000 0.23000008 0.30800000 0.80000000 1, 00000000
xSl . -
Q. [+]+1+] 9. 38908 s 3909 Q,.,4001 Q.4008 929203
o:gggooogg . 9.4000 9.4002 944010 9.5203
0.23000000 C.A4001 Qa.4003 9.4010 QeB5208
.%0000000 Y004 Q4000 QL4014 Pe5217],
JenQOOCN00 G 4019 Qu.4021 Q.8029 PaB242
1+00000000 9.3533 9.5337 9.3838 - 1040143




w . 7 XS = 0.80000000 XAR % G.73000000 PHE = 0,730 - =

l.‘n--..\o.adaunnoo K¥2 = 0,30000000 -
S . o P v
32 - 0. Q0000000 0,20006000 T+23000000 D.50000000 4.80000000 1+ 00000000
X3}
0.00000000 9.381%9 ' 23820 9.3820 9.3823 9,3038 ¥
€,20000000 9.J0820 9. 3821 9413821 9.3824 9.3837 8::3;?
4.254000000 9.3820 Q.3021 Qe3N21 9,382 923837 930582
0,30000000 9, 30823 9.33824 Q.3824 9.3827 LT LIS ] F.5030
0. 80000000 Pe.3830 2.3037 9,3838 Q.3040 943833 9.308%
100000000 93039 95081 V5062 9.3007 U509 P.9400
XT1 = 0.29000000 XT2 = 0.00000000
\ .
x32 0. 00000000 020000080 023000000 0,30000000 9,80000000 1. 00000000
.. .
x31
9.00000000 9.3062 9.3863 9.38581 943068 03877 9.3074
#.,20000000 9.3053 93064 Q.3864 9.3467 9.1878 9.50756
Q. 25000000 943404 9s300% 93863 9.3867 Q.3879 93077
0.30000000 Qs 3867 . Vs 2868 Qe30648 9.3870 9.1882 93083
0,83000000 ¥.3880 9. 3881 9.3882 Fa 308 V30896 95111
1,00000000 9431063 Va8167 9.5168 9.3174 25198 Ve951 0
ATLI = 0,.23000000 XT2 = 1.00000000 .
%52 0,00000000 0»20000000 0+23000008 8.30000000 0.80000000 1.00003000
XS]
r
#.40000000 9.4001 Fea001 D.4001 944003 V.4011 9.5200
0.20000000 P.4002 V.4002 9.4003 Q4004 Pa4012 PeS5210
024000000 D,A002 9,400 944003 Q.4005 Q4012 9.5211
8, 30000000 Q4000 DeA006 9.4007 9.4000 F.40106 9.8217
0., 00000000 Q. 4021 9.4022 Q.4022 QeabZ4 9.4031 Qa5246
1.00000000 9.5533 P.9334 9,5533 9.8339 943356 100148
- n .
XM m 0,80000000 XAR » 0,73000000 PHI = 0,730
AT1 = 0L.50000000 X¥2 = -0.80000000
P
%32 0+00000000 0,200000080 Ce» 23000000 8430000000 0.80000000 1.00000000
x%1 "
"$. 00000000 Q.3875 9.3877 9.3878 9.3880 923092 9.3107 N
020000000 9.3877 Q.3870 9.3879 9.35861 9.389) 9.3109
Qe 25000000 9. 3378 9.3079 9.3879 Q.3082 . F.3893 Q.5110
€.30000000 9.3001 9. 3882 9.3882 9.384% 943856 98116
0.80000000 Te JOTA 9.3093 2.369% 9. 3898 943909 Fe5143
1.00000000 943173 9.517% 9,.,8178 Fe8181 9,520 . 9.03486
. XTi = 0,30000000 XTZ = 1.00000000
x52 D. 00000000 020000000 0,25000000 9.39000000 080000000 1.00000000
xa1 ) .
0.00000000 Qaa017 Q+4017 9.4018 D.4019 4027 : - 9.5243
0.20000000 9.4018 9.4019 0.4019 Qea02t 9.4028 93240
v 0e23000000 ' 9,40148 9aaQtl9 De4Q19 Qa021 Ges029 Q.5246
9,30000000 Q.a022 T 4022 Q.4021 Qaa024 Q4032 F28253
0.680000000 Q.4037 Q.4037 Qa0037 Q44039 Q. A0MT 9,.5281
1.00000000 Qa39481 9.3343 955413 Ve3587 Ve 55564 10.81D5
XTi = 0.680000000 XT2 = 1.00000000
x32 0.00000000 0.20000000 0423000000 030000000 0.60000000 100000000
b £1)
#.00000000 Q8069 Q.4089 G.4070 QL0079 9.3339
o:goouoooo 9.4070 2.4070 9.4071 Qs 4080 - 9e8301
04.5000000 P.4070 Paal71 9,407t Q44061 9.3382
8.50000000 94073 Q.4074 Q.4074 Qea0n4 ¢ L 9e5308
0.40000000 v.a0us Fa4087 9.4087 4097 94319
% .00000000 95573 Y3574 9.3375 9+3596 10.0322




AM2 = 0.,80000000

.

KTl = 0.00000000

XAR = 0,80000000

PHI = 0.730

XT2 = 0420000000

ns2 | 0+00000000 0020000000 0425000000 0.580000000 0.80000000 d<éooocoon
x84
e.00000000 12.9201 1243201 125201 12+3203 12.8209
0426000000 12,5201 12,4202 12.3202 1243203 1305209 :g::}§;
0. 25000000 12.5301 1243202 12.5202 1245201 1245209 12,6120
9.36000000 1243203 12,3203 1245203 12.520% 12.5211 12.6131
0, 80000000 12.5209 1243209 12.5209 1245211 12.8217 12.8144
1.00080000 12,8129 12.6130 128131 12,6138 12,8148 12.9532
. i
XTL = 0.00000000 XT2 = 0.23000000
, .
sz £.00000000 0.20000000 0.23000006 0450000000 0.80000000 1.00060000
x5 [
€.0C000000 12.%202 1245203 t2.9203 12.5204 12.3210 12.6127
€. 20000000 12,3200 12.5203 12.5203 12.5208 12.3211 12.6128
Qs 23000000 12.5201] 12.5202) 12.3204 125203 128211 12,6129
0. 50000000 12,3204 12.42053 12,5205 12,5206 12.5212 1Z.68132
G.80000000 12,5210 12.5211 12.3211 12.5212 12,5318 12.6144
1.00000000 12,6133 12,8134 1246136 1248137 12,6149 12,9334
XT1 = 0400000000 X¥Y2 = 030000000
xs2 0.00000000 0420000000 0423000000 0.50000000 080000000 1.00000000
xst
Q,00000000 12.3213 123214 12.321% 123215 12.5221 12.6130,
- 0. 20000000 12,521 12.3214 12.5218 12.5216 12.3221 12.6131
&,23C00000 123214 12.8218 12.92153 125218 12,5222 - 12.6132
0430000000 12.39215 12.5218 12,3218 12.5217 12,3223 12,6134
0. 80030000 12.3221 1228222 12,8222 12.5223 12e5229 12,6147
1.0Q000000 12.6138 12,6159 12.06160 126163 12.6178 12.9348
XMS = 0.80003000 XAR = 0.80300000 PHI » 0790 -
XT1 = 0.,00000000 ATZ = 0.80000000
X3z 0.00000000 0420000000 0.25000000 0.50000000 0260000000 1.00000000
x31
0,00000000 12.3251 12.8252 12.5292 1245253 12.5258 12.6141
0.20000000 12,3252 12.3232 12,3252 12.5254 12,8249 12,5142
#.,25000000 12.32%92 12+8232 12,3233 125254 125299 12+6142
9.50000000 12.5253 12,5254 12.5254 12.5255 12.52060 12,6145
0.80000000 12,3280 12.5260 12,3240 12,8281 12,5267 12.61%8
1.00000000 l2.6248 128240 128249 12.06231 12.828]3 129602
» A}
ATL = 0400000000 %72 = 1.00000000
xs2 000000000 0.20000000 0425000000 0.80000000 0.B0000000 1.00000000
X351
#. 00000000 12-3399 12. 5400 1225400 12.5400 * 12.340) 12,6214
€420000000 125400 s 1223400 12:5400 1223401 12.53404 12.621%
Q. 23000000 12,9400 12. 3400 123401 125401 125404 12.8210
0.50000000 12,5402 12,3402 12.3402 1245403 12.5406 12.6219
' 0.80000000 1Z+5409 12,5409 12.3410 12.5410 12.3413 12,8232
1.00000000 12,8633 12,6634 12.6634 1246630 12,8643 12.9981
* ATL = 0.20000000 T2 = 0,23000000
x52 0.00000000 0.20000000 024000000 0430000000 0,80000000 1.00000000
x%1 -
. 0.00009000 12.5207 12.5207 12.5207 12.5209 12.521% 12.8138
"’ 0420000000 12.9307 1225200 12,3208 12,3209 1245215 12,6119
€.23000000 12.3207 12.5208 12.3208 12.3209 . 12,3215 12.6139
Q0.30000000 12.5209 12+.3209 12.3209 123211 12.3217 1Z.0142
0.80000000 12.5215 12.321% 12.3215% 12,5217 12,8223 12.6154
100000000 12+8134 12.6133 12.6133 1206130 126130

