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Page 13: The last 8 lines should read as follows: 

IPLOT 

IPLSTS 

controls the CALCOMP plotting of the mode shapes and modal stresses. 

If IPLOT is set equal to zero neither mode shapes nor modal stresses 

are plotted. 

If IPLOT is nonzero all the calculated mode shapes are plotted. 

controls the CALCOMP plotting of the modal stresses. 

If IPLSTS is set equal to zero modal stresses are not plotted. 

If IPLSTS is nonzero all the calculated stresses are plotted. 

Page 28: In figure 5, the dimension in the detail of rings 2 and 3 which is indicated as 

1.18 should be 1.13. 

Pages 94 and 95: Table X on page 94 and Table XI on page 95 should be replaced by the 

enclosed corrected Tables X and XI. 
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USER'S MANUAL FOR A DIGITAL COMPUTER PROGRAM FOR 

COMPUTING THE VIBRATION CHARACTERISTICS OF RING-STIFFENED 

ORTHOTROPIC SHELLS OF REVOLUTION 

By Howard M. Adelman, Donne11 S. Catherines, 
Earl  C. Steeves, and William C. Walton, Jr. 

Langley Research Center 

SUMMARY 

The use of a digital computer program for computing the vibration characteristics . 
of orthotropic thin shells of revolution with or  without ring stiffeners is described. The 
program is based on the finite-element method and is applicable to shells having general 
meridional curvature. 

Detailed instructions in the use of the program are included in the report as are 
explanations of the various computing options available to the user.  Among these options 
are computation of natural frequencies, mode shapes, modal stresses and, strains, and 
stress resultants. 

U s e  of the computer program is illustrated by calculation of vibration character- 
istics of two typical shell configurations: an unstiffened cylindrical shell and a ring- 
stiffened conical frustum. 

INTRQDU C TION 

A procedure based on the finite-element method for the computation of vibration 
characteristics of orthotropic shells of revolution is described in reference 1. That ref- 
erence contains the theoretical developments and the basic computational steps of the 
procedure but does not contain sufficient user information to serve as a user 's  manual 
for the computer program. In addition, several improvements in and additions to the 
procedure have been made by the authors since the publication of reference 1. The pur- 
pose of this report is to serve as a user 's  manual for the improved version of the com- 
puter program and also to present the theoretical basis for the changes in the procedure 
since the publication of reference 1. 

' 

The body of the report consists of the user 's  manual. The improvements in the 
computer program are described in the appendixes. The improvements and additions are 
as follows: 

USER'S MANUAL FOR A DIGITAL COMPUTER PROGRAM FOR 

COMPUTING THE VIBRATION CHARACTERISTICS OF RING-STIFFENED 

ORTHOTROPIC SHELLS OF REVOLUTION 

By Howard M. Adelman, Donnell S. Catherines, 

Earl C. steeves, and William C. Walton, Jr. 

Langley Research Center 

SUMMARY 

The use of a digital computer program for computing the vibration characteristics 

of orthotropic thin shells of revolution with or without ring stiffeners is described. The 

program is based on the finite-element method and is applicable to shells having general 

meridional curvature. 

Detailed instructions in the use of the program are included in the report as are 

explanations of the various computing options available to the user. Among these options 

are computation of natural frequencies, mode shapes, modal stresses and- strains, and 

stress resultants. 

Use of the computer program is illustrated by calculation of vibration character­

istics of two typical shell configurations: an unstiffened cylindrical shell and a ring­

stiffened conical frustum. 

INTRODUCTION 

A procedure based on the finite-element method for the computation of vibration 

characteristics of orthotropic shells; of revolution is described in reference 1. That ref­

erence contains the theoretical developments and the basic computational steps of the 

procedure but does not contain sufficient user information to serve as a user's manual 

for the computer program. In addition, several improvements in and additions to the 

procedure have been made by the authors since the publication of reference 1. The pur­

pose of this report is to serve as a user's manual for the improved version of the com­

puter program and also to present the theoretical basis for the changes in the procedure 

since the publication of reference 1. 

