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ABSTRACT

THE DYNAMIC STABILITY OF RECTANGULAR PLATES

Mukundray S. Dalia
Master of Science in Engineering

Youngstown State University, 1974

The purpose of this thesis is to study the dynamic stability
of rectangular plates subjected to transverse bending stress, shear
stress and transverse and rotary inertia.

The proper equations of motion are solved using the classical
Levy method for a rectangular plate simply supported along two parallel
sides. The resulting set of equations are applicable to a particular
group of rectangular plate problems subjected to various applied
static and dynamic forces with various boundary restraints on the
opposite two parallel sides. Thusly,the natural frequency of free
vibration and the critical buckling-load are directly attainable.

The natural frequencies and static stability loads are analyzed
by resulting equations for the special case of a simply supported
rectangular plate on all four edges subjected to biaxial compression
forces.

The curves and tables for the natural frequencies and critical
buckling-loads are prepared for the simply supported rectangular plate

on all four edges with uniaxial compression force acting on it.
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CHAPTER I
INTRODUCTION

Timoshenko and Gere (3) presented the static stability of
rectangular plates using the energy method, subjected to transverse
bending stress and axial forces. The rectangular plates with two
parallel sides simply supported and the other two parallel sides
subjected to different boundary conditions are analyzed for the
critical buckling-loads.

Wu, C.I. and Vinson(®) have derived the sets of equations
for the study of free vibrations of rectangular plates composed of
transversely isotropic material, including the effect of transverse
shear deformation and rotary inertia. The special case of a simply
supported rectangular plates is studied in details. Different values
of parameter E/G, the ratio of in plane modu}us of elasticity to
transverse shear modulus, are considered for transversely isotropic
material.

Brunelle(2) derived the equations of motion that include the
effect of transverse isotropy, initial stress and initial displacement.
These plate equations are suitable for investigating free and forced
vibrations, wave propagation and the static stability problem.
However, the equations are specialized so that only static stability
of a rectangular plates with two parallel sides simply supported and
the remaining two sides subjected to a variety of boundary conditions

is treated in detail. The effect of transverse isotropy is considered



by the parameters S, (ie S= E/G (h/b)z/( l-vz) where E/G is the ratio
of in plane modulus of elasticity to transverse shear modulus, h is
the thickness of plate, b is the width dimension of plate and v is
the Poisson's ratio. Considering different values of the parameter
S, 0<S8<0.1, the critical buckling loads for the plate subjected to
different boundary conditions for the other two parallel sides are
studied in detail.

Archer (1) derived the nonlinear shear deformation theory for
thin elastic shells, including the effect of shear deformation and
transverse and rotary inertia. He presented the fifteen equations
for the ten stress resultants and the five displacement functions in
orthogonal curvilinear co-ordinates. The equations of motions,
specialized for a thin rectangular plate by noting A=B=1 and l/rl
=1/Y2=0, are utilized in this thesis.

The objective of this thesis is to study the dynamic stability
of rectangular plates using the equations of motion derived from the
reference (1). The natural frequency and tHe critical buckling-load
equations are derived for the rectangular plate simply supported along
two parallel sides and the other two parallel sides subjected to
different boundary conditions.

From the resulting equations the dynamic stability -of a
rectangular plate simply supported on all four -edges is studied in
detail., Setting the natural frequency equal to zero the static critical
buckling-load is determined., The effect of transverse shear stress is
considered by using the parameter hz/ab, which is related directiy to

the plate geometry namely the thickness and the length/width dimensions,




for the study of natural frequencies and the critical buckling-loads.
The range of this parameter is taken as 0.01 < h2/ab < 0.05; which is

considered sufficient for the theory to be valid (2).



CHAPTER II
EQUATIONS OF MOTION

The equations of motion of thin, isotropic, elastic plates subjected

to initial stress conditions, as presented in reference (1) are as follows:

Dﬁ"mv%"w)a—d’ -Sgh¢ ‘ha’a—%J'm Hﬁ'aacas -Rgh3W=q .1,

D_ggy)__& +‘Q§{_ﬁ)v2¢ + DY VY - 5Gh¢ - 1332 _56h3w.g

5— 2 T Bt ey (2
and
had - S 3_-5_G_bv2w :af_ Nxy 210 _ 2w
Sg' —%'a% e 2 xw'bxag Ny 'a\g?-
+gh%2-’t@2 -—C],C'-X»‘d;'t) =% . sl — o = S —(3)

The definitions for moment, axial and shear forces for the rectangular

plate are as follows:

Mx= D(22 + P2Y | M\,_'D(B.i’vaM),

M M = D (7)(2% + 28)

Nx= £k, [ (2% + 320+ (3T + i%i%)z)], -

Ny=

'(T"‘zjﬁ) (1_+ —L’&__w)+ v(%l; +-é—'a_2__l_k7)'],

v x®



Nxy = Nyx = Gh[%—&*%—?*— %—g%ﬁj )

Vo= 30 (32+0) , and Ny= Sh (30.9).

Boundary conditions for the rectangular plate at edges y=§ and y=b
are as follows:
(a) Simply supported at y=o and y=b.
W(y)=o, 6(y)=0, and My(y)=o. =~--(5)
(b) Fixed at y=o and y=b.
W(y)=o, ¢(y)=o, and ¥(y)=o. ----(6)
(c) Free at y=o0 and y=b.
My (y)=o, Myx(y)=o, and Vy(y)=o. ----(7)
For the free vibration problem q(x,y,t)=0; upon rearranging equatiohs

(1)-(3), the following matrix form is obtained:

¢ (x,y,t) 0
[A] {‘F(X,Y,t) i {0]’ ’ _-----';(8)
w(x,y,t) 0

Where the elements of the symmetric operator matrix [A], defined as@ij,

are given by the equations

- DUu-2)v?2 (1+2)2° Gh - 392
a,-= C__.—)V oL o & )’3—2—62 % %%}2 )

Qi Gayom G RLADLDE

- 9oy

cla=ain= “3gP 2 -

= DU-D) g2, DUEPIF2 _5Gh _ 3h32° B
e 0 PYe T TgraTiTe e’

- = —-5Gh 2. d
CL7_3 Claog 2y yCtN

- —-5Gh 2_. EL_ ) i dC 2
Q33 —CGL ¥ Rigs o T ENK \' \é N\'—ag ? gh%?z_ g



The uncoupled operator for w (x,y,t), ¢ (x,y,t) and ¥ (x,y,t) is
obtained by successive differentiation and combination of the results
of equations (1)-(3). The uncoupled operator for w (x,y,t), ¢ (x,y,t)

and ¢y (x,y,t) is given by the determinant of the operator matrix [A] as

[ove + { (s omngl, o mgh) - gt

PR LTy REER - %b’* 292

B -1 35 sawre Swel - ve g, |

C1-2) . 2 _ - ’h3, _! .22 o
I-TD e .‘:GHG oraer} 12 ‘56hl6 3{2—_\( ) = 0 --(10)

Neglecting the effect of shear and rotary inertia, equation (10)
reduces to the classical 4th order equation of motion including the
effect of bending, axial forces and transverse inertia.

The uncoupled operator for w(x,y,t) is subsequently to reduce to a
4th order operator rather than the 6th order operator as shown in the
equation (10).

Differentiating equation (1) with respect to x, equation (2) with
respect to y, adding the results, and 1ntrodu‘clng the function @ ’aCb

+ %3 , yields
DVEP- BGh - 2 9~£2 = @C%_hv2w ¥ et

substituting @ 'ad> %‘j} into equation (3), one obtains
’ax

-56h § - 56hyhe N2 - Wi i
S ¢ 3G h 7w Nxﬁz 2Nxv%&%’—3 NyQ & I RhL@
i Q/Cx:‘jl't) =0 (12)

For the free vibration problem q (x,y,t)=o0; upon rearranging equations

(11) and (12) the following matrix form is obtained:

s N R ansgrrneasafld)



3 7
where the elements of the nonsymmetrix operator matrix [B], defined as

bij, are given by the equations

) 2 2 2
by= ~Bgh V2N g, - ?.qu’_a_ - NyR2 a%z + N, ]

b= 'E—GQb y ba= —‘.S_G_CS-;_bVZ, and t-(14)

an 2 B5Gh - 4n39°
b= WF - RED - NRREl,

The uncoupled operator for w(x,y,t) [and for the function § (x,y,t)]
is given by the determinant of operator matrix [B]. The uncoupled

equation for w(x,y,t) is expressed in the following 4th order operator
form: 2
4 2 oNxy 9% 4Ny 3 ]
[Dv4+ (M35, + 2N 22, 20" %
BYE 8

D% 1 38 adhe ie | - 3907 &L Jwens o)

Upon defining the following terms,

56h3.4& h5 - WS _dh. 4 -Nxro b
GD G ). DES2 ’ 12Dt 12 *3 i
N

A A i
-NY h%= Ny 9“‘\3&""2:‘\‘“ ) DFC=3CJ %'Y)V »a_nz."'ag'l’"(le)




Similarly equation (15) becomes




CHAPTER III
ANALYSIS

3.1 Free Vibration Of A Rectangular Plate Simply Supported Along

Two Parallel Sides:

Using the method of Bernoulli Separation of Variables, and
proceeding in the manner as presented by Levy(4), the following non-

dimensional displacement and rotations conditions are assumed:

- A A LA A A
0V (9'6,‘3,@ ) = W(3) Sm‘f—“g“%ce'JH y
d) (JC,Q;%) - ¢Cg) Ccos '%‘E’_Ce' .n;-{:’ and ---(19)
Y (96, 9,t) = W) Sin mmsce'tt, J
L
shetap (@ mPee)d g @, 800 ~on-ceeo-—estinatts (20)

m is the number of half waves in the x direction. The assumed solu-

L
tions hold for the special case of simply supported boundary conditions
on the edges §=o, and k=a=a. The boundary conditions on the edges

are arbitrary.

)
Substituting equation (19) into equations (17) and (18) withNxy=o,

yields, respectively

[Asdga+ Aeds, +Ac)[Cadl + Colfach), $i] 0--qa)
and |
[A4d4 +A2d2 +A0]{W(&I)} ~ebs {22)
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Aa= | - Ny , 7
&
-l e P @ - &
+ A2, R
Ao TR () o - (RIA QH' ¥

+ 1"11;’5_4{m112m } -mn G C!.T)d

Co= (1-v) /2, and }____(24)
Co= -(\_é_il)(-r%)e_é +1h2

Since equations (21) and (22) are linear differential equations
with constant coefficients, the solution is assumed in the form:

) = P e,

Y(4) = Pe e“‘g, and - =--(25)

W) = Pzerd,

i

The roots of the biquadratic factor in equation (21) and (22)

are

)‘,2 =%+ ’ and

/\3,4 e 1/3 4 }"CQG)
The roots of the quadratic factor in equation (21) are

TR o - ---(27)

where ¢, B and T are real quantities.

It follows that,
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T 4
<%= % [..(_7%42 '—— 2)
gir PROELEE 4 a5 |, and --(28)
e
g —gr-—a . ;

A
Hence, the solutions of the functions of W, ¢, become, respect-
ively,

.

W (%)= C,Sinh <4 + CoCosh <Y + C3 Sinp Y + C4Cos/sg’

b )= Cs5Sinhecd+CeCoshoc§ +CqSinpl+ CoCospl |
4+ C9SimhTy + Cio Coshvl , and -~ (29)

\P(_\‘_‘ﬂ: Cu Sinh"cg +Ci Cosh%g +Ci3 S'\ﬂ@":}
e CmVCosB‘% + Cig S'thQg + Cig Cosh TQ p

.
i

where constants Gy through C,¢ are constants of integration.

The above solutions in equation (29) also must satisfy the two parent

equations (1) and (2). Thus, the following relationships among the six-

teen constants are obtained:

S| .__D - Sl T 3
Ces 6 (MM, Come i Iy O
£ = B (W0)es, Cg= ©S2(B")Ca >
C,= 81e< C, ; ClZ: S10<cCo ---(30)
Ci3= -62BCa, | Gy 923 C3,



&

€= (?HC‘U e

Cie= (’EQ‘D)-TL Co ,

CL

where $|= G/[: h2ec? + iflz- 6‘: - (m‘;‘l&)zj,
- i A A = —"(30
and %2= G/[ h2R2 + G + (*rﬂTllon—Ifl?'] .

The relationships reduce the number of constants from sixteen to six.

Substituting equation (30) into equation (29), one obtains

W R
¢

E

Ca
2 C e
i [C]w Ci ) =-(32)

P | Cso
| Cio,

where the elements of matrix [C], are given by the equation
i




13

(€8)----
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RLyuis heyeod Re/wig

T (oluwe) T (9] uw) el 2g

mm\wou

0 ; 0 mm\mou

mm\SU

"6 23 - Rxyuis W13 Axy;o 0'Q

mis_.m

feuig

R > ysoD

mvc r_n...DU

mvhc_c._m

m»;mou Bryuis (pluw)?g- (pluw)?g- (pluw)!g  (puw) 'S

R Yy
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Equation (32) is used, along with three appropriate boundary
A i .

- conditions on each edge §=o and §=Efb to solve the free vibration

problem of a biaxially compressed plate subjected to transverse

shear stress, bending stress, and transverse and rotary inertia.
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3.2 Dynamics Stability Of A Rectangular Plate Simply Supported

Along Two Parallel Sides:

Multiplying equations (1) and (2) by h’/D_,equation (3) by h3/D
and using equation (16) the following nondimensional form of equations

of motion are obtained:

A A 2 AAA
()% + ()ga- 80 -1 (57 Bidy 03 wer -0

KANCEXY 2 /g2

- é%}_‘;" =0, and @0 0—- === == - (35)
—A ’a(b % A 3—? _ A s 2\& A SZ\RJ A a‘ﬂ\:J A ‘2\}\\,

G 53 G’ag GV +Nut,5_§;2 +2N”"a&'ag +N\,,ag,a
+T}‘%—E§§_ s GLElREE L o £ g (36)

The dynamic stability equations for the free vibration of a simply
A
supported plate at edges %=0 and 9<=a=£1, withNx and Qy acting, are ob-
tained by assuming the nondimensional displacement and rotations given

in the form:

¢

Lp i P?_e}g S.‘n(’m——‘l‘i>e}h%: and
Che

A A

A A .
PireMd c:os('@;m)e‘“" 2
(@8

o o e e 51)

Il

N = Py Y s-.n(m,pg_t)e‘fl’c
CL

L ot

where m is the number of half waves in the x direction. The parameter
A is obtained for the given plate by the form of the appropriate

boundary conditions on the sides y=o, and §r=1r)l_=l';



Substituting equation (37) into the above equations (34)-(36), upon

rearranging terms, the following matrix form is obtained:

- -

p| O
[D] ‘*Pa_ - = () ——(38)
Pg,- o

where the elements of the matrix [D] defined as dij, are given by the

equations
dn={P P (E)T - (BPABT= & +9R5, T

(L) ()

& (mm &),

dae (PP -(F) + ()= & 412

dp=-d2)

e
Y]
"

]
o
7]
"

[39)

dzf d3z = -6\7\, and

s - &AL (MDY - &y (TONN2, 4t e
dge - G{M - (B} - R ()= Pt J
The uncoupled equation for fn is obtained by formulating the

determinant of operator matrix [D] which yields,

C 84_-6_4' + B2a? 4 Boll 'D-;_.?Lz¥ Do) = 0, (40)

16
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i —"){"‘ (a) 2 (“g)z(l-f;—‘)} 2] (41
Bo= b, {m (£)0-8) - (R812($)0 - §4}
{mz(% - (38) (a)} (ac){mi%”‘_(%“s)z(%wﬂ’

---(42)

The natural frequency of free vibration of the plate is obtained

from the biquadratic form of equation (40), which is written as

B¢_{"2_4— + Ba.ﬁz + Bo =0 rOrtion. tHAL 1% Mam C4-3)
From the above equation (43), two independent families of frequency

curves are obtained:

the higher set is given as

| = -2%24—[l e ‘ 48480)'/2] —————— (4_4_) '

and the lower set becomes

ot [1- (- 4BBYR] (45)

SubstitutingJ%_=o into the equation (43), the equation for critical

buckling load is obtained, that is,
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- —(47)

. . . . A . . A
For uniaxial compression case in the X direction, that 1s$4y=o,

equation (47) becomes

n? BT \3_
TR e G ARG IR G

[+ Ze fmd -GG

A
el r 3 g - b i ! ¢
For uniaxial compression case in the Y direction, that 15P4x=o, equa-

tion (47) becomes ¢

2 a e
arceme ™) (R (&)}

[+ a8 o f - GFF (91

Z>
-~
1
|
|
I
7N
P~
)
—t

A A A
For the special case of biaxial compression with Nx=Ny=N, equation

(47) becomes

1l
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CHAPTER IV
SAMPLE EXAMPLE
Consider a simply supported rectangular plate on all four edges.
4,1 Free Vibration Of A Simply Supported Plate.

The folldwing boundary conditions are applied for a simply
supported rectangular plate along the lines 9=o and 9=b/h=3.

W (0)=o,

W (b)=o,
A O N T Lo SIS & e il AR o i (51)
¢(b)=o,
My(o)=o0, and

P1$b)=o. o

i

The last two boundary conditions reduce to the form
' (0)=o0, and
y! (b)=o, where ( )! denotes the derivative with respect to y.

By noting equations (32) and (51), one obtains



Fo'l 0 I 0 o

Sinh <b Coshod; Sinpﬁ CospQ @) @)

- |
oS e §OF (P P 7
(mn A (vm|&)se - (mnld)gs - (mnld)s; Sinhvb Coshb
Ginh=<B Coshx<b Sinpb Cospb

--

0 ®1c? O 52 B° 0 (mTi8)

g <% G okt  Gp% S p% (wnld). (wnfe)

Sinheb Coshxb Sinpb cospb  Sinh b coshvb

—

]

ClO

---(52a)

02



or in symbolic matrix form

L (52b)
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For nontrivial solutions of the vactor {C}-, the determinant of [E]

must be zero. This conditions yields

[8i{?- (3 -6 {F% (P ][s.mq

[SinhicBI} Sin BB] = ~-*redecmenes (53)

Since the first three terms of the equation (53) are always nonzero,

it follows that

511\/35 =0y e (54)

which is satisfied by the conditions
/3b = nm, where n=1, 2, 3, ***. (55)
Combining equations (26) and (55), yields

An=i (g_jl). n= 1,25, . (56)

Combining equations (54) and (52a), one obtalins the conditions

Cl = Cz . C4 - Cg £ C].O =O, a.ﬂd """"" (573)

letting C; = C, , it follows that

\i\/(g)= Cn SN n_gg ’

ddH= Cn(- 92 r_ng) S, 28 g i
Yy)= Cn(‘sz%ﬂ)co L 4,

where §,= G [[he(e2)* + (B & -1R°] .|

Substituting equation (56) into equation (43), yields

---(57b.)
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-------------- (58)
where
R4= 1%%:i ’ y
-[i )™ (£)0- ) + 02 () (- )}
™ ideg (g +m2) ]
=~ {55
g— {me(8)(1- 88) + m2(&)(1- E)}
fm C% 25} Q{mz.g-ﬁmn?% N}
The higher set of frequency equations is given as )
=gl (1- 4___Br§2;3°)"z] i s sy e
the lower set of frequency equations is given as
A2 e A A
i1k :_zrsraz“r - (1- 4\3480)‘&]. Scond U

SubstitutingJ?_=o into the equation (58), the equation for critical

buckling load is obtained, that is, for 3

equation (62) yields

[mM2. B1& . Nx + N2al e RNy J

A

__rf)(mz.g +nz.%)2
[_lh.% m2.§:+n2-%)]

. " . . A - .
For the uniaxial compression case in the X direction,

equation (63) becomes

R0 ) ik 3
x'.'_.' y & -——
!+ g5 (mt e vo50) |

o====(63)

that is Itly=o,

== 35(64)
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A A
fl\l\f e cgiznz (;22‘2% +An2.%)2 """"" (65)
[ 1 sge (m 5+ 02 %) |

A
For the special case of biaxial compression with ?:lx=ﬁy= N, equation

o e

(63) becomes

\ s (m"'ﬁ + NS
N al 5 S ; bz 5 MY st (66)
nt ¥ ne.o
[+ Zgg (mrg 723

By substituting equation (55) directly into equation (28), and

noting equation (23) equation (59) is produced directly.



4.2

Dynamic Stability

(4.2a) Natural frequency of free vibration including bending stress,

shear stress, biaxial forces, transverse and rotary inertia.

The natural frequency as obtained from the equation (60) is

written as
A 0N 2
‘Q‘Z(B-S.P\.TI.RI) :‘.m [R]
o - A._:A[_[_U_A; (mzﬁ _'_,n«z_'é)‘a_ 72 L (m?_ y
ANET G A ) "ze e (Mag
ek 2, & A
{N-,\-Nx-l- n T'NY}
I +4| = a B ]
s [R2]

where

R= T12/5CI1-v),

R

A

= 1oy (g e )+ Bt f ot )

Similarly the second set of the natural frequency as obtained by the

equation (61) is written as

! 7 2
R2cg.eaTiRL) =20 [R]

2k : !
4 A = 4
S g BT
{'m'z %‘?{!x-i- ﬂ?-%.mq‘}] ).
i [R®] 1’

-, - - (68)
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(4.2b) Natural frequency considering bending stress, shear stress,

biaxial forces and transverse inertia.

The natural frequency neglecting rotary inertia, (i.e., i=o),
becomes

A

na A g
T g BATL = g ('m".h + M2 G2
aB)m & \3)
k. L2 L. okdh
: | + Ae (m aJ+'4r\ lé‘)
AR A A
ab\l2 b 2 cL.
- ($E)(m 2R+ i)

(4.2c) Natural frequency considering bending stress, biaxial forces

and transverse inertia.

The natural frequency neglecting rotary inertia, (i.e., ?=o)
and shear stress, (i.e., l/é =0), becomes

A

4 B LS RT kD A A A A
A2 aaT =A——n\:z.7+ﬂ-g FEITA R
(RATI) =g ™2+ 0 ) HﬁxmgﬂﬁnFT
----------------- 70

(4.2d) Natural Frequency Ratio.

A nondimensional ratio of natural frequency including and excluding

shear stress for the case when rotary inertia is neglected takes the
form.

TRE
-lgt-tilan". aNglf R et R il
' - L) cL d kﬂ [} o - A s
‘ . 2 b 'L__ ' 2 A ?.' A ‘o\
f?."-.—. (a.9.ATL) - {m' Z*ﬂ' Tg} = (fﬂ‘kﬁﬁ n %’ N\D
2 il n
(Q.A.TI.) L 2. b-
ol - 1 L S

--- ()




4.3 Static Stability Load

The critical buckling load considering bending stress, biaxial
forces and shear stress is given in equation (63).

The critical buckling load considering bending stress and
biaxial compression neglecting shear stress, (i.e., IA§ =0), into

the equation (63), yields

A B, T 4 -
(Nea)en = ™ E-Ry +7& -y

The critical buckling load ratio is the ratio of the critical

buckling load including shear and excluding shear. This yields
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4.4 Relationship Between Natural Frequency And Critical Buckling Load.

(4.4a) The natural frequency considering bending stress, shear stress,

biaxial forces, and transverse and rotary inertia, becomes

J‘\Lz(B.S.A."l’I.RI.) ’2'7 [u{‘ . _i [&) msam}'z
N R --(14)

where

R T i b G\ _n¥ LY L2 g b, a2l
R= X 18 Z’E Za'“’zk,) 7z alg)g‘{(m'ﬁ Nva'-g-ﬂlq)

similarly the equation (68) becomes

.-Q.(BSATIRI)' 12" R[ {l (4-1'5‘)_;?2.235;\71)}/2]

(4.4b) Natural frequency considering bending stress, shear stress,

biaxial forces and transverse inertia.

Combining the equation (63) and (69), yields

A ' n4 A &N
%(3.5.A71.) TE0%h (NB-S-A-)(R ¢ [3), ------------- (76)
where 2 . & |
A me. 2. + M= &Ny
B = Sk R R B 77)

A
(N rs-A-s-)cR.
(4.4c) Natural frequency considering bending stress, biaxial forces

and transverse inertia.

Combining the equation (70) and (72), yields

A 4
-Q_z(B.A.TI.)z(al;?mA ( N B.F\)(R' (‘ if "AC) , mmmmme—- (78)



4 4. A ‘
ek.Ny, + n%Z-Ny.
where o< = mrg : 5 P 04,"c<[, ........ (79)
(vaﬂo)CR.

(4.4d) Natural frequency ratio.

Combining the equations (76)-(79) and equation (73), yields

A
W 3 - Nn%3.9.A.TI.)
SR AL TS
Joo CaT CISESE T e R e R SR

4 : (80)
31 I + ;
where A

AR
'r-;,_/s

N (1 -4)

28



SUMMARY SHEET

Natural frequency

4 2 zn 2 2 A A 2 ’
4 47"2“) 7 1+ R an".éH‘F.C-f'HméK/-m?a.N
-QCBSAHRI)"'ZE—?—; (R) |+ 41 T%é[ b)z( 2 g/ ae 3?( a lo) & - .oB
where
E (ki z_é'.t) 72 4 e k@Y N IVICIE R ptd.p .t

The other set of natural frequency.
A
: 2 a 2 "
A 2 A;-I- (w2 ks p2a)-IL ( ?./9_4—3729‘}{&?1: 7? ﬂ
fremsnrsen) 210 (R) |1-41- b ey ("5 7" 2 - 8 AT

Natural frequency neglecting rotary inertia.

A AN 2
Alpepti)= 77«"r ‘—(,mz g diis %) 2 v 2’
A A i A A
(a,b)zm \—H’ \Q(&B)(m?a}g+ﬂ 7:;1_) 7]

Natural frequency neglecting rotary inertia and shear stress.

62



Natural frequency ratio.

8L [t E v m2. B0y 1§ B (e £em? 2T}
fiee na & b (oA c AIS
A A 2 B Zé 2 _ &B e L Q.é_’.
.D.z= _.QPCB-‘S-A.TIJ e : {(7" & s 13) 172 (m ‘2 Nx+ 7 %] NY)}
R (a.aTI + B (m2 B, n2a
3 (B.A.TI) 1 &\Q'(m 2t IS)
when- =0,

Critical buckling load.