129340




J XMd = 0.00000000 2AR = 0,80000000 PHI = 0,730

ATy = 0.20000000 AT2 = 0,30000000

x32 0«00000000

0420000000 0425000000 0.50000000 0480000000 1.00000000
xsi \
0.00000000 12.5218 12.821 9% 1245219 12,5220 12.8228
0. 20000000 1225219 12.8219 1245219 12,3320 12.5226 it
#.23000000 1258219 1245219 12.3219 12.5221 12.8226 12,8142
a.30000000 12.5220 1245221 12.5221 1213222 12,3228 12,6143
0.82000000 1249226 1243220 12.3227 12.5228 125234 126157
1400000000 1240180 12.06181 12.8161 12.06108 12.8176 129354
KT1 = 0420000000 XT2 = 0.80000000
x32 ©0.00000000 0420000000 0.25000000 0.30000000 0400000000 100000000
x5l
9. 00000000 12,3236 12.5257 12.3257 12.9248 12a326) 1248152
0,20000000 1243257 128257 125257 12.52%8 122 5264 1246133
0.25000000 1245257 1243237 12,8287 1245259 12+3204 1246153
8.50000000 12.3238 12.5239 12.5299 123260 12,3285 1245156
e 00000000 1243264 1245263 123265 12432066 12.927 12.6168
1.00000000 12,0249 12:6250 1246250 12,6233 12.68264 12.9608
XT1 = 0.20000000 AT2 = 1.00000000
Te x32 0.00000000 0.20000Q00 0.25000000 050000000 0+ 80000000 1.00000000
x5 -~ *
€. 00000000 1243405 12+5403 12.5406 1245408 1243809 12,6229
0,20000000 12454006 123408 1243406 1245407 12.3410 12.6226
0425000000 1234008 . ~ 12,3408 12.3406 12.3407 125410 12.6227
Ta30000000 12.5408 12.3408 12.5408 123409 12.3412 12.6230
9, 80000000 123419 125418 1245415 1Z2-3810 12,5419 ) 1206242
1.00000000 12.6¢33 12.6633 12.6030 12.663T 12.6643 12.9987
] t
AMS = 0,80000000 XAR = 0.00000000 PML = 0.730
AT1 = 0,23000008 XTZ = 0.,50000000
xSz 0400000000 0420000000 0425000000 0.30000000 0480000000 1400000000
]
x51
g.00000000 12,3220 1253220 1245220 1245221 12293227 1226144
020000000 125220 1248221 12.8221 $12.8222 1243220 12,0143
0.23000000 12,8220 123221 1225221 12.5222 123228 12,6140
0. 50000000 12.5222 1228222 123222 12.3223 1245229 12.48148
0. 80000000 12.3227 125228 12,9228 12,5229 12,3233 12.6161
. 1.00000000 1Z.6100 12.0161 12.6161 12401064 12.6178 12.9580
AT1 = ¢,29000000 XT2 = ¢.BCO00CQ00
xs2 0.00000000 0420000000 023000000 0.30000000 0480000000 1400000000
xSl .
9.00000000 1248238 1252380 12.5230 1245239 12.3203 12,6155
4.20000000 12.5258 125259 12,5259 123260 123265 12.6138
0.2%00000¢ 12.5258 1203239 12.52539 $12.3260 1Z.320% 12.61%6
0430000000 12.5260 12.53260 123260 12.%262 12,5267 12,6139
#.80000000 12,5260 1245266 123267 12.3208 12.5273 12.6172
1.00000000 12.624%9 12.0230 12.062%) 1208253 1240264 12.9610
LY
nTL = 0,.2%000000 %72 = 1.00000000 p .
) /
x32 (0400000000 0.20000000 0.23000000 0430000000 e 80000000 1400000000
xs1 .
€. CO00000G 1245407 12+5407 1249407 12,3408 1240411 1246229
9.20000000 1215408 125408 12.5804 12+5409 12.58132 126230
0.23000000 1245408 12.5408 1243400 12.5409 1243812 12,8230
9,50000000 12,9409 1243410 123410 123410 123413 12,6233
#,40600000 12,5417 12408417 125417 12.5418 12.3421 - 126240
1.00000000 12,0033 126234 12.00638 1248638 12.60643 1249989




XM§ = 0.80000000 AR @' 0.80000000 PHI = 0.730

L
XT1 = 0.30000000 XTZ = 0.,80000000
. ‘ A . ‘
x82 0. 00000000 0420000000 0423000000 0.80000000 0.80000000 1+00000000
X33 : ,
Ce 00000000 1243270 1243270 12.8270 12,5271 12,5207 128101
0420000000 12,9270 1223271 - 12.321 12.5272 12,3277 - 12.0182
9.23000000 12.3270 12,5271 1248271 12.5272 12,3277 12.6182
G. 30000000 12.5272 12.3272 12e3272 12.3273 12,8279 12.610%
#,80000000 12,3270 . 12.5278 12,3278 12,5279 12,5203 12.6197
1.00000000 12,6232 1246253 .. 12,6254 12.62%6 12.8267 12.9623
XT1 = 0.30008008 ATZ = 1400000000
P
X2 0. 00000000 0.20000000 0423000000 0.50000000 0.80000000 1.00800000
x31
€. 00000000 . 1248421 125821 12.53421 H.-.pﬂ';z‘ 12,5423 12.8256 !
0420000000 12,5422 123422 12,5422 PCYYE] 12,5426 12.8237
0.25000000 12,3422 12.3422 1Z.5422 12,5423 . 12,9420 12,6257 )
0.30000000 12,3423 12,3424 1245424 12.3424 12,9427 12,6280
9. 00000000 12.5430 1234131 123431 IZ+3431 125434 12.,4272 :
00000000 12.6639 12+ 8840 120640 12.8041 120049 13.0008
:i_—‘ - . XTI = 0.80000008 XT2 = 1.00000000 \\\\“k o o
A2 0.00000000 0220000000 " 0e+23000000 0.30000000 0.80000000 1.00000000
XS} N
0009 125469 1243489 12.5489 12,3470 12,3472 12.6350 :
g. 00000000 12,3403 PP 12.8470 12.5470 12,8473 12,8351
1220409 12.5470 123470 123470 12.8547TA 126351
0.30000000 12,3471 12.3471 1243471 12.5872 12,5478 12,4354
#.80000000 12.3AT7 129477 123477 125470 1294881 12.8363
1.00000000 12.663]3 125854 12.65634 12806538 12.06603 13.006%9
L}
. 4
.
-
> 3
- -
» E]




L = -
XMS = 0,80000000 AR w 0,33333333 PH1 ® 14000 _—
it
ATl & 0.00000008 ATE = 0.30000000
X8z 0.00000000 ., 0220000000 0423000000 . 0.30000000 0.80000000" 1.00000099
nal
0,00000000 2.9002 2.318) ~2ed4683 2.6610
020000000 2.3230 28319 2.a890 A 2.032
0,23000000 2.5275% 2.5363 Z2o883) 2.6743 3.0609
050000000 2+.80)2 25714 2.%965 247008 21148
Q. 80000000 2.708% 2.,T7148 2.7340 2.6138 2.3072
1.00600000 453344 24,3372 4,307 2.0302 3.3397
-
XT1 = 0,00000000 AT.m 0,23000000
xs2 0.00000000 0.20000000 0.23000000 . 0+80000000 0.80000000 1.00000003
sl . , - ]
0. 00000000 2.9235 2.5325 2.3388 - 2.5199 2.6720 220393
0.20000000 245371 2.34%8 Z.%408 2.3725 2. 6820 2.0609
©e25000000 2,916 . 2.5502 245531 - 2.5766 2.6853 2.0879
0, 30000000 2.5787 2.5848 2.5874% - 2.56094 2.T7116 z.1212
0. 80000000 2.7202 2.T264 2.7283 ,2s7454 248274 - 2.3132 .
1.00000000 a,3a78 4.3408 4.3515 a.3389 2.0368 33453 '
. . .
XTi = 0.00000000+ - XT2 = 0.30000000
b .
X312 0.00000000 0.20000000 + 0+25000000 ¢.30000000 0.80000000 t.0ooodboo
xs1 ' - L= . R f
0.00000000 2.6128 2.6207 ° 2.6234 2.0846 2T 2.0680
0.20000000 2.6232 Z.6328 Z.6354 2.8561 247309 . 2.1087
0.25000000 Z.0292 2.8309 2.639s 2.4800 247340 2.1143
0.40000000 2.6613 2.8685 . Z2.6T09 . Z.8502 2.7791 2.1658
Q. 80000000 2. To44 2.8000 . 2.8019 2.81T0 . 2.8880 2.38a0
1. 00000000 a4.4373 4.4398 %.4a08 a.8473 2.0750 3.6003
e
. i . ’
= 1
Xu5 = 0.80000000 XAR m G,3333333) PHI = 1.000
XT1 = g.c000000F X72 = 0.60000000
N [ 4 . . - ‘
x52 0000000060 9.20000000 023000000 030000000 0,80000000 1.00000004
xs1 . '
0. 00000000 2.7830 z.7088 247907 2.8081 2.68759 222034
0.20000000 2.7936 2. 7992 2.8011 . 2.8162 2.8847 2e2224
023000000 2.7971 2,8027 2.8043 2.0193 2.8876 2.2287
0. 50000000 Z.0247 Z.8300 2.6318 2,8480 249109 22783 * >
0,80000000 2.9418 249481 . 2.9473 2.9%390 3.0121 Zeas38
1.00000000 a.baa? L.6485 A 5472 4.6821 Z2.18%8 33,7802
. ’ XTL = 0.00000008 ATZ = 1,00000000
i xs2 0.00000000 0.20000000 0,25000000 0.50000000 0.80000000 1. 00200000
xs1 .
0.00000000 2.9716 2.9732 2.9764 2.9861 3.0301 ‘Ze3n83
©,2€000000 2. 9808 2. 9044 2.9836 2.9950 3.0383 - 2,808
0.23008000 2.9839 2.9874 2.9088 2.9980 3.0410 2.4110
0. 30000000 3.0082 3.0119 3.0128 3.0216 3.0628 Zoases
9.80000000 3.112% 3.1132 3.1181 3.1236 3.1877 2.4209
1-00000000 2.0068 2.02268 2.0270 2.0877 22210 4.1831
XT: = 0s2000000€ AT2 = 0,25000000
xs2 , ©.00000000 0.20000000 0.25000000 0.50000000 0.80000000 1. 00560000
x31
0. 00000000 245650 2.5738 248767 Z=8008 2+7098 240613
0420000000 2.577a 2.3880 213889 2.6121 247190 2.0018
©,29000000 2.5815 2.5900 2.3929 Z.6180 2.7221 2.08R2
0. 50600000 2.6138 Z.6216 | 2a6245 Ze0as1 2.7A83 2.1306
0,80000000 2. 7471 2. 7333 2.7354 . 27T 20 2.8323 2.32723