The body of the report consists of the user's manual. The improvements in the 

computer program are described in the appendixes. The improvements and additions are 

as follows: 



(1) The use of a more sophisticated approximation to the displacement field within 
each element has been implemented. This improvement is described in appendix A. 

(2) The capability of the procedure has been extended to include the calculation of 
modal stresses and strains. This addition is described in appendix B. 

(3) The capability to  include the effects of ring stiffeners has been added to the 
program. This addition is described in appendix C. 

Because the basic developments of the computer program are contained in refer- 
ence 1 the present report places great reliance on this reference, and it is essential that 
reference 1 be used in conjunction with the present report. The present report is in 
other respects self-contained. 

SYMBOLS 

A cross-sectional area of ring 

Ak matrix which relates displacements and rotations at ends of an element to 
coefficients of polynomial displacement functions 

a distance from axis of shell to origin of t19t3 axes (see fig. 7) 

coefficients in polynomial displacement functions for w 

coefficients in polynomial displacement function for u b0,k9bl,k9b2,k 

b3,k 
,’ 

membrane stiffness parameters c 1 l’C129C22 
i 

shear stiffness ‘66 

‘O,kyc 

‘3,k 

coefficients in polynomial displacement function for v 

flexural stiffness parameters Dll’D12’D22 

2 

(1) The use of a more sophisticated approximation to the displacement field within 

each element has been implemented. This improvement is described in appendix A. 

(2) The capability of the procedure has been extended to include the calculation of 

modal stresses and strains. This addition is described in appendix B. 

(3) The capability to include the effects of ring stiffeners has been added to the 
program. This addition is described in appendix C. 

Because the basic developments of the computer program are contained in refer­
ence 1 the present report places great reliance on this reference, and it is essential that 
reference 1 be used in conjunction with the present report. The present report is in 
other respects self -contained. 

SYMBOLS 

A cross-sectional area of ring 

Ak matrix which relates displacements and rotations at ends of an element to 
coefficients of polynomial displacement functions 

a distance from axis of shell to origin of ~1' ~3 axes (see fig. 7) 

coefficients in polynomial displacement functions for w 

coefficients in polynomial displacement function for u 

membrane stiffness parameters 

C 66 shear stiffness 

coefficients in polynomial displacement function for v 

flexural stiffness parameters 

2 



D66 

E 

EA 

E2 

E13 

E113 

E 5 

r2 

torsional stiffness 

Young's modulus for ring 

extensional stiffness of ring 

Young's modulus in meridional direction 

Young's modulus in circumferential direction 

bending stiffness of ring about el-axis 

bending stiffness of ring about t3-axis 

bending stiffness of ring due to coupling between bending about 
tl- and t3-axes 

stiffness of ring associated with first moment of area about t3-axis 

stiffness of ring associated with first moment of area about e1-axis 

E l?39Er4,E r 5 , E r 6  warping parameter for  ring c ross  section, defined in  table 111 

middle -surface el 

middle -surface e2 

middle -surface e 12 

rn 

meridional strain 

circumferential strain 

shear strain 

total meridional strain at extreme fiber e; 

total circumferential strain at extreme fiber T 
e2 

total shear strain at extreme fiber T 
e 12 

G shear modulus for ring 

shear modulus 1; 