A A A e £
(NB.S.A.)CR = 'ma.g.N,g $ T‘Q‘%'N‘i

_ AF
+ ;}5-( 2 2&)
Critical buckling load neglecting shear stress.
A A ? A A
A Z B - it 2 b e.a)z
= M EB.Nx+ nt2L-Ny = 2 b+ n? &
(Na.a)cr ek WA Y (m a 2
Critical buckling load ratio.
. A
N =(N 8.5.4)CR vl !
(N p-A)cCr

- 2. b g é)
|+ k( iE )('m + 0
Relationship between natural frequency and critical buckling load.

Natural frequency.
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a : . j27n? E % {,_ (4318) 8% 5.4 71) Z]
2 (B.S.A-TL.RL.) 2k X (R) l{] (R'Z)
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I 772 ,) 2 4 2 &2 IN 1 14 4 4
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The other set of natural frequency.

_fﬁl‘zCB.s.A.TI.RI.) . ’2" (R)L { (41 /C% élzgrs-s.n.rm}‘h]

K (
Natural frequency neglecting rotary inertia.

_r?_casATl) (NBSA)CR (' /;’5)

where
[_3— mzdmx+ mZQfNy

(NR-SA)CR.

Natural frequency neglecting rotary inertia and shear stress.

J‘Z'*ZCB.A.TI-) = ﬂ42r¢, (NB-A-)CR (l - ¢<_) :

(aR)
where Pe e
ol - % mz.é—'Nx + n? %NV
(NBA)CR
Natural frequency ratio.
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Atce.ATL)
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2
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CHAPTER V
GRAPHICAL REPRESENTATION

Using the equations derived in the chapter IV the curves and

tables are prepared for the natural frequencies and the critical

buckling-loads. The curves and tables are prepared considering the

following:

1)

(2)

(3)

(4)

(5)

Thin plate theory states that the minimum thickness of the
plate is about one tenth of the smaller dimensions of the

plate, which implies that 1/8B= h%/ab < 0.01. Shear stress
effect are considerable as the thickness of the plate in-
creases. The parameter hz/ab, whére 0.01sh2/ab$ 0.05 are
considered from the reference (2).

The parameter p‘ , which is defined as the ratio of actual

in plane force to the critical bucklipg-load including shear,
varies over the range O< faq. The specific values which are
considered are é=0, 0.01, 0.25, 0.50, 0.75 and 0.99.

The parameter ,’é , which is defined as the ratio of actual in
plane force to the critical buckling-load excluding shear,
varies over the range osz‘«l. The specific values which are
considered are:“<=0, 0.01, 0,25, 0.50, 0,75 and 0,99.

The combinations of modes for the curves of natural frequency
and the critical buckling-load, (m=1, 2, 3 and n=1, 2, 3) are
used.,

The plate dimensions 0<a/b<5, (i.e., length/width) are used.

2
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(6) Poisson's Ratio is assumed as »=0,30,

(7) For curves and tables the uniaxial force in the x direction,
that is le=o, is considered.

(8) In general, for all values of faor 2% and hz/ab the curve for
the first mode, (i.e., m=1, n=1), for the natural frequency
and critical buckling-loads are plotted. ‘For all other modes
(i.e., m=1, 2, 3 and n=1, 2, 3) the values of natural frequency
and critical buckling-loads are given in tabular form.

(9) A summary sheet table for minimum or maximum values of
frequency and critical buckling-loads are tabulated, These
values are obtained by noting that the exteremum condition

requires a/b=m/n.
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5.1 Critical Buckling-Load Including Shear vs a/b.

A
For Ny=0, the equation (63) becomes

PNS Q) L e(82)

Using the above equation (82) figures 1A and 1B are drawn
and tables la through 1d are tabulated.

The figure 1A shows that critical buckling-load decreases
as the parameter hZ/ab increases. As the parameter hZ/ab increases
from 0.01 to 0.05 the values of minimum critical buckling-load

decreases about 17.60%.
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5.2 Critical Buckling-Load Excluding Shear vs a/b.
For ﬁjy=0, the equation (73) becomes
A A A
= (&) = L 2 b 2, )2
.(NB'“')‘R (B)"Nx = g (wh B + 7™ &)
or
g g 3
L = 2 b g ax e
(N B-A-)CR _(ﬂZD)Nx mz(m & AoLikis - g —==(83)

Using the equation (83) the curve, (#1), is plotted on the
figure 1A. and table le is tabulated.

Figure 1A shows that the minimum critical buckling-load
excluding shear is about 5.34% higher than the minimum critical
buckling load including shear, for the parameter h2/ab=0,01 and is
about 22% higher for the parameter hZ/ab=0.05,
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5.3 Critical Buckling-Load Ratio vs a/b.

Combining the equations (82) and (83), yields

A

éﬁ " (Nm.s.Aadcr _ | L
(N@.a)cer | +(a_'l%)(m2,%“+ﬂz,%)

or

="

(Ngsadcr_ |

A
G sdan W (- Th.ylC
| + h'o.b ("IT\ a+n -E)L

Using the above equation (84) figures 2A and 2B are drawn and
tables 2a through 2d are tabulated.

Figure 2A shows that the critical buckling-load ratio decreases
as the parameter hZ/ab increases. As the parameter hZ/ab increases

from 0,01 to 0.05 values, the maximum critical buckling-load ratio .

decreases by about 17.60%,
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5.4 Natural Frequency Of Free Vibration Including Shear vs a/b.

Equation (70) becomes

A

('mz-% + n¥g )z(l—/%)

A 2
A2 o JUB.5.0FL) . _\
Heaanm) = nef(elesT) i+ kBp(mih ente) | eomeee(89)
where
2
Ao Nul(z85) ;

(lele.s.A-)LR ’ o et

Using the above equations (85) and (86) figures (3) through
(7) are plotted and tables (3a) through (3e) to (7a) through (7e)
are tabulated.

From the figures (3) through (7) following observations are
noted:

(a) Figures (3) through (7) shows that, as the values of fg
increases the value of natural frequency including shear
decreasés.

(b) For the case é=ﬂh99, the value of natural frequency approki~
mately zero for 0.5 < a/b < 5.0.

(c) As the parameter hZ/ab increases from 0.01 to 0.05 for each

A

A
value of B the minimum natural frequency value decreases about

17% to 18%.
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5.5 Natural Frequency Excluding Shear vs a/b.

Equation (71), yields

A

A 3 A
e - Nem.AnTI. 2 A
fs.AT1) n4([?c?21%\)h) :(mZ.E_J,n?.%) (1=wx} ; wxvina (87)
D
where
4 - _Ny (b2n?p) 2
i LK LS REE SR Al s (88)

Using the equations (87) and (88) figure (8) is plotted and
tables (8a) through (8e) are tabulated.
\ Figure (8) shows that, as the value of 2: increases the value
of natural frequency excluding shear decreases. For the casezk=®.99,

the value of natural frequency approximately zero for 0.5<a/b<5,0,
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5.6 Natural Frequency Ratio vs a/b,

Combining the equations (85) through (89), yields

A A 2
flz" f2(g.5.AT1)

+-
L3
¥

'A ~ 2 beocati bR
Q¥m.AT1) ‘ (89)
where
n A
A o | - N
g R
i 1A o s - S (90)

Using the above equations (89) and (90) the figures (9)
through (13) are plotted and tables (9a) through (9e) to (13a) through
(13e) are tabulated.
From the figures (9) through (13) following observations made:.
(a) The natural frequency ratio decreases as the value of ﬁé
increases.
(b) For the case é =0 the values are equal to the values of critical
buckling-load ratio. :
(c) As the parameter h2/ab increases from the value 0.01.to 0.05

for 0.01 <:ﬁ<0.99, the maximum value of natural frequency ratio

decreases from 18% to 77%.
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5.7 Lower Set of Natural Frequency Including Shear and Rotary

Inertia vs a/b.

Equation (75) becomes

A y
Ao - 2 (n.5.ATI.RI.) / cLb
S @sarim) S5z J(afehy - CH%R (%))
D

A
e 4-%?k-(£)z(m3£+ W?E‘z)z[/—/a) 12
(R)?

where s~=sa(091)

2 3 (02 V(b 2a )2
e 1+ (oo )8 (g o) -RE A

| b (il

Using the equation (91) figures (14) through (18) are drawn
and tables (13a) through (13e) to (18a) through (18d) are tabulated.
Following observations are made:
(a) As the value of f§ increases the natural frequency ratio
decreases. ‘
(b) As the parameter hz/ab increases from 0.01 to 0.05, for each

0.01< ﬁ<0.99, the minimum value of natural frequency decreases

to about 20.41%.
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5.8 Higher Set of Natural Frequency Including Shear and Rotary

Inertia vs a/b.

Equation (74) becomes

A <
.QZCB.S.A.TI.RI_) = T%?B(ZQ;ZIQ:,I)) L 2?.122.,1 (ci_g,)g (R)
D

BB )FA) (w2« MR A
(RIS

iyl

where

2\ b2 R LA (B (e a8 )2
R= i+ (ke )'Et"b‘(mz’g'* n=2) - |li h.:‘?%)-(gn%; nz.g‘))

A
Using the equation (92) and /é =0, figure (19) is drawn and
tables (19a) through (19d) are tabulated.
Figure (19) shows that, as the parameter hZ/ab increases

from 0.01 to 0.05 the minimum value of natural frequency decreases

by about 94.97%.



5.8 Higher Set of Natural Frequency Including Shear and Rotary

Inertia vs a/b.

Equation (74) becomes

. 2
Rasanmy e A== (3 (R)
D

4/1‘12_2(5_:)2(.15)(,“2013' +nt %)2 §
(R)*

I+ 1-

where
kGBS (moea )’

2 Y5
SN F-N e e

[
Using the equation (92) and ﬁ =0, figure (19) is drawn and
tables (19a) through (19d) are tabulated.
Figure (19) shows that, as the parameter h2/ab increases

from 0.01 to 0.05 the minimum value of natural frequency decreases

by about 94.97%.

41
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CHAPTER VI
SUMMARY
Discussion

Using the equations of motion for the free vibrations of a
rectangular plate the uncoupled 6th order operator for the functions
¢(x,y,t) and w(x,y,t) and the uncoupled 4th order operator for
w(x,y,t) are obtained. Neglecting the effect of shear and rotary
inertia the above uncoupled operator reduces to the classical 4th
order equation of motion including the effect of bending stress, axial
force and transverse inertia.

The sets of natural frequencies are determined from the
biquadratic equation for the two parallel sides simply supported and
other two parallel sides subjected to different boundary conditions.
Setting natural frequency equal to zero the critical buckling loads
are also determined, thus the static stability of the rectangular
plates are studied from the dynamic stability equations.

‘ For the special case of a simply supported plate on all four
edges the natural frequencies are determined. It is seen that the
natural frequency excluding rotary inertia, and excluding both shear
and rotary inertia yield one set of natural frequency curves, while
the natural frequency including rotary inertia and shear have two
independent sets of frequencies curves. From numerical analysis it
is found that the values of natural frequency‘eXcluding rotary inertia,

natural frequency excluding both shear and rotary inertia; and the



43

lower set of natural frequency including shear and rotary inertia
are dependent on the axial force while the higher set of natural
frequency values are affected a negligible amount by the presence

of axial force.
Conclusions

From the curves and tables of the natural frequency and
the critical buckling-load the following observations are noted:

(1) For a/b<0.50, a large decrease of critical buckling-load
occurs for a given change in the parameter h2/ab.

(2) As the ﬁarameter hz/ab, which accentuates the effect of shear
stress, increases the critical buckling-load decreases. Thus the
critical buckling-load  excluding shear is higher in value than the
value of critical buckling load including shear; The minimum critical
buckling load excluding shear is about 5;34% higher than the minimum
critical buckling-load including shear for the parameter hz/ab=0.01,
and is about 22% higher for the parameter h27ab=0.05.

(3) Considering the different characteristic mode shapes from the
tables, it is seen that when rectangular plate buckles it subdivides
approximately into squares.

(4) For a/b<0.50, the decrease in the values of natural frequencies
including shear is about 97.72% for the parameters h2/ab=0.01 and
é=0 and it is 95.60% for the parameters hZ/ab=0.05 and §=O. For the
parameter é=0.25 the values of natural frequencies including shear

decreases by about 97.72% for the parameter h2/ab=0.01 and by 95.60%

for the parameter h2/ab=0.05.
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(5) As the parameter hZ/ab, which accentuates the effect of shear;
increases the natural frequency decreases. This means that the
natural frequency excluding shear is always higher in value than the
value of natural frequency including shear. The minimum value of
natural frequency eXCluding shear is about 5.34% higher than the
minimum value of natural frequency including shear for the parameters

- 3
h2/ab=0.01 and B=0, and is about 22% higher for the parameters

>>

h2/ab=0.05 and B=0. For the parameter é=0.25 the minimum value of

the natural frequency excluding shear is about 6.99% more than the
value of natural frequency including shear for the parameter hz/ab=0;01
and is about 27.32% for the parameter h2/ab=0.05.

(6) As the parameters é ora£=, which accentuate the effect of axial
force, increase the natural frequency decreases. Thus, the value of
- natural frequency excluding axial force is higher than the value of
natural frequency including axial force. If the parameter é increases
from 0.0 to 0.25 the minimum value of natural frequency including
shear decreases by about 24,99%; when % increases from 0.25 to 0.50
the minimum value of natural frequency including shear decreases by
33.34%; when é increases from 0.50 to 0.75 the minimum value of
natural frequency including shear decreases by about 49.97%.

(7) Comparing the value of natural frequency excluding rotary inertia
with the lower set of natural frequency including rotary inertia shows
that the minimum value of natural frequency excluding rotary inertia
is about 1.44% higher for the parameter h2/ab=0.01 and is about 4.81%
higher for the parameter h?/ab=0.05 for the value é=0.

(8) The ratio of higher set of natural frequencies including shear

and rotary inertia to the lower set of natural frequencies including
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shear and rotary inertia is about 35:1 for the parameter hz/ab=0.01

and is about 8.86:1 for the parameter hZ/ab=0.05.

»
(9) The effect of the parameter ﬁ is negligible on the value of

higher set of natural frequencies including shear and rotary inertia.

Brunelle analyzed the rectangular plates subjected to different
boundary conditions for evaluating the critical buckling-loads. The
combinations of the various boundary conditions considered for two
parallel sides are (a) simply supported and free, (b) fixed and
free, (c) both simply supported and (d) both fixed. Based on pro-
cedure outlined in this thesis; evaluation for the natural frequencies
of free vibrations for the above boundary conditions may be carried

out for the dynamics analysis of rectangular plates.



APPENDIX A
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0.25 21.911 19.501 17.569 15.985  14.663
0.5 14.378 13.055 11.955 11.026  10.230
1.0 21.911 19,501 17.569 15,985  14.663
1.5 37.411 32.300 28.417 25.368  22.910
2.0 58.280 48.837 42.028  36.885  32.864
235 83.632 68.173 57.537 49.772  43.854
3.0 112.86 89.709 74.441 63.613  55.536
335 145.47 113.02 92.405 78,150 . 67.706
4.0 181.08 137.78 111.20 93,210  80.232
4.5 219.34 163.75 130.65 108.67  93.029
5.0 259.96 190.74 150.63 124.46  106.04

(m=2, n=2)
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135 15.090 12.613 10.834 9.4954  8.4510
2.0 19.501 15,985 13.543 11.748  10.374
225 25.348 20,336 16.978 14.573  12.764
3.0 32.300 25.368 20.886 17.750  15.432
3.5 40.172 30.920 25.131 21.169  18.285
4.0 48.837 36.885 29.633 24.764  21.269
4.5 58.197 43.188 34,333 28.492  24.349
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115 11.955 9.5421 7.9398 6.798 5.9437
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4.0 24.433 18.236 14.547 12.099  10.357
4.5 28.417 20,886 16.510 13.650  11.635
5.0 32.701 23.684 18.565 15.266  12.962
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Table 1b. CRITICAL BUCKLING LOAD INCLUDING SHEAR
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27.260 20,121 15.946 13.205 11.268
34.414 24.791 19.374 15.899 13.481
43.600 30.619 23.594 19.191 16.173
54.171 37.148 28.265 22,811 19,121
65.781 44.149 53,223 26.632 22,224
78.206 51.488 38.377 30,588 25.428
91.287 59.081 43,673 34.639 28.702
104.91 66.867 49,072 38,758 32,027

" ‘Table lc. CRITICAL BUCKLING LOAD INCLUDING SHEAR




m n Qvtf/aly
1 1 1.0

2 | 2.0

3 1 3.0

1 2 0.5

2 2 1.0

3 2 1.5

1 0.33

2 > 0.67

3 3 1.0

0.01
3.786
3.595
3.421

14.378

13.055

11.955

30.790

26.898

23.879

A
A

(NB.A.S.) CR Minimum
0

.02 0.03 0.04
3.593 3.421 3.264
3.264 2.989 2.756
2.989 2.653 2.386

13.055 11,955 11.026
11.026 9.542 8.4106
9.542 7.940 6.798
26.898 23.879 21.470
21.470 17.865 15.296
17.865 14,270 11.880

0.05
3.120
2,558
2,367

10.230
7.519
5.944

19.502

13,3735

10.176

TABLE 1d. SUMMARY SHEET FOR CRITICAL BUCKLING-LOAD INCLUDING SHEAR.
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(NB.A.) CR.

E&‘Yﬁﬁ 3 2 3
© “(n=1)
0.25 18.063 66.015 146.007
0.5 6.250 18.063 38.028
1.0 4,000 6.250 3131:11%
1.5 4,694 4,340 6.250
2.0 6.250 4.000 4.695
2.5 8.410 4,203 4,135
3.0 5 A LB 4,694 4.000
D49 14,331 5.389 4,096
4,0 18.062 6.250 4,340
4.5 22.299 7.260 4.694
5.0 27.039 8.410 5.138
(n=2)
0.25 25.000 72.250 152,111
05 16.000 25.000 44,444
1.0 25.000 16.000 18.778
1.5 44,444 18.778 16.000
2.0 72.249 25.000 17.561
2:5 108.158 33.640 20.551
3.0 152.108 44,444 25.000
345 204.077 e AT A . o12
4.0 264,056 72.248 37.006
4.5 332.041 89.195 44,444
5.0 408.029 108.157 52.803
(n=3)
025 39.063 83.265 162.563
0.5 42.250 39.063 : 56.250
1.0 100.000 42.250 36.000
1.5 200.692 65.340 42.250
2.0 342,244 99.999 56.249
2.5 528,399 145.200 75.689
3.0 747.095 200.690 99.998
3.5 1010.308 266.383 128.982
4.0 1314.032 342,242 162.559
4,5 1658.258 428.250 200.690
5.0 2042.989 525.397 243,354

TABLE le. CRITICAL BUCKLING LOAD EXCLUDING SHEAR.



A
2 0.01 0.02 6.03 - - 0.04 0.05

a.h' |eeh.
bt (e, nsl)
0.25 0.8930 0.8067 0.7355 0.6760 0.6253
0.5 0.9341 0.8764 0.8254 0.7800 0.7394
1.0 0.9466 0.8986 0.8553 0.8159 0.7800
1.5 0.9424  0.8911 0.8451 0.8036 0.7660
2.0 0.9341 0.8764 0.8254 0.7800 0.7394
2.5 0.9244 0.8594 - 0.8030 0.7535 0.7098
3.0 0.9141 0.8418 0.7800 0.7268 0.6803
-5 0.9035 0.8241 0.7574 0.7008 0.6520
4.0 0.8930 0.8067 0.7355 0.6760 0.6523
4.5 0.8825 0.7897 0.7146 0.6525 0.6003
5.0 0.8721 0,7732 0.6945 0.6303 0.5770

(m=2, n=1)
0.25 0.6858 0.5218 0.4211 0.3530 0.3038
0.5 0.8067 0.6760 0.5817  0.5105 0.4549
1.0 0.8764 0.7800 0.7027 0.6394 0.5865
1.5 0.8949 0.8097 0.7394 0.6803 0.6299
2.0 0.8986 0.8159 0.7472 0.6891 0.6394
2.5 0.8964 0.8122 0.7425 0.6838 0.6337
3.0 0.8911 0.8036 0.7318 0.6717 0.6207
3.5 0.8842 0.7925 0.7180 0.6563 0.6044
4.0 0.8764 0.7800 0.7027 0.6394 0.5865
4.5 0.8681 0.7669 0.6869 0.6220 0.5682
5.0 0.8594 0.7535 0.6708 0.6045 0.5501

(m=3, n=1)

1

0.25 0.4945 0.3285 - 0.2459 - 0.1965 0.1636
0.5 0.6572 0.4849 - 0.3899 0.3240 0.2771
1.0 0.7800 0.6394 0.5417 ©0.4699 0.4149
1.5 0.8254 0.7027 © 0.6118 0.5417 0.4860
2.0 0.8451 0.7317 0.6452 0.5770 0.5218 ,
2.5 0.8532 0.7440 0.6596 0.5924 0.5376
3.0 0.8553 0.7472 0.6633 0.5964 0.5417
5.5 0.8538 0.7449 0.6607 0.5935 0.5388
4.0 0.8502 0.7394 0.6541 0.5865 0.5316
4,5 0.8451 0.7318 0.6452 0.5770 0.5218
5.0 0.8391 0.7228 0.6348 0.5659 0.5105

Table 2a. CRITICAL BUCKLING LOAD RATIO
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Table 2b.

0.02

.7800
. 8159
.7800
.7268
.6760
.6303
.5898
.5538
.5218
.4932
L4675

OO OO OO OOOO

.5105
.6394
.6891
o717
.6394
.6045
.5708
.5394
.5105
.4842
.4602

COOCOOCOOOOOOO

.3240
.4699
.5770
.5964
. 5865
0.5659
0.5417
0.5169
0.4928
0.4699
0.4485

0000
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0.03

027
L7472
027
.6394
2817
5320
.4894
.4528
L4211
1 K
.3692

.4101
.5417
.5964
5770
.5417
.5047
.4699
4384
.4101
. 3849
.3624

. 2421
.3715
4762
.4962
.4860
.4650
.4407
.4163
.3931
I LD
.3516

0.04

.6394
.6891
.6394
.5708
.5105
.4602
.4182
.3829
.3530
o
.3050

QOO0 0000OOO

.3428
.4699
S |
.5057
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.4332
.3994
.3693
. 3428
. 3194
.2989
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1933
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.3485
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CRITICAL BUCKLING LOAD RATIO
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0.01
n=3)

.8502
.8451
.7800
.7145
.6572
.6076
.5647
D273
.4945
.4655
.4396

OO OO OO OOOO

n=3)

0.6602
0.7394
0.7318
0.6869
0.6394
0.5954
0.5559
0.5207
0.4894
0.4614
0.4364

n=3)

0.4811
0.6118
0.6633
0.6452
0.6118
0.5760
0.5417
0.5100
0.4811
0.4549
0.4311

Table 2c.

0.02

0.7394
0.7318
0.6394
0.5559
0.4894
0.4364
0.3935
0.3581
0.3285
0.3033
0.2818

0.4928
0.5865
0.5770
0.5¢31
0.4699
0.4239
0.3849
0.3520
0.3240
0.2999
0.2791

0.3167 .
0.4407

0.4962
0.4762
0.4407
0.4045
0.3715
0.3423
0.3167
0.2944
0.2748

o L

COO0OOCOOOOCOOO OO DDDOO O

COO0OOCOOOOOOO

.6541
.6452
.5417
.4549
. 3899
. 3405
.3019
sl 1
. 2459
« 2250
.2073

.| 3
.4860
4762
4224
+ 9145
.3291
.2944
. 2659
.2421
.2222
.2051

.2361
. 3444
. 3964
.3774
.3444
5117
. 2827
.2576
.2361
.2176
.2016

0.04

0.5865
0.5770
0.4699
0.3849
0.3240
0.2791
0.2449
0.2181
0.1965
0.1788
0.1640

0.3270
0.4149
0.4055
0.3542
0.3071
0.2689
0.2383
0.2136
0.1933
0.1764
0.1622

0.1882
0.2827
0.3300
0.3125
0.2827
0.2536
0.2281
0.2065
0.1882
0.1726
0.1593

CRITICAL BUCKLING LOAD RATIO



w

w N ol w N Lt

n he 0.01
%Ia,b.

1 1.0
1 2.0
1 3.0
2 0.5
2 1.0
2 1.5
3 0.33
3 0.67
3 1.0
TABLE 2d.

0.9466

0.8986

0.8538
0.8986
0.8159
0.7472
0.8553
0.7472
0.6633

SUMMARY SHEET FOR CRITICAL BUCKLING-LOAD RATIO.