1.00000000 4.3708 403733 A JT4R Ae3BLIT 2.068048 J+3733




xH3 = 0.80000000

XTL = 0.20000000

XAR = 0433333333

PHL = 1.300

X732 = 0.30000000

—t

X312 000000000 0420000000 0423000000 0430000000 D. 86000000 . 100000000
X3l N '
0.00000000 2,6339 2.8616 2.8602 - - 24810 2.779)
6,20000000 2.6852 . . 206718 2.6733 \2.0938 2.7881 ::‘:l:g‘o
0,25000000 2.6840 2.676% 2.0790 2.68992 2.7911 2.136%
030000000 2. 6986 247048 z.7080 27274 2.0144 2. 1BAD
0430000000 2.8222 2.8278 2.8297 2.8449 2,9139 2.3638
100000000 A.a599 a.a824 aa4532 . a.8097 240993 3.8180
XT1 = 0.2000000% ATZ = 0,80000000
x32 " o.00000000 0.20000000 0423000000 0430000000 0«00000000 1. 00000000 -
.
xs1 '
0, 00000000 2.8241 2.8298 2.0018 2.8a67 2.91AT r
0220000000 2.8339 . 2.819a EMETTES Z.0560 2.9229 T
0.2%000000 2.a371 2.8420 ZoBAdn 2.8591 . 2.9286 24E313
0.3C000000 Z.@8z7 2.861% 2.8597 2.8838 2.9473 2.2963
€, 30000000 249718 2.9759 Z.9773 2.9809 3.0418 2.4633
1.00000000 4.6868 a.68806 A.880F «.0Tal 2.1711 . 3,808%
XT1 = 0.20000000 XT2 = 1,00000000 ‘
. . ) . . .
X3z 0, 00000000, 0420000000 0.25000000 0+ 30000000, 0, 80000000 1. 00000000
“x81 ‘
0, 00000000 3.0140 3.0175 3.0187 3.0201 3.07008 2.41653
0.20000000 j.0223 3.0380 3.0211 3.0364 J.ores 20328
0.25060000 3.0258 3.0208 3.0299 3.0391 3.0810 2.4370
©.30000000 3.04T9 3.0512 3.0823 3.0611 ~ . 341013 ! 2.4787
0. 80000000 3. 1451 3.1479 3.1488 3.1562 3.1%01 2.6838%
1.00000000 Z2.0401 2.0%53 2.0603 z.0098% 2.2479 ST T .
. . ) )
. ) . .
r 1 -
XS = 0.00000000 XAR =hP. 33333332 PRI = 12000
- N ’ —
XT1 = 0,29000000 . XT2 = 0.30000000 N § .
xs2 0.00000000 c.20000000 % 0.25000000 0.300000d0° .0,80000000 Le 0000 OOF
. ] : ! -
xS 4 P _ .
0.00000000 2.6860 2.6736 2.6782 ° . 2,6968 . 2+T903 Z.1170
0.20000000 Z.0TTO 2.6045 2.6870 2.7072 2. 7991 2.13681 .
0.23000000 2.6807 2.06801 2,8906 2.7107 2,8020 21424
0.30000000 2.7095 Z.T106 2.7189 Z.7379 2.82a8 Z.1902
0, 80000000 ° 2.0304 2.8381 2.8380 2.8332 . Z.9241 : 230687
1.00000000 a.ad71 NI YT T . aTE9 2.1088 - 3.048a
XT1 = 0,.23000000 XT2 = 0.80000000 )
x32 0.00060000 0.20000000 ©.25000000 0.50000000 0480000000 1.00000000
xs1
4.,00000000 2.8362 2.8418 2.8437 2.8%08 2.9262 2p2348
0420000000 2.6458 248312 2.0531 . 248877 2.93a2 2.2321
©.2%70C000 Z.8409 248544 2.0582 2.4T08 2,9369 2.2379
0,30000000 2.8739 2.8791 2.8308 Z.8048 Z.9380 2.3021
0.80000000 2.980% 2.9848 Z.9862 Z.997T 3.0508 24690
100000000 A.06TIT Y1 3414 4,878] 6812 21708 JaB140
- K s .
XT3 =:0.23000000 XT2 = 1.00000000 .
%52 0400000000 0.20000000 0223000000 0.50000000 €.80000000° 1.,00000000
xs1
0,00000000 3,0268% 3.0300 3.0312 3.0403 3.0829
0.20000000 3.0349 3.0383 3.0304 3.0abb 3.0908
0425000000 N o3,0376 y.0410 304822 3.0513 3.0929
0. 54000000 30597 3.0629 3.0640 Y.oT28 3.1128
8.80400000 Jo1589 3.1%76 L] 31659 3,199
1.+0000000 2,030) 2.0653 2.0t102 2.1082 2.2361



~ | ) .

XHMS = 0.00000000

AT1 = 0,/25000000

XAR = 0,80000000

"HI = 1,000

XT2 = 0,30750000

x3z 0.00000000 = 0.20000000 0425000000 0450000000 0. 80000000 1+00000000
\
xsi \A -
0.00000000 ™.5217 12.5207 12.5217 12.5219 . 12.8228 12,8188
020000000 1225217 12.5218 12,5218 $223219 125225 12,4146
G. 25000000 2.5217 . 12:338 12.521¢6 1245219 1249225 1206147
0450000000 206219 12,5219 1228219 12.5221 13.5226 12:618%
0+B0008000 12,8224 1205229 12,8225 12,5228 13,9232 1226162
1.00000000 12.6152 12,8153 1246153 12.0136 12.6180 1249560
XT1 = 0.23000000 XT2 = 0.80000000
. .
xsz 0400000000 0420000000 0425000000 050000000 0.80000000 1. 60000000
X351 * -
0.00000000 1245255 1248256 1243238 1245257 12.5282 12,6158
0.20000000 12+ 32356 12.5256 12,8257 12,3258 125263 12,6137
0225000000 12.5286 12.5257 12,3257 13,8258 . 12.3263 13.8137
0450000000 12.3258 12.5258 . 123238 1223239 . 12.5284 12.6180
¢+ 30000000 1228204 12,4284 12.5204 1205285 - 12,3271 1246173
1.00000000 1226243 12.6344 12.6244 12.8248 1226257 1229618
,
AT1 = 0,25000000C XT72 = 1.,00000000 .
. %82 0,00000000 0.20000000 0.25000000 0.80000000 * 5.80000000 1.00000000
. .
xs1 )
0.08000000 129807 1245407 12.5808 12453608 12,5811 12,6230
Qa,20000000 12. 3400 12.5%408 12.5408 125409 125412 12.08231
0.2%000000 12.5408 12.5a00 12.5408 1223409 . 128412 126231
0. 50000000, 12:45410 1228410 12.5410 g2esall 125818 126234
680000000 12.5817 12.5417 1223417 12,5418 12,8421 12-6247
1-90000050 1260634 1206634 12.6633 126638 1Z. 0084 12+%992
-2 P 7
)’ s H
,
XMS = 0.80000000 XAR = 0.00000000 PHI = 1.000
XT] = 0.50000007 XT2 = 080000000
xs2 0.00000000 0.20000000 5423000000 050000000 0. 80000000 1.0000000D
o o
x31 A
0. 00080000 1245267 12.5268 125268 12.9269 12.5274 12.6182
O 20000000 12.3268 12.32686 12.5208 125270 12,5273 12.6183
025000000 12.5268 12.5268 12:3269 12.3270 1228275 12.6103
0.30000000 12.3269 12.3270 12.3270 1223271 12.5276 12.61886
0.80000000 12:5275 12,5278 12.8276 12.5277 . 12.82m2 12.6198
1.00006000 A 1Z2lez2a6 1206247 126247 13-6249 12.6261 1249629
.
XT1 = 0450000000 XTZ = 1200000000
, )
xsz 0.00000000 0420002500 /6.28000000 o.uoauooouﬂ)ﬁf'ﬂ ©0.60000000 1.00000000
xs1 5;; :
0. 00000000 12.5421 12.342} 1245422 12.5822 %F 12,5425 12.6257
920000000 12,8422 12235422 12.3422 12.84237 3 Y yz.maze 12,0238
© 0.2%5000200 12.3422 12 22 12.5422 12.3423 12.3420 12.62308
0+ 30000000 1205824 1205428 1225424 12.542% 12,3422 12,6261
0s B000D000 12,5431 12,3801 1228431 12.3432 12454338 1206273
1.00000000 12:6638 12-8630 12.6638 1245840 120647 13,0009
- XT1 = 0.8000000% XT2 = 1.00000000
. .
x52 0400000000 0.20000000 0,25000000 0.80000000 0.B0000000 1400000006
xs1 . .
00060080 12.5469 12,5469 1223469 12,3470 12,5473 12.6351
g:zogoogoﬂ lz:ﬁibq 12:5.?0 125470 129470 t2.547a 126332
0-23000000 12.54 70 125470 1523470 12,5471 12.34 T8 12.6332
. 50000000 128471 12.5871 12.3471 12,5472 12,8473 12,8333
Qe AOQ0D 0o 12:5aT? 12.934T7T7 12=34T8 123478 12.5401 12.8360
1. 00000000 12.6632 1208652 12,6033 1220058 12,8062 13.00%3




+—

-

XHS @ 0.80000000

nTl = 0,30000000

XAR = 03133331

’

PHT = 1,000

xT2 = 0.80000000 .