3 

D66 torsional stiffness 

E Young's modulus for ring 

EA extensional stiffness of ring 

El Young's modulus in meridional direction 

E2 Young's modulus in circumferential direction 

Ell bending stiffness of ring about ~l-axis 

El3 bending stiffness of ring about ~3-axis 

El13 bending stiffness of ring due to coupling between bending about 

~C and ~3-axes 

E r 1 stiffness of ring associated with first moment of area about ~3-axis 

E r 2 stiffness of ring associated with first moment of area about ~l-axis 

warping parameter for ring cross section, defined in table III 

e l middle-surface meridional strain 

e 2 middle -surface circumferential strain 

e 12 middle-surface shear strain 

e I total meridional strain at extreme fiber 

ei total circumferential strain at extreme fiber 

e I2 total shear strain at extreme fiber 

G shear modulus for ring 

Gl , shear modulus 

3 



"I 

GJ torsional stiffness of ring 

h total thickness of shell wall 

K number of finite elements used to represent a shell 

stiffness parameters representing interaction between in-plane K1 lTK12 7K229 K66 
and out -of -plane strains 

- 
K stiffness matrix for ring 

meridional moment resultant M1 

M2 

M12 
- 
M 

"1 

"2 

"3 

m151 

"153 

n 

circumferential moment resultant 

twisting moment resultant 

mass  matrix for ring 

mass of ring per unit circumferential length 

mass moment of inertia of ring c ross  section about t3-axis 

mass  moment of inertia d ring c ross  section about tl-axis 

inertia of ring associated with first moment of area about t3-axis 

inertia of ring associated with first moment of area about tl-axis 

circumferential wave number 

principal radii of curvature of shell 

radius of shell measured in plane normal to shell axis 

R19R2 

r 

S meridional coordinate 

meridional distance from reference edge of shell to center of kth element Sk 

4 

GJ torsional stiffness of ring 

h total thickness of shell wall 

K number of finite elements used to represent a shell 

K 

M 

n 

r 

s 

4 

stiffness parameters representing interaction between in-plane 
and out-of-plane strains 

stiffness matrix for ring 

meridional moment resultant 

circumferential moment resultant 

twisting moment resultant 

mass matrix for ring 

mass of ring per unit circumferential length 

mass moment of inertia of ring cross section about ~3 -axis 

mass moment of inertia of ring cross section about ~l-axis 

inertia of ring associated with first moment of area about ~3-axis 

inertia of ring associated with first moment of area about ~l-axis 

circumferential wave number 

principal radii of curvature of shell 

radius of shell measured in plane normal to shell axis 

meridional coordinate 

meridional distance from reference edge of shell to center of kth element 



meridional stress resultant T1 

circumferential stress resultant 

shear stress resultant 

T2 

12 

inverse of matrix + Tk 

t time 

u,v,w displacement component at origin of ring coordinate system in the tl-, t2-, 
and t3 -direction, respectively 

Un,Vn,Wn, a n  amplitudes of nth harmonic of displacements and rotation at origin of 
ring coordinate axes (see fig. 7) 

u,v,w component of middle -surface displacement in meridional, circumferential, 
and normal direction, respectively 

u1 u u displacement component at a general point in ring c ross  section in the ' 2' 3 
tl-, t2-, and t3-direction, respectively 

amplitudes of nth harmonic of displacements and rotation at a Ui,n9u2,n7u3,n~ P2,n 
general point in ring c ros s  section 

A amplitudes of nth harmonic of displacements and rotation at point u 1 ,n9'2, n9'3, n? 4, n 
on ring c ross  section where ring attaches to  shell 

Un,vn,wn, Pn amplitudes,/of nth harmonic of displacements and rotation at point 
on shell middle surface 

i 

Cn,GntGn,i& amplitudes of nth harmonic of displacements and rotation of shell. 
at ring attachment circumference 

X matrix which describes assumed form of variables appearing in strain energy 
of shell 

X meridional coordinate measured within a single element 

5 

T 1 meridional stress resultant 

T 2 circumferential stress resultant 

T 12 shear stress resultant 

t 

u,v,w 

u,v,w 

x 

x 

inverse of matrix ~ 

time 

displacement component at origin of ring coordinate system in the ~1-' ~2 -, . 