A

A
PQ Maximum

0.02
0.8986
0.8159
0.7449
0.8159
0.6891
0.5964
0.7472
0.5964
0.4962

0

0.03

.8553
7472
.6607
7472
.5964
.4962
.6633
.4962
.3964

0.04
0.8159
0.6891
0.5935
0.6891
0.5257
0.4249
0.5964
0.4249
0.3300

0.05
0.7800
0.6394
0.5388
0.6394
0.4699
0.3715
0.5417
0.3715
0.2827

8L
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A

LY
‘\\\\E 42 (B.S.A. TI) (h%/ab=0.01)
a/b 0.01 0.25 0.50 0.75 0.99
(m=1, n=1)
0.25 15.968 12,097 8.065 4.0324 0.1613
0.5 5.7800  4.3788 2.919 1.460 0.0584
1.0 3.7486  2.8398 1.893 0.947 0.0379
1.5 4.3799  3.3181 2.212 1.106 0.0442
2.0 5.7800  4.3788 2.919 1.460 0.0584
2.5 7.6964  5.8306 3.887 1.944 0.0777
3.0 10.055  7.6172 5.078 2,539 0.1016
3.5 12.820  9.7118 6.475 3,237 0.1295
4.0 15.968  12.097 8.065 4.032 0.1613
4.5 19.482  14.759 9.839 4,920 0.1968
5.0 23.346  17.686 11.791 5.895 0.2358
(m=2, n=1)
0.25 179.27  135.81 90.542 45.271 1.8108
0.5 57.698  43.711 29.140 14.570 0.5828
1.0 21.692  16.433 10.955 5.478 0.2191
1.5 15.380  11.652 7.768 3.884 0.1554
2.0 14.234  10.784 7.189 3.595 0.1438
2.5 14.917  11.301 7.534 3.767 0.1507
3.0 16.566  12.550 8.367 4,183 0.1673
3.5 18.870  14.295 9.530 4,765 0.1906
4.0 21.691  16.433 10.955 5.478 0.2191
4.5 24.957  18.907 12.605 " 6.302 0.2521
5.0 28.622  21.683 14.456 &« 7.228 0.2891
(m=3, n=1)
0.25 643.32  487.36 324,907 162.454  6.4982
0.5 222.66  168.69 112.458 56.229 2.2492
1.0 77.224  58.503 39.002 19.501 0.7800
1.5 45.966 34,823 23.215 11.608 0.4643
2.0 35.349  26.779 17.853 8.926 0.3571
2.5 512431 . 23812 15.874 7.937 0.3175
3.0 30.483  23.093 15.395 7.698 0.3079
3.5 31.159  23.605 15.737 7.868 0.3147
4.0 32.877  24.907 16.605 8,302 0.3321
4.5 35.348  26.779 17.853 8.926 0.3571
5.0 38.412  29.100 19.400 9.700 0.3880

‘TABLE 3a. NATURAL FREQUENCY INCLUDING SHEAR.
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L}
A

8 G (B.S.A. TI) (h%/ab=0.01)
SRS g0l - 9.0z 0.50 0.75 0.99

(m=1, n=2)
0425 21.692 16.433 10.955 5.478 0.2191
0.5 14,234 10.784 7.189 3.595 0.1438
1.0 21.692 16.433 10.955 5.478 0.2191
1.5 37.037 28.058 18.706 9,353 0.3741
2.0 57.697 43,710 29.140 14,570 0.5828
2,5 82.795 62.724 41.816 20.908 0.8363
3.0 111.73 84.643 © 56,429 28,215 1.1286
345 144.02 109.11 72.737 36.369 1.4548
4.0 179.27 135.81 90.540 45,270 1.8108
4.5 217.14 164.50 109.67 54,834 2.1934
5.0 257.36 194.97 129.978 64.989 2.5996

(m=2, n=2)
0.25 193.40 146.51 97.676 48.838 1.9535
0.5 77.224 58.503 39.002 19.501 0.7800
1.0 51.698 39.165 26.110 13.055 0.5222
p 59.756 45,270 30.180 15.090 0.6036
2.0 11223 58.502 39.002 19.501 0.7800
2.5 100.38 76.044 50.696 25.348 1.0139
3.0 127.91 96.899 64 .599 32.300 1.2920
5 159.08 120.52 80.344 40.172 1.4769
4.0 193.39 146.51 97.674 ~ 48.837 1.9535
4.5 230.46 174.59 116.394 = . 58.197 2.3279
5.0 269.96 204.52 136.344 ' 68.172 2.7269

(m=3, n=2)
0.25 663.27 502.48 334,987 167.494 6.6998
0.5 253.20 191.82 127.879 63.939 2.5576
1.0 s s B2 92.749 61.833 30.916 1.2367
: o 106.52 80.694 53.796 26.898 1.0759
2.0 144,37 86.646 57.764 28.882 1.1553
o 132,35 100.27 66.844 33.422 1.3369
3.0 156.54 118.59 79.058 39.529 1.5812
% P 185.28 140.36 93.576 46.788 1.8715
4.0 217.69 164.92 109.947 - 54,973 2.1989
4.5 +253.20 191.81 127.877 63.938 2. 5575
5.0 291,37 220.73 147.154 735517 2.9431

- 'TABLE 3b., NATURAL FREQUENCY INCLUDING SHEAR.
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% 42 2 fabs
B (B.8/A. TH) (h®/ab=0.01)

a/b 0.01 0.25 0.50 0.75 0.99

(m=1, n=3)
0.25 32.878 24.907 16.605 8.3024 0.3321
0.5 35.348 26.779 17.853 8.9264 0.3571
1.0 77.224 58.503 39.002 19.501 0.7800
1.5 141.97 107.55 71.702 35.851 1.4341
2.0 222.66 . 168.68 112.456 56.228 2.2491
24D 315.45 - 238.98 159:319 79.660 3.1864
3.0 417.69 316.43 210.953 105.476 4.2191
$eD 527.45 399.58 266.387 133.194 5.3278
4.0 643.30 487.35 324.901 162.451 6.4981
4.5 764.17 578.92 385.944 192.972 7.7189
5.0 889.20 673.64 449,092 224,546 8.9819

(m=2, n=3)
0.25 217.70 164.92 109.948 54.974 2.1990
0.5 114,37 86.646 57.764 28.882 1.1555
1.0 122.43 92.749 61.833 30.916 1.250¢
y P 177.72 134.639 89.760 44,880 1.7952
2.0 253.20 191.816 127.878 63.939 2.5576
LB 342,34 259,348 172.899 86.450 3.4580
3.0 441,77 334.677 223,118 111.559 4,4624
3.9 549,28 416.118 277.412 138.706 5.5483
4.0 663.26 502.472 334,981 - 167.491 6.6997
4.5 782.55 592.839 395.226 197.613 7.9046
5.0 906.23 686.534 457.690 - 228.845 9.1538

(m=3, n=3)
0.25 696.83 527.899 351.,93535 175.966 7.0387
0.5 306.63 232.899 154 .866 77 .433 - 3.0973
1.4 212.76 161.185 107.457 53.728 2.1491
1.5 242.89 184.005 122.670 61.335 2.4534
2.0 306.63 232,297 154.865 77 .432 3.0973
Z2x3 388.47 294,299 196.199 98.100 3.9240
3.0 482.67 365.657 243.771 121.886 4,8754
3.9 586.11 444,024 296.016 - 148.008 5.9204
4.0 696.82 527.891 351.927 175.964 7.0386
4.5 813.37 616.189 410.793 205.396 8.2159
5.0 934.73 708.128 472.085 236.043 9.4417

TABLE 3c, NATURAL FREQUENCY INCLUDING SHEAR.



02(B.S.A. TI)  (h2/ab=0.01), (§=0)

:ET<I{ 1 2 3
b (m=1)
0.25 16.130 21.911 33,210
0.5 5.838 14.378 35,705
1.0 3.786 21.911 78.004
e 4.424 37.411 143.405
2.0 5.838 58.280 224,913
2.5 7.774 83.632 318.638
3.0 10.156 112.858 421.906
3.5 12.949 145,475 532,774
4.0 16.129 181.080 649.803
4.5 19.679 219.337 771.889
5.0 23.582 259.956 898.183
(m=2)
0.25 181.083 195.351 219.896
0.5 58.281 ~ 78.004 115.528
1.0 21.911 52.220 123,666
1.5 15,536 60. 360 179.519
2.0 14,378 78.003 255.755
2.5 15.068 101.392 345.798
3.0 16.733 129.198 446.236
3.5 19.060 160.687 = 554,825
4.0 21.910 195. 348t 669.962
4.5 25.209 232.789 790.452
5.0 28.911 272.689 915.379
(m=3)
0.25 649.814 669.974 703.866
0.5 224,915 255,757 309.732
1.0 78.004 123.666 214.913
1.5 46.431 107.592 245,341
2.0 35,706 115.528 309,729
2.5 31.749 133.688 392.398
3.0 30.791 158.117 487.542
3.5 31.474 187.152 592.032
4.0 33.209 219.893 703.854
4.5 35.705 255.753 821.585
. 5.0 38.800 294.309 944,170

3 TABLE 3d. NATURAL FREQUENCY INCLUDING SHEAR.




= NN

. (h%/ab=0.01)
n %\g 0.0 0.01

1
1
-

1.0
20
3.0
0.5
1.0
1.5
0.33
0.67
1.0

3.786
14.378
30.791
14.378
52.220
107.592

30.791
107,592
214.913

3.749 2
14.234 10.
30.483 23
14.234 10.
21,698 39

106.516 80
30.483 23
106.516 80

- 212.764 161.

22
Q“(B.S.A. TI. RI.) MINIMUM

0:25
.840
784
093
784
.165
.694
.093
.694
185

0.50
1.893
7.189

15<395
7.189
26.110
53.796
15.395
53.796
107.457

13,
26.

26.
93,

0.75
.947
«995
.698
+995
055
898
.698
898
728

0.

0.99
038
.144
.308
.144
522
.076
.308
.076
.149

TABLE 3e. SUMMARY SHEET FOR NATURAL FREQUENCY INCLUDING SHEAR.
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[y A
B 8% (B.S.A. TI) (h%/ab=0.02)
a/b 0.01 0.25 0.50 0.75 0.99
(m=1, n=1)
0.25 14.425  10.928 7.285 3.643 0.146
0.5 5.423 4.108 2.739 1.369 0.055
1.0 3,559 2.696 1.797 0.899 0.036
1.5 4.141 3.137 2.092 1.046 0.042
2.0 5.423 4.108 2.739 1.369 0.055
8.5 7.156 5.421 3.614 1.807 0.072
3.0 9.259 7.015 4.676 2.338 0.094
3.5 11.692  8.857 5.905 2.953 0.118
4.0 14.424 10,927 72288 3.643 0.146
4.5 17.433  14.174 8.805 4.402 0.176
5.0 20.699  15.681 10.454 5.227 0.209
(m=2, n=1)
0.25 136.408 103.339 68.893 34.446 1.378
0.5 48.350  36.629 24,419 12.210 0.488
1.0 19.306  14.626 9.751 4.875 0.195
1.5 13.917  10.543 7.029 3.514 0.141
2.0 12.924  9.791 6.528 3.264 0.131
2.5 13.516  10.240 6.827 S LT 0.137
3.0 14.939 11,317 7.545 3.773 0.151
3.5 16.912  12.812 8.541 4.271 0.171
4.0 19.306  14.626 9.750 4,875 0.195
4,5 22,048  16.703 11.136 5,568 0.223
5.0 25.095  19.011 12.674 TR - 0.254
(m=3, n=1)
0.25 427.313  323.722 215.815 107.908 4.316
0.5 165.818  125.620 83.747 41.873 1.675
1.0 63.300  47.955 31.970 15.985 0.639
1.5 39.135 29,647 19.765 9.883 0.395
2.0 30.607  23.187 15.458 7.729 0.309
2.5 27.409  20.764 13.843 6.921 0.277
3.0 26.629  20.174 13.449 6.725 0.269
| 3.5 27.185  20.595 13.730 6.865 0.275
4.0 28.593  21.661 14.441 7.221 0.289
y 4.5 30.607  23.187  15.459 7.729 0.309
5.0

33.088 25.067 16.711 8.356 0.334

TABLE 4a. NATURAL FREQUENCY INCLUDING SHEAR.




|
|
\
|
|

>

[N
5
(o)

0.01
(m=1, n=2)

19.306
12.924
19.306
314971
48,349
67.491
88.812
111.890
136.406
162.116
188.830

(%]

LTHEPLPUUNUNNDNNHEEHEOO
Uk e & W w e &
QuIouIoOounouIouN

(m=2, n=2)

146.066
63.300
43.661
49.947
63.300
80.529
100.457
122.442
146.064
171.024
197.096

(92 ]

NEPRP,UUUWVWNDNNHEEHEOO
& S i oW & 9, ¥ § .
SuIouUIoUToO VIO uUTN

(m=3, n=2)

439.077
186.094
96.534

85.020

90.727

103.626
120.667
140.527
162.486
186.091
211.027

(%3]

SunmounouvniouTouN

NEPRPUNANNNHEHOO
e o o o o o

TABLE 4b.

0.

14.

25

626

9.791

14.
24,
36.
8%+
67.
84.

626
225
628
129
282
765

103,338
122.816
143.053

110.656

47.
33,
37,
47.
.007
.104

61
76
92

955
076
838
954

759

110.655

129.564
149.315

332.634
140.980

133

132

64.409

68.
78.
91.

133
505
415

106.460
123,096
140,978

159.869

NATURAL FREQUENCY INCLUDING SHEAR.

82(8.5.A. TI)

0.50

9.:751

6.528

9,751

16.150
24.419
34.086
44,855
56.510
68.892
81.877
95569

23.77L
31.970
22.051
25,226
31.970
40.671
50.736
61.839
73.770
86.376
99.544

221,756
93.987
48.755
42.940
45,822
$2,5317
60.943
70,973
82.064
93,985
106.579

0.75

4.875
3.264
4,875
8.075
12.209
17.043
22.427
28.255
34,446
40.938
47.684

36.885
15,985
11.026
12.613
15.985
20, 336
25,368
30.920
36.885

- 43,188

49,772

110,878
46.993
24,377
21.470
22.9%1
26,168
30.472
55,587
41,032
46,993
53,290

85

(h%/ab=0.02)
0.99

0.195
0.131
0.195
0.323
0.488
0.682
0.897
1.130
1.378
1.638
1.907

1.475
0.639
0.441
0.505
0.639
0.813
1.015
1.237
1.475
1,728
1.99%

4.435
1.880
0.975
0.859
0.916
1.047
1.219
1.420
1.641
1.880
2.132
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B 223.s.4. D (h%/ab=0.02)
] 0.01  0.25 0.50 0.75 0.99
(m=1, n=3)
0.25 28,503 21.662 14.441 7.221 0.289
0.5 30.607  23.187 15.458 7.729 0.309
1.0 63.300  47.955 31.970 15,985 0.639
1.5 110.444  83.670 55.780 27.890 1.116
2.0 165.816 125.619  83.746 41.873 1.675
2.5 226.557 171.634  114.423 57.211 2.289
3.0 201.015 220.466  146.978 73.489 2.940
3.5 358.150 271.332  180.888 90,444 3.618
4.0 427.306 323.717  215.811 107.906 4.316
4.5 497.987 377.263  251.509 125.754 5.030
5.0 569.870 431.720 287.813 143.907 5.756
(m=2, n=3)
0.25 162.488 123.097  82.065 41.0324 1.641
0.5 90.727  68.733 45.822 22.9109 0.916
1.0 96,534  73.132 48.754 24.377 0.975
1.5 135.344 102.533  68.355 34.178 1.367
2.0 186.092 140.979 93.986 46.993 1.880
2.5 243.725 184.640  123.003 61.547 2.462
3.0 305.911 231.751  154.501 77.250 3.090
3.5 371.300 281.204  187.530 93.765 3.751
4.0 139.070 332.629  221.753 110.876 4.435
4.5 508.625 385.322 256.881 - 128.441 5.138
5.0 579.574 439.071  292.714 146.357 5.854
(m=3, n=3)
0.25 458.767 347551  231.701 115.851 4,634
0.5 220,889 167.340  111.560 55.780 2.231
1.0 159.173 120.586  80.390 40.195 1.608
1.5 179.281 135.819 90.546 45.273 1.811
2.0 220,887 167.339  111.550 55.780 2.231
2.5 272.813  206.677  137.784 68.892 2.756
3.0 330.984  250.746  167.164 83.582 3.343
3.5 393.365 298.005  198.669 99,335 3.973
4.0 458.761 347.546  231.698 115,849 4.634
4.5 526.408 398.794  265.862 132.921 5.317
5.0 595,782  451.350  300.900 150.450 6.018

TABLE 4c. NATURAL FREQUENCY INCLUDING SHEAR.




A A
02(B.S.A. TI. RI) (h2/ab=0.02), (B=0)

2 3

al i
o (m=1)
0.25 14.570 19.501 28.882
0.5 5.478 13.055 30.916
1.0 3.595 19.501 63.939
1.5 4.183 32.299 111.560
2.0 5478 48.837 167.491
2.5 7..228 68.173 228.845
3.0 'wg ., 388 89.709 - 298955
S 11.810 113.020 361777
4.0 14,570 137.784 431.622
4.5 17.609 163.754 503.017
5.0 20.908 190.737 755627

(m=2)
Q.25 137.786 147,542 164.130
0.5 48,838 63.940 91.644
1.0 19.501 ‘44,102 97.509
s 14.058 50.451 1365711
2.0 13,0585 63.939 187.972
2.5 13,655 81.343 246,187
3.0 15.090 101,472 309.001
3.9 17.083 123.678| 375.059
4.0 19.501 147.540" 443,505
4.5 22271 172,752 513.763
5.0 25.348 199.087 585.429

(m=3)
0. Z5 431.629 443,512 463,402
Q.5 167.493 187.973 225,820
1.0 63.940 97.509 160.781
175 39.530 85.879 181.091
2.0 30.917 91.643 225.119
2.5 27.686 104.673 275.569
3.0 26.898 121.886 334,327
s 27.450 141.946 397.338
4.0 28.882 164.128 463.395
4.5 30.916 187.971 531.725
5.0 33.422 213.159 601,800

TABLE 4d. NATURAL FREQUENCY INCLUDING SHEAR.




[ S T B R

[ =

olf

1.0
2.0
3.0
0.5
1.0
1.5
0.33
0.67
1.0

(h2/ab=0.02)
0.0

S,
13.
26.
13,

44

85.
26.
85.
160.

596
055
898
055

.102

879
898
879
781

$2(B.S.A. TI) MINIMM

0.01 0.25
3,959 2.696
12,944 . 9,791
26.629 20.174
12.924 9.791
43.661 33.076
85.020 64.409
26.629 20.174
85.020 64.409
159.175 120.586

1.
6‘
13;

22
42
13

42

80.

0.50
797
528
449
.528
.051
.940
.449
.940
390

0.75
0.899
3.264
6.725
3.264
11.026
21.470

6.725
21.470
40.195

0.99
0.036
0.131
0.269
0.131

0.441

0.859
0.269
0.859
1.811

TABLE 4e. SUMMARY SHEET FOR NATURAL FREQUENCY INCLUDING SHEAR.
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89

) 2
; a2 (B.S.A. TI) (h%/ab=0.03)
a/b 0.01 0.25 0.50 0.75 0.99
(m=1, n=1)
0.25 151585 9.964 6.643 3,528 0.133
0.5 5.107 3.869 2.580 1.290 0.052
1.0 3,387 2.566 1,718 0.855 0.034
1.5 3.928 2,975 1.984 0,992 0.040
2.0 5.107 3.869 2,578 1.290 0.052
2.5 6.686 5.065 3377 1.688 0.070
3.0 8.580 6.500 4,334 2.167 0.087
3 10.746 8.141 5.428 2,714 0.109
4.0 13,153 9.964 6.643 3321 0.133
4.5 15.774 11.950 7.967 3983 0.159
5.0 18.591 14.084 9.389 4,695 0.188
(m=2, n=1)
0.25 110.086 82.399 55,599 27.800 1.312
0.5 41.608 510521 21.014 10.507 0.420
1.0 17.393 13377 8.784 4,392 0.176
1,5 12.708 9,627 6.418 3.209 0.128
2.0 11.845 8.966 8.9717 2.989 0.120
2.5 12.356 9.361 6.241 3.120 0,125
3.0 13.603 10.305 6.870 3.435 0.137
3.5 15.322 11.608 7.739 3.869 0.155
4.0 17.393 13.176 8.784 4,392 0.176
4.5 19.747 14.960 8975 4,987 0.200
5.0 22.341 16.925 11.285 5.642 0.226
(m=3, n=1)
0.25 319.901 242,349 161.566 80.783 2 iaal
0.5 132.094 100.071 66.714 35,357 1.334
1.0 53.630 40.629 27.086 13.543 0.542
1.5 34,071 25.811 17.207 8.604 0.344
2.0 26.988 20.445 13,630 6.815 0273
2.5 24,299 18.408 12.272 6.136 0.245
3.0 23.641 17.910 11.940 5.970 0.239
S5 24.110 18.265 $2.127 6.088 0.244
4.0 25,297 19.164 12.776 6.388 0.256
4.5 26.987 20.445 | 13.630 6.815 0.277
5.0 7.338 0.294

29.060 22.015 14.677

TABLE 5a. NATURAL FREQUENCY INCLUDING SHEAR.
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A [
B 42 (B.S.A. TI) (h%/ab=0.03)
a/ 0. 25 0.01 0.50 Q. 755 0.99
(m=1, n=2)
0.25 2&.177 " 1%,.393 8.784 4,392 0,%76
0.5 8.966 11.835 5.977 2.989 0.120
1.0 13,177 17.393 8.784 4,392 0.176
1.5 21..313 28.133 14.209 7104 0.284
2.0 312521 41.608 21.014 10.507 0.420
Vo 43:153 56.962 28,769 14.384 0.575
3.0 55.830 73.696 37.220 18.610 0.744
3.5 69.304 91.481 46.202 25,101 0.924
4.0 83.397 110.084 55.598 27.799 1.18.2
4.8 97.985 129.340 65.323 32.662 1.307
5.0 112.97 149.123 75.515 37.657 1.506
(m=2, n=2)
0.25 88.899 117.347 59.266 29.633 1.185
0.5 40.629 53.630 27.086 15:548 0.542
1.0 28.626 i+ 187 . 19.594 9.542 0.382
1.5 32.503 42.904 21.669 10.834 0.433
2.0 40.629 53.630 27.086 13,545 0.542
2.5 50.935 67.234 33.957 16.978 0.679
A 62.657 82.707 S B 20.886 0.835
5 s 75.394 99,520 50.263 25.151 1.005
4.0 88.898 117.345 59.265 29.633 1.185
4.5 103.000 135.960 68.667 - 34,538 1.5/3
5.0 117.580 155,205 78.386 i 39.193 1.568
(m=3, n=2)
0.25 248.603 3728 185 165.736 82.868 3215
0.5 111.444 147706 . 74 .296 37.148 1.486
1.0 60.364 79.861 40,243 20,121 0.805
1.5 53.594 70.744 35.729 17.865 0.715
2.0 56.957 751185 37.971 18,986 0.759
AR 64,505 85.147 43,003 21,502 0.860
3.0 74,373 98.172 49,582 24,791 0.992
3.5 85.748 113,187 57.165 28.583 1,145
4.0 98.193 129.615 65.462 22,731 1.309
4.5 112.442 147.104 74,295 37 . 147 1.486
5.0

125.316  165.417 83,544 41.772 1.671

" 'TABLE 5b, NATURAL FREQUENCY INCLUDING SHEAR.
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A
B 82 (8.5.4. TI) (h%/ab=0.03) -
a/b 0.01 0.25 0.50 0.75 0.99
(m=1, n=3)
0.25 25.297  19.164 12.776 6.388 0.256
0.5 26.988  20.445 13.630 6.815 0.273
1.0 53.630  40.629 27.086 13,543 0.542
1.5 90.375  68.466 45.644 22,822 0.913
2.0 132.093  100.070 66.714 33,357 1.334
2.5 176.749  133.901 89.267 44,634 1.785
3.0 223.297  169.164 112.776 56.388 2.256
5.5 271.136  205.406 136.937 68.469 2,739
4.0 319.896  242.346 161.564 80.782 3.231
4.5 369.336  279.800 186.534 93,267 3.731
5.0 419.293  317.646 211.764 105.882 4.235
(m=2, n=3)
0.25 129.617  98.195 65.463 32.732 1.309
0.5 75.184  56.957 37.972 18.986 0.759
1.0 79.681 60,364 40.243 20.121 0.805
1.5 109.284 82.791 55.194 27,597 1.104
2.0 147.104  111.443 74.295 37.148 1.486
2,5 189.219 143,347 95.565 47.783 1.911
3.0 233,959 177.242 - 118.161 59.081 2.363
3.5 280.444  212.452 141.638 70.819 2.833
4.0 328.151  248.599 165.733 82.866 3.315
4.5 376.748  285.415 190.277  95.138 3.806
5.0 426.016  322.740 215.160 ¢  107.580 4,303
(m=3, n=3)
0.25 341,947  259.051 = 172.701 86.350 3.454
0.5 172.619 130,772 87.181 43,591 1.744
1.0 127.147  96.324 64.216 32.108 1.284
1.5 142,074  107.632 71.755 35.877 1.435
2,0 172,618 130,771 87.181 43.590 1.745
2.5 210.223  159.260 106.173 53.087 2.124
3.0 251.841  190.789 127.192 63.596 2.544
3.5 296.017  224.256 149.504 74.752 2.990
4.0 341,943 259.047 172.698 86.349 3.454
L 4.5 389.123  294.790 196,527 98.263 3.931
5.0

437.235 331.238 220.826 110.413 4,417

TABLE 5c. NATURAL FREQUENCY INCLUDING SHEAR.
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(%]

A
$2(B.S.A. TI. RI)

(m=1)

1

13.286
5.159
3.421
3.967
5.159
6.753
- 8.667
10.855
13.286
15.934
18.779

(m=2)

111.198

42.
17.
12,
11.
12,
Lo
15,
17.
19.
22,

525,152
133.428

54.
.415
27,
24,
Lo
24.
25,
27,
29.

34

029
569
837
955
481
741
477
569
947
567

172

260
544
879
354
552
260
354

(h2/ab=0.03), (8=0)

2

17.569
11.955
17..569
28.417
42.028
37,537
74.441
92.405
111.196
130.646
150.629

118.532
54.172
38.169
43,337
54,172
67.914
83.543
100.526
118.531¢
437 .33
156.773

331.470
148.592
80.485
71.458
75.943
86.007
99.164
114,330
130.925
148.590
167.088

3

25,5562
27.260
54.172
91.288

133,
178.
225,
&,
323.
573
423,

130.

427
534
552
875
27
067
529

926

75.843
80.485

110.
148.
19%.,
L0,
283.
331.
380.
430.

345

299

388
590
130
LS
277
465
554
319

.401
174,
128.
143,
174,
212y
254.
.007
345,
393,
441,

363
431
510
361
346
385

397
053
651

TABLE 5d. NATURAL FREQUENCY INCLUDING SHEAR.
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5 B o L o 7 B o B

4 (hZ/ab=0.03)
\ED\Ji 0.0
'B.

1.0 3.421
2.0 11.955
3.0 23.879
0.5 11.955
1.0 38.169
1.5 71.458
0.33 23.879
0.67 71.458
1.0 128.431
TABLE 5e.

0.01
3:587
11.835
23.641
11.835
37.787
70.744
23.641
70.744
127.147

SUMMARY SHEET FOR NATURAL
FREQUENCY INCLUDING SHEAR.

A
©2(B.S.A. TI) MINIMM

&,
8.

17

28

83,

17

53,

96

0.25
566
966
.910
.966
.626
594
.910
594
.324

0.50
1.711
S977
11.940

5.977
19.084
35.729
11.940
35.729
64.216

17,

{5 I
L.