.
xs2 0. 00600000 0.20003000 0425000000 ©.30000000 0.80000000 1.006000000
. xsi
. i .
0. 00000000 2491253 2.917% 249197 2.9341 2.9989 2.2760
0. 2€09000 Z.9207 2.9260 2e0277 2a9419 3.0050 222938
0. 25000009 3.973a 2.9186 229304 S.0ea3 3.0081 2.2988
0« 300000C0 2.9449 Z2e 9499 295186 2+9631 3,.0263 Za 3304
.0s 80D0A000 5.0373 J.0al6 3.0431 3.g346 31071 2.4909
1.00000000 A.723% a.T273 %7279 2.0381 2.2318 3.0739
. __ XT{ = 0.%0000000 XT2 = 1400000000
xs2 0.00¢00000 0.20000000 0.29000000 0.%00000G0 0.80000000 1.60000000
X51 i
0,00000000 3. 1083 3. 1096 3.1107 3.1196 3.1601 2e4T83
04200900 31135 31168 301179 3.1287 3.1686 Zoa903
0,2%300300 3.11%9 J.1192 3.1202 31290 +3,1688 224949
0. 30000000 3e12a9 d. 1381 313N Ju 1478 3.10861 2+9307
0. 80000000 3.2177 30.220‘ 3.2212 3. 2288 3J.2620 i.&?zu
1.60000000 2.1186 21323 2.7 2.172% 2.3118 c2687
XT1 = 0480000000 XT2 = 100000000 '
Xs52 0.00000000 0.20000000 0.25000000 0.+30000000 £.80000000 1.00000000
g‘ x51 } '
0. 00000000 3.2661 3.2712 3.2722 3.280% 3.3178 2.3761 .
0.20000000 3.2733 3.,2781 32TT7H 53,2818 343225 23870
0. 25000000 ° 3.2730 3.2760 3izTql 32872 3.3281 223906
0.500000C0 32887 A.ze17 3.2926 3.3008 303388 Z.8188
0. 30000000 33490 3.3517 335268 3L3397 33922 20733a
1.,00000000 2.2814 222932 2.2970Q 2+3274 24495 Aa43060
. ° -
XAMS = 0:00000000 XAR = 0.50000000 FHI = 1.000
. XTL = 0.00000000 XTZ = 020000000
. xs2 0.00000000 _@e20000000 G.28000000 © ° 0.30000000 0.80000000 £+00000000
xst h
0,.,00000000 3. 00802 3. 0633 3.0043 30722 3,1048 2. 4237
020003000 Jo0628 310638 30687 3.0748 3.1072 3.4283
023000000 3.0633 M-I ERTE 3.07%4 31080 3.az98
9490000000 3.0604 J.072% 33,0736 3.0810 3a1147 JaAa17
Q000030000 3.0942 3.,0978 3.0986 3.1070 3Ja.l418 J.4024
1.00000000 3.3489 313539 3.3356 EPETY 4 3cazad *ea385
r . .
XT1 & 000000000 XT2 = 0,23000000
xs2 0400000000 0.20000000 0.25000000 0.50000000 ‘0.80000000 1.00000000
Axst
0.00000000 3.00609 3.0040 3.0630 3.0728 ¥.1030 3.4254
3199899000 3.0633 : 35,0663 3.0673 ~y.0732 3.t0 314300
0.25000000Q 3,00641 3.0871 3.0681 3.0760 3.1084 3.4315
050000000 3.07D2 3.0732 3.0743 3.0023 " _3aX 150 J.4434
0. 80030000 33,0950 33,0983 3.0994 J.1078 A 31423 JeATAZ
1 ,00000000 3. 5514 3 3504 -~ 323580 J\ETI 3.8262 4. 80609
.
XT1 = 0.0000000% XT2 = 0.50000000
- Q .
xs2 0.00000000 0.20000000 0.25000000 0.50000000 0.80000000 1.00000000
,
xs1
20 ogo 3.0653 . 0604 3.0693 3.0T48 J.10T7A I+ 4379
0139900000 30679 . 3.0708 3%0718 3.o0r92 1. 1100 3423
ra25000000 3.00a7 s 3,076 | 30728 3.0800 3.1108 B.4A40
130000000 31,0750 31.0779 3.0v88 3.08064 31178 34500
0. 80000090 3,.1003% 3.1038 3.10406 3.112% 341453 3.8071
1400000000 343001 . 3727 3,3T7al .313505 3.43080 Bad9206




. . .
. .

XM5 = 0.80000000 XAR = 04350000000 PHL = 1,000

AT) = 0.00000008 XT2 = 0,80000000
: -
xs2 0,00000000 020000000 0.25000000 0-80000000 ©.80000000 1-00000000
xS\ . . . .
0,00000000 3.0756 J.oral 3.07089 3,083 31127 SeaTad
©+ 20000000 J. 0781 3. 0806 3.0013 - . 3.0880 3.1154 3,4787
0423000000 3.0700 3.0818 3,002) 3.0809 3.116) 3.4803
0.50000000 3.0055 3.0841 3.0889 - 31,0958 3.1213 J.a924
0480000000 J.112% 3e11s2 31161 3.1230 31,1520 3, 5445
1.00000000 J.4068 3.4106 EIY] Ion22a JeaeT7 4.3901
XT1 = Q.2000000C %Y2 = 1.00000000
3
%82 ©.00000000 0420000000 0423000000 0430000000 0.20000000 1400000000
xs1 )
¢.00000000 3.089a 3.0914 3.0921 3.0974 341203 348619
0,20000000 3,0921 3.09042 340948 3.1002 3,123t 3.5680
0,2%0060000 3. 0930 3. 0951 . 3.0937 3.1011 3J.1240 3.3004
0,%50000000 3.1000 3.1021 3.1028 - 3.1082 3.1313 3.58t0
0.,80000000 3.1291 daanz 3.1319 3.1375 31618 T 38354
1.00000000 EPETEY. 3.asTe J.4008 3.4770 35124 ! a.p627
ATL w 0.20000008 A2 = 0.23000000
“ x32 0,00000000 0.20000000 0.,25000000 0450000000 0.80000000 1.0000000%
xs1 ’ )
0. 00000000 3.06t9 3.0649 3.0859 3.0738 3.4316
0.20000000 J.0642 3.0672 J.0u82 3.0782 3.4360
023000000 3.0649 3.0680 3.0690 3.0TT0 3.437%
0450000000 3.0709 3.0740 3.,0750 3.0831 Sia9l
0.80800000 3.0054 3.0987 3.0997 3.1082 3.4907
1.00000000 3.3558 3.3818 3.3634 13784 AaaTAS
¢ a
.
AMS = 0,80000000 XAR = 0,50000000 PHI = 1.000
N
XTL = 0.20000000 XT2 = 0,50000000
\ .-
x32 0,006000000 0420000000 0.23000000 030000000 0.80000000 1.00000000
x31
0.00000000 3.00665 3.0694 3.0703 3.0778 s.1087 34443
0.20000000 1.0689 3,078 3.0727 3.0802 3.1112 3.4487
0.25000000 3.0896 3,072% 3.0738 3.0810 341120 3.4302
4.30000000 3.a758 3.0787 3.0737 3,0873 3.1186 3.4819
0.80000000 3.1009 3.1040 3.1050 J.1129 3.1a88 35118 ¢
1.00000000 . 3.3737 3.3703 . 3.3799 3.3921 3.aa43 43004
XT1 = 0,20000000 XT2 = 0.80000000 L
x32 0.00000000 $+20000000 0.25000000 0430000000 0.80000000 1. 00000000
xs1 . .
0. 00000000 3.0767 3.0792 3.0800 Y. 0860 3.1141 3.4810
0. 20003000 3.0792 J.oatr 3.082% 3.08731 3.1187 3,4835
0.23000090 3.0600 3.082% 3.0834 3.0900 3.1176 3.4871
0450000000 3.0864 3,08%90 3.0898 3.0965 3.1244 3.4989
0,80000000 31130 - 3.1187 Jel168 3,1233 o Ja1520 3.5407
100000000 J.a127 l.aie? J.s100 3.e203 JeaTin AabOAA
ATt = C.20000000 xT2 = 1.00000000
X352 0400000000 ~ 0420000000 0424000000 0.50000000 0.80000000 1. 00000000
a5 -
xsi
0, 00000000 . 3.0907 3.G92T7 - 3.0934 3.09n8 3e12 3.370%
0420000000 3.0933 : 3094 3.0081 . 3.1015 ENEL 3.5T52
0.25000000 3.0942 3.0963 3.0970 3.1023 312 Je3TOT
0.%0000000 “3.1011 3.1032 3.1039 ; - \3.1093 3. 1320 3,5091
0.A0000000 3.tz07 341314 3.1323 - o132 3.182) 3. 8421
1.00000000 3.aT10 3. aATar 3.a737 3.4018 3,819 AL 8788

A



AMS % 0,80000000 %A = 0,50000000 FHT = 1.000

,, WYL = 0,23000000 - XT2 =« 0430000000
x52 €.00000000 0 2¢000000 0,2%000000 0.30000000 0. 80000000 1+00000000
xS
0.00000000 3.,0668 320097 3.0%00 ¥.0781 3.1090 P
0.20000000 3. 0691 3.07120 N 3.0730 30863 ERTETS 3:::%%
0, 23000000 3.0099 J.or28 ~J.0730 —3.0813 Jol124 3.8521
0,400000Q0 3.0760 3J.0789 3.0799 3. 0475 341190 Ju4017
0480000000 31010 341041 3.1051 3L.010 3.1460 3.5132
106000000 3.3733 3. 3401 3.3817 3.3939 J.a062 4,3108
AT1 = 0.23000000 XTZ = 0.00000000 - '
X3z 0. 00000000 0.20000000 $.25000000 0.30000000 0.80000000 1400000000
xSt
0.00000000 3.0770 3.0793 3.0804 3.0870 Jal11a8 3.4832
0,20000000 3.079% 3. 0B20 J.0429 3.0095 3. 11 3. 40870
0,25%000000 3.0803 l.0828 3.08127 3.0903 3.1180 - JehB01
030000000 3.0887 3.0833 3,0901 3.09648 F.1247 3. 3009
0. 80000000 3.1132 3.1158 3.1167 3.1238 : 3.1528 ' .53
1.00000000 Jaaias J.a1 88 3.4200 3.4305 .3.8758 4. 6089
XT1l = 0,235000000 . XT2 = 1,00000000
x52 0.00000000 0.20000000 06429000000 7. 50000000 Q. 80000000 1. 00000000
x5
0000000000 3.0911 3.0931 3.0938 3.0992 3.1222 3.5731
0420000000 3.,0937 3., 0958 30904 J.1018 3a1230 3.41T778
0. 23000000 3. 09868 3.0066 3.0973 3.tD27 3.1250 3.5793
0,30000000 3.1018 3.103% 31042 3.1096 3.1330 3.391%
0.,80000Q00 3.1299 | 3.1320 3.1327 3l.1383 3a.1025 3.0841
1. 000G0000 J.aAT30 3.4708 3.4779 3.4860 38218 _4aBB38
L
XM5 = 0.80000000 XAR = Q.30000000 PHL = 1.000
XATi = 0,50000007 XT2 = §,B80000000
- - Br
x52 0400000000 0.20000000 £.23000000 0350000000 0. 80000000 1.00000000
Lo f
x5t ~ .
0. 00000000 3.0792 J.0818 ‘32,0826 3.08%3 31172 FeAGTA
0220000000 3.0816 I, 0841 3.0840 3.0917 3.1197 3.9017
0.25000000 N.0B24 J.004% 3.085%0 3.09293 31205 3.3031
0, 50000000 3.0885 3.0911 i 3.9920 3.0907 3s1270 3.5142
0. 80000000 dallAl 3.1168 Y 31177 31247 Jal5al J. 30621
1.00000000 3.428% 3.4325 \\h 34339, ErrYy 3.4899 a.0422
‘,,r"
XT1 = 0.30000008 XT2 = 1.00000000
%42 0400000000 0.20000000 0423000000 0.30000000 0.80000000 1.00000000
L
xs1 . / v
0.00000000 3.0938 3.0957 3.0964 33019 3.1252 ) 3.5908
0. 20000000 3.0%062 33,0983 3,090 3.1044 Jel278 / 3.4952
0. 25000000 340970 3. 0991 3.0998 3. 1032 3,127 3.59006
0450000000 J.1038 J.105%7 . 3.10064 J.1119 3.135%3 3,.6082
0. 80000000 J.1M1 341332 3a1380 3.1396 3.1640 3.6500
1.00000000 J.a894 3,4929 3,4935 3.5016 . Je3372 4.%2008
XT1 = 0,u0000000 XT2 = 1400000000
. :
x52 0.00000000 0.20000000 0429000000 0. 30000000 ‘o.aooodbnn 100000000
—
— .
x31
G 00000000 3.0994 3.1018 Y.1023 341079 J.1319 3.6329
0+20000000 J.l017 33,1038 3.1046 3.1102 Ja134) 3., 4300
De 25000000 3.1025 3. 1040 3.1053 J.11C9 ' 3.1351 3.0379
0.30000000 3.108% 3.1106 | 3.1113 3.1170 J.1a132 J.8ATY
0.,80000000 3.1338 341309 J 3.1368 J.142% 3.1673 3.48914
1.00000000 3.3358 3,.5348 3.3398 s.snia . 3.5874 3.0371
N