and ~3 -direction, respectively 

amplitudes of nth harmonic of displacements and rotation at origin of 
ring coordinate axes (see fig. 7) 

component of middle-surface displacement in meridional, circumferential, 
and normal direction, respectively 

displacement component at a general point in ring cross section in the 

~1-' ~2-' and ~3-direction, respectively 

amplitudes of nth harmonic of displacements and rotation at a 
general point in ring cross section 

amplitudes of nth harmonic of displacements and rotation at point 

on ring cross section where ring attaches to shell 

amplitudes/of nth harmonic of displacements and rotation at point 

on shell middle surface 

amplitudes of nth harmonic of displacements and rotation of shell 

at ring attachment circumference 

matrix which describes assumed form of variables appearing in strain energy 

of shell 

meridional coordinate measured within a single element 

5 



Y matrix which describes assumed form of displacement components u, v, 
and w 

2 normal distance from shell reference surface to ring attachment 
circumference 

a! 

P 

rotation about t2-direction at origin of ring coordinate system 

rotation of shell generator relative to unstrained direction 

rotation about t2-direction at a general point in ring c ross  section 

column matrix whose elements are coefficients of assumed displacement 

P2 

y. 
polynomials, also mass density of ring material 

€11,€22,€33 direct strain in the tl- t2-, and t3-direction of the ring, respectively 

€12 

€13 

€2 3 

e 

K1 

K2 

K12 

V l  

v2 

[1, [3 

52 

shear strain on t1t2-plane 

shear strain on t1E3-plane 

shear strain on t2 t3 -plane 

circumferential coordinate 

change in curvature in meridional direction 

change in curvature in circumferential direction 

twist of middle surface 

I 

Poisson's ratio for meridional direction 

Poisson's ratio for circumferential direction 

coordinates which locate a point in ring c ross  section (see fig. 7) 

ring circumferential coordinate 

6 

y 

z 

f3 

y 

matrix which describes assumed form of displacement components u, v, 
and w 

normal distance from shell reference surface to ring attachment 
circumference 

rotation about ~2 -direction at origin of ring coordinate system 

rotation of shell generator relative to unstrained direction 

rotation about ~2 -direction at a general point in ring cross section 

column matrix whose elements are coefficients of assumed displacement 
polynomials, also mass density of ring material 

Ell,E22,E33 direct strain in the ~1- ~2 -, and ~3 -direction of the ring, respectively 

shear strain on ~1 ~2-plane 

shear strain on ~1 ~3-plane 

shear strain on ~2 ~3 -plane 

e circumferential coordinate 

change in curvature in meridional direction 

change in curvature in circumferential direction 

twist of middle surface 

Poisson's ratio for meridional direction 

Poisson's ratio. for circumferential direction 

coordinates which locate a point in ring cross section (see fig. 7) 

rIng circumferential coordinate 

6 



iil, E3 coordinates of point of attachment of ring to shell 

P mass density of shell 

extreme-fiber meridional stress "1 

extreme -fiber circumferential stress "2 

extreme-fiber shear stress 

angle between normal to shell axis and normal to shell surface at ring 

"12 

($ 
attachment circumference (see fig. 7) 

w 

warping function for ring cross section 

warping function evaluated at attachment circumference 

natural circular frequency 

A prime denotes differentiation with respect to s. 

A dot denotes differentiation with respect to time. 

Special notation used in machine plots of figure 4: 

M1 meridional moment resultant 

M2 circumferential moment resultant 

M12 twisting moment resultant 
1 

MlMAX maximum value of M1 

M2MAX maximum value of M2 

M12MAX maximum value of M12 

N circumferential wave number 

SIGMA 1 (+) outer fiber meridional stress 

7 

p 

w 

coordinates of point of attachment of ring to shell 

mass density of shell 

extreme-fiber meridional stress 

extreme -fiber circumferential stress 

extreme -fiber shear stress 

angle between normal to shell axis and normal to shell surface at ring 
attachment circumference (see fig. 7) 

warping function for ring cross section 

warping function evaluated at attachment circumference 

natural circular frequency 

A prime denotes differentiation with respect to s. 