0.75
855
.989
.970
.989
.542
865
970
865
108

0.99
0.034
0.120
0.239
0.120
0.382
0.715
0.239
0.715
1.284

£6



A 32
< Q“(B.S.A. TI)
a/b 0.01 0.25 0.50 0.75
(m=1, n=1)
0.25 12.087 9.157 6.105 3.052
0.5 4,827 3.656 2.438 1.219
1.0 3:201 2.448 1.632 0.816
1.5 35735 2.829 1.886 0.943
2.0 4,826 3.656 2.438 1.219
2.5 6.274 4,753 3.169 1.584
3.0 7.994 6.056 4,037 2.019
3.5 9.943 7.532 5.022 2551
4.0 12.087 9.157 6.105 3.052
4.5 14.404 10.912 Rel?s 3.637
5.0 16.873 12.782 8,522 4.261
(m=2, n=1)
0.25 92.279 69.909 46.606 23.303
0.5 36.517 27.664 18.443 9.221
1.0 15.825 11.989 7.992 3.996
1.5 11.692 8.858 5.905 2.953
2.0 10.915 8.269 5.513 2.756
2.5 11.379 8.621 5.747 2.874
3.0 12.487 9.460 6.306 3153
3.5 14.006 10.610 7.074 3.537
4.0 15.825 11.989 7.992 3.996
4,5 17.881 13.546 9.031 4,515
5.0 20.132 15.252 10.168 & 5.084
(m=3, n=1)
0.25 255.642 193.668 129.112 64.556
0.5 109.769  83.158 55.439 27.720
1.0 46.524 35.245 23,497 11.748
1.5 30.167 22.854 15,236 7.618
2.0 24,134 18.283 12.189 6.094
2.5 21.823 16.532 11.022 5. 311
3.0 21,255 16.102 10.735 5.367
5.5 21.660 16.409 10.939 5.470
4.0 22.682 17.183 11.455 5.728
4.5 24,133 18.283 12.189 6.094
5.0 25.907  19.626 13.084 6.542

TABLE 6a. NATURAL FREQUENCY INCLUDING SHEAR.
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(h2/ab=0.04)
0.99

132
.049
D33
.038
.049
.063
.081
.100
122
.146
.170
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COOOOCDOCDOOOOO
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2+ 305
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.220
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L
;;B\\_ 0.01
(m=1, n=2)
0.25 15:825
0.5 10.915
1:4 15.825
1:5 25.114
2.0 36.516
2:5 49,274
3.0 62.977
5:3 77.369
4.0 92.278
4.5 107.588
5.0 123.214
(m=2, n=2)
0.25 98.066
0.5 46.524
1.0 33.306
1.5 37.602
2.0 46.523
&9 57.707
3.0 70.288
. 54 83.828
4.0 98.064
4.5 112,827
90 128.000
(m=3, n=2)
0.25 261.974
0.5 121625
1.0 67.837
1:5 60.572
2.0 64.187
¥ 72.260
30 82.746
5.5 94,753
4.0 107.806
4.5 121.623
5.0 136.018
TABLE 6b.

0.25

11:989
8.269

11.989
19.026
27.664
T
47.710
58.613
69.908
81,506
93.344

74.292
35.245
25:232
28.486
35.245
43,718
53.249
63.506
74.291
85.475
96.969

198.465
92.140
51.392
45.888
48.626
54.743
62.687
71.782
81.671
92.139
103.044

NATURAL FREQUENCY TNCLUDING SHEAR.

A2
Q% (B.S.A. TI)

0.50

7.992

3519

1992

12.684
18.443
24,886
31.807
39.075
46.605
54,337
62.229

49.528
25,497
16.821
18.991
23.497
29.145
35.499
42.337
49,527
56.984
64.646

132.310
61.427
34,261
30.592
32.418
36.495
41.791
47.855"
54.448
61.426
68.696

0.

15

3.996
24138
3.996
6.342
9,221

12
15
19

24,
o o

443
.903
.538
23
A
3L

303
169
115

764
748

8.411
9.495

) 4

14
ZL

66

17
15

20

748

913
Ii:

750

.169
.764
28.
b7 4,

492
323

i o
30.

713

JE3L
.296
16.
18.

209
248

.896
4 )
o o
30.
34,

927
224
713
348

85

(h2/ab=0.04)
0.99

0.160
0.110
0.160
0.254
0.369
0.498
0.636
0.782
0.932
1.087
1.245

0.991
0.470
0.336
0.380
0.470
0.583
0.710
0.847
0.991
1.140
15295

2.646
1:.229
0.685
0.612
0.648
0.730
0.836
0.957
1.089
1,429
1.374



96

" 82(8.5.A. TI) (h2/ab=0.04)
B 0.01 0.25 0.50 0.75 0.99
N
o (m=1, n=3)
0.25 22.682  17.183 11.456 5.728 0.229
0.5 24,134 18,283 12.189 6.094 0.244
1.0 46.523  35.245 23,497 11.748 0.470
1.5 76.478  57.938 38.625 19.313 0.773
2.0 109.768  83.158 55.438 27.719 1.109
2.5 144.894 109,768 73.179 36.589 1.464
3.0 181.145 137,231 91.487 45.744 1.830
3.5 218.135 165.254 110.169 55.085 2.203
4.0 255.638  193.665 129.110 64.555 2.582
4.5 293.510  222.356 148.238 74.119 2.965
5.0 331.659 251,257 167.504 83.752 3.350
(m=2, n=3)
0.25 107.807 81.672 54.448 27.224 1.089
0.5 64.187  48.627 32.418 16.209 0.648
1.0 67.837  51.392 34.261 17.131 0.685
B 91.639 69.424 46,282 25,141 0.926
2.0 121.624  92.139 61.426 30.713 1.229
2.5 154.636 117.148 78.099 39.049 . 1.562
3.0 189.409 143.492 95.661 47.831 1,913
3.5 225.308 170.688 113.792 56.896 2.276
4.0 261.971 198.463 132.308 66.154 2.646
4.5 299,177  226.649 151.100 75.550 3.022
5.0 336.785  255.140 170.093 , 85.047 3,402
(m=3, n=3)
0.25 272.546  206.474 137.650 68.825 2.753
0.5 141.662 107.320 71.546 35.773 1.431
1.0 105.850 80.189 53.460 26.730 1.069
1.5 117.657 89.134 59,423 29,711 1.189
2.0 141,661 107.319 71.546 35.773 1.431
2.5 170,993  129.540 86.360 43,180 1.727
3.0 203,243 153,972 102.648 51.324 2.053
3.5 237.293 179.768 119.845 59.923 2.397
4.0 272.543  206.472 137.648 68.824 2.753
4.5 308.632  233.813 155.875 77.938 3.118
5.0 345.335  261.617 174,412 87.206 3.488

TABLE 6c. NATURAL FREQUENCY INCLUDING SHEAR.



A A
0% (B.S.A. TI. RI) (h%/ab=0.04), (8=0)

1 2 3
-
b ™ me)
0.25 12.210 15.985 . 22011
0.5 4.875 11.026 24.377
1.0 3.264 15.985 46.993
1.5 3,773 25.368 77.251
2.0 4.875 36. 885 110.877
2.5 6.337 49.772 146.358
3.0 8.075 63.613 182.975
3.5 10.043 78.150 220.338
4.0 12.209 93.210 258.220
4.5 14.459 108.675 296.475
5.0 17.043 124.458 335,009
(m=2)
0.25 93.212 99.056 108. 896
0.5 36. 886 46.993 64.835
1.0 15.985 33.642 68.522
1.5 11.810 37.982 92.565
2.0 11.026 46.993 122.852
2.5 11.494 58.290 156.198
3.0 12.613 70.998 191.323
3.5 14.147 84.675 227.584
4.0 15.985 99.055 ; 264.646
4.5 18.061 113.967 302.199
5.0 20.336 129.293 340.187
(m= 3)
0.25 258.224 264.620 275.299
0.5 110.878 122.853 143.093
1.0 46.993 68.522 106.919
1.5 30.472 61.869 118.846
2.0 24,377 64.835 143,092
2.5 22.043 72.990 172.720
3.0 21.470 83.582 205.296
3.5 21.879 95,711 239.690
4.0 22.911 108. 895 275.296
4.5 24.377 122.852 311.750
5.0 26.168 137.392 348.823

TABLE 6d. NATURAL FREQUENCY INCLUDING SHEAR.
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A
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1.0 5.
2.0 13
34 21
0.5 Jk
1.0 33
325 61
0:53 21
0.67 61.
20 106

[ 3
G2 (B.S.A. TI) MINIMM

+  (h2/ab=0.04)

0.0 0.01 0.25 0.50 0.75
264 3.231 2.448 1,632 0.816
.026 10.915  8.269 5.513 2.756
.470 21.235 ©16.102 -~ 10.735 : 5.367
.026 10.915 - 8.769 5.515 2.756
.462 33.306 25.252 16.821 8.411
.184 60.572 45.888 30.592 15.296
470 21,255 10,104 —~ 10.735 5:567
184  _ 60.572 45.888 30.592 15.296
+919 105.850 80.189 53.460 26.730

TABLE 6e. SUMMARY SHEET FOR NATURAL

FREQUENCY INCLUDING SHEAR.

0.99
0.033
0.110
0.215
0.110
0.336
0.612
0.215
0.612
1.069

86



99

A
) 82(B.S.A. TI) (h%/ab=0.05)
E 0.01 0.25 0.50 0.75 0.99
a

b (m=1, n=1)
0.25 11.182 8.471 5.647 2.824 0.114
0.5 4,575 3.466 23311 13155 0.046
1.0 3.089 2.340 1.560 0.780 0.031
1.5 3.560 2.697 1.798 0.899 0.036
2.0 4,575 3.466 2311 15155 0.046
2.5 5.910 4,477 2.985 1.492 0.060
3.0 7.483 5.669 3.779 1.890 0.076
3.5 9.251 7.008 4,672 2,356 0.093
4.0 11.181 8.471 5.647 2.824 0.113
4.5 15.252 10.040 6.693 3,347 0.134
5.0 15.445 11.701 7.801 3.900 0.156

(m=2, n=1)
0.25 79.431 60.175 40,117 20.058 0.802
0.5 32.535 24,648 16.432 8.216 0.329
1980 14,516 10.997 7532 3.666 0.147
1.5 10.827 8.202 5.468 2.734 0.109
2.0 10.128 7.673 15 2.558 0.102
25 10.546 7.989 5.326 2.663 0.107
3.0 11.540 8.742 5.828 2.914 0.117
5.5 12.897 9.771 6.514 3257 0.130
4.0 14,516 10.997 7.331 3.666 0.147
4.5 16.337 12.376 8.2561 4,125 0.165
5.0 18.321 13.879 9.253 ‘4,627 0.185

(m=3, n=1)
0.25 212.880 161.273 107 + 515 53.758 2.150
0.5 93.899 71.136 47.424 23.782 0.949
1.0 41.080 Sk.4.23 20.747 10.374 0.415
1.5 27.066 20.505 13.670 6.835 0,275
2.0 21.825 16.534 11.023 55512 0,221
2:5 19.805 15.004 10.002 5.001 0.200
3.0 19.307 14.627 9..751 4,876 0.195
345 19.662 14.896 . 9,930 4,965 0.199
4.0 20.557 15,573 10.382 52293 0.208
g.g 21.825 16.534 , A6 180023 54511 0.221

23.370 17.705 11.803 © 5,902 0.236

TABLE 7a, NATURAL FREQUENCY INCLUDING SHEAR.
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n
Q2(B.S.A. TI) (h2/ab=0.05)

0.01 s 0.50 .75 0.99

(m=1, n=2)
14.516  10.997 7.332 3.666 0.147
128 - TRE 5.115 2.558 0.102
14.516  10.997 7.332 3.666 0.147
22.681  17.182 11.455 5.727 0.229
32.535  24.648 16.432 8.216 0.329
43.415  32.890 21.927 10.963 0.439
54.980  41.652 27.768 13.884 0.555
67.028  50.779 33.853 16.926 0.677
79.430  60.174 40.116 20.058 0.802
92.099  69.772 46.515 23.257 0.930
104.975  79.526 53.018 26.509 1.050

(m=2, n=2)
84.226  63.808 42,539 21.269 0.851
41.080  31.121 20.747 10.374 0.415
29.775  22.557 15.038 7.519 0.301
33.466  25.353 16.902 8.451 0.338
41.079  31.121 20.747 10.374 0.415
50.545  38.292 25.528 12.764 0.511
61.112  46.297 30.865 15.433 0.617
72.410  54.856 36.571 18.285 0.731
84.225  63.807 42.538 ©21.269 0.851
96.422  73.047 48.698 {24,349 0.974
108.909  82.507 55.005 27.502 1.100

(m=3, n=2)
218.007 165.157 110.105 55.052 2.202
103.668  78.536 52.357 26.179 1.047
59.059 44,747 29.828 14.914 0.597
52.958  40.120 26.747 13.373 0.535
55.997  42.422 28.281 14.141 0.566
62.762  47.547 31.698 15.849 0.634
71.510  54.174 36.116 18.058 0.722
81.482  61.729 41.152 20.576 0.823
92.279  69.908 46.606 23.303 0.932
103.666  78.535 52.357 - 26.178 1.047

115.493 87.494 58.330 29.165 1.167

TABLE 7b. NATURAL FREQUENCY INCLUDING SHEAR.
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~
" Q2 (B.S.A. TI) (hZ/ab=0.05)
B 0.01 0.25 0.50 0.75 0.99

N

(m=1, n=3)
0.25 20.557  15.573 10.382 5.919 0.208
0.5 21.825  16.534 . 11.023 5.511 0.221
1.0 41.080  31.121 20,747 10,374 0.415
1.5 66.286  50.216 33.478 16.739 0.670
2.0 93,898  71.135 47.423 23.712 0.949
2.5 122.768  93.006 62.004 31.002 1.240
3.0 152.380 115.439 76.959 38.480 1.539
3.5 182.467 138,232 92.155 46,078 1.843
4.0 212.877 161.270 107.514 53,757 2,150
4.5 243.516 184,482 122.988 61.494 2.460
5.0 274.324  207.821 138.547 69.274 2,771

(m=2, n=3)
0.25 92.280  69.909 46.606 23.303 0.932
0.5 55.997 = 42,422 28,281  14.141 0.566
1.0 59.059 44,742 29.828 14,914 0.597
1.5 78.900  59.773 39,848 19.924 0.797
2.0 103.667  78.535 52.357 26.179 1.047
2.5 130.741  99.046 66.031 33.015 1.321
3.0 159,112  120.539 80.360 40.180 1.607
3.5 188.289  142.643 95.096 47.548 1.902
4.0 218.004  165.155 110.103 55.052 2.202
4.5 248,095 187.951 125.301 62.650 2.506
5.0 278.460  210.955 140.636 70,318 2.813

[}

(m=3, n=3)
0.25 226.563 171.639 114.426 57,213 2.289
0.5 120.120  91.000 60.667 30,333 1.3
1.0 90.664  68.685 45,790 22.895 0.916
1.5 100.402  76.062 50.708 25.354 1.014
2.0 120.119  90.999 60.666 30,333 1.213
2.5 144,102 109.168 72.779 36.389 1.456
3.0 170.366  129.066 86.044 43,022 1,721
3.5 198.012 150.009 100.006 50.003 2.000
4,0 226.560 171.637 114.424 57.212 2.289
4.5 255,734  193.738 129.159 64.579 2.583
5.0

285.358  216.180 144,120 72.060 2,882

TABLE 7c. NATURAL FREQUENCY INCLUDING SHEAR.
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A A
02 (B.S.A. TI. RI) (h%/ab=0.05), (8=0)

gk'qq_ 1 2 >
) (m=1)
0.25 115295 14.663 © 20,765
Q.5 4.621 10.230 22.046
1.0 3.520 14.663 41.495
15 . Be990 22.910 66.955
250 4.621 32.864 94,847
ud 5.969 43.854 124..008
3.0 7.+559 55.536 153,919
3¢5 9.344 67.706 184,310
4.0 11.-294 80.232 215.027
4.5 13.386 93.029 245.976
550 15.601 106.035 277.095
(m=2)
0.25 80.234 85.077 031812
0.5 32.864 41.495 56.562
1.0 14.663 30.076 59.655
155 10.936 33.804 79.697
250 10.230 41.494 104.714
255 10.652 51.055 132.061
3.0 11.656 61.729 160.719
o 13.028 75.141 190.191
4.0 14.663 85.076 i 220.206
N A 16.502 97.396 250.601
5.0 18.506 110.009 281.273
(m=3)
0.25 215.030 220.209 228.852
0.5 94,848 104,715 123,355
1.0 41.495 59.656 91.579
AL 27.340 53.493 101.416
2.0 22.046 . 56.562 121.333
2.5 20.005 63.396 145,557
3.0 19.502 oo - D 2nd B2 172.087
3.5 19.861 82.305 . 200.012
4.0 20.764 93.211 228.849
4.5 22.046 104.713 258,317
5.0 23.607 116.659 288.240

TABLE 7d. NATURAL FREQUENCY INCLUDING SHEAR.
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A
G2(B.S.A. TI) MINIMUM

N = w N = =

7 TR < et — L

S R sl IR~ =

7 B I

A
ak
-
1.0
2.0
3.0
0.5
1.0
1.5
0.33
0.67
1.0

(h2/ab=0.05)
0.0

3.120
10.230
19.502
10.230
30.076
53.493
19.502
53.493
91.579 ~

TABLE 7e.

0.01
3.089

10.128
19.307
10.128
29.775
52.958
19.307
52.958

1 90.664

0.25
2.340
7.673
14.627
7073
24,957
40.120
14.627
40.120
68.685

0.50
1.560
5.115
9.751
3.1315
15.038
26.747
9.001
26.741
45.790

0.75
0.780
2.558
4.876
2.558
7.519
13.373
4,876
13.373
22.895

0.99
0.031
0.102
0.195
0.102
0.301
0.535
0.195
0.5349
0.916

SUMMARY SHEET FOR NATURAL FREQUENCY

INCLUDING SHEAR.
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3 a2
\\\\E?: Q¢(B.A. TI)
a/b<X 0.01 0.25 0.50 0.75 0.99
(m=1, n=1)
0,25 17.882 13.547 9.031 4,516 0.181
0.5 6.188 4,688 3.125 1,563 0.063
1.0 3.960 3.000 2,000 1.000 0.040
1.3 4.648 5,52% 2.347 1.174 0.047
2.0 6.187 4,688 34125 1.563 0.063
2.5 8.326 6,307 4,205 2,103 0.084
3.0 11.000 8553 oS0 - 2.778 0.111
3.3 14.188 10.749 7.166 3.583 0.143
4,0 17.882 13,547 9.031 4,516 0.181
4.5 22.076 16.724 11.149 5575 0223
5.0 26.769 20.280 13.520 6.760 0.270
(m=2, n=1)
0.25 261.421 198.046 132,031 66.015 2.641
0.5 71.528 54.188 26.125 . 18.063 0.723
1.0 24,750 18.750 12.500 6.250 0.250
1.5 17.188 13.021 8.681 4,340 0.174
2.0 15.840 12.000 8.000 4,000 0.160
2.5 16.642 12.607 8.405 4,203 0.168
3.0 18.590 14.083 9.389 - 4,694 0.188
3.5 21.340 16,167 10.778 5.389 0.216
4.0 24.750 18.750 12.500 6.250 0.250
4.5 28.749 21.780 14.520 ©7.260 0.290
5.0 33.303 25.230 16:820. i 8.410 0.336
(m=3, n=1)
0.25 1300.922 985.547 657.031 328.516 13,141
0.5 338.827 256.687 171.125 85.562 3423
1.0 99,001 75.000 50.000 25.000 1.000
1,5 55.688 42.188 28.125 14.063 0.563
2.0 41.828 91588 | 21.125 10.563 0.423
2% 36.838 27.908 18.605 9.303 0.372
3.0 35.640 27.000 18.000 9.000 0.360
3,5 36.494 27.647 18.431 9.216 0.369
4.0 38.672 29,297 19,531 9.766 0.391
4,5 41,827 31.687 21,125 10.562 0.423
5.0 45,777 34.680 23.120 11.560 0.462

TABLE 8a., NATURAL FREQUENCY EXCLUDING SHEAR.
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Ao
Q2(B.A. TI)

A 0.01 0.25 0.50 0.75 0.99
%
(m=1, n=2)
0.25 24.750  18.750 12.500 6.250 0.250
0.5 15.840  12.000 8.000 4.000 0.160
1.0 24.750  18.750 12.500 6.250 0.250
1.5 44,000  33.333 ¥7:973 11.111 0.444
2.0 71.527  54.187 36,125 18.062 0.723
2.5 107.077  81.119 54.079 27.040 1.082
3.0 150.587 114.081 ' 76.054 38.027 1.521
3.5 202.037 153.058 102.039 51.019 2.041
4.0 261.415 198,042 132.028 66.014 2,641
4.5 328.720  249.030 166.020 83.010 3.320
5.0 403.949  306.022 204.015 102.007  4.080
(m=2, n=2)
0.25 286.109  216.750 144,500 72.250 2.890
0.5 99.000  75.000 50.000 25.000 1.000
1.0 63.360  48.000 32.000 16.000 0.640
1.5 74.360 56,333 37.555 18.778 0.751
2.0 98.999 74,999 50.000 25,000 1.000
2:8 133.213  100.919 67.279 33,640 1.346
3.0 175.997 133.331 88.887 44,444 1.778
3.5 227.009 171.976 114,651 57.325 2.293
4.0 286.104  216.745 144,497 72.248 2.890
4.5 353.213  267.586 178.391  89.195 3.568
5.0 428.303 324,572 716:315 t 108:157 4.326
(m=3, n=2)
0.25 1355.310 1026.750 684 .500 342,250  13.690
0.5 395.999 299,999 200.000 100.000  4.000
1.0 167.310  126.750 84.500 42,240 1.690
1.5 142.560  108.000 72.000 36.000 1.440
2.0 154.687 117.187 78.125 39,062 1.563
g:8 183.109 138.719 92.479 46.240 - 1.850
3.0 222.747 168.748 112.499 56.249 2.250
3.5 271.861  205.956 137.304 68.652 2.746
4.0 329.726  249.792 166.528 83.264 3,331
4.5 395.992 299,993 199.996 99,998 4,000
5.0 470,477  356.422 237.615 118.807  4.752

TABLE 8b, NATURAL FREQUENCY EXCLUDING SHEAR.




0.01

\7
0—’\”

(m=1, n=3)

38.672
41.828
99.000
198.685
338.822
519.155
739.624
1000.204
1300.891
1641.675
2022.559

(%}

NEPULUUWNNNHEEOO
. . - - . .
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(m=2, n=3)

329,731
154,688
167.310
258.745
395.994
574,991
794,734
1054.877
1355,279
1695.868
2076.612

wu
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(m=3, n=3)

w

1448.432
501,187
320.759
376.446
501.182
674.387
890.984
1149.231
1448.400
1788.146
2168,287
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TABLE 8c.

0.25

29,297
31,688
75.000
150,519
256,683
393.299
560,321
757,731
985.523
1243.693
1532.241

249,796
117.188
126.750
196.019
299.996
435.599
602.071
799,149
1026.726
1284.749
15734191

1097.297
379.687
243.000
285,186
379.683
510.899
674.988
870.629
1097.273
1354.656
1642.641

NATURAL FREQUENCY EXCLUDING SHEAR,

A
Q2(B.A. TI)
0.50

19,531
21,125
50,000
100.346
171 422
262,200
373,547
505.154
657.016
829,129
1021.494

166.531
78.125

84.500

130.679
199,997
290.399
401.381
532,766
684.484
856.499

1048.794

721,531
253,125
162.000
190.124
253,122
340,599
449,992
580.419
731 ¢315
903,104
1095.094

0.75

9.766
10,563
25,000
50,173
85,561
131.100
186,774
252,577
328,508
414,564
510.747

83.265
39.063
42,250
65.340
99,999
145,200
200.690
266,383
342,242

- 428,250

524,397

365.766
126,562
81.000
95.062
126.561

170.300 -

224,996
290.210
365.758
451,552
547,547

0.99

0.391
0.423
1.000
2,007
3.423
5.244
7.471
10,103
13,140
16,583
20.430

3, 551
1.563
1,690
2,614
4,000
5.808
8.028
10.655
13,690
17,130
20.976

14.631
5.063
3.240
3.803
5.063
6.812
9.000
11.608
14.630
18.062
21,902

106
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A

"2 A

S0 B.A TD D (&=0)

& 1 2 3

» (m=1)
0.25 18.063 25.000 39.063
0.5 6.250 16.000 42.250
1.0 4.000 25.000 100.000
1.5 4.694 44,444 200.692
2.0 6.250 72.249 342.244
2.5 8.410 108.158 524,399
3.0 11.111 152.108 747.095
3.5 14.331 204.077 1010.308
4.0 18.063 264.056 1314.032
4.5 22.299 332.041 1658.258
5.0 27.039 408.029 2042,989
0.25 264.062 288.999 333.062
0.5 72.250 100.000 156. 250
1.0 25.000 64.000 169.000
1.5 17.361 75.111 261.359
2.0 16.000 100.000 399.995
2.5 16.810 134.558 580.799
3.0 18.778 177.775 802.762
3.5 21.556 229.302i 1065.533
4.0 25.000 288.994 1368.968
4.5 29.040 356.781 1712.998
5.0 33.639 432.629 2097.588
0.25 1314.063 1369.000 1463.063
0.5 342.249 399,999 506.249
1.0 100.000 169.000 324,000
1.5 56.250 144.000 380.248
2.0 42.250 156.249 506.244
2.5 37.210 184,958 681.199
3.0 36.000 224,997 899,984
3.5 36.862 274.607 1160.839
4.0 39.062 333.056 1463.031
4.5 42.250 399.992 1806.209
5.0 46.240 475.229 2190.189

TABLE 8d. NATURAL FREQUENCY EXCLUDING SHEAR.
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(7 B

1.0
2.0
3.0
0.50
1.0
1.50
0.33
0.67
1.00

-TABLE 8e.

0.0

4.000
16.000
36.000
16.000
64.000
144.000
36.000
144.000

324.000 ~

SUMMARY SHEET FOR NATURAL FREQUENCY EXCLUDING SHEAR.

15,

35

15,
63.
142.

35

142.
320.

.01
.960

840

.640

840
360
560

.640

560
759

D>

(B.A. TI) MINIMUM

0.25
3.000
12.000
27.000
12.000
48.000
108.000
27.000
108.000

243.00

0.
2
8:
18.
8.

32
72

18.

72

162.

50

000
000
000
000

.000
.000

000

.000

000

16.

36
9

36.
81.