o




£3 : .

\
AM3 = 0.00000000 XAR m 006066687 PH] = 1,000 -
, . RT1L = 0.00000000 XTZ = 0,20000000
.
xS52 0.00000000 0.20000000 0. 23000000 0.30000000 . '0.80000000 1400000003
xs} .
0. 00000000 6.2387 T s.2381 6.2371 62014 .
0420000000 6. 2360 &,2363 6,2378 6.28tT
0.25000000 6.2361 6.2386 642378 622810
0.530000000 82370 642373 B 2385 . Be2A28
0.430000000 6.2811 G.24106 fe282% 642469
t.00000000 64093 6.4102 . sa#121 - 4a.4200
1 ._ =~ \
4 XT1 = 0,0000000¢ XT2 = 0,.29000000 I
. .
xsz( 04 00000000 0.20000000 04232000000 0.306000000 . 0.80000000 1. 00000000 B
%31 ' .
0. 06000000 56,2359 6.2383 a.2308 - "@.2378 de2416 T s.a108
020000000 62383 S, 2106 B Ga23008 Ge2377 G.2420 Gad204
0+2%000000 L YY$1-1) G.2]3548 6.2348%9 5+2378 se.24821 . Au#2006
0804000000 Ge2373 Ge2377 6.2370 d.2388 Ga2430 8.422%3
0480000000 6.2413 6e2417 4.2418 . 6.2828 6.2472 64309
1.00000000 6.4100 6a8107 6.4109 5.4120 64213 TA0294
.
XT]1 = 0,00000000 XT2 » 0,50000000 )
x52 0400000000 0.20000000 0.23000000 0430000000 $.80000000 1. 00000000
xs1 |
0.00000000 6.2379 6.2382 6.2383 6.2391 642433 seazlh
0. 20000800 6. 2382 8,2386 tez38T7 © 8.2398 ° Be2437 84,4225
©,.23000000 6.2387 - 8.2387 - 8.2388 6.2397 6.2438 B.4228
0. 30000000 8.2393 6e 2396 3 Ge239T7 & 2407 Go 2440 . Sad240
0.,80000000 : 62434 BaZADT 6a.2438 628408 6L 2890 Ae.4331
100000000 44131 B.4159 i Bad102 G.4180" Ge42082 T« 0379
N .
.
. \
XMS = 0.80000000 XAR w D.B8065887 PHI = 1.000
. XT1 = 0,00000000 XT2 = ¢.80000000
xSz 0400000000 0420000000 0+23000000 © De.500.0000 0.80000000 1.00000000
xSl . . .
0. 00000000 Be2435 Be2430 642839 Ba24AT d.2403 Bea291
0,20000000 t.2438 a,Z441 Ge2442 B.2431 6.2807 56,4298
0.2%000000 6.2439 Ba24a2 62443 a.2452 6.2400 824301
0. 50000000 Ga2449 Se2452 be2433 Bs2a01 Be2A98 &aA320
0.80000000 Be2891 Ga 2495 . G200 &e 2504 5a2341 YL TY.1.3
1.00000000 6.4307 6.4313 6.4315 6.4332 S.4400 Te0O72
* .
XT1 = 0.0000000C XTZ = 1.00000000
x82 0.00000000 0,20000000 023000000 0.30000000 ©.,80000000 14 00000000
x31 .
0. 00000000 6.2565 G 2887 - &4.23068 Oa297A B 422600
0« 20000000 6,23069 &a2571) . Ga21T72 52370 G. 2004
‘0.25000000 By 2870 62372 £5.2373 6.2579 La2808
0.30000000 G6.253080 Ga2583 #2583 6.25089 &,26160
0.B80000000 6. 2826 8.2629 6.2629 642638 6.20683
f= 00000000 6.4801 He45606 G. 4690 GaATID BaATED
[ ]
XT{ = 0.20000000 ATZ = 025000040
xs52 0.00000000 0.20000000 0.23000000 0.+30000000 0.80000000 1+ 00000000
.
xs1
0,00000000 6.2367 6:2370 6.2372 6.2301 602424 6.4218
0:20000000 6:2170 Ge237a H.2373 62303 &e 2427 be822%
0.2%00Q000 642371 Ge237% Gu23TH 442306 Ge2420 G.A227
0. 906000000 6.2380 6.23A4 6.2369 602393 Go2438 Bad2AG
0,.,80000000 Be2420 Ga2474 &a2423 6s2435 Ga2478 G.4329
1.00000000 6.4109 64110 GedllB Geal 7 b.4222 1.0329




XHS = 0,80000000

ATY = 0.2000000C

XAR = Q.688600647

Pl = 1.000

ATE = $,30000000

xs2 0. 00000000 0420000000 0+23000000 0+300006000 0.80000000 1,60000000
x31 -
0. 00000000 642308 62390 622391 8.424
0420000000 6+2390 6.2393 62399 Pt 14
0. 23000000 62391 6.2194 622394 tealen
0450000000 612400 Ge240e 6.2205 e azon
€4 80000000 Ge2aa0 68,2488 Go2aan et
100000000 6.a182 t.a168 &.81T1 GealBY Tooe1d
,
XT1 = 0.20000008 XT2 = 0.80000000
xs2 0400000000 0.200000060 0.2%000000 0+%0000000 0.00000000 1.00000000
r
xs1
13
©.00000000 62482 6.2888 B.24AT 8.2433 802491 6e4313
0420002000 6e2445 6. 2449 6.2450 Ga2a58 8e2495 6.4321
0.25€00000 Ge2aAT 6.24%0 6e2451 6.2460 8.2498 8:432)
050000000 6.2457 6.2460 6.2461 8.24890 6.2106 Gada3a2
0.80000000 6a2438 6.2302 6.2502 6.2511 602549 BeadZT
106000000 624316 6.4323 6.4323 64341 P YYT 7.0709
’ «
AT1 = 0.20000000 XTZ2 = 1.00000000
//
x52 0. 00000000 0. 20000000 0.23000000 ©.30000000 080000000 t+ 00000000
xs1 .
0.00000000 8.2573 6.2376 6.2377 62483 6.2809 6.4602
0220002000 6.2377 642380 6.2380 6.2585 6.2813 8.4609
0425000000 6.2579 62381 63562 4.2388 6.201% 64612
0.50000000 6e2309 62391 0.2592 6.2598 6.2625 6.4632
0-A0000000 6.2434 622837 6.2437 6o2044 Ge2671 6aaT22
1.0000G000 6.8702 GeaTO7 624709 84721 G.ATTT 7.1929
'
XWS = 0.00000000 XAR w 0.056606667 PHI = 1.000
XT1 = 0,2%000000 AT2 = 0430000000
xsz 0.00000000 0420000000 0.25%000000 0+50360000 0+80000000 1, 66000000
%81
©,00000000 62389 &.2392 6e2393 G.2844 Genza?
0.20000000 6.2392 82398 6.2397 Gaz2aAT PP e
a.25000000 6.2393 622397 &.2398 6.2640 Bea236
0.30000000 6.2802 62406 6.2a07 62458 Boa2TH
0.B0000000 G.2442 6.2446 6.28AT 6.2499 Baa3sT
1.00000000 Geal04 6.a171 G.s174 B.a132 B.a2Ta TeDa2e
XT1 = 0,25000000 XT2 = ©.80000000
xs2 0,00000000 0420000000 0. 23000000 0430000000 ©.20000000 1.00000000
xst )
0. 00300000 Be244% Sa2aal B:2409 Oe243T7 G 2494 G.8320
0.20000000 B.2440 Ga2452 Ge245]3 G e2861 6s2490 Be.4320
0.25000000" 62450 6.2433 6.2054 Ga2062 6.2459 64330
0.53000000 6.2459 6.7462 De2483 6.2472 6.2500 6.a3a9
0-86000000 6.2501 6.2304 8.2%03 6.2513 &.2851 FOPTET
1200000000 6.a319 6.8326 6.4328 68344 s.as18 Fe0721
-
ATL = € .2%5000000 XT2 » 1.00000000
xs2 0400000000 0.20L000000 0. 25000000 0.30000000 0.£000C000 1.00000000
xs1
0400000000 8.2376 6.2579 642479 6.2%a5 6.2612 644810
0. 20000000 6.2380 6.2362 & e2583 812307 62618 Geabl?
0s23000000 o-2301 6.2584 6.2384 6.2391 6.2818 814620
Q.56000000 6.2202 6r 2598 8-2%95 62601 8.2628 G24640
0. A000000 642637 642619 672640 6.2645 6.267a BeAT20
1.00000000 6.4T06 Geavll 6.a712 6.4723 624780