A dot denotes differentiation with respect to time. 

Special notation used in machine plots of figure 4: 

Ml meridional moment resultant 

M2 circumferential moment resultant 

M12 twisting moment resultant 

M1MAX maximum value of Ml 

M2MAX maximum value of M2 

M12MAX maximum value of M12 

N circumferential wave number 

SIGMA 1 (+) outer fiber meridional stress 

7 



SIGMA 1 (-) 

SIGMA 2 (+) 

SIGMA 2 (-) 

SIGMA 12 (+) 

SIGMA 12 (-) 

. SlMAX 

S2MAX 

Sl2MAX 

SJL 

T I  

T2 

T 12 

T lMAX 

T2MAX 

T12MAX 

u , v , w  

inner fiber 

outer fiber 

inner fiber 

outer fiber 

inner fiber 

meridional stress 

circumferential stress 

circumferential stress 

shear stress 

shear stress 

maximum value of meridional stress 

maximum value of circumferential stress 

maximum value of shear stress 

nondimensional meridional distance 

meridional stress resultant 

circumferential stress resultant 

shear stress resultant 

maximum value of T1 

maximum value of T2 

maximum value of T12 

middle -surface displacement component in meridional, circumferential, and 
normal direction, respectively 

UMAX,VMAX,WMAX maximum value of U, V, and W, respectively 

GENERAL ORGANIZATION OF THE COMPUTER PROGRAM 

The general organization of the computer program is illustrated in figure 1. A 
more detailed description of the program is available in reference 1. The arrangement 
of the subroutines in the source deck is shown in figure 2. The reader should take 

a 

SIGMA 1 (-) inner fiber meridional stress 

SIGMA 2 (+) outer fiber circumferential stre ss 

SIGMA 2 (-) inner fiber circumferential stress 

SIGMA 12 (+) outer fiber shear stress 

SIGMA 12 (-) inner fiber shear stress 

.SlMAX maximum value of meridional stress 

S2MAX maximum value of circumferential stress 

S12MAX maximum value of shear stress 

S/L nondimensional meridional distance 

T1 meridional stress resultant 

T2 circumferential stress resultant 

T12 shear stress resultant 

T1MAX maximum value of T1 

T2MAX maximum value of T2 

T12MAX maximum value of T12 

U,V,W middle-surface displacement component in meridional, circumferential, and 
normal direction, respectively 

. UMAX,VMAX,WMAX maximum value of U, V, and W, respectively 

GENERAL ORGANIZATION OF THE COMPUTER PROGRAM 

The general organization of the computer program is illustrated in figure 1. A 
more detailed description of the program is available in reference 1. The arrangement 

of the subroutines in the source deck is shown in figure 2. The reader should take 
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INPUT 

._. 
COMPUTE MASS MATRIX AND STORE ON TAPE 

(4) 4 
CYCLE ON CIRCUMFERENTIAL WAVE NUMBER in) I 

(5) t I COMPUTE STIFFNESS MATRIX 

YES 

CYCLE ON NUMBER OF RINGS (NRINGI 

t 
COMPLm RING TRANSFORMATION MATRIX 

t 
COMPUE RING STIFFNESS MATRIX AND ADD I N  
APPROPRIATE POSITION OF STIFFNESS MATRIX 

APPROPRIATE POSITION OF MASS MATRIX 

/ 

I 
(la/ DELETE APPROPRIATE ROWS AND COLUMNS FROM STIFFNESS/ 

AND MASS MATRICES TO SATISFY EDGE CONSTRAINTS 

‘*-‘I SOLVE EIGENVALUE PROBLEM FOR ~EQUUUCIES AND MODAL COLUMNS] 

l0UTPUT FREQUENCIES AND MODAL COLUMNS I 

STRAINS, AND 
STRESSES WANTED 

‘--‘I RECOVER COEFFICIENTS OF DISPLRCEMENT POLYNOMIALS I 
17) t 

COMPUTE MODE SHAPE (u, v, w), STRAINS (el. e? el? K~. ~ 2 .  K~? elT, e2T, e12T), 
STRESS RESOLTANTS Crl, T2,  TI^, MI, Mp, MI?), AND STRESSES Cop 9, 0121 