3D

.000
.000
.000
.000

000

.000
.000

000
000

.99
.040
.160
.360
.160
.640
.440
.360
.440
. 240

80T
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A
Q2 (h?/ab=0.01)
% 0.01 0.25 0.50 0.75 0.99

G—/b

(m=1, n=2)
0.25 0.8920 0.8622 0,8067 0,6760 0.0770
0.5 0.9335 0.9141 0.8764 0.7800 0.1242
1.0 0.9461 0.9301 0.8986 0.8159 0.1506
1.5 0.9419 0.9247 0.8911 0.8036 0.1407
2.0 0.9335 0.9141 0.8764 0.7800 0.1242
2.5 0.9237 0.9017 0.8594 -  0,7535 0.1090
3.0 0.9133 0.8886 0.8418 0.7268 0.,0962
35 0.9027 - 0.8754 0.8241 0.7008 0.0857
4.0 0.8920 0.8622 0.8067 0,6760 0.0770
4.5 0.8814 0.8492 0.7897 0.6525 0.0699
5.0 0.8710 0.8365 0.7732 0.6303 0.0638

(m=2, n=1)
0.25 0.6836 0.6207 0.5218 0.3530 £ 0.0214
0.5 0.8051 0.7578 0.6760 0.5105 0.0400
1.0 0.8753 0.8418 0.7800 0.6394 - 0.0662
1.5 0.8939 0.8646 0.8097 0.6803 0.0784
2.0 0.8977 0.8693 0.8159 0.6891 0.0814
2.5 0.8954 0.8664 -  0.8122 0.6838 0.0796
3.0 0.8901 0.8599 0.8036 0.6717 0.0756
5.5 0.8832 0.8514 0.7925 0.6563 0.0710
4.0 0.8753 0.8418 0.7800  0.6394 0.0662
4.5 0.8669 0.8315 0.7669 i  0.6220 0.0617
5.0 0.8582 0.8210 0.7535 0.6045 0.0576

(m=3, n=1)
0.25 0.4920 0.4232 0.3285 0.1965 0.0097
0.5 0.6549 0.5898 0.4894 0.3240 0.0188
1.0 0.7783 0.7268 0.6394 0.4699 0.0342
1.5 0.8240 0.7800 0.7027 0.5417 0.0451
2.0 0.8438 0.8036 0.7318 0.5770 0.0517
2.5 0.8520 0.8134 0.7440 0.5924 0.0549
3.0 0.8540 0.8159. 0.7472 0.5964 0.0558
52 0.8526 0.8141 0.7449 0.5935 0.0552
4.0 0.8489 0.8097 0.7394 0.5865 0.0537
4.5 0.8438 0.8036 0.7318 0.5770 0.0517
5.0 0.8377 0.7964 0.7228 0.5659 0.0496

TABLE 9a, NATURAL FREQUENCY RATIO
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A
3 02 (h2/ab=0.01) -
ﬁ 0.01 0.25 0.50 0.75 0.99

b

(m=1, n=2)
0.25 0.8763 0.8418 0.7800 0.6394 0,0662
0.5 0.8977 0.8693 0.8159 0.6891 0.0814
1.0 0.8753 0.8418 0.7800 0.6394 0.0662
L5 0.8404 0.7996 0.7268 0.5708 0.0505
2.0 0.8051 0.7578 0.6760 0,5105 0.0401
2.8 0. 7715 0.7189 0.6303 0.4602 0.0330
320 0.7400 0.6832 0.5898 0.4182 0.0279
3275 0.7108 0.6506 0.5538 0.3829 0.0242
4.0 0.6836 0.6207 0.5218 0.3530 0,0214
4.5 0.6583 0.5934 0.4932 03275 0.0191
5.0 0.6348 0.5683 0.4675 0.3050 0.0173

(m=2, n=2)
0.25 0.6738 0.6101 0.5105 0.3428 0.0204
0.5 0.7783 0.7268 0.6394 0.4699 0.0342
1.0 0.8144 0.7688 0.6891 05257 0.0424
§ e 0.8020 (.. 1542 0.6717 0,5057 0.0393
2 0.7783 0.7268 0.6394 0.4699 0.0342
2e0 0.7516 0.6963 0.6045 0.4332 0.0297
5,0 0.7248 0.6661 0.5708 0.3994 0.0259
3.3 0.6987 0.6372 0.5394 0.3693 0.0229
4,0 0.6738 0.6101 O SHOS o 0378 0.0204
4.5 0.6502 0.5847 0.4842. 0.3194 0.0184
5.0 0.6280 0.5612 0.4602" 0.2989 0.0168

(m=3, n=2)
0,25 0.4869 0.4182 0.3240 0.1933 0.0095
0.5 0.6571 0.5708 0.4699 O SUETe 0.0174
L0 0.7298 0.6717 0.5770 0.4055 0.0266
135 0.7453 0.6891 0.5964 0.4249 0.0287
2.0 0.7374 0.6803 0.5865 0.4149 0.0276
2o . 72203 0.6617 0.5659 0.3946 0.0254
3.0 0.7006 0.6394 0.5417 0..3715 0.0231
35 0.6793 0.6161 0.5769 0.3485 0.0210
4,0 0.6580 0.5931 0.4928 0.3270 0.0191
4,5 0.6371 0.5708 0.4699 0.3071 0.0174
5.0 0.6169 0.5496 0.4485 0.2891 0.0160

TABLE 9b. NATURAL FREQUENCY RATIO.
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2 02 (h?/ab=0.01)
\\\\\f 0.01 0.25 0.50 0.75 0.99
«

> (m=1, n=3)
025 0.8489 0.8097 0.7394 0.5865 0.0537
0.5 0.8438 0.8036 0.7318 0.5770 0.0517
1.0 0.7783 0.7268 0.6394 0.4699 0.0342
L5 0.7125 0.6525 0.5559 0.3849 0.0244
2.0 0.6549 0.5898 0.4894 0.3240 0.0188
Z2iS 0.6052 0.53575 0.4364 0.2791 0.0152
540 0.5623 0.4932 0.3935 0.2449 0.0128
kL 0.5248 0.4556 0.3581 0.2181 0.0110
4.0 0.4920 0.4232 0.3285 0.1965 0.0097
4,5 0,4630 0.3951 0.3033 0.1788 0.0086
5.0 0.4372 0.3704 0.2818 0.1640 0,0078

(m=2, n=3)
0:25 0.6580 0.5931 0.4928 03270 0.0191
0.5 0.7374 0.6803 0.5865 0.4149 0.0276
1.0 0.7298 0.6717 0.5770 0.4055 0.0266
15 0.6847 0.6220 0.5231 0,3542 0.0215
2.0 0.6371 0.5708 0.4699 0.3071 0.0174
Zed 0.5930 0.5246 0.4239 0.2689 0.0145
540 0.5534 0.4892 0.3849 0.2383 0.0124
345 0.5182 0.4490 0.3520 0,2136 0.0107
4.0 0.4869 0.4182 0.3240 0.1933 0.0095
4.5 0.4589 0.3912 0.2999 ° 0.1764 0,0085
540 0.4339 0.3674 0.2791. 0.1622 0.0077

(m=3, n=3)
0.25 0.4786 0.4101 0.3167 0.1882 0.0092
0.5 0.6094 0.5417 0.4407 0.:2827 0.0155
1.0 0.6611 0.5964 0.4962 0.3300 0.0193
1:5 0.6429 0.5770 0.4762 0 5125 0.0179
2.0 0.6094 0.5417 0.4407 0.2827 0.0155
2.5 0.5736 0.5047 0.4045 0.2536 0.0134
3.0 " 05592 0.4699 @.35715 0.2281 0.0117
3.8 0.5075 0.4384 0.3423 0.2065 0.0103
4.0 0.4786 0.4101 0.3167 - 0,1882 0.0092
4.5 0.4524 0.3849 0.2944 0.1726 0.0083
5.0 0.4286 0.3624 0.2748 0.1593 0.0075

TABLE 9c. NATURAL FREQUENCY RATIO,
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A A
Q2 (h2/ab=0.01), (B=0)

\§§<(l 1 2 3

(m=1)
0.25 0.8930 0.8764 ©0.8502
0.5 0.9341 0.8966 .  0.8451
1.0 0.9466 0.8764 0.7800
Tl 0.9424 0.8418 0.7145
2.0 0.9341 0.8067 0.6572
2.5 0.9244 0.7732 0.6076
3.0 0.9141 0.7420 0.5647
3.5 0.9035 0.7128 0.5273
4.0 0.8930 0.6858 0.4945
4.5 0.8825 0.6606 0.4655
5.0 0.8721 0.6371 0.4396

(m=2)
0.25 0.6858 0.6760 0.6602
0.5 0.8067 0.7800 0.7394
1.0 0.8764 0.8159 0.7318
1.5 0.8949 0.8036 0.6869
2.0 0.8986 0.7800 0.6394
2.5 0.8964 0.7535 0.5954
3.0 0.8911 0.7268 0.5559
3.5 0.8842 0.7008 ~  0.5207
4.0 0.8764 0.6760 i 0.4894
4.5 0.8681 0.6525 0.4614
5.0 0.8594 0.6303 0.4364

(m=3)
0.25 0.4945 0.4894 0.4811
0.5 0.6572 0.6394 0.6118
1.0 0.7800 0.7318 0.6633
1.5 0.8254 0.7472 0.6452
2.0 0.8451 0.7394 0.6118
2.5 0.8532 0.7228 0.5760
3.0 0.8553 0.7027 0.5417
3.5 0.8538 0.6815 0.5100
4.0 0.8502 0.6602 0.4811
4.5 0.8451 0.6394 0.4549
5.0 0.8391 0.6193 0.4311

TABLE 9d. NATURAL FREQUENCY RATTO.
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0.99

.1506
.0814
.0558
.0814
.0424
0287
.0558
.0287
.0193

3 maxoom
(h%/ab=0.01)

o 0.0 0.01 0.25 0.50 0.75
-%.o 0.9466 0.9461 0.9301 0.8986 0.8159 0
2.0 0.8986 0.8977 0.8693 0.8159 0.6891 0
3.0 0.8553 0.8540 0.8159 0.7472 0.5964 0
0.5 0.8986 0.8977 0.8693 0.8159 0.6891 0
1.0 0.8159 0.8144 0.7268 0.6891 0.5257 0
1.5 0.7472 0.7453 0.6891 0.5964 0.4249 0.
0.33 0.8553 0.8540 0.8159 0.7472 0.5964 0
0.67 0.7472 0.7453 0.6891 0.5964 0.4249 0
1.0 0.6633 -~  0.6611 0.5964 0.4962 0.3300 0
TABLE 9e. SUMMARY SHEET FOR NATURAL FREQUENCY SQUARE RATIO.
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. 02 (h%/ab=0.02)
ﬁ 0.01 0.25 0.50 0.75 0.99
a
3 (m=1, n=1)
0.25 0.8051 0.7578 0.6760 0.5105 0.0770
0.5 0.8753 0.8418 0.7800 0.6394 0.1242
1.0 0.8977 0.8693 0.8159 0.6891 0.1506
1.5 0.8901 0.8599 0.8036 0.6717 0.1407
2.0 0.8752 0.8418 0.7800 0.6394 0.1242
2.5 0.8582 0.8210 .  0,7535 0.6045 - 0.1090
3.0 0.8404 0.7996 0.7268 0.5708 0.0962
3.5 0.8226 0.7784 0.7008 0.5394 0.0857
4.0 0.8051 0.7578 0.6760 0.5105 0.0770
4.5 0.7880 0.7380 0.6525 0.4842 0.0699
5.0 0.7715 0.7189 0.6303 0.4602 0.0638
(m=2, n=1)
0.25 0.5193 0.4501 0.3530 0.2143 0.0214
0.5 0.6738 0.6101 0.5105 0.3428 0.0400
1.0 0.7783 0.7268 0.6394 0.4699 0.0662
1.5 0.8082 0.7614 0.6803 0.5155 0.0784
2.0 0.8144 0.7688 0.6891 0.5257 0.0814
2.5 0.8107 0.7643 0.6838 0.5195 0.0796
3.0 0.8020 0.7542 0.6717 0.5057 0.0756
3.5 0.7908 0.7412 0.6563 0.4884 0.0710
4.0 0.7783 0.7268 0.6394 0.4699 0.0662
4,5 0.7651 0.7116 0.6220  0,4513 0.0617
5.0 0.7516 0.6963 0.6045i  0.4332 0.0576
(m=3, n=1)
0.25 0.3263 0.2684 0.1965 0.1090 0.0097
0.5 0.4869 0.4182 0.3240 0.1933 0.0188
1.0 0.6371 0.5708 0.4699 0.3071 0.0342
1.5 0.7006 0.6394 0.5417 0.3715 0.0451
2.0 0.7298 0.6717 0.5770 0.4055 0.0517
2.5 0.7421 0.6855 0.5924 0.4209 0.0549
3.0 0.7453 0.6891 0.5964 0.4249 0.0558
3.5 0.7430 0.6866 0.5935 0.4220 0.0552
4.0 0.7374 0.6803 0.5865 0.4149 0.0537
4.5 0.7298 0.6717 0.5770 0.4055 0.0517
5.0 0.7208 0.6617 0.5659 0.3946 0.0496

TABLE 10a, NATURAL FREQUENCY RATTO,
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Q2 (h2/ab=0.02)

0.01 025 0.50 075 0.99
(m=1, n=2)

0.7783 0,7268 0.6394 0.4699 0.0662
0.8144 0,7688 0,6891 ) 025 0,0814
0% 7185 0,7268 0.6394 0.4699 0,0662
0.7248 0.6661 0,5708 0.3994 0.0505
0.6738 D.6101 - 05105 0,3428 0,0401
0.6280 0,5612 0.4602 0,2989 0,0330
0.5873 0,5188 0,4182 0.2644 0,0279
0.5513 0.4821 0.3829 0,2368 0.0242
0.5193 0.4501 0,3530 0,2143 0.,0214
0.4907 0.4219 125275 0.1957 0,0191
0.4650 0.3970 0.3050 0.1800 0.0173
(m=2, n=2)

0.5080 0.4389 0.3428 0.2068 0.0204
{16571 0.5708 0.4699 0.35071 0.0342
0.6869 0.6244 05257 0.3565 0.0424
0.6695 0.6054 0.5057 0.3384 0.0393
0.6371 0.5708 0.4699 0.3071 0.0342
0.6021 0.5341 0.4332 0.2765 0.0297
0.5684 0.4993 0.3994 0.2495 0.0259
0.5369 0.4676 0.3693 0.2264 0.0229
0.5080 0.4389 0.3428 0.2068 0.0204
0.4817 0.4132 0.3194 . 0.1901 0.0184
0.4577 0.3900 0.2989 01757 0.0168
(m=3, n=2)

0.3218 0.2644 0.1933 0.1070 0.0095
0.4674 0.3994 0 =3041 0.1814 0.0174
0.5745 0.5057 0.4055 0.2543 0.0266
0.5940 0.5257 0.4249 0.2698 0.0287
0.5841 0,5155 0.4149 0.2618 0.0276
0.5635 0.4944 0.3946 0.2458 0.0254
0.5392 0.4699 03715 0.2281 0.0231
0.5144 0.4452 0.3485 0.2110 0.0210
0.4903 0.4215 0,3270 0.1954 0.0191
0.4674 0.3994 0.3071 0.1814 0.0174
0.4461 0.3789 0.2891 0.1690 0.0160

‘TABLE 10b. NATURAL FREQUENCY RATIO.
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. Y (h%/ab=0.02)
i 0.75 0.99
a’bp 0.01 0.25 0.50
(m=1, n=3)
0.25 0.7374 0.6803 0.5865 0.4149 0.0537
0.5 0.7298 0.6717 0.5770 0.4055 0.0517
1.0 0.6371 0.5708 0.4699 0.3071 0.0342
1.5 0.5534 0.4842 0.3849 0.2383 0.0244
2.0 0.4869 0.4182 0.3240 0.1933 0.0188
2.5 0.4339 0.3674 0.2791 0.1622 0.0152
3.0 0.3911 0.3273 0.2449 0.1395 0.0128
3.5 0.3558 0.2950 0.2181 0.1224 0.0110
4.0 0.3263 0.2684 0.1965 0.1090 0.0097
4.5 0.3012 0.2462 0.1788 0.0982 0.0083
5.0 0.2797 0.2273 0.1640 0.0893 0.0078
(m=2, n=3)
0.25 0.4903 0.4215 0.3270 0.1954 0.0191
0.5 0.5841 0.5155 0.4149 0.2618 0.0276
1.0 0.5735 0.5057 0.4055 0.2543 0.0266
1.5 0.5206 0.4513 0.3542 0.2152 0.0215
2.0 0.4674 0.3994 0.3071 0.1814 0.0174
2.5 0.4214 0.3556 0.2689 0.1554 0.0145
3.0 0.3825 0.3194 0.2383 0.1353 0.0124
3.5 0.3497 0.2895 0.2136 0.1196 0.0107
4.0 0.3218 0.2644 0.1933 0.1070 0.0095
4.5 0.2978 0.2432 0.1764  0.0967 0.0085
5.0 0.2771 0.2250 0.1622 *  0.0882 0.0077
(m=3, n=3)
0.25 0.3146 0.2580 0.1882 0.1039 0.0092
0.5 0.4383 0.3715 0.2827 0.1646 0.0155
1.0 0.4937 0.4249 0.3300 0.1976 0.0193
1.5 0.4737 0.4055 0.3125 0.1852 0.0179
2.0 0.4383 0.3715 0.2827 0.1646 0.0155
2.5 0.4021 0.3375 0.2536 0.1452 0.0134
3.0 0.3691 0.3071 0.2281 0.1287 0.0117
3.5 0.3400 0.2807 0.2065 0.1151 0.0103
f 4.0 0.3146 0.2580 0.1882 0.1039 0.0092
4.5 0.2933 0.2383 0.1726 0.0945 0.0083
5.0 0.2728 0.2213 0.1593 0.0865 0.0075

TABLE 10c. NATURAL FREQUENCY RATIO.
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(2 (h2/ab=0.02, B=0)
n

G 1 2 3
i (m=1)
0.25 0.8067 0.7800 ©0.739
0.5 0.8764 0.8159 0.7318
1.0 0.8986 0.7800 . 0.6394
1.5 0.8911 0.7268 0.5550
2.0 0.8764 0.6760 0.4894
2.5 0.8594 0.6303 0.4364
3.0 0.8418 0.5898 0.3935
3.5 . 0.8241 0.5538 0.3581
4.0 0.8067 0.5218 0.3285
4.5 0.7897 0.4932 0.3033
5.0 0.7732 0.4675 0.2818

(m=2)
0.25 0.5218 0.5105 0.4928
0.5 0.6760 0.6394 0.5865
1.0 0.7800 0.6891 0.5770
1.5 0.8097 0.6717 0.5231
2.0 0.8159 0.6394 0.4699
2.5 0.8122 0.6045 0.4239
3.0 0.8036 0.5708 0.3849
3.5 0.7925 0.5394 *  0.3520
4.0 0.7800 0.5105 i 0.3240
4.5 0.7669 0.4842 0.2000
5.0 0.7535 0.4602 0.2791

(m=3)
0.25 0.3285 0.3240 0.3167
0.5 0.4849 0.4699 0.4407
1.0 0.6394 0.5770 0.4962
1.5 0.7027 0.5964 0.4762
2.0 0.7317 0.5865 0.4407
2.5 0.7440 0.5659 0.4045
3.0 0.7472 0.5417 0.3715
3.5 0.7449 0.5169 0.3423
4.0 0.7394 0.4928 0.3167
4.5 0.7319 0.4699 0.2944
5.0 0.7228 0.4485 0.2748

TABLE 10d. NATURAL FREQUENCY RATIO.




=]

L7

W N, e

N W W

(h2/ab=0.02)
0.0

iy 0.01
1.0 0.8986 0.8977
2.0 0.8159 0.8144
3.0 0.7472 0.7453
0.5 0.8159 0.8144
1.0 0.6891 0.6869
1.5 0.5964 0.5940
0.33 0.7472 0.7453
0.67 0.5964 0.5940
1.0 0.4962 -~  0.4937
TABLE 10e.

SUMMARY SHEET FOR NATURAL FREQUENCY SQUARE RATIO.

52 MAXIMUM
0.25 0.50
0.8693  0.8159
0.7688  0.6891
0.6891  0.5964
0.7688  0.6891
0.6244  0.5257
0.5257  0.4249
0.6891  0.5964
0.5257  0.4249
0.4249  0.3300

0.75

.6891
.5257
.4249
.5257
.3565
.2698
.4249
.2698
.1976

0.99

0.
Ol

0

0814
0424

.0287
.0424
.0217
.0146
.0287
.0146
.0098

8TI



119

% 02 (h2/ab=0.03)
; 0.01 0.25 0.50 0.75 0.99
Q,
/s (m=1, n=1)
0.25 0.7336 0.6760 0.5817 0.4101 0.0271
0.5 0.8240 0.7800 0.7027 0.5417 0.0451
1.0 0.8540 0.8195 0.7472 0.5964 0.0558
i:5 0.8438 0.8036 0.7318 0.5770 0.0517
2.0 0.8240 0.7800 0.7027 0.5417 0.0451
2.5 0.8014 0.7535 0.6708 -0.5047 0.0392
3.0 0.7783 0.7268 0.6394 0.4699 0.0342
3.5 0.7556 0.7008 - 0.6096 0.4384 0.0303
4.0 0.7336 0.6760 0.5817 0.4102 0.0271
4.5 0.7125 0.6525 0.5559 0.3849 0.0244
5.0 0.6924 0.6303 0.5320 0.3624 0.0222
(m=2, n=1)
0.25 0.4187 0.3530 0.2667 0.1539 0.0072
0.5 0.5793 0.5105 0.4101 0.2580 0.0137
1.0 0.7006 0.6394 0.5417 0.3715 0.0231
1.5 0.7374 0.6803 0.5865 0.4149 0.0276
2.0 0.7453 0.6891 0.5964 0.4229 0.0287
2.5 0.7405 0.6838 0.5904 0.4189 0.0280
3.0 0.7298 0.6717 0.5770 0.4055 0.0266
3.5 0.7160 0.6563 0.5601 0.3889 0.0248
4.0 0.7006 0.6394 0.5417 0.3715 0.0231
4.5 0.6847 0.6220 0.5231 0.3542 0.0215
5.0 0.6686 0.6045 0.5047:  0.3375 0.0200
(m=3, n=1)
0.25 0.2440 0.1965 0.1402 0.0754 0.0033
0.5 0.3875 0.3240 0.2421 0.1377 0.0063
1.0 0.5392 0.4699 0.3715 0.2281 0,0117
1:5 0.6094 0.5417 0.4407 0.2827 0.0155
2.0 0.6429 0.5770 0.4762 0.3125 0.0179
2.5 0.6574 0.5924 0.4921 0.3264 0.0190
3.0 0.6611 0.5964 0.4962 0.3300 0.0193
3.5 0.6584 0.5935 0.4933 0.3274 0.0191
4.0 0.6519 0.5865 0.4860 0.3210 0.0186
4.5 0.6429 0.5770 0.4762 0.3125 0.0179
5.0 0.6325 0.5659 0.4650 0.3029 0.0171

TABLE 1la. NATURAL FREQUENCY RATIO.
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A2 Bliciod
% Q (h4/ab=0.03)
B 0.01 0.25 0.50 0.75 0.99

S

(m=1, n=2)
0.25 0.7006 0.6394 0.5417 0,3715 0.0231
0.5 0.7453 0.6891 0.5964 0.4249 0.0287
1.0 0.7006 0.6394 0.5417 0.3715 0.0231
1.5 g:6571 0.5708 0.4699 0.3071 0.0175
2.0 0.5793 0.5105 0.4101 0.2580 0.0137
2:5 0.5295 0.4602 0.3264 0.2213 0.0112
3.0 0.4869 0.4182 0.3240 0.1933 0.0095
3:5 0.4503 0.3829 0.2927 0.1714 = 0.0082
4.0 0.4187 0.3530 0.2667 0.1539 0.0072
4.5 0.3911 0.3273 0.2449 0.1395 0.0064
5.0 0.3668 0.3050 0.2264 0.1276 0.0058

(m=2, n=2)
0.25 0.4077 0.3428 0.2580 0.1481 0.0069
0.5 0.5392 0.4699 0.3715 0.2281 0.0117
1.0 0.5940 0.5257 0.4249 0.2698 0.0146
k:5 0.5745 0.5057 0.4055 0.2543 0.0135
2.0 0.5392 0.4699 0.3715 0.2281 0.0117
2.5 0.5022 0.4332 0.3375 0,2030 0.0101
3.0 0.4674 0.3994 0.3071 0.1814 0.0088
313 0.4359 0.3693 0.2807 - 0.1633 0.0077
4.0 0.4077 0.3428 0.2580 0.1481 0.0069
4.5 0.3825 0.3194 0.2583 = 0,1353 0.0062
5.0 0.3601 0.2989 0.2213% 0.1244 0.0057

(m=3, n=2)
0.25 0.2403 0.1933 0.1377 0.0740 0.0032
0.5 0.3691 0.3071 0.2281 0.1287 0.0059
1.0 0.4737 0.4055 0.3125 0.1852 0.0090
2:8 0.4937 0.4249 0.3300 0.1976 0.0098
2:9 0.4835 0.4149 0.3210 0,1912 0.0094
2:5 0.4625 0.3946 0.3029 0.1785 0.0086
5:0 0.4383 0.3715 0.2827 0.1646 0.0078
3.5 0.4139 0.3485 0.2629 0.1513 0.0071
4.0 0.3907 0.3270 0.2446 0.1394 0.0064
4.5 0.3691 0.3071 0.2281 0.1287 0.0059
5.0 0.3493 0.2891 0:2133 0.1194 0.0054

i TABLE 11b. NATURAL FREQUENCY RATIO.
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A
il 02 (h2/ab=0.03)

ﬁ 0.01 0.25 0.50 0.75 0.99
BN

_ (m=1, n=3)
0.25 0.6519 0.5865 0.4860 0.35210 0.0186
0.5 0.6429 0.5770 0.4762 0..51.25 . 0,0179
1.0 0.5392 0.4699 0,3735 0,2281 0.0117
1.5 0.4524 0.3849 0.2944 0.1726 0,0083
20 0.3875 0.3240 0.2421 0.1377 0,0063
. 0.3382 Q52791 . 0.2051 0.1143 0.0051 .
3.0 0.2998 0.2449 0.1778 0.0976 0.0043
545 0.2691 0.2181 0.1568 0,0851 . 0.0037
4.0 0.2440 0.1965 0.1402 0,0754 0,0033
4.5 0.2232 0.1788 0.1267 0.0677 0.0029
5.0 0.2057 0.1640 0.1156 0.0614 0,0026