L Te1943

-



XNS = 0.A0000000

XAR w 0.084606047

PHE = 1,000

i

XYl = 0.30000000 XT2 = 0.60000000 -
182 0.00000000 0420000000 0423000000 0.30000000 0.80000000 1.00000000
xst
a3
0.,00000000 Be2806 8.204T ats s
0.20000000 5.2470 a.2a71 ar3ero T FRELL
0.23000000 6a24T) Ba2872 6.2680 6.2517 6,481
0450000000 6. 2480 6e2481 B.2489 622328 614399
0. 60000000 642520 Ba2321 6.2330 6.2567 G.sdal
1200000000 6.43a2 Be4349 . 8.4331 6.4388 YTy 740811
AT1 = 0.30000000 » 1.00000000
]
x82 0400000000 04 20000000 0.23000000 0.30000000 0480000000 1.00000000
x51 .
0.00000000 6e2598 6.2599 Be2599 6.2008 8.2633 Ba4887
0.20000000 642600 6420602 62803 6.280% 6.2837 Ba86TH
Q425000000 6.2801 6.2604 6azBOA 5.2011 6.2638 GaA8TE
0450000000 &.2611 Ga2613 B.2614 6.2620 6.2648 614696
0.80000000 6.263% 6.2657 8.2650 612684 62692 6.4782.
1.00000000 B.ATIZ GaATIT 64ATID G.ATSY 6.4807 722020
.
XTL = 0.B0G00000 X¥2 = 1.00000000
xs2 0400000000 0420000000 0423000000 0450000000 0480000000 1.0000000%
xs1 & —_
0.00000000 6o 2858 6.2696 6.2687 6.2688 6.2692 6a8034
Ge20000000 6.Z65T 6.26060 6.2661 6.2087 6. 2695 aaapal
0.25900000 6.2650 6. 2861 6.2062 6.2688 6e2698 6.4043
050000000 6.2667 6.2670 622671 6420677 8.270% GeaBB]L
0. 80000000 B22706 622709 6.2710 62718 B.2TAS 6.4939
1.00000000 6.4823 6.4827 8.4829 B.4042 6.4099 7.2420
PR
Xi5 = 0.80000000 XAR = Os 75000000 PRI = 1,000
XT] = 0.00000000" XT2 = 0,200000600
r
xs2 0.00000000 0.20000000 0e25000000 0.50000000 0.80000000 1.60000000
xs1 ’
0, 00000000 9.3789 2.3794 9.3007 9e8028
©.20000000 9.3790 9.37938 943008 923028
0, 23000000 9.3791 9.3795 9.3808 943029
0430000000 9.3793 9+3793 9.3811 .3035
0. 80000000 9.3807 9.3811 - 9,382% 9.30863
1.00000000 9. 5000 9.3009 928037 9.9338
’ XT1 = 0.00000000 xrz 4 0.2%000000
x82 0.00000000 0.20000000 ) 0.25000000 0450000000 0. 80000000 1.00000000
x5l
0.00000000 9.3791 9.3792 9.3792 43795 9.3809 9.5027
0. 26000000 93792 9:3793 93794 9.3797 9.3810 95029
Ge 25000000 9e3raz 9.3794 9.3794 9.3797 9.3810 9.8010
0-50000000 9.3795 9.3797 9.3797 9e3800 9:3813 9.5038
0480000000 9.360% g.3810 923810 9.3a1) 923827 9.3064
100000000 %o.soos P 9,3007 9.3008 9.5014 943041 9.9362
4‘, XT1 = 0.03000000 XT2 = 0.50000000
. , .

%52 0.00000000 0420000000 0425000000 0.30000000 0, 80000000 1.00000002
xs1 -
©.00000000 9.300% 9.3806 9.3806 9,3809 9.3822 9e3038
9726999000 9.3M08 9.3807 9.3808 9.3810 9.3823 94036
0.25000000 9.3807 9.3008 9.3808 9.58110 9.3028 9.5037
0-50000000 223009 9.3011 93811 9.3014 9.3427 9. 5041
0.80000000 9.3823 $,382° 9.382a 9.3827 9.3840 925070
1.00000000 9.5033 9.504) 9.3041 Q.B0aT 9.307a 9.9393

5




AMT = 0.B80000000 xAn = 0. 75000000 PHI = 12000 o
T N
AT1 = 0.00000000 XT2 = D.B000000C0
52 0400000000 o:zooonoon 0.25000000 0,.30000000 0.80000000 1400000003
sl ~
0.€0003000 9.3850 [T 1131 9.38%1 9.3004 9.3863 9
0.20000000 9,3891 G 3482 Q.3as2 qzmgs 9.3868 qiigig
Q4 2%000000 9,3851 9,3052 9.3A5%) G.38%% 9.3807 9.3061
0430000000 95056 Ge 3855 P G4 30%8 9.3870 9e5067
0,80000000 9, J46A 9, 3869 .367T0 9,30r2 9,3884 09,3098
1400000000 De%140 9.5150 F.3151 9.31586 9+3181 9.9307
J
XTiL = 0.00000000 XT2 = l.ooootoo
x52 0400000000 0,20000000 0e2%000000 0.50000000 0.80000000 1.00000000
151
0. 00000000 903992 Qe 3972 94,3993 Q3994 o Q4002 943190
0.20000000 943993 943994 9.3994 94,3990 G 4003 9,8192
0425000000 9. 3994 9.3994 F.3094 9.3998 00 943193
Q. 50000000 9, 3997 Q:3998 943998 Q4000 9.3200
0.,80000000 Q9.4013 9.4013 9.4013 9.401% 98229
{. 00200000 VB82S 9.5328 25527 9.53531 10.013%
.
XT1 = 0.20000000 xXT2 = 0,23000000
\* .
x52 0, 60000000 0. 20009800 0.25000000 0450000000 £,80000000 1, 00000000
%51 .
0, 00000000 9, 3797 9.3790 9.3798 9.3801 9.3814 . 945081
Q.20000000 9.3798 Y ITFO 9.379¢9 9,3602 Q.3016 Q.5043
0.2%000000 90,3798 9.3799 9+3800 943003 9a3A16 Fa3044
0,50000000 9,3801 9.3802 9.3802 943802 9.3819 9.50%0
0. 80000000 G.3014 9,3815 9.38015% 9.35819 9.30832 9.5077
1.00000000 9.500T 95010 B.8010 0.301T 9.3044 2.9273
.
XMS = 0.00000000 KAR ;¢ 0. 73000000 PHML = 34000
XYi = 0,20000000 AT2 » 0.50000300
x52 0.00000000 ©+20000000 . De25000000 0.500.0000 0.80000000 1.00000000
xs1 '
00000000 9.3011 9.3812 9.3812 9.301% F+ 3828 De5047
Q.20000000 9.3812 9,3013 9.3813 9,.3816 2.3829 2.3080
0.25000000 9.3812 9.3813 F.3014 9.,3817 943830 9.3050
0.30000000 9.3815 9.3816 9.,3817 9.3820 9.3832 9.5058
0. BH000000 9,3828 9.302% 923530 2.383) Q.3046 925084
1. 00000000 9. 5041 Q3043 Q3084 9.3030 9.3077 G808
XT1 = 0u.20000000 "AT2 = 0.80000000
xs2 0. 00000000 0420000000 T4 23000000 ©.+530000000 0+80000000 100000000
xs1
‘0400000000 9,38%6 9,385%7 2.,3857 9,.3860 9.3871 9.9072
0,20000000 2.3857 9.3538 a,3a%0 Q.3081 9.3872 Q.3074
0.2%5000000 Q43857 9.3350 %3389 943661 9.3873 9.507%
G.%0002000 9. 3660_ 9+ 3861 9,3862 Q. 3804 9. 3876 9.%001
D.8C000000 9.387a 93873 v.38T73 Q9.3878 9.3899 9453109
1.00000000 Q43151 9.5133 9.5134 948139 9.5184 . 99319
L
XT1 = 0.20000000 X¥Z = 1.00000000
x82 o.au\oooooo Q. 20040000 0,25000000 030000000 080000000 1., 00000000
xs1 .
0, 00000000 24 3999 93999 943999 G.4001 GeA009 9,.320%
020000000 324000 9.4001 F.4001 Q. A002 9.4D10 945207
A, 23000000 9. A000 Q400" 9,4001 Qe4003 - 9.4010 9.,5200
0.50000000 9 AQDS F.4008 Q.,4005 G.al06 Qea01d 9.9214
0. RD0ODOCO 9.4019 Q.407% Q44020 .4022 9.4029 9,5243
1. 00000000 9.5528 9.5330 F.5530 9,354 -1 11 10.0150