.. 
OUTPUT MODE SHAPE, STRAINS, STRESS RESULTANTS, AND STRESSES 

(19)’ ICALCOMP PLOTS OF MODE SHAPE, STRESS RESULTANTS, AND STRESSES/ 

Figure 1. - General organizat ion of program. 

9 

131 r--------'-------~ 
COMPUTE MASS MATRIX AND STORE ON TAPE 

141 
CYCLE ON CIRCUMFERENTIAL WAVE NUMBER Inl 

(SI.----.L-----, 

r--_______ .::.NOO« RINGS 

(81r-------'------~ 
COMPUTE RING TRANSFORMATION MATRIX 

(9Irc::-:O::-:M=-PUC:TE==--=R""IN=G--:S:::T:-::IF=-FN=ES'-=S-M"'A:-::T"'RI""X--:A-OCN~D~A"'DD,...."IN~ 
APPROPRIATE POSITION OF STIFFNESS MATRIX 

nO) r.C"'OM"'P;:-;UT""'E;-;;-R"'"'1 N"'G""'M"'A"'S""S '""'M""A""TR""'I""X--:A"'N""D --:A"'D"::"D --:17:lN 
APPROPRIATE POSITION OF MASS MATRIX 

1111 

NO CYCLE ON 
'-------"'Z"NR/NG COMPlETE 

YES 
1121 DElETE APPROPRIATE ROWS AND COLUMNS FROM STIFFNESS 

AND MASS MATRICES TO SATISFY EDGE CONSTRAINTS 

1l31r------------'-----------~ 
SOLVE EIGENVALUE PROBLEM FOR FREQUENCIES AND MODAL COLUMNS 

1141.----__ .L-_____ -, 
OUTPUT FREQUENCIES AND MODAL COLUMNS 

NO 

!lSI 
MODE SHAPES, 
STRAINS, AND 

STRESSES WANTED 

YES 
tI61r-----------'-------------, 

RECOVER COEFFICIENTS OF DISPlACEMENT POLYNOMIALS 

COMPUTE MODE ,~HAPE (u, v, wi, STRAINS lei' e2' e,2, KI, K2' KI2, elT, e{ el2TI, 

STRESS RESULTANTS tTl' T2' TI2, MI, M2, MI21, AND STRESSES (ai' Il;!, 0121 

1181.------:----------l'-------------, 
OUT~(rr MODE SHAPE, STRAINS, STRESS RESULTANTS, AND STRESSES 

1191r----:---------L----------~ 
CALCOMP PLOTS OF MODE SHAPE, STRESS RES ULTANTS, AND STRESSES 

NO 

Figure 1.- General organization of program. 
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Figure 2.- Arrangement of subroutines in source deck. 

particular notice of the location of subroutine PEST because, as explained later, this is 
the subroutine which accepts a good deal of the input to the program. A brief description 
of the function of each of the subroutines in the program is as follows: 

SHELL the main program, calls the subroutines in the proper sequence 

TRAN 

SUMAT 

used to compute a transformation matrix for each element 

used to  compute a stiffness matrix for each element by numerical integration 
using the trapezoidal rule 

MASS used to compute a mass matrix for each element by numerical integration 
using the trapezoidal rule 

PEST used to compute the elements of matrix R (see ref. 1) 

RING used to compute a ring stiffness matrix and mass matrix for each ring and 
add them to the shell stiffness and mass matrices, respectively 

10 

DATA CARDS I 
/ STSPLT I 

FIBPlT I 
/ MODPLT I . 