(m=2, n=3)
.25 0.3907 0.3270 0.2546 0.1394 0.0064
0.5 0.4835 0.4149 0.3210 0.1912 0.0094
1.0 0.4737 0.4055 0:3125 0.1852 0,0090
15 0.4199 0.3542 0:2677 0.1545 0.0073
2.0 0.3691 0.3071 0.2281 0.1287 0,0059
25 0.3269 0.2689 0.1969 0.1092 0.0049
Sl 0.2923 0.2383 0.1726 0.0945 0.0042
3.5 0.2639 0.2136 0.1533 0.0830 0.0036
4.0 0.2403 0.1933 0.1377 0.0740 0.0032
4.5 0.2204 0.1764 0.1250 - 0.0666 0.0028
5.0 0.2035 0.1622 0.1143;  0.0606 0.0026
(m=3, n=3)

0.25 0.2343 .1882 0.1338 0.0717 0.0031
0.5 0.3422 0.2827 0.2080 0. 1161 0.0052
1.0 0.3940 0.3300 0.2472 0.1410 0.0065
1S 0. 5751 U125 0.2326 0.1316 0.0060
2.0 0.3422 0.2827 0.2080 0.1161 0.0052
LoD 0.3096 0.2536 0.1846 0.1017 0.0045
5.0 0.2806 U.2281 0.1646 0.0897 0.0039
S 0.2557 0.2065 0.1478 0.0798 0.0035
4,0 0.2343 0.1882 0.1338 0.0717 0.0031
4.5 0.2159 Uil 726 0.3221 0.0650 0.0028
5.0 0.2000 0.1593 0.1121 0.0594 0.0025

TABLE 1lc. NATURAL FREQUENCY RATIO.
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NEPRPUUWUNDNNRFREHEHOO NPEPPRPRANNNDNNHEPEHEOO
. . o . . - . . . . L . L . Ll . . L] . . . .
ounnouIoouTIounIouTN
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SO UnNOUTOUVNO U

(%}
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oo uIouTIoOUnNOoOUIN

(%}

O
N

(m=1)

0. 7555
0.8254
0.8553
0.8451
0.8254
0.8030
0.7800
0.7574
0.7355
0.7146
0.6945

(m=2)

0.4211
0.5817
0.7027
0.7394
0.7472
0.7425
0.7318
0.7180
0.7027
0.6869
0.6708

(m=3)

0.2459
0.3899
0.5417
0.6118
0.6452
0.6596
0.6633
0.6607
0.6541
0.6452
0.6348

(h2/ab=0.03, B=0)

2

0.7027
0.7472
0.7027
0.6394
0.5817
0.5320
0.489%4
0.4528
0.4211
0.3935
0.3692

0.4101
0.5417
0.5964
0.5770
0.5417
0.5047
0.4699
0.4384

0.4101 i

0.3849
0.3624

0.2421
0.3715
0.4762
0.4962
0.4860
0.4650
0.4407
0.4163
0.3931
0.3715
0.3516

0.6541
0.6452
0.5417
0.4549
0.3899
0.3405
0.3019
0.2711
0.2459
0.2250
0.2073

0.3931
0.4860
0.4762
0.4224
0.3715
0.5291

0.2944

0.2659
0.2421
02222
0.2051

0.2361
0.3444
0.3964
0.3774
0.3444
0.3117
0.2827
0.2576
0.2361
0.2176
0.2016

TABLE 11d. NATURAL FREQUENCY RATIO.
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pa SRS iy e THE "D

(72 I 7 B V)

0.99

0558
.0287
0193
.0287
.0146
.0098
.0193
.0098
.0065

22 Maxvan
A (h%/ab=0.03)

a,bB 0.0 0.01 0.25 0.50 0.75

1.0 0.8553 0.8540 0.8159 0.7472 0.5964 0.
2.0 0.7472 0.7453 0.6891 0.5964 0.4249 0
3.0 0.6633 0.6611 0.5964 0.4962 0.3300 0
0.5 0.7472 0.7453 0.6801 0.5964 0.4249 0
1.0 0.5964 0.5940 0.5257 0.4249 0.2698 0
1.5 0.4962 0.4937 0.4249 0.4055 0.1976 0
0.33 0.6633 0.6611 0.5964 0.4962 0.3300 0
0.67 0.4962 0.4937 0.4249 0.3300 0.1976 0
1.0 0.3964 ~  0.3940 0.3300 0.2472 0.1410 O
TABLE 1le. SUMMARY SHEET FOR NATURAL FREQUENCY SQUARE RATIO.
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g 52 (h%/ab=0.04)
\\\\E\ 0.01 0.25 0.50 0.75 0.99
Q,
o (m=1, n=1)
0.25 0.6738 0.6101 0.5105 0.3428 0.0204
0.5 0.7783 0.7268 0.6394 0.4699 0.0342
1.0 0.8144 0.7688 0.6891 0.5257 0.0424
1.5 0.8020 0,7542 0,6717 0.5057 0,0393
2.0 0.7783 0.7268 0.6394 0.4699. 0.0342
2.5 0.7516 0.6963 0.6045 0.4332 0.0297
3.0 0.7248 0.6661 0.5708 0.3994 0.0259
3.5 0.6987 0.6372 0.5394 0.3693 0.0229
4.0 0.6738 0.6101 0.5105 0.3428 0.0204
4.5 0.6502 0.5847 0.4842 0.3194 0.0184
5.0 0.6280 0.5612 0.4602 0.2989 0.0168
(m=2, n=1)
0.25 0.3507 0.2904 0.2143 0.1200 0.0054
0.5 0.5080 0.4389 0.3428 0.2068 0.0103
1.0 0.6371 0.5708 0.4699 0.3071 0.0174
1.5 0.6781 0.6148 0.5155 0.3472 0.0208
2.0 0.6869 0.6244 0.5257 0.3565 0.0217
2.5 0.6816 0.6186 0.5195 0.3509 0.0212
3.0 0.6695 0.6054 0.5057 0.3384 0.0200
3.5 0.6540 0.5888 0.4884 - 0.3231 0.0187
4.0 0.6371 0.5708 0.4699 0.3071 0.0174
4.5 0.6196 0.5523 0.4513 ° 0.2914 0.0162
5.0 0.6021 0.5341 0.4332i 0.2765 0.0151
(m=3, n=1)
0.25 0.1949 0.1550 0.1090 0.0576 0.0024
0.5 0.3218 0.2644 0.1933 0.1070 0.0048
1.0 0.4674 0.3994 0.3071 0.1814 0.0088
1.5 0.5392 0.4699 0.3715 0.2281 0.0117
2.0 0.5745 0.5057 0.4055 0.2543 0.0135
2.5 0.5900 0.5215 0.4209 0.2665 0.0143
3.0 0.5940 0.5257 0.4249 0.2698 0.0146
3.5 0.5911 0.5227 0.4220 0.2674 0.0144
4.0 0.5841 0.5155 " 0.4149 0.2618 0.0140
4.5 0.5745 0.5057 0.4055 0.2543 0.0135
5.0 0.5635 ' 0.4944 0.3946 0.2458 0.0129

TABLE 12a, NATURAL FREQUENCY RATIO,
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A
s Q2 (hZ/ab=0.04)
ﬁ 0.01 0.25 0.50 0.75 0.99

(m=1, n=2)
0.25 0.6371 0.5708 0.4699 0.3071 0.0174
0.5 0.6869 0,6244 0.5257 0.3565 0.0217
1.0 0.6371 0,5708 0.4699 - 0.3071 0.0174
1.5 0.5683 0.4993 0.3994 0.2495 0.0131
2.0 0.5080 0.4389 0.3428 0.2068 0.0103
2.5 0,4577 0.3900 0.2989 0.1757 0.0085
3.0 0.4158 0.3503 0.2644  0,1523 0.0071
3.5 0.3806 0.3176 0.2368 0.1343 0.0062
4.0 0.3507 0.2904 0.2143 - 0.1200 0.0054
4.5 0.3251 0.2673 0.1957 0.1084 0.0048
5.0 0.3029 0.2477 0.1800 0.0989 0.0044

(m=2, n=2)
0.25 0.3405 0.2812 0.2068 0.1153 0.0052
0.5 0.4674 0.3994 0.3071 0.1814 0.0088
1.0 0.5232 0.4539 0.3565 0.2169 0.0110
18 0.5032 0.4341 0.3384 0.2037 0.0101
2.0 0.4674 0.3994 0.3071 0.1814 0.0088
2.5 0.4307 0.3644 0.2765 0.1604 0.0076
3.0 0.3970 0.3328 0.2495 0.1425 0.0066
3.5 0.3669 0.3051  0.2264 0.1277 0.0058
4.0 0.3405 -  0.2812 0.2068 0.1153 0.0052
4.5 0.3173 0.2604 0.1901¢ 0.1050 0.0047
5.0 0.2968 0.2422 0.1757 0.0963 0.0042

(m=3, n=2)
0.25 0.1917 0.1523 0.1070 0.0565 0.0024
0.5 0.3050 0.2495 0.1814 0.0998 0.0044
1.0 0.4030 0.3384 0.2543 0.1457 0.0068
145 0.4224 0.3565 0.2698 0.1559 0.0073
2.0 0.4125 0.3472 0.2618 0.1506 0.0070
2.5 0.3922 0.3284 0.2458 0.1401 0.0065
3.0 0.3691 0.3071 0.2281 0.1287 0.0059
3.5 0.3463 0.2863 0.2110 0.1180 0.0053
4.0 0.3247 0.2670 0.1954 0.1083 0.0048
g.g 0.3050 0.2495 0.1814 0.0998 0.0044

0.2870 0.2337 0.1690 0.0923 0.0041

TABLE 12b. NATURAL FREQUENCY RATIO.
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A
. 02 (h?/ab=0.04)
B 0.01 0.25 0.50 0.75 0.99

N

(m=1, n=3)
0.25 0,5841  0.5155 0.4149  0.2618 0.0140
0.5 0.5745  0.5057 0,4055  0.,2543 0.0135
1.0 0.4674 0.3994 0.3071  0,1814 0.0088
1.5 0.3825  0,3194 0,2585  0.1353 0.0062
2.0 0.3218  0.2644 0.1933  0,1070 0.0048
2.5 02771 S 02250 0.1622  0.0882 0.0039
3.0 0.2431  0.1957 0.1395  0.0750 0.0032
5.5 0.2164  0.1720 0.1224 - 0.0652 0.0028
4.0 0.1949  0.1550 0,1090  0.0576 0.0024
4.5 0.1773  0.1404 0.0982  0.0516 0.0022
5.0 0.1626  0.1282 0.0893  0.0467 0.0020

(m=2, n=3)
0.25 0.3247 0.2670 0,1954 0.1083 0.0048
0.5 0.4125  0.3472 0.2618  0.1506 0.0070
1.0 0.4030  0.3384 0,2543 . 0.1457 0.0068
1.5 0.3519  0.2914 0.2152  0.1206 0.0055
2.0 0.3050  0.2495 0.1814 0.0998 0.0044
2.5 0.2670  0.2162 0.1554  0.0842 0.0037
3.0 0.2365  0.1901 0.1353  0.0726 0.0031
3.5 0.2119  0.1692 0.1196  0.0636 0.0027
4.0 0.1917  0.1523 0.1070 ~ 0.0565 0.0024
4.5 0.1750  0.1384 0.0967%  0.0508 0.0021
5.0 0.1608  0.1268 0.0882  0.0462 0.0019

(m=3, n=3)
0.25 0.1866 0.1481 0.1039  0,0548
0.5 0.2806  0.2281 0.1646  0,0897 8'88%3
1.0 0.3278 0.2698 0.1976 0.1096 0.0049
1.5 0.3104  0.2543 0.1852 0.1021 0.0045
2.0 0.2806  0.2281 0.1646 0.0897 0.0039
25 0.2517  0.2030 0.1452  0,0783 0.0034
3.0 0.2263  0.1814 0.1287  0.0688 0.0029
3.5 0.2048  0.1633 0.1151 10,0611 0.0026
4,0 0.1866  0.1481 0.1039  0,0548 0.0023
4.5 0.1712  0.1353 0.0945  0,0496 0.0021
5.0 0.1579  0.1244 0.0865  0,0452 0.0019

TABLE 12c. NATURAL FREQUENCY RATIO.



olf
3
E)
—
—

0.6760
0.7800
0.8159
0.8036
0..7800
0.7535
0.7268
0.7008
0.6760
0.6525
0.6303

omoo-lomomomm

LA PRUWANNDHEEFEOO
L L . L . . . . .

(m=2)

0.3530
0.5105
0.6394
0.6803
0.6891
0.6838
0.6717
0.6563
0.6394
0.6220
0.6045

w

NEPNUNDNHEOO
. L] . . . . . . .
OunNouUITOUIOUTO TN

(m=3)

0.1965
0.3240
0.4699
0.5417
0.5770
0.5924
0.5964
0.5935
0.5865
0.5770
0.5650

NEPLPHNUNDNNDNHEOO
. . . . . . . . . L
(9]

cScuuCcuynouvIouno N

(hZ/ab=0.04, 8=0)

2

0.6394
0.6891
0.6394
0.5708
0.5105
0.4602
0.4182
0.3829
0.3530
0.3273
0.3050

0.3428
0.4699
0.5257
0.5057
0.4699
0.4332
0.3994
0.3693

0.3428 .

0.3194
0.2989

0.1933
0.3071
0.4055
0.4249
0.4149
0.3946
0,3715
0.3485
0.3270
0.3071
0.2891

0.5865
0.5770
0.4699
0.3849
0.3240
0.2791
0.2449
0.2181
0.1965
0.1788
0.1640

0.3270
0.4149
0.4055
0.3542
0.3071
0.2689
0.2383
0.2136
0519353
0.1764
0.1622

0.1882
0.2827
0.3300
043125
0.2827
0.2536
0.2281
0.2065
0.1882
0.1726
0.1593

TABLE 12d. NATURAL FREQUENCY RATIO.
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[ I 2 B 2

%"  (h%/ab=0.04)

apd

1.0
2.0
3.0
0.5
1.0
1.5
0.33
0.67
1.0

TABLE 12e.

o O

- I~ SR - BEEE - e - Bl - S -

0.0

. 8159
.6891
.5964
.6891
%-YAY)
.4249
. 5964
.4249
.3300

-

0.01
0.8144
0.6869
0.5940
0.6869
0.5232
0.4224
0.5940
0.4224

- 0.3278

5
Q2 MAXIMM

0.25
0.7688
0.6244
0.5257
0.6244
0.4539
0.3565
0.5257
0.3565
0.2698

0
0
0

0.

0.50

.6891
:325F
.4249
5257
.3565
.2698
.4249
. 2698
.1976

SeridPen €© 03

L= A L = ]

0.75

s 0257
. 3565
.2698
. 3565
.2169
.1559
.2698
.1559
.1096

0.99
0.0424
0.0217
0.0146
0.0217
0.0110
0.0073
0.0146
0.0073
0.0049

SUMMARY SHEET FOR NATURAL FREQUENCY SQUARE RATIO.
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A
Q2 (h2/ab=0.05)
A 0.01 0.25 0.50 0.75 0.99
L
BN (m=1, n=1)
0.25 0.6229 0.5559 0.4549 0.2944 0.0164
0.5 0.7374 0.6803 0.5865 0.4149 0.0276
1.0 0.7783 0.7268 0.6394 0.4699 0.0342
1.5 0.7642 0.7106 0.6207 0.4501 0.0317
2.0 0.7374 0.6803 0.5865 0.4149 0.0276
2.5 0.7077 0.6472 0.5501 0.3794 0.0239
3.0 0.6781 0.6148 0.5155 0.3472 0.0208
3.5 0.6497 0.5842 0.4837 0.3190 0.0193
4.0 0.6229 0.5559 0.4549 - 0.2944 0.0164
4.5 0.5979, 0.5297 0.4289 0.2730 0.0148
5.0 0.6745 0.5057 0.4055 0.2543 0.0135
(m=2, n=1)
0.25 0.3017 0.2466 0.1791 0.0984 0.0043
e gl 0.4524 0.3849 0.2944 0.1726 0.0083
1.0 0.5841 . 0.5155 0.4149 0.2618 0.0140
1.5 0.6276 0.5608 0.4598 0.2985 0.0167
2.0 0.6371 0.5708 0.4699 0.3071 0.0174
28 0.6313 0.5657 0.4675 0.3019 0.0170
3.0 0.6184 0.5511 0.4501 0.2904 0.0157
3.5 0.6020 0.5340 0.4330 0.2764 0.0150
4.0 0.5841 0.5155 0.4149 0.2618 0.0140
4.5 0.5658 0.4968 0.3969 ° 0.2476 0.0130
5.0 0.5476 0.4784 0.3794i  0.2341 0.0121
(m=3, n=1)
0.25 0.1623 0.1280 0.0891 0.0466 0.0020
0.5 0.2751 0.2233 0.1609 0.0875 0.0038
1.0 0.4125 0.3472 0.2618 0.1506 0.0070
1.5 0.4835 0.4149 0,3210 0.1912 0.0094
2.0 0.5193 0.4501 0.3530 0.2143 0.0108
2.8 0.5378 0.4658 0.3676 0.2252 0.0115
3.0 0.5392 0.4689 0.3715 0.2281 0.0117
3.5 0.5363 0.4670 0.3687 0.2260 0.0115
4.0 0.5291 0.4561 0.3620 0.2210 0.0112
4.5 0.5193 0.4501 0.3537 0.2143 0.0108
5.0 0.5080 © 0.4389 0.3428 0.2068 0.0103

TABLE 13a. NATURAL FREQUENCY RATIO.
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32 (h%/ab=
A ab=0.05)
R 0,01 0225 0.50 0.75 0.99

e~

(m=1, n=2)
0.25 0.5841 i 0.4149 0.2618 0,0140
0.5 0.6371 0.5708 0.4699 0.,3017 0.0174
1.0 0,5841 0551595 0,4149 0,2618 0,0140
g 0.5130 0.4438 0,3472 c 02101 0,0105
2.0 0,4524 0.3849 0,2944 011726 0,0083
23D 0.4030 0.3383 0.2583 = 10,1457 0,0068
St 0.3628 0.3013 27255 051257 0.0057
Ly 0.3295 0.2713 0.1989 0,1104 0.0049
4.0 0.3017 0.2466 0.1791 0,0984 0.0043
4.5 0.2782 0.2260 0.1629 0,0887 0,0039
5.0 0.2579 0.2084 0.1493 0.0807 0.0035

(m=2, n=2)
)25 0.2923 0.2383 0.1726 0.0944 0.0042
055 0.4125 - 0.3472 0.2618 0.1506 0.0070
By o 0.4674 0.2994 0.3071 0.1814 0.0088
%5 0.4476 0.3802 0.2904 0.1698 0.0081
2.0 0.4125 0.3472 0.2618 0.1506 0.0070
2.9 ). 5401 0.3144 0.2341 0.1326 0.0061
Q) 0.3450 0.2852 0.2101 0.1174 0.0053
Jad 0.3168 0.2600 0.1897 0.1048 0.0047
4.0 0.2923 0.2383 0.1726 . 0.0945 0.0042
4.5 0.2710 0.2130 0'1SSIs 0.0891 0.0037
5.0 0.2524 0.2037 0.1457 0.0786 0.0034

(m=3, n=2)
0525 0.1595 0.0756 0.0875 0.0457 0,0019
0es 0.2598 05,1553 0.1506 0.0814 0.0035
L 0.3507 0,2101 0,2143 0.1200 0.0054
1.5 0,3691 0.2419 0.2281 01287 0.0059
2.0 0.3597 0,2487 0,2210 0,1242 0,0056
AR 0,3405 0.2449 0,2068 051155 0,0052
5%0 0.3188 0,2348 0.1912 0,1020 0.0047
5 0.2976 02227 0.1763 - 0,0967 0,0043
4,0 0.2778 0.2101 0.1627 0.0886 0.0039
4,5 0,2599 0.1979 0.1506 0,0814 0.0035
5.0 0.2436 0.1865 0,1399 0.0752 0.0032

TABLE 13b. NATURAL FREQUENCY RATIO.
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(%]

0.01 0.25

(m=1, n=3)

0.5291 0.4598
0.5193 0.4501
0.4125 0.3472
0.3314 0.2730
0.2751 0.2233
0.2347 0.1885
0.2044 0.1629
0.1809 0.1434
0.1623 0.1280
0.1471 0.1155
0.1345 0.1053
(m=2, n=3)

0.2778 0.2257
0.3597 0.2985
0.3507 0.2904
0.3028 0.2476
0.2599 0.2101
0.2256 0.1808
0.1986 0.1581
0.1770 0.1401
0.1595 0.1257
0.1450 0.1139
0.1329 0.1041
(m=3, n=3)

0.1551 0.1221
0.2378 0.1912
0.2806 0.2281
0.2647 0.2143
0.2378 0.1912
0.2120 0.1693
0.1897 0.1577
0.1709 0.1350
0.1551 0.1221
0.1418 0.1112
0.1305 0.1021

TABLE 13c.

0.50

0.3620
0.3520
0.2618
0.2002
0.1609
0.1341
0.1148
0.1004
0.0891
0.0801
0.0727

0.1627
0.2210
0.2143
0.1799
0.1506
0.1283
0.112

0.0980
0.0875
0.0759

0.0719

0.0848
0.1362
0.1646
0159
0.1362
0.1196
0.1057
0.0943
0.0848
0.0770
0.0704

OO0 0 OO0 O COO0OOCOOOOOOO

=F =g =N =18} ool =g o § =

0.75

.2210
. 2143
.1506
JYEE
.0875
JHg
.0649
.0528
.0466
.0417
.0377

.0886
.1242
.1200
.0988
.0814
.0685
.0589
.0515
.0457
.0411
L0373

.0443
.0730
.0897
.0834
.0730
.0636
.0558
.0495
.0443
.0400
.0365

NATURAL FREQUENCY RATIO.
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(h24ab=o.05)
/é’ 0'99

OO0 OO0 O 0000 5O ey

COOO O OO OOOOO

.0112
.0108
.0070
.0050
.0038
.0031
.0026
.0022
.0020
.0017
.0016

.0039
.0056
.0054
.0044
.0035
.0029
.0025
.0022
.0019
.0017
.0015

.0019
.0031
.0039
.0036
.0031
.0027
.0024
.0021
.0019
.0017
.0015
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A )
2 (h2/ab=0.05, B=0)

N 1 2 3
® N @mel)
0.25 0.6253 0.5865 . 10,5316
Uap 0.7394 0.6394 0.5218
1.0 0.7800 0.5865 0.4149
1.5 0..7660 0.5155 0.3336
2.0 0.7394 0.4549 0.2771
85 0.7098 0.4055 0.2365
3.0 0.6803 0.3651 0.2060
3.5 0.6520 0.3318 0.1824
4.0 0.6523 0.3038 0.1636
4.5 0.6003 0.2802 0.1483
5.0 0.5770 0.2599 0.1356

(m=2)
0:25 0.3038 0.2944 0.2799
0.5 0.4549 0.4149 0.3620
1.0 0.5865 0.4699 0.3520
1.5 0.6299 0.4501 0.3049
2.0 0.6394 0.4149 0.2618
2.5 0.6337 0.3794 0.2274
3.0 0.6207 0.3472 0.2002
3.5 0.6044 03190 . 0.1785
4.0 0.5865 0.2944 0.1609
4.5 0.5682 0.2730 0.1463
5.0 0.5501 0.2543 0.1341

(m=3)
0. 25 0.1636 0.1609 0.1564
0.5 0.2771 0.2618 0.2397
1.0 0.4149 0, 3530 0.2827
145 0.4860 0.3715 0.2667
2.0 0.5218 0.3620 0.2397
2.5 0.5376 0.3428 0.2137
3,0 0.5417 0.3210 0.1912
5.5 0.5388 0.2997 0.1723
4.0 0.5316 0.2799 0.1564
4.5 0.5218 0.2618 0.1430
5.0 0.5105 0.2455 0.1316

TABLE 13d. NATURAL FREQUENCY RATIO.
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N

5
Rt

1.0
2.0
3.0
0.5
1.0
1.5
0.33
0.67
1.0

TABLE 13e.

o

0.
0.

0
0

(h2/ab=0.05)
0.0

.7800 0
.6394 0
.5417 0
.6394 0
.4699 0
3715 0
5417 0
+ 3715 0
2827 ° 0
SUMMARY SHEET

0.01
.7783
.6371
~2392
6371
L4674
«3091
«D39L
. 3691
. 2806

(3

&2

2" MAXIMUM
0.25 0.50
0.7268 0.6394
0.5708 0.4699
0.4699 0.3715
0.5708 0.4699
0.3994 0.3071
0.3071 0.2281
0.4699 0.3715
0.3071 0.2281
0.2281 0.1646

0
0
0

0.

0.75

.4699
.3071
.2281
3071
.1814
.1287
.2281
.1287
.0897

0
0

0.
Ol

FOR NATURAL FREQUENCY SQUARE RATIO.

0,99

.0342
.0174
0117
0174
.0088
.0059
.0117
.0059

.0039

gel



A
: G2 (B.S.A. TI. RI) (h2/ab=0.01)
@ 0.01 0.25 0.50 0.75 0.99
ES
(m=1, n=1)
0.25 15.535 11.769 7.846 3.923 0.157
0.5 5,678 4.302 2.868 1.434 0.057
1.0 3.694 2,699 1.866 0.933 0.037
1:5 4,312 3.266 2,178 1.089 0.044
2.0 - 5,678 4.302 2.868 1.434 0,057
9.8 7.543 5.714 3,810 1,905 0.076
3.0 9.829 7.447 4,965 2.482 0,099
3.5 12.501 9,471 6.314 3.157 0.126
4.0 15,534 11.769 7.846 3.923 0,157
4.5 18.908 14,325 9.550 4,775 0.191
5.0 22.608 17.128 11.419 5.710 0.228
(m=2, n=1)
0.25 168.404  127.630 85,122 42.578 1.704
0.5 55.165 41.796 27.867 13,935 0.558
1.0 21.026 15.929 10.620 5.310 0.212
1.5 14.969 11.340 7.560 3.780 0.151
2.0 13.866 10.504 7.003 3.502 0.140
2.5 14,523 11.003 7.335 3.668 0.147
3.0 16.109 12.204 8.136 4.068 0.163
3.5 18,322 13.880 9.254 4,627 0.185
4.0 21.025 15.929 10.620 5.310 0.212
4.5 24.147 18.294 12.197 6.099 0.244
5.0 27.644 20.943 13.963 *© 6.982 0.279
[}
(m=3, n=1)
0.25 596.646 452,578 302.104 151,239 6.057
0.5 208.523 158,051 105.422  52.738 22311
1.0 73.499 55.690 37.133 18,569 0.743
1.5 44,099 33,441 22.276 11.139 0.446
2.0 34,042 25.791 17,195 8.598 0.344
2.5 30,319 22.970 15.314 7.657 0.306
3.0 29.416 22.286 14,858 7.429 0.297
3.5 30.059 22.774 15.183 7.592 0.304
4,0 31.694 24.012 16.009 8.005 0.320
4.5 34,041 25.790 17.195 8.598 0.344
5.0 36.948 27.993 18.663 9,332 0.373

TABLE 14a. LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTTA.