XMS = 0,80000000 AR = 0, 73000000 PHL = L4000

ATL = 0423000000 XT2 = 0.90000000 ' -
X3 0. 00000000 0¢ 20000000 Gs23000000 0.30000000 0+00000000 1,00000000
x5t v . ' ;
0. 00000000 9.4013 Q.3814 Ae A1 A 9,3817 9.3830 - 0s \
0-20000000 9.0n14 9.331% a.3813 9:3818 2:.3831 3:305 .
0. 23000000 e IALA 9.3915 93015 9. 3010 93831 9,3%05%3
0450000000 Qelnlr QG.3818 9435818 93821 9430 34 Pa%061 i
Q. 80000000 93830 Q3031 9.38232 9alis 9. )48 : 9.3080
100000000 Qa5042 P3044 5040 . 9.5051 V2078 V410 ]
XKT1 = 0.23000000 ATZ2 = 0.80000000 4~ \
x32 0.00000000 0420000000 042%000000 0.30000000 . 0. 80000000 1.00000000D
xs1
©,00000000 g, 3854 9.3059 9.3859 9.3082 29,3873 ) 9.5076
0420000000 2.3859 9.3860 R.3860 93883 9438 TA 9.5079
0«25000000 Pa 3859 Qe 3800 Q3861 Q9.3863 Q.3873 43080
0430000000 943862 9. 3063 q.3864 9.38848 ' 9.3878 9.53006
0.8C000000 Q23876 Qe 30T7 Q.387T Qa33080 ' 93892 9.31123
1.00000000 9.5152 Qe 3154 A4210% Ga3180 P.5105 T 9324
xT1 = 0425000000 ' xT2 = 1400000000
A52 0.00000000 0. 20000000 023000000 C.30000000 0.80000000 t.00000002
51
0.00000020 Q44001 9. 4001 Q. 4002 D.4011 9.5210
0. 20000000 Q.4002 . 9.4003 F.4003 F.a012 9e5212
0. 25000000 9.4003 2.4003 Q.4003 V4013 Pe5213
Q80000000 S.4005 9:4007 924007 Q9.4015 Q90,5219
0. 80003000 Q+4021 Qea022 Q.4022 D40 24 Q4031 Q9,424 8
1.00000000 95529 2.3431 9.55331 9.5335 045352 10.0155
-
* "\
XM3 = 0.80000090 XAR w 2,T5000008 PHT = 1.000
' XT1 = 0.50000000 XT2 = D.80000000
x32 0.00000000 020000000 04235000000 0.30000000 . D480000000 1.00000000
. r
%51 .
0, 00000000 Q.3872 9.3873 Q.3873 9.3076 9.3887 \ 95110
0,20000000 9.3873 0,30874 943874 9.3877 9,36889 9458112
0,23000000 Q9,387 9. 3874 9.,387% 92,3877 29,3880 93113
0.50040000 9. JaTH6 9.3877 9.,3870 Q. 3IB80 Q.3892 3119
0. 80000000 9, 3669 9.3890 2.3891 9,3893 94 3905 g. %145
1« 00000000 92,5159 F:8161 v.5182 245167 9.5192 9.95806
XT1L = 0.50000000 AT2 = 1,000000Q0
xs82 0.00000000 0420000000 0425000000 G+50000000 ‘@+80000000 t.00000000
[ ' -
xS1
[+ noouonulc . 9.4017 Y4010 9. 4020 P.4027 Q.82a8
0:10000000 9.4018 94019 F24021 F.4020 Qe B24T
0.29000000 F.8019 Py 4019 Qa0 2% Q9,4029 Je3240
0,.50000000 P.402Z2 Fa4023 Pa4023 9.,4032 QaS254
Do 80000000 Q.4037 Q4037 Q. 40239 Q. 40AT F.52082
1+ 00000000 Q45330 9.3539 08544 9.5361 1040192
-
XT] = 060000000 XT2 = 1,00000000
x32 0.00000000 0.20000000 023000000 0+30000000 080000000 100000003
xs1
0.00000000 9.4069 9.4069 9.4070 9,4079 95361
O:ZOOUQOOD 9:4070 G407 L P Eg) Qe4081 9.5363
0,25000000 QA0 Q. 4071 Q.a0T1 . Q.4001 F.3304
0«%0000000 Q.8073 D074 QeADTA L] 9.4004 i 9.3349
0, 80000000 Q.h0BT G.ACQR7 9.4087 q QaA09T 9+3395%
100000000 -1 -1-1.3 Qe33171 Q3571 G339 10,0330

oS




AN = 0, A0000000

AAR = QJBO000OOD PHI = 14000

XTl = 0,00000008® XTZ = ©0+20000000

e

xs2 0.00000000 0.20000000 028000000 6.80000000 2.60000000 1.,00000000
T - - '
0,00000000 12.5197 12-9198 12.5108 12.5199 12.5208° 12,6128 .
920000000 1295198 12.3198 12.3199 123200 12,5206 12,8129
9, 25000000 12.3198 1203199 1223199 12,3200 12,3208 12,6130
2.50000090 - 12-31a9 1223200 12,3280 12:3201 1Zea207 12,8132
o.n€000870 1205203 12.5206 12.3200 12.5207 1203213 13.6183
1400000000 12.8121 12.6122 12.8122 12.412% 12,6138 120933 .
]
XTiL = 0.0000000C XT2 = 0.25000000
xs2 0.00000000 0.20000000 0.29000000 0+50000000 0. 80000000 £.00000000
R .
xSt . .
000000000 12.5199 12.5200 12.3200 125201 12,5207 12.8129 .
. 20000000 12.5200° 12,5200 1233700 128202 12.5207 12,6130
0425000000 12+5200 12. 5200 12.8200 12.5202 123308 13-6130
5. 50000000 12-3201 1225202 1223202 12,3203 12.5209 12:6133
3. 80000000 12.5207 1223207 12,5208 12.52009 1209215 12061s3
180000000 12,0124 126123 1208126 12-86129 12.81at 12.9339
XT1 = 0.0000000F XT2 = 050000000
xs2 0000000000 0.20000000 0;23000000 0430000000 080000000 1.00000000
1
.\ .
xs1
0000000000 12.8210 12.5211 1245211 12,5212 12,9218 12,6131
0.20000000 12.5211 125211 12.9212 125213 12.%219 120132
0423000000 123211 12,8212 12,8212 12.5213 12,5218 1206133 .
0. 50000000 12..3212 12.3213 12.3213 1253214 12.98220 126133
9. 80000000 1225218 12:3219 12.8219 12.9220 12.3226 12.81a8
1.00000000 12. 8130 12.6151 1z-8152 12.8135 12,8167 12,9583
) Y A
n




-
-
an3 = 0,B80000000 XAZ = (0,80000000 PHL = 1,000 -_—
XT1 = 0.00000008F K72 = 083000000 :
x52 0. 00800000 0.20000000 0.25000000 0.20000000 0400000000 1.00000000
xs1
0.60000900 12.5249 1245249 12.3290 12.3291 12.3298 .
0420000000 12.32%0 12,3230 125230 12,9251 12,3256 FRTTE
9.25000000 12.5230 12033250 1223330 1223251 1203257 126143 '
0.30000000 125231 12,3242 12.3252 12.5283 125238 1276140
080000000 12.52%7 12,5238 12.5258 12,8239 12+3264 12.8159
1.00000000 1226241 12-6242 126242 1208243 12,8256 129607
XT1 = 0.00000000 XT2 = 100000000
.
,__—f, .
xs2 0400000000 6420000000 0.23000000 0.50000Q00 0.80000000 1.00000000
xSl
0.00000000 12«8400 . 125400 12.5400 12.8401 12. 5804 12.6219
0420000000 12.3400 1253400 125401 1228401 1225404 12.8218
0.25000000Q 125400 12.3401 1225401 125401 125808 12,0218
0.30000000 1213402 1223402 1225402 1253403 12-2400 12.0219
0,00000000 le-s.oq 12. 5410 12.5410 125410 12.3413 12.6232 .
100080000 1226632 12.6632 126633 12.0634 12,6642 12.9984 ‘ :
* %XT1 = 020000000 X72 = 0,25000000 '
xs2 0,00600000 0.20000000 0.25000000 0.30000000 0480000000 1.00000000
xs1
0. 00000000 12,5208 12.9204 12.5204 12,5200 12,5212
0.20000000 12,3204 12,5205 1205205 12.5206 12.8212
0422000000 13-3204 12.420% 123208 1225206 12.5212
0. 50300000 iz.5306 125204 1223200 12.3200 125214
0. 80000000 12. 5211 12.8212 12.5212 123213 12.5219
1200000000 128126 12.8127 12.6127 ///”“}\ 1208120 12.0142
L
.
XW5 = 0.20000000 AR = 0.80000000 PHE = 12000
XT1 = 9.20000000 xT2 = 0.%0000000
el
xs2 0.00000008 0420009000 0.23000000 0.50000009 0.80000000 1400000007
xsi
0.00000000 12.5215 12.3218 12,5216 12.8217 12,3223 12.6182
020000000 12.3210 12+5210 12.9218 12.5218 1245223 1Z2.0143
Qe 22000000 12.52106 12.5216 12.32108 12.3218 12.5223 1Z2«51483
050000008 1245217 12.8218 1z.5214 125219 13,3225 12. 6148
0.80000000 12298223 12,9224 1235224 1245223 12,3201 1Z.6158
1.00609400 12.8152 12:4153 12.6133 128158 12,6158 12.9530
XT1 = Q,20000008 XT2 = DL08000.0000 ;-
xs2 0.00000000 020000000 0.25000000 030000000 ‘_ 0.60000000 1400000000
xst i
0. 00000000 12,5234 12,5254 12.3234 12,5258 12,5261 12.6133
2.20000000 125254 12,5253 12,3253 12.5238 1205241 12,8154
0.25000000 12.52%% 125298 129259 12.52%8 1252061 125154
0.%53000000 12.523%0 123256 L2.52537 12.5258 12.5253_‘\ 12.01%7
Q,.80000000 12,5262 12,5263 123203 12.5204 125207 ~ 12,6109
1.00000000 13.82a2 1220243 12,8343 12.8248 126257 129613
) '
AT] = 0.20000000 xT2 = 100000000
xs2 000000000 0,20000000 0.25000000 0430000000 0.80000000 L. 60000000
xsi
0.00000000 12.5405 1245406 12,8406 12,9408 12,3409 12.6226
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COMPUTER PROGRAM LISTINGS FOR VIBRATION OF TWO SPAN PLATES
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ORTRAN IV G LEVEL 21 MAIN DATE = 74323 g
0001 IMPLICIT REAL®8{A-H.0-Z}

0002 _ DIMENSION A(8+8)+EVI(6+6+6),AXS(6),ARLE)

0003 COMMON XNUsALL yAL2 +BL+SK1+25K2:SK3+2TSK1sTSK2,ALPH

0004 ' XNU=, 300

0005 READ{5,999) (AXS{I)sI=145)

0006 READ(5+999) CAR(J}»J=1,6)

0007 999 FORMAT(6D10.9) '