MODE I 
/BACK I 

VECTOR I 
/BOUN L 

/CASE 1 
// ElIM L 

JACTV 1 
EIGEN 1 
/RING 1 
./ PEST 1 

.MASS I 
/ SUMAT I 
/ TRAN I 

SHEll I 
CONTROL CARDS 

Figure 2.- Arrangement of subroutines in source deck. 

particular notice of the location of subroutine PEST because, as explained later, this is 
the subroutine which accepts a good deal of the input to the program. A brief description 
of the function of each of the subroutines in the program is as follows: 

SHELL 

TRAN 

SUMAT 

MASS 

PEST 

ruNG 

10 

the main program, calls the subroutines in the proper sequence 

used to compute a transformation matrix for each element 

used to compute a stiffness matrix for each element by numerical integration 
using the trapezoidal rule , 

used to compute a mass matrix for each element by numerical integration 
using the trapezoidal rule 

used to compute the elements of matrix R (see ref. 1) 

used to compute a ring stiffness matrix and mass matrix for each ring and 
add them to the shell stiffness and mass matrices, respectively 



EIGEN 

JACTV 

E LIM 

CASE 

BOUN 

VECTOR 

BACK 

MODE 

MODPLT 

FIBPLT 

STSPLT 

used to solve the final matrix equation for the natural frequencies and modal 
columns of the shell 

used to calculate the eigenvalues and eigenvectors of a square symmetric 
matrix by the threshold Jacobi method, described in reference 1 

deletes a row and a column from a matrix 

used to designate the row and column numbers to be deleted from the stiffness 
and mass matrices to satisfy the edge conditions 

used to delete the appropriate rows and columns to  satisfy the edge conditions 

used to designate, in accordance with CASE, the locations in the modal column 
where zeros  are to be inserted 

used to insert zeros in the modal columns 

used to compute the coefficients of the polynomials which represent the dis- 
placement components. These polynomials are then used to compute mode 
shapes, modal strains, and modal stresses.  

used to obtain CALCOMP plots of the mode shapes 

used to obtain CALCOMP plots of extreme-fiber modal stresses 

used to obtain CALCOMP plots of modal stress and moment resultants 

INPUT 1 

The input necessary to operate the computer program is described in this section. 

(1) Control numbers 

(2) Numerical input data 

(3) Function input 

There are three types of input to  the program: 

In addition, the first card in the data cards must be a description of the problem being 
solved. This identification is an alphanumeric .array IDEN and has the format 8A10. 
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EIGEN 

JACTV 

ELIM 

used to solve the final matrix equation for the natural frequencies and modal 
columns of the shell 

used to calculate the eigenvalues and eigenvectors of a square symmetric 
matrix by the threshold Jacobi method, described in reference 1 

deletes a row and a column from a matrix 

CASE used to designate the row and column numbers to be deleted from the stiffness 
and mass matrices to satisfy the edge conditions 

BOUN used to delete the appropriate rows and columns to satisfy the edge conditions 

VECTOR used to designate, in accordance with CASE, the locations in the modal column 
where zeros are to be inserted 

BACK used to insert zeros in the modal columns 

MODE used to compute the coefficients of the polynomials which represent the dis­
placement components. These polynomials are then used to compute mode 

shapes, modal strains, and modal stresses. 

MODPLT used to obtain CALCOMP plots of the mode shapes 

FIBPLT used to obtain CALCOMP plots of extreme-fiber modal stresses 

STSPLT used to obtain CALCOMP plots of modal stress and moment resultants 

INPUT 

The input necessary to op,erate the computer program is described in this section. 
There are three types of input to the program: 

(1) Control numbers 

(2) Numerical input data 

(3) Function input 

In addition, the first card in the data cards must be a description of the problem being 
solved. This identification is an alphanumeric .array IDEN and has the format 8AW. 
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Control Numbers 

The control numbers are listed in table I. 

TABLE I.- CONTROL NUMBERS 

I 

K 
NBEG 
NLAST 
ININ 
ICA