134
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A
\ 42(B.S.A. TI. RI) (h%/ab=0.01)
‘\\\Ei 0.01 0.25 0.50 0.75 0.99
N

(m=1, n=2)
0.25 21,026 15.929 10.620 5.310 0.212
0.5 13.855 10.504 7.003 3,502 0.140
1.0 21,025 15.929 10.620  5.310 0.212
1.5 35.644 27.005 18,004 9.003 0.360
2.0 55.164 41,796 27,867 13,935 0.558
2.5 78,716 59.643 39,769 19,888 0.796
3.0 105.721 80,111 53,421 26,717 1.069
3.5 135.736 102,863 68,598 34,310 1.373
4.0 168.401 127.628 85.121 42,578 1,704
4.5 203.421 154,182 102.840  51.445 . 2,059
5,0 240.548 182.339 121.631 60,851 2.435

(m=2, n=2)
0.25 181.473 137.539 - 91.734 45,887 1.836
0.5 73.499 55.690 37.133 18.569 0.743
1.0 49,510 37,511 25.010 12.506 0.500
1.5 57.102 43,264 28.846 14,425 0.577
2.0 73.449 55.690 37.132 18,569 0.743
2.5 95,141 72.092 48,072 24,041 0,962
3.0 120.772 91,519 61.030 30,524 1.221
3.5 149,703 113.451 75.662 37.845 1.514
4.0 181.470 137.537 91,732 45,886 1.836
4.5 215.722 163.510 109.065 . 54,561 2.184
5.0 252,178 191.160 127.519  63.798 2,553

(m=3, n=2)
0.25 615.106 466,593 311.468 155,931 6.245
0.5 236.712 179.430 119,690 59,879 2.396
1.0 115.679 87.659 58,455 29.236 1.170
1.5 100,864 76.430 50,965 25,488 1.020
2.0 108.192 81.976 54,665 27,339 1.094
2.5 124,902 94.650 63.119 31,569 1.263
3.0 147,344 111.663 74,469 37,248 1.490
3.5 173,965 131.846 87.935 43,986 1,760
4.0 203.931 154,569 103.098 51,574 2,064
4.5 236.709 179,427 119.688  59.878 2.396
5.0

271.919 206,134 137.514 68.802 2,754

“TABLE 14b. LOWER SET OF NATURAL FREQUENCY INCLUDING
——  SHEAR AND ROTARY INERTIA.
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~
' 42(B.S.A. TI. RI) (h2/ab=0.01)
B 0.01 0.25 0.50 0.75 0.99
N |
(m=1, n=3)
0.25 31.694 24,012 16.009 8,005 0.320
0.5 34.042 25.790 17.195 8,598 0,344
1.0 73.499 55.690 37.133 18,569 0,743
1.5 135,834 & 79201.421° 167063 33828 1,354
2.0 208.521  158.049 105,420 52,737 2,111
2.5 204.127 222,980 148,760 73,432 2,979
3.0 388.368 294,482 196,501 98,338 3,937
3.5 489.607 371,319  247.819  124.043 4,967
4.0 506.637  452.570 302,098 151,237  6.056
4.5 708.526  537.530 358,868 179,683 7.197
5.0 824.553  625.647 417,757 209,196 8.380
(m=2, n=3)
0.25 203,933 154,571 103,099  51.575 2,064
0.5 108.182  81.977 54,665 27,339 1.094
1.0 115.679  87.659 58.455 29,236 1.170
1.5 166.971  126.543 84,397 42,216 1.689
2.0 236.710  179.428 119,688 59,878 2.396
2.5 318,914  241.784  161.314 80,718 3,231
3.0 410,575  311.335 207,755  103.975 4,163
3.5 509.759  386.615 258,036 129,161 5,172
4.0 615.095  466.585  311.462  155.928 6.245
4.5 725.562  550.466 367,513 - 184,015 7.370
5.0 840.373  637.663 425,788 213,221 8,541
(m=3, n=3)
0.25 646,152  490.166  327.219  163.823 6.561
0.5 285.998 216,813 144,643 72,371 2,897
1.0 199,375 151,114 100,792 50,421 2,018
1.5 227.195 210.478.211  :134.802  57;467 2,300
2.0 285,996  216.812 144,642  72.370 2,897
2.5 361,439 274,049  182.856  91.505 3,663
3.0 448,289 339,957  226.872 113,550 4,546
3.5 543,776 412,439 275,288  137.804 5.518
4.0 646,141  490.157 327,213 163,820 6.561
4,5 754.147 572,174  382.021  191.286 7.662
5.0 866.874  657.792 439,241 219,964 8.811

‘TABLE 14c. LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.



iR
& 3

N BRNUNUNNNHEHEOO
N R & EmeNE s W AR
oMo NOUIOn QUITN

w

NMERBRUWWNNNNFREOO
o @ T & 6 @ e @ 6 & 8
OQUNoOoUTOQUTITOUTIO TN

NEPRPLHNUWNNDNNHFHEEHEOO
oy W A . BNE A e &
(9]

oo UIO IO ULTIO LT N

137

02(B.S.A. TI.D (h2/ab=0.01), (8=0)
h 2 3
(m=1)
15.691 21.238 2014
5.736 14.006 34,385
5. 152 21238 74,241
4,355 36.004 135.184
S a0 55 72l 210,625
7.619 79.510 297..090
9.929 106.788 392.275
12.628 137 ..105 494,530
15.691 170.099 602.631
19.099 205.472 ' 715.639
22.836 242.972 832.825
(m=2)
170102 183.303 205.989
ok P A 74.241 109.274
21,258 50.010 116.856
15.219 57.678 168.655
14.006 74.241 239.096
14.670 96.102 322,125
16.272 121.990 414,706
18.507 153 . 2hs T 514.884
21.238 183,300 6215274
24, 391 217.896 732.845
27:8923 254,719 848.804
(m=3)
602.641 621.285 652.642
210.625 239.098 288.879
74.241 116.846 201.385
44,544 101.882 229.484
34.386 109.273 288.877
30.625 126.162 365.0/ 7
2090725 148.830 452,798
30.363 175, /% 549,242
32.014 205.986 652.631
34,385 239.094 761.716
k4 (007 1 4 274.658 875.569

TABLE 14d. LOWER SET OF NATURAL FREQUENCY
INCLUDING SHEAR AND ROTARY INERTIA.
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A

a.b B
1.0
2.0
3.0
0.50
1.0
2.5
0.33
0.67
1.0

(h2/ab=0.01)

0.0
3.732 3
14.006 13.
29.723 29.
14.006 13.
50.010 49.
101.882 100.
29.723 29.
101.882 100.
201.385 ~ 199.

TABLE 1l4e.

LOWER SET OF NATURAL FREQUENCY INCLUDING

0.01
.694
866
416
866
510
864
416
864
373

A
@2 (B.S.A. TI. RI) MINIMIM

2.
10.
22,

10.

59
76

22,
76.

151

0.25
799 1
504 7
286 14.
504
call =~ 25
.430 50
286 14.
430 50
.114 100.

7.

0.50
. 866
.003
858
003
.010
.965
858
.965
792

SHEAR AND ROTARY INERTIA.

0.75
0.933
3.502
7.429
3.502
12.506
25.488

7.429
25.488
50.421

= = ]

0.99
L37
.140
Mo
.140
.500

1.020

297
.020
.018

8¢T



139

A
B §2(B.S.A. TI. RI) (h2/ab=0.02)
B 0.01 0.25 0.50 ©0.75 0.99

Q.Ib

(m=1, n=1)
0.25 13,791 10.449 6,967 3.484 0,139
0.5 5.256 3,982 2.655 1,328 0.053
1.0 3,466 2,626 1,751 0.875 0,035
1.5 4,027 3.051 2.034 1.017 0.041
2.0 5,256 3.982 2.655 1.328 0.053
2.5 6.911 5.236 3.491 1.745 0.070
3.0 8,911 6,751 4,501 2.251 0.090
3.5 11,214 ' 8.496 5,665 2.833 0.113
4.0 13.791 10.449 6.967 3,484 0,139
4.5 16.619 12.592 8.396 4,199 0.168
5.0 19,679 14,911 9,942 4,972 0.199

m=2, n=1)
0.25 126.599 96.015 64.083 32.077 1.284
0.5 45,368 34,385 22.934 11.472 0.459
1.0 18.375 13.923 9.283 4,642 0.186
1.5 13,313 10,087 6.725 3.363 0.135
2.0 12.378 9.378 6.253 3,127 0.125
2.5 12.936 9.801 6.535 3.268 0,131
3.0 14,275 10.816 7.212 3.606 0.144
3.5 16.130 12.221 8.149 4.075 0.163
4.0 18.375 13.992 9.283  4.642 0.186
4,5 20.941 15.867 10.580 5.291 0.212
5.0 23.785 18.023 12,018¢  6.010 0.240

(m=3, n=1)
0.25 398.176 302.312 201.977 101,194 4,055
0.5 153,776 116.648 77.867 38,983 1,561
1.0 59.178 44,858 29,923 14,970 0.599
1.5 36.837 27.916 18.618 9.312 0.373
2.0 28,920 21,915 14.614 7,309 0.292
2.5 25,943 19,658 13.109 6.556 0.262
3.0 25,216 19,108 12,741 6,372 0.255
3.5 25.734 19,500 13.003 6.503 0.260
4,0 27.045 20.494 13.666 6.835 0.273
4,5 28.920 21,915 14,614 7.309 0.292
5.0 31.225 23.663 15.780 7.892 0.316

TABLE 15a. LOWER SET OF NATURAL FREQUENCY
INCLUDING SHEAR AND ROTARY INERTIA.
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(m=1, n=2)

18.375
12.378
18.375
30.193
45.368
63.045
82.703
103.978
126.596
150.352
175.081

(m=2, n=2)

135.518
59.178
41.030
46,845
59.178
75.068
93.437
113.710
135.516
158.593
182.744

(m=3, n=2)

409.283
172.546
89.821
79.208
84.468
96, 359
112.073
130.402
150,694
172.543
195.668

.
62 (B.S.A. TI. RI)

V.45

13,923
9.378
13,928
22,880
34,384
47,790
62.703
78.846
96.014
114.048
132,825

102.786
44,858
31.095
35.505
44,857
56.910
70.847
86.232
102.784
120.305
138.644

310.752
130.900
68,103
60,051
64.042
73,064
84,990
98,902
114.308
130.898
148.450

0.50

9.285

6.253

9.283

15.258
22,933
31.880
41.835
52,615
64,082
76.130
88.676

68.606
29.923
20.739
23.681
29.922
37.968
47.273
57.548
68.605
80.310
92.565'

207.620
87.390
45,441
40,065
42,729
48,754
56,718
66,011
76.303
87.389
99,125

0.75

4,642

B2

4,642

7.631

11.472
15.590
20,934
26), 332
32.076
38.112
44,399

34,343
14.970
10.373
11.846
14,970
18.998
23.657
28.803
34,342
40.207
46,348

104.023
43.755
22,740
20,047
21,382
24,399
28.388
33.043
38,199
43,754
49.645

140

(h2/ab=0.02)
0.99

0.186
0.125
0.186
0.305
0.459
0.638
0.838
1.054
1,284
1,526
1.778

13573
0.599
0.415
0.474
0.599
0.760
0.947
1,185
1.375
1.610
1.856

4,169
13752
0.910
0.803
0,856
0.977
1,457
1,323
1.530
1.752
1,988

TABLE 15b, LOWER SET OF NATURAL FREQUENCY INCLUDING

SHEAR AND ROTARY INERTIA.
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A, 82(.5.A. RI. TD) (hZ/ab=0.02)
5 0.0 0.25 0.50 0.75 0.99
% (m=1, n=3)
0.25 27.046 20.494 13,666  6.835 0.273
0.5 28.920 21.915 14,614  7.309 0.292
1.0 59.178 44857 29.922  14.970 0.599
1.5 102,645  77.834 51,939  25.994 1.041
2.0 153.774 116,647 77,866 38,982 1.561
2.5 210,094  159.416  106.447 53,305 2.135
3.0 270.165 205,048  136.949 68,595 2.748
3.5 333.066 252,838  168.899 84,611 3.390
4.0 398.170 302,307  201.974 101,193 4.055
4.5 465.029  353.113  235.942 118,222 4,738
5.0 533.316 405,002  270.635  135.614 5,435
(m=2, n=3)
0.25 150.696 114,309  76.304  38.180 1.530
0.5 84,468 64.042 42.729  21.382 0.856
1.0 89.821 68.103 45.441  22.740 0.910
1.5 125.616  95.269 63.585  31.827 1.274
2.0 172,544  130.899 87,389 43,754 1,752
2.5 226.062  171.545  114.554  57.369 2.298
3.0 284,091  215.628 144,022  72.140 2.890
3.5 345,422 262.227  175.176  87.758 3.517
4.0 409.277  310.748  207.617  104.022 4.169
4.5 475.117  360.778  241.067 = 120.791 4.841
5.0 542.556 412,023  275.329  137.967 5.530
(m=3, n=3)
0.25 427,894 324,894 217,075  108.763 4.359
0.5 204,827  155.416  103.774  51.965 2.082
1.0 147,630  111.982 74,749  37.421 1.499
1.5 166,235 126,108  84.188 42,150 1.688
2.0 204,825 155,415 103,773  51.965 2.082
2.5 253,170 192,137  128.318 64,268 2,575
3.0 307,569 ~ 233.466 155,948 78,118 3.130
3.5 366,174 277,995  185.718 93,043 3,728
4.0 427,887  324.889  217.072 108,762 4.359
4,5 491,994 373,603  249.642 125,090 5.013
5.0 557,998  423.757 283,174 141,899 5.687

TABLE 15c. LOWER SET OF NATURAL FREQUENCY INCLUDING
T~ SHEAR AND ROTARY INERTIA,



A
G2 (B.S.A. TI. RI)

Tl

0.25 13.930
0.5 5.309
1.0 3.501
1.5 4.068
2.0 5.309
2.5 6.981
3.0 9.001
3.5 11..327
4.0 13.930
4.5 16.878
5.0 19.877
(m=2)
0.25 127.871
0.5 45.826
1.0 18.560
1.5 13.448
2.0 12.503
2vb 13.066
3.0 14.420
3.5 16.293
4.0 18.560
4.5 21.152
5.0 24.025
(m=3)

0.25 402.160
0.5 155.321
1.0 59.775
1.5 37.208
2.0 29.212
gvs 26.204
3.0 25.471
3.5 25.994
4.0 27.318
4.5 29.211
5.0 31.540

* TABLE 15d. LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.

4
(h2/ab=0.02), (B=0)

2

18.560
12.503
18.560
30.498
45.825
63.680
83.536
105.024
127.869
151.863
176.839

136.880
59.275
41.444
47,317
59.774
75.824
94.377
114.853
136.878
160.186
184.578

413,378
174.278
90,725
80.006
85.318
97.528
113.200
131.712
152..208
174.276
197.632

3

27.319
29,212
59.774

103.
155,
252,
.872
401
402.
.680
647

272
336

469
538

182,

677
319
202

154

209

85.319
90,725

126,
174.
228,
D37
348,
413,
479,
2379

286

547

432,
.882
114
167.
206.
255.
.650
369.
432,

206
149

310

496

879
276
330

880
S
868

174

905
880
707

839
168

914
563.

575

142



s

A (h2/ab=0.02)
0.0

A "
Q 2(B.S.A. TI. RI) MINIMUM

SV 0.01 0.25 0.50 0.75

1.0 3.501 3.466  2.626  1.751  0.875 0
2.0 12.503 12.378- .. 9378 ™" 61253, o 3127 2 20
3.0 25.471 25,216 1.08™ 1M1 6377 0.
0.5 12.503 12.518. 9.3 6535 3127 8.
1.0 41.444 41.030 31.095 20.739 10.373 0.
1.5 80.006 79.208 60.051 40.065 20.047 0.
0.33 25.471 25,216 ' 19,108  12.741  6.372 . 0.
0.67 80.006 79.208 60.051 40.065 20.047 0.
1.0 149.114 ~ 147.630 111.982 74.749 37.421 1.
TABLE 15e. SUMMARY SHEET FOR LOWER SET OF NATURAL FREQUENCY

INCLUDING SHEAR AND ROTARY INERTIA.

0.99
+035
« 125
255
125
415
803
255
803
499

evT
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A
. e RB.SA TT. RY) (h2/ab=0.03)

‘;t\fi\ 0.01 0.25 0.50 0.75 0.99

© (m=1, n=1)
0.25 12,434 9.422 6.283 oy ¢ R 1
0.5 4,900 3,712 2.475 1.238 0.050
1.0 3,268 2,476 1.651 0.826 0,033
1.5 3,782 2.866 1.911 0.955 0.038
2.0 4.900 3,712 2,475 1.238 0.050
2.5 6.388 4,840 3,227 1.614 0.065
3,0 8.167 6.188 4,126 2.063 0.083
3.5 10.192 1927 5.150 2,575 0.103
4.0 12.434 9.422 6.283 3,142 0.126
4.5 14.870 11.269 7.515 3,759 0.150
5.0 17,482 13.249 8.836 4.420 0.177

(m=2, n=1)
0.25 102.114 77.490 51.747 25.915 1.038
0.5 38.726 29.362 19.591 ~ 9.803 0.392
1.0 16.372 12.407 8.274 4.139 0.166
1.5 12.020 9.109 6.074 3.038 0.122
2.0 11.207 8.492 5.663 2.832 0.113
2.5 11.693 8.860 5.908 2.955 0.118
3.0 12.853 9.740 6.495 3.248 0.130
3.5 14.451 10.951 7.303 3.653 0.146
4.0 16.372 12.407 8.274 4,139 0.166
4.5 18.552 14.060 9.377 4.691 0.188
5.0 20.952 15.880 10.592%  5.298 1.212

(m=3, n=1)
0.25 300.684 228.368 152.617  76.481 3.065
0.5 122.647 93.088 62.174 31,142 1.248
1.0 49,811 37.774 25,208 12,617 0.505
1.5 31.778 24.091 16,072 8.041 0.322
2.0 25.224 19.135 12,764 6.385 0.256
2.5 22.761 17.252 11.507 5.756 0.230
3.0 22,153 16.791 11,199 5,602 0.224
3.5 22,587 17.119 11,419 5,712 0.229
4,0 23,683 17.951 11,973 5,990 0.240
4.5 25.244 19.135 12,764 6.385 0.255
5.0 27.157 20.585 13,732 6.870 0.275

TABLE 16a. LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA,
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2 %Z(B.S.A. 3. ¥ (h%/ab=0.03)
B 0.01 0.25 0.50 0.75 0.99
e)
o (m=1, n=2)
0.25 16.372 12.407 8.274 4.139 0,166
0.5 11.207 8,492 5.663 2.832 0.113
1.0 16,372 12,407 8.274 4,139 0.166
1,5 26.301 19,937 13,299  6.653 0.266
2.0 38.726 29,362 19,591  9.803 0.392
2,5 52,884 40,106 26.766  13.397 0.536
3.0 68.344 51,843 34,607  17.325 0.694
3.5 84,821 64,355 42,968  21.515 0.862
4.0 102.113  77.488 51.746  25.915 1.038
4.5 120.073 91,132 60.866 30.486 1.221
5.0 138.590  105.201 70,271 35.201 1,411
(m=2, n=2)
0.25 108.879  82.629 55.182 27.637 1.107
0.5 49,811 37.774 25.208 - 12,617 0.505
1.0 35.204 26.689 17.807 8.910 0.357
1.5 39,920 30.268 20,196  10.106 0.405
2.0 49,810 37.773 25.208  12.617 0.505
235 62.370 47.307 31.577  15.807 0.633
3.0 76.686 58.177 38.840  19.446 0.779
3.5 92.286 70.025 46.757  23.414 0.938
4,0 108.878  82.628 55.181 27.637 1,107
4.5 126.262  95.834 64.010 - 32.062 1.285
5.0 144,296  109.536  73.170;  36.654 1,469
(m=3, n=2)
0.25 308.601 234,383  156.638  78.496 3.146
0.5 136.699  103.764  69.311 34.720 1,391
1.0 73.883 56.048 37.417 18,733 0.750
1.5 65.614 49.770 33,222 . 16,681 0,666
2.0 69.720 52.888 35,305  17.675 0.708
2.5 78.946 59.894 39,987  20.021 0.812
3.0 91,033 69.073 46,121  23.096 0.925
3.5 105,002  79.683 53,213 26.650 1.068
4.0 120.330  91.328 60,997 30,552 1.224
4.5 136.697 103,762  69.310 34,719 1,391
5.0 153.888  116.824 78,043 39,097 1.567

‘TABLE '16b. LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA, '
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: G2(B.S.A. TI. RI) (h2/ab=0.03)
A 0.01 0.25 0.50 0.75 0.99
B
b (m=1, n=3)
0.25 23,683 17.951 11.973 5.990 0.240
0.5 25.244 19.135 12.764 6,385 0.256
1.0 49.811 37.774 25.208 12,617 0.505
1.5 83.795 63.576 42.447 21,254 0.851
2.0 122.646 93.087 62.173 31,141 1.248
2.5 164,552 124,927 83.460 41.813 1.676
3.0 208.547 158.358 105,812  53.019 2.125
3.5 254,048 192,933 128.928  64.607 2.589
4.0 300.679 228,365 152,615  76.480 3.065
4.5 348,184 264,456 176.740 88,571 3,550
5.0 396.379 301.068 201,209 100,833 4,041
(m=2, n=3)
0.25 120.332 91.329 60.998 30.552 1.224
0.5 69.720 52.888 35.305 17.675 0.708
1.0 73.883 56.048 37.417 18.773 0.750
1.5 101,367 76.922 51.367 25.725 1.031
2.0 136.698 103,763 69.310 34,719 1.391
2.5 176.308 133,860 89.433 44,807 1.796
3.0 218.665 166.046 110.952  55.596 2.228
3.5 262.931 199.683 133.441  66.869 2.680
4.0 308.596 234.380 156.635  78.495 3.146
4.5 355.323 269.879 180.465 = 90.388 3.623
. 5.0 402.878 306.005 204.509  102.486 4.108
(m=3, n=3)
0.25 321.842 244,443 163.363  81.867 3.281
0.5 160.664 121.973 81.485 40.823 1.636
1.0 118.025 89.576 59,826 29.965 1,201
1.5 131.985 100,182 66.916 33,519 1.343
2.0 160.663 121.972 81.484 40.822 1.636
2.5 196.160 148,945 99,519 49,864 1.998
3.0 235.664 178.964 119.589  59.925 2.402
3.5 277.814 210,991 141.000  70.658 2.832
4.0 321.837 244,440 163.360  81.866 3.281
4.5 367.251 278,941 186,421  93.423 3.744
5.0 413,730 314,248 210.017 105,247 4,218

TABLE 16c, LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.
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22 A A_
8“(B.S.A. TI. R (h“/ab=0.03), (B=0)

?5>\Il 1 2 3
b (m=1)
0.25 12,560 16.537 . 28,922
0.5 4.949 11.320 25.498
1.0 3.301 16.537 50.312
1.5 3.821 26.566 84.636
2.0 4.949 39.115 123,875
2.5 6.452 53.416 166.199
3.0 8.249 69.031 210.632
3.5 10.295 85.672 256..587
4.0 12.560 103.137 303.683
4.5 15.020 121.276 351.661
5.0 17.658 139.978 400,337

(m=2)
0.25 103.138 109.971 121.538
0.5 39.116 50.312 70.421
1.0 16.537 35.558 74.625
1.5 12.142 40,322 102.384
2.0 11.320 50.311 138.067
2.5 11.811 62.997 178.072
3.0 12.983 77.456 220.851
3.5 14.596 85.282° ™ 265.558
4.0 16.537 109.969 | 311.679
4.5 18.739 127.527 358.871
5.0 21.163 145.741 406.901

(m=3)
0.25 303.688 311.683 325.056
0.5 123.876 138.068 162.272
1.0 50.312 74 .625 119.207
1.5 32.098 66.273 133.307
2.0 25.499 70.420 162.271
2.5 22.991 79.739 198.122
3.0 22.376 91.947 238.020
3.5 22.814 106.055 280.589
4.0 23.921 121.536 325.052
4.5 25.498 138.066 370.918
5.0 27.430 155.429 417.862

TABLE 16d. LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.



(7 B - B o T

(2 B V2

Qs
1.0

2.0
3.0
0.5
1.0
1.5
0.33
0.67
1.0

D>

(hZ/ab=0.03)

0.0
3.301 3
11.320 11.
22.376 22,
11.320 11.
35.558 35.
66.273 65
22.376 22,
66.273 65
119.207 =~ 118.

TABLE 16e.

0.01
.268
207
153
207
204
.614
153
.614

025

A
82 (B.S.A. TI. RI) MINIMM

2
8

16.

8
26

49,
16.
49,

89.

0.25
.476
.492
791
.492
.689
770
791
770
576

1
5

11,

5

17,
33,
1l.
33
59,

0.50
.651
.663
199
.663
807
222
199
222
826

16

16
29

0.75
.826
.832
.602
8352
.910
.631
.602
.631

.965

SUMMARY SHEET FOR LOWER SET OF NATURAL
FREQUENCY INCLUDING-SHEAR AND ROTARY INERTIA.