0008 ALT=1.0D0O

0009 DO 1050 MU=1.+6

0010 XVI=FLOATI{MU=-1}%,1D0 '
Qo011 ALL=XVI®ALT

AL2=(1-ODO-§VI)*ALT

DO 1111 IXM=1,6
SK2=AXSIIXM) /(1 .D0O-AXS{IXM))
DO 1100 LP=1.,6
PSI=AR(LP}/(1.D0-AR(LP))
BL=ALT/PSI

DD 2000 J=1,2

0018 IF(PSI«GT.50) GO TO 100
0019 ALPH=DARCOS(~-1.0D0}/BL
0020 GO TO 106
0021 100 ALPH=0.0DO
o022 106 DO 111 K=1,56
0023 SK1=AXS(K)/(1.:.0D0~-AXS(K)}
0024 SK3I=5K1
0025 DD 111 L=1+6 .
0026 TSK1=AXS{L)}/Z(1.D0-AXS{L))}
0027 - TSK2=TSK1
0028 X1=2.D0 .
0029 DEL X=e25
0030 CALL MATRIX(X1.+A)
0031 FX1=DETI(A)
0032 IF(DABS{FX1)«LEal,.0D~-10} GO TO 60
0033 4 X2=X1+DELX
0034 CALL MATRIX{(X2s+A)
0035 FX2=DET(A) -
0036 I=(DABRS(FX2)eLE«1.0D=-10} GO TO 11
0037 IF((DSIGN{120D0+FX1)%DSIGN{1.0D0+FX2))sLT:0.0D0} G2 TO 7
0038 X1=X2
0039 FX1=FX2,
0040 GO0 TO a
0041 60  RT=X1
0042 GO TO 12
0043 7 DELX=DELX/2.
00aA4 X1=X2-DELX
0045 CALL MATRIX(X1sA)
c046 FX1®DET(A)
0047 IF{DABS(FX1).LEa1.0D~10} GD TO 60
0048 IF‘(DSIGN(I.ODO.FXI)*DSIGNFl-ODO.FXZ"tLT-OoODO) GO0 TO 9
00A9 X2=X1
0050 FX2=FX1
0051 9 IF(DELX+GTsl.0D=-56) GO TO 7
0052 11 RT=X2
0053 12 EV(LPsK,L)=RT
—-.. 0054 111 CONTINUE
S5 1100 CONTINUE
00%6 K1=1
00 K2=3

1V
s

s

.
Y




TRAN 1V G LEVEL

59
60

61"

62
63
64
65
66
67

68
69
70
71

72
73
74
75

3000

4000
2000

2001
2002
1111
1050

1000

21 ‘ MA IN JATE = 74323 18/59/

WRITE(6+2002)AXSUIXM) s XVI

DO 3000 M=Kl .K2

WRITE(6+2001 JAR(M)

HRITE(E:-EOOO) (AXS(K)'K=1‘.6)'(AXS(K,O(EV(M'KQ_’ILSI|6).K=1 +5)
CONTINUE

Kl=4

K2=6

CONTINUE ' . :
FORMATI "~ 412X s *XT " 410Xs5{(Fl10eBsBX)/ /"= 410X2*XS*//6(* *,6X,F10:8,
XEXs6(F10.8:48X)7})) - :
FORMAT('=1% ,50X+6HXAR = ,F10.,8/) .
FORMAT {*17% 442X s*XMS = *,F10e8:,10X,s*XVI *wF10.8/)
CONTINUE _ oo .

CONTINUE " -
WRITE(3.1000)

FORMAT(*1*)

STOP

END

-




X l ' !

LY
FORTRAN IV G LEVEL 21 B MATRIX DATE = 74323 -
0001 SUBROUTINE MATRIX(XsA) —
0002 _IMPLICIT REAL*8(A=-H,0-2) e ‘
003 ‘ DIMENSION A(B848) _
0008 . COMMON XNUsALL +AL2+BL#SKI1 »SK2+SK3, TSK1, TSK2,ALPH

D3 1 1=1,8
DD 1 J=1,8
1 A(I+J)=0.000
ALPHZ2=ALPH**2
IFIXsGE«sALPH) GD TO 2
XLM1=DSQRT ( ALPHZ2~X%%2)
.60 TO 3
2 XLM1=DSQRT (X**2-ALPH2 }
3 XLM2=DSQRT{X**2+ALPH2)
XLAI1=XLM1%AL
XLA21=XLM2#*AL1
XLA12=XLM1*ALZ.
XLA22=XLM2%AL2 )
XLM12=XL ML k%2 .
XEM22=XLM2%%2 - P
XLLM13=XLM]*%3 ' ) .o
XLM23=XLM2 %%3 : : ,
- IF(X+GESALPH) GO TO & : ' .
- . SINH1${=DSINH[XLA11)
SINH12=DSINH( XLAL12]) .
COSH11=DCOSH{ XLA11) ' :
COSH12=DCOSHIXLAL2) : *
GO TO 5 :
4 SIN11=DSIN(XLA11
SIN12=DSIN{XLA12
\ C0S11=DCOS({XLA11
£DS12=DCDS(XLA12
5 SINH21=DSINH(XLA
CISH21=DCOSH( XLA
SINH22=DS I NH({ XL.A2
COSH22=DCOSH( XLAZ22
XNUAL2=XNUXALPH2
X2NALZ2=(2—XNU ) *ALPHZ *XLM2
X2NAL1={2-XNU ) ¥ALPH2 *XLM] »
IF(XeGE<ALPH) GD TO 6 . ) ’

)

, .

) S

21)- : _ )

21)
2)

)

Al1=XLM13-X2NAL1

A22=XLM12-XNUALZ2

Alls1)=All ) .
Al2:2)=A22 LT )

Al3.:1)= A22*SINH11 : .

}=A22%C0OSH]11

==A22#%SINH12

==A22%CDOSH1I2 '
=XLM1*COSH1 1 \ . .
SXLM1*SINHL1 ™™ -
=XLM1*COSHL 2 \
XLHI*SIN&LEKI : \”ﬂj

-COsSH12
All*CDSH11+SK2*SINH11
A

PPPP>PrpD>Pr>PDbP
i, g S P g Sy P S
U2 ELpLIWW

. v % ¥ u ¥ P S 8 S B 9w

2
5)
6)
1)=
2)
5)=
6)=
1)
2)
5)
6)
1)
2)

11*SINH114+SK2%COSHL 1



0064 : -
0065
0066 v
0067
0068
. 0069
0070
0071
o072
Q073
0074
0075
0076
0077
0078
0079
o080
0081
0082
0083.
.0084

0085 7
0086 :
oosT:

coss

PPPLPIDBPIPBED
S g i, gy e SR o s i e, P P P
QONOCOC OO S PP

..'-...-I.-O‘

PPIPBEIEIPIRBPPPIPPPPPEIPPPL>DPPPY
o o S iy gy i o, P F, iy O S S P i, P, Py P I [\ S Gy P o P

DEONN~NGOOCNUILN PP PPUWWWR

A22==(XLMI2+XNUAL2)
All,1)=A11
Al2.2)=A22
A(3.1)=fA22*%SINL11

"A{3.2)=A22%C0OS11

Al3,5)=-A22%5]IN}12
Al3.,6)=-A22%C0DS12

(4-1) XLM1=*C0OS11
-XLM1%SINL11
XLM1#*C(OS12
-XLM1%SIN12

INEL

0s11

~-SIN12

-cos1ie2

11 *COSI1+SK2*SIN11
11%SIN11+SK2%C0511
*CAOS12

1%SINL2

ow

2)
5)
6)
1)
2)
5)
6)
1)
2)
5)
£)
' 51}
&)

R

Nt st s

-X2NALZ

0-‘(.:]?'( P 3= >
-

nrpy eIl >
Wi

P
-

—(TSK1*XLM1)
—(TSK1*XLM2)
22-XNUALZ2

A24 -

A24%xSINHZ1

A24axC0O5H21
~A2a%xSINHZ22
-A24*%C0OSH22
=XLMZ2*C05H21
=XLM2%xSINH21
=XLM2*C0SH22
=XLM2%SINHZ22

SINH21

0sSH21

SINHZ22:

cosHz22
13*CDSH21+SK2*SINH21
13*SINH21+SK2%C0OSHZ1
13*CDSH22

13%SINH22

RN =t e (b
|o-a = o [|=

runnunnziannnxn

110

Wk mn

N X
Gl W

(TSKZ2%XLM1)
(TSK2%XLM2)

1>l >»>

ik

w-b-’ﬁ-\—t—-—-—-—ug-—w!—v-w-—vywr'-.--w-—f-—

s
FORTRAN IV G LEVEL 21 MATRI X DATE 74323
0058 Al6,5)=A11%COSH12
0059 é§§A16.6a=A11*stH12
0060 A(7,5)=A11
0061 . A(B.6)=A22
g 0062 : GO TO 7
- ! ‘ c
0063 6 A11==(XLM13+X2NAL1)




= 74323

DATE

MATRIX

21 .

FORTRAN IV G LEVEL

wrd gt =4
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[=]egal

Bk 45
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A

FORTRAN IV G LEVEL

0001
0002
0003
0004

0005
0006
007

ST = ACIROW, L) N

21 ' e DET . . "DATE =-

DIUBLE PRECISION FUNCTION DET(A)

IMPLICIT REAL*B8(A-H,0-Z)

DIMENSION A(BoB)-lPVDTIB)rPIVDT(B)-IﬂDEX(B-El
EQUIVALENCE (IROW JRDW’. (ICOLv JCDL)-

N =8

"DET = 1.0

DO 1 J = 1,
I1PVOTLY) =

CONTINUE
DD 9 I =
T = 0.0
DO &4 4 =
I=  (IPVOD
DD 3 K =
IF (1IPV

IF

N
) -EQ. 1) GO TQ &
N .

) — 1) 2. 3, 10 .
«GE« DABS(A{Js K})) GD T2 3

T = A(J' K}

CONTINUE

CONTINUE . _
IPVOT{ICOL) = IPVOT{ICOL)} + 1 .
IF (IROW +EQ. ICOL) GO TO 6 o
DET = =-DET

DD S L = 1+ N ’ .

A(IROW, L} = A(ICOL, L}
A{ICOL, L) =T
CONTINUE
INDEX(I, 1)
INDEX{I, 2)
PIVOT(I} = A
DET = DET
A{ICOL, ICOL
DD 7 L =1
A(ICOL, L}
CONTINUE

AlLLI, L
CONTINUE
CONTINUE

LI+ L) = A(LICOL, L) * ¥

RETURN
END