0.99
0.033
0.113
0.224
0.113
0.357
0.666
0.224
0.666

1.201

8Vl
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4
3 Q2 (B.S.A. TI. RI) (hZ/ab=0.04)
. 0.01 0.25 0.50 0.75 0.99
c P \
b (m=1, n=1)
0.25 11.342 8.596 5.733 2.868 0.115
0.5 4.594 3.481 2.321 1.161 0.046
1.0 3.094 2.345 1.563 0.782 0.031
1.5 3.569 - 2.704 1.803 0.902 0.036
2.0 4.594 3.481 2.32% 1.161 0.046
2.5 5.946 4,506 3.005 1.503 0.060
3.0 7.5482 5.720 3.814 1.908 0.076
3.5 9.356 7.091 4.729 2.365 0.095
4.0 11.342 8.596 5.733 2.868 0.115
4.5 13.484 10.219 6.817 . 3.410 0.137
5.0 15.761 11.948 7.970 3.987 0.160
(m=2, n=1)
0.25 85.841 65.166 43.532 21.808 0.874
0.5 33,880 25.697 17.152 8.568 0.344
1.0 14.795 11.214 7.481 3.742 0.150
1.8 10.977 8.319 5.549 2.775 0.111
2.0 10.258 7.774 5.185 2.593 0.104
2.5 10.687 8.400 5.402 2.702 0.108
3.0 11,718 8.876 5.920 2.961 0.119
3.5 13.115 9,941 6.631 3.317 0.133
4,0 14.794 11.214 7.481 3.742 0.150
4.5 16.691 12.653 S a41° 7 42728 0.169
5.0 18.767 14,228 9.492 +  4.749 0.190
(m=3, n=1)
0.25 242.112 183.896 122.900  61.589 2.469
0.5 102.321 77.688 51.905 26.006 1.042
1.0 43,136 32.725 21.848 10.939 0.438
1.5 28.019 21.248 14.180 7.097 0.284
2.0 22.455 17.026 11.360 5.685 0.228
2.5 20.325 15.410 10.281 5.145 0.206
3.0 19.802 15.013 10.016 5.012 0.201
3.5 20.175 15.296 10.205 5.107 0.204
4.0 21.117 16.010 10.682 5.345 0.214
4.5 22.455 17.026 11.360 5.685 0.228
5.0 24.090 18.266 12.188 6.100 0.224

“TABLE '17a. LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.
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)
" 02 (B.S.A. TI. RI) (h2/ab=0.04)
B 0.01 0.25 0.50 0.75 0.99
O—,b
(m=1, n=2)
0.25 14.795 11.214 7.481 3.742 0.150
0.5 10.258 7.774 5.185 2.593 0.104
1.0 14.795 11.214 7.481 3.742 0.150
1.5 23,358 . B 11.818  5.914 0.237
2.0 33.879 25.696 17.151  8.586 0.344
2.5 45.686 34,661 23.141  11.587 0.464
3.0 58.421 44,333 29.606 14,827 0.594
3.5 71.856 54.540 36.429 18,247 0.731
4.0 85.839 65.165 43.532  21.808 0.874
4.5 100.261  76.123 50.859  25.481 1.021
5.0 115.041  87.354 58.368 29,246 1.172
(m=2, n=2)
0.25 91.284 69.302 46.298  23.195 0.930
0.5 43.137 32.725 21.848  10.939 0.438
1.0 30,915 23.446 15.648  7.833 0.314
1.5 34,882 26.458 17.660  8.840 0.354
2.0 43.136 32.725 21.847  10.939 0.438
2.5 53.516 40.608 27.116  13.579 0.544
3.0 65.238 49,513 33.068  16.562 0.664
3.5 77.906 59.137 39.502  19.788 0.793
4.0 91.283 69.301 46.297  23.194 0.930
4.5 105.211  79.884 53.373 . 26.742 1.072
5.0 119.579  90.803 60.673,  30.402 1.218
(m=3, n=2)
0.25 248,249  188.557  126.015  63.150 2,531
0.5 113.535  86.210 57.603  28.862 1.157
1.0 62.951 47.775 31.906  15.980 0.640
1.5 56.182 42,633 28,469 14,257 0.571
2.0 59.548 45.189 30.178  15.114 0.606
2.5 67.080 50.912 34.003  17.031 0.682
3.0 76.893 58.367 38.987 19,530 0.783
3.5 88.166 66.933 44,714 22.401 0.898
4.0 100.467  76.279 50.963  25.534 1.023
4.5 113.534  86.209 57.602  28.862 1.157
5.0 127.195  96.589 64.542 32,341 1.296

TABLE 17b. LOWER SET OF NATURAL FREQUENCY INCLUDING
——— SHEAR AND ROTARY INERTIA.
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y Q2(B.S.A. TI. RI) (h2/ab=0.04)
A 0.01 0.25 0.50 0.75 0.99
a\P .
® (m=1, n=3)
0.25 21.117 16.011 10.682 5.345 0.214
0.5 22.455 17.026 11.360 5.685 0.228
1.0 43.136 32,725 21.848 10.939 0.438
1.5 71.023 . 53.907 36.006 18.035 0.723
2.0 102.320 77.687 51.904 26.006 1.042
2.5 135.639  103.006 68.832 34,492 1.382
3.0 170.286 129,332  86.432 43,314 1.736
3.5 205.859 156.357 104.496  52.367 2.099
4.0 242.109 183,893 122.899  61.588 2.468
4.5 278.869 211.812 141.554  70.934 2.843
5.0 316.028 240,028 160.404  80.377 3,221
(m=2, n=3)
0.25 100.468 76.280 50.964 25.534 1.023
0.5 59,548 45.190 30.178 15.114 0.606
1.0 62.951 47.775 31.906 15.980 0.640
1.5 85.239 64.708 43.227 21.655 0.868
2.0 113.534 86. 209 57.602 28.862 1.157
28 144.926 110.063 73.550 36,857 1.477
3.0 178.216 135.357 90.459 45,332 1.817
3.5 212.779 161.614 108.010  54.128 2.170
4.0 248.245 188.554 126,013  63.149 2.531
4.5 284,382 215.998 144,350 - 72.335 2.899
5.0 321.030 243.826 162.941  81.647 3,272
(m=3, n=3)
0.25 258.503 196,345 131.219  65.757 2.636
0.5 132.562 100.668 67.269 33.708 1.351
1.0 98.621 74.877 50.025 25.063 1.004
1.5 109.779 83.355 55.694 27.905 1.118
2.0 132.562 100.667  67.269 33.708 1.351
2.5 160. 560 121.942 81.492 40,837 1.637
3.0 191.513 145,459 97.212 48.717 1.953
3.5 224,356 170.409 113.887  57.073 2.288
4.0 258.500 196,342 131.217  65.756 2,635
4.5 293,585 222.987 149.020  74.674 2.993
5.0 329.377 250.164 167.174  83.768 3,357

-~TABLE 17c, LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.
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TABLE 17d. LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.

456

4.640
3.126
3.605
4.640
6.006
7.624
9.451

456
619
920

.700
.220
.944
.087
.361
« 7195
.829
. 247
+ 943
.859
.956

244,530
103.344

570
300

.681

530

.001

378
330
681
332

5 A
(h4/ ab=0.04), (B=0)

2

14.944
10.361
14.944
23.594
34.220
46.145
59..006
72.576
86.699
101.264
116.191

92,198
43,570
31.226
35,233
43,569
54.053
65.892
78.687
92.196 i
106.263
120.775

250.728
114.671
63.582
56.745
60.145
67.752
77.663
89.049
101.472
114.669
128.466

3

21.330
22.681
43.570
73,7235
103,343
136.995
171.987
207.915
244,526
281.654
319.184

101.474
60.145

63.582

86.092

114.670
146.375
179.996
214.904
250.724
287,221
324,236

261.085
133.887
99.608

110.877
133,887
162.164
193.426
226.596
261.081
296.517
332.667
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ant

1.0 3
2.0 10
3.0 20
0.5 10.
150 1.
1.5 56.
033 20.
0.67 50,
a0 99,
TABLE 17e.

A
02 (B.S.A. TI. RI) MINIMM

ab=0.04)
0.0 0.01 0.25 0.50 0.75 0.99
.126 3.094 2.345 1.563 0.782 0.031
. 361 10.258 7.774 5.185 2.593 0.104
.001 19.802 15.013 10.016 5.012 0.201
361 10.258 7.774 5.185 2.593 0.104
226 30.915 23.446 15.648 7.833 0.314
745 56.182 42,633 28.469 14.257 0.571
001 19.802 15.013 10.016 5.012 0.201
745 56,182 42,633 28.469 14.257 0.571
608 =~ 98.621 74.877 50.025 25.063 1.004
SUMMARY SHEET FOR LOWER SET OF NATURAL FREQUENCY

INCLUDING SHEAR AND ROTARY INERTIA.
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n %Z(B S.A. TI. RI) (hz/ab 0.05)
0.01 0.25 0.50 0.75 0.99
a ‘
B (m=1, n=1)
0.25 10.441 7.914 5.280 2.642 0.106
0.5 4,327 3.279 2.187 1,094 0.044
1.0 2.940 2.228 1,485 0.743 0.030
BeS 3.381 2.562 1,708 0..854 0.034
2.0 4.327 3,279 2,187 1.094 0.044
2.5 5.567 4,219 2.814 1.407 0.056
3.0 7.025 5.324 3,551 1.776 0.071
3.5 8.659 6.563 4.378 2.190 0.088
4.0 10.440 7.914 5.280 2.641 0.106
4.5 12.350 9.363 6.247 3.126 0.125
5.0 . 14.371 10.896 7.270 3.638 0.146
(m=2, n=1)
0.25 74.171 56.320 37.632 - 18.856 0.756
0.5 30.166 22.887 15,281 = 7,652 0.307
1.0 13.515 10,247 6.837 3.421 0.137
1.5 10.113 7.666 5.114 2.559 0.102
2.0 9.469 7.177 4.488 2.395 0.096
2,5 9.854 7.470 4.983 2.493 0.100
3.0 10.771 8.165 5.447 2.725 0.109
3.5 12.023 9.115 6.081 3.043 0.122
4.0 13.515 10,247 6.837 3.421 0.137
4.5 15.193 11,520 7.687 3,847 0.154
5.0 17.022 12.908 8.614 ¢ 4,311 0.173
(m=3, n=1)
0.25 202.861  154.076 102,965  51.594 2.068
0.5 87.921 66. 769 44.618 22,358 0.896
1.0 38.111 28.921 19.314  9.673 0,388
1.5 25.099 19.040 12,910 6.563 0.255
2.0 20.256 15.363 10,258 5i132 0.206
2,5 18.391 13,947 9.308 4,659 0.187
3.0 17.932 13.599 9.075 4.542 0,182
5.5 18.259 13.847 9.241 4,625 0.185
4.0 19.085 14,474 9,660 4.835 0,194
4.5 20.256 15.362 10,253 5,132 0.206
5.0 21.683 16.446 10.977  5.495 0.220

TABLE 18a. LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.
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0.01 0.25
(m=1, n=2)
13,515 10,247
9.469 1179 "
13.515 10.247
21,046 15.962
30.166 22.887
40.288 30.575
51.108 38.796
62.442 47.408
74.170 56.319
86.206 65.466
98.491 74 .800
(m=2, n=2)
78.720 59.777
58.11% 28.921
27.607 20.944
51..050 25.543
38.110 28.921
46.951 35.638
56.869 43,173
67.524 51.270
78.719 59.777
90.325 68.596
102.255 77.660
(m=3, n=2)
207.865 157.875
97.242 73.851
54.938 41.706
49.212 37.355
52.062 39.520
58.422 44,353
66.674 50.623
76.115 57.798
86.378 65.596
97.241 73.850
108.561 82.452
TABLE 18b.

»,
G2 (B.S.A. TI. RI)
0.5 0.

.50

6.837

4.788

6.837

10.654
15.281
20.420
25,915
31.673
37.631
43,746
49,987

39.943
19.314
13.982
15,719
19.314
23.804
28.842
34,255
39.943
45.839
51.899t

105.503
49,353
27.861
24,952
26.400
29.630
33.823
38.620
43,823
49,352
55.102

75

3.421
2.395

'3.421

5.333
7.652

10.
12,
15.
18.
3 0
.050

25

20,

227
982
869
856
921

015

9.673
7.001
7.871
9673

1L,
14,
.163
.014
2Z,
26.

¥

21.
24,
27.

924
449

970
008

. 865
w3l
.957
.499
Wi
.845
.946
.351
965

731
613

155

(h2/ab=0,05)
0.99

0.137
0.096
0.137
0.214
0.307
0.410
0.520
0..636
0.756
0.879
1.004

0.802
0.388
0.280
0.315
0.388
0.478
0,578
0.688
0.802
0.921
1.042

2.119
0.991
0.559
0..501
0.530
0.595
0.679
0.776
0..880
0.991
1,107

LOWER SET OF NATURAL FREQUENCY INCLUDING

SHEAR AND ROTARY INERTIA.
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0.01

ol

(m=1, n=3)

19.085
20.256
38.111
61.742
87.920
115.543
144,083
173.247
202.858
232.801
262.997

oy}

AR UUUNNHEEHEOO
. . . - » . . . . . .
ouvTouvIouvIoOunIouTN

(m=2, n=3)

(9]

86.379
52.062
54,938
73.667
97.241
123.209
150,585
178.907
207.862
237.284
267.058

. »

NPAEPRPUUNNDNNNHEEFEOO
SQuUIOoUNOUTOUTOUIN

(m=3, n=3)

wv

216.221
113.000
84,840

94.122

113.000
136.086
161.500
188.369
216.219
244.767
273,831

»

NEPNUHNNDNDNHEEHOO
. 8. 8 6 mL e w
OO UNTOUNIOLOLUIN

TABLE 18c.

0.25

.14.474

15,363
28.921
46..876
66.768
87.756
109.438
131.588
154,074
176.806
199,728

65.597
39.521
41.706
55.938
75.851
93.580
114.384
135.887
157.873
180.210
202.809

164.220
85.825
64.427
71.481
85.824
103.363
122.667
143.072
164.218
185.890
207.950

a .
Q2(B.S.A. TI. RI)

0.50

9.660
10.253
19.314
31.317
44,617
58.648
73,139
- 87.941
102.963
118.147
133.455

43.834
26.400
27.861
37.376
49.352
62.541
76.445
90.813
105.501
120.420
135,516

109.740
37 .257
43.052
47.768
373550
69.080
81.980
95.613
109.739
124,214
138,945

0.75

4,835
5.152

9.978

15.690
22..358
29..391
36.653
44,069
51.594
59,198
66.863

21.965
135,225
15.957
18.728
24,731

. 20,942

38.309
45,507
52.865
60.337
67.894

54,988
28.743
21,575
233957
28.743
34.618
41,082
47.912
54,987
62.236
69.612
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(h2/ab=0.05)
0.99

0.194
0.206
0.388
0.629
0.896
1.178
1.469
1.766
2.068
2.372
2.679

0.880
0.530
0.559
0.751
0.991
1.256
1,535
1.824
2,119
2.418
A 4 |

2.204
1.152
0.865
0,959
1.152
1.388
1.647
1.920
2,204
2.494
2.789

LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.
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Q2(B.S.A. TI. RI)
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b (m=1)
25
5
0
5
0
5
0
5
.0
.5
.0
(m=2)
0.25
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
(m=3)
0.25
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

TABLE 18d.

1

10.546
4,371
2.970
3.415
4,371
5.624
7.096
8.746
10..546
12.474
14.516

74.913
30.469
13.651
10.215
9.564

9.955

10.879
12.144
15.651
15.346
17.194

204.887
88.800
38.493
254352
20.460
18.576
18.112
18.443
19,277
20.459
21.901

LOWER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.

A
A

(h2/ab=0.05), (B=0)

2

13.651
9.564

13.651
21.257
30.469
40.692
o1,
63.
74,
87.
99.

620
067
911
068
475

.507
.493
.885
.341
.492
421
.438
.200

.506

o1,

103.276

209,941

98.
.488
49,
32,
39,
oy
10+
87.
98.

55

109.646

228

213

705
583
006
341
877
241
212

3

19,277
20.459
38.493
62.360
88.799
116.697
145.522
174.977
204.884
235.126
265.625

87.242
52.583
55.488
74.404
98.213
124.440
152.099
180.694
209.938
239.655
269.726

218.381
114.129
85.688

95.063

114,128
137.445
163.113
190.840
218.378
247.212
276.567
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5 (h%/ab=0.05)
B P 0.0
1.0 2.970
2.0 9.954
3.0 18.112
0.50 9.954
1.0 27.885
1.50 49,705
0.33 18.112
0.67 49,705
1.0 85.688 -
TABLE 18e.

0.01
2.940

9.469

17.932

9.469
27.607
49,212
17.932
49,212

84.840

A
Q2 (B.S.A. TI. RI) MINIMUM

0.25
2,228

12177
13.599

T:177
20.944
37.3355
13.599
37.355
64.427

0.50
1.485

4.788
9.075
4.788
13.982
24.952
19,075
24,952
43.052

0.75 0
0.743 0
2.395 0.
4,542 0.
2,395 0.
7.001 0.

12.499 0
4.542 0.
12.499 0.
21,573 0.

SUMMARY SHEET FOR LOWER SET OF NATURAL FREQUENCY

INCLUDING SHEAR AND ROTARY INERTIA.

.99

.030

096
182
096
280

.501

182
501
865

8ST
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A
G2(B.S.A. TI. RI)
0.01 0.02 0.03 0.04 0.05

o*lZ

(m=1, n=1)

4963.48 1397113 689.01 424.89  295.41
4698.59 1268,93 605.00 363.00 246.62
4622.08 1231.48 580.48 '344.88 232,32
4647.63 1244.00 588.68 350,95 237.11
4698.59 1268.93 605.00 363.00 246.62
4759.53 1298.67 624 .44 377,94 - 257185
4825,27 1330.67 645.33 392,75  ZI0IRT
4893.62 1363.87 666.96 408.67 282.63
4963.47 1397.72 689.01 424.89  295.41
5034,22 1431.95 711.26 441.27 308.32
5105.52 1466.37 733.64 43772  521.48

wu

AR NUWNDNHEEOO
30 s S &g oty oy Gy By by Mo
ounmouvIiouIouUTIo U

(m=2, n=1)
0.25 6693.66 2226.08 1226.63 820.80 607.97
0.5 5590.91 1699.56 884.94 568.99  408.98
1.0 o075:72 1451.99 724.29 450.85  315.87
323 4950.96 1391.67 685.06 421399 © 293545
2.0 4925.90 1379.52 677.16 416.17  288.54
2:5 4940.94 1386.81 681.90 419.66  291.30
3.0 4975.98 1403.78 692.94 427.79 297.70
515 5022.36 1426.21 707.53 438.52  306.16
4.0 5075.71 1451.99 724,29 450,85 318,87
4.5 5133.63 1479.93 742.44 464,20 326.39
5:0 5194.66 1509.34 761,541 87825 33745

(m=3, n=1)

o

9402.12 5522.29 2073.08 1448,22 1106.19
7006.50 4575, 31 1323.68 892.49 664.75
5807.97 1803.40. 95227 618,54  448.08
5445.04 ~ 1629.66 839.61 53565 582:69
5298.15 1559.13 793,86 502,01  356.17
5239.09 1530.72 77842 488.45  345.49
5224.,29 1523.61 770.80 485,05 342.82
5234 .86 1528.69 774.10 487.48  344.73
5261.25 1541.39 782.34 493,54  349.50
5298.14 1559.135 795,85 502.00 356.17
5342, 32 1580.35 807.63 512,13 364:15

VAR NUNDNNDEHREREOO
SQunnounmounntQuIo Ul

TABLE 19a, HIGHER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA,
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TABLE 19b.

0.01
(m=1, n=2)

5075.71
4925.90
575,71
5322.70
5590.90
5865.50
6141.85
6418.14
6693.63
6967.99
7241.10

(m=2, n=2)

6798.24
5807.96 .
5518.10
5615.13
5807.96
6037.37
6283.70
6538.65
6798.22
7060.27
75234559

(m=3, n=2)

9501.26
7213.61
6230 .51
6094 .42
6165.55
6321.41
6518.61
6738.50
6971.86
1213:57
7460,70

A
Q2 (B.
0.02

1451.99
137952
1451.99
1570.95
1699.56
1830.90
1962.86
2094.68
2226.07
2356.94
2487.27

2275.,97
1803.40
1664.68
1711.16
1803.40
1912.98
2030.54
2152.15
2275.96
2400.97
2526.65

3569.97
2474 .15
2008.02
1940.22
1974 .17
2048.53
2142.59
2247.47
2358.78
2474 .13
2592:12

S.A. TI. RI)

0.03 0.04
724,29 450.85
677.16 416.16
724.29 450.85
801.51 507.64
884.93 568.99
970.10 631.66
1055.69  694.71
1141..25 757.79
1226.62 820.79
1311.72 883,66
1396.56  946.38
1259.06 844.74
954,27 618.54
862.32 552.36
892.46 574.52
952.26 618.53
1023.34 670.87
1099.02 727,08
1178.58 785455
1259.05 844.74
1340.37 904.83
1422.20  965.35
2104.34  1471.46
1388.01  940.06
1085.00 716.31
1041.00 683.89
1063.03  700.12
111%:30 73640
1172:38 . 780,75
1240.53 831.06
1312.92  884.54
1388.00 940.05
1464.87 996.93

SHEAR AND ROTARY INERTIA.

0.05

315,
;288

315,
360.
408.
458.
508.23
558.
607.96
657..75
707.47

626.
448.
395
413,
448,
489.
533;
579,
626.
674.
724

1124.69
.45
525;
.68
«01
.64

702

499
5l
540

570,
616.
658.
702
747.

87
54
87
61
98
44

11

93
08
86
35
07
40
83
90
93
53
51

31

27
10
45
48
55

HIGHER SET OF NATURAL FREQUENCY INCLUDING |
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UVERPRUNUWNNHEEFHEOO VAR PRPNUNNNNHEEEOO
e & B B e & E e - F W e & e B & »

NEPRPNWNNDNHEEHEOO
- . l . . . L . -
OWMOMS (noO W oOUN

h?.la.b 0.01

.

SQuTIOouUIOUNOoO IO U

QSQUIOUIO VIO UTOUTN

(m=1, n=3)

5261.25
5298.14
5807.96
6401.38
7006.48
7611.02
8212.07
8809.05
9402.06
9991.40
10577.44

w

(m=2, n=3)

6971.87
6165.55
6236.50
6682.01
72135.58
7774.45
8346.70
8923,31
9501.21
10078.89
10655.69

w

(m=3, n=3)

. 9666. 21

7556.45
6937.21
7144.68
7556.43
8045.59
8570.36
9113.52
9666.16
10224.52
10785.98

0.02

1541.
1559.
1803.
2086.
2375,
2663.

2951

3237.

3522
3805.

4088,

2358.
1974.
2008.
2220.
2474,
2742.
3015.
2292,
2569
3848.
4126.

3649.
2637 .
2342,
2441,
2637.
2871
3123,
3383.
3649.
3918.
4189.

A
@2 (B.S.A. TI. RI)

39
13
41
68
31
93

79
17
02
53
14
03
84
29

.94

34

33
85
26

25

85

.70

00
52
30
28
27

0.03

782.34

793.85

962,27

1136.06
1323.67
1511.68
1699.33
1886.45
2073.06
2259.19
2444 .93

1312.93
1063.03
1085.00
1223.01
1388.00
1562.63
1741.46
1922.35
2104.32
2286. 89
2469.79

2156.41
1494 .68
1302.17
1366.59
1494.,67
1647.28
1811.54
1982.11
4156.59
2333.01
2511.16

0.04

493,54
502.01

- 618.54

153,96

892.49

1031.59
1170.56
1309.54
1448.20
1586.66
1724.94

884.55
700.12
716.31
818.13
940.06
1069. 32
1201.91
1336.20
1471.46
1607.27
1743.44

1510.18
1019.00
876.60

924,22

1018.99
1132.06
1253.92
1380.60
1510.17
1641.60
1774,28

0.05

349.
356.
488.
.08
664.
115,
.48

555

885

995.

50
17
08

75
05

87

161

1106.18
1216.41
1526.55

658.
512,
525.
605.
.45
.00

702
805
910

46
51
a1
86

31

1017.07
1124.68
1232.82
1341.30

1155.52
765.06

652,

16

689.90
765.06

854.

82

951.65

1052.39
115551
1260.16
1365.87

TABLE 19c. HIGHER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA.
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N LN W N

1.0
2.0
3.0
05
1.0
a5
0.33
0.67
1.0

TABLE 19d.

0.01
4622.08
4925.90
5224.29
4925.90
5518.10
6094.42
5224.29
6094.42
6937.21

»~
”~

Q (B.S.A. TI. RI) MINIMM (B=0)

0.02
1231.48
1379.52
15253.61
1579.52
1664.68
1940.22
1523.01
1940.22
2342.26

0.03
580.58
677.16
770.80
677.16
862.32
1041.00
770.80
1041.00
1302.17

0.04
344 .88
416.17
485.05
416.17
552.36
683.89
485.05
683.89
876.60

SUMMARY SHEET FOR HIGHER SET OF NATURAL
FREQUENCY INCLUDING SHEAR AND ROTARY INERTIA.

0.05
232.32
288.54
342.82
288.54
305.86
499.68
342.82
499.68
652.16

291



ol
v
>

NEBRBNUWUNDNHEEEOO

QUIOUIOUNOUNNOUTN

(m=1, n=1, hz/ab=0 .02)

0.01

1397.
1268.
.48
1243.
1268.
1298,
.67
1363.
1397.
1431.
1466.

1231

1330

72
93

99
93
66

86
72
94
36

TABLE 20a.

Q2 (B.S.A. TI. RI.)

0.25

1397,
1268.
.45
1243,
1268.
.60
.58
1363.
1397,
1431.
1466.

1231

1298
1330

-

56
89

97
89

75
56
74
11

0.50

1397

1243

1465

.40
1268.
1231.
.94
1268.
1298.
1330.
1363.
1397.
1431.
.84

84
43

54
50
63
40
53

0.75

1597,
1268.
.41
91
1268.
.48
41
1563,
1397,
1431.
.60

1231
1243

1298
1330

1465

25
80

80

51
24
33

0.99

1397.
1268.
123L,
1243,
1268.
1298,
22
1363.
1597,
1431.
1465.

1330

HIGHER SET OF NATURAL FREQUENCY INCLUDING
SHEAR AND ROTARY INERTIA

09
76
38
88

42

39
09

35

€91
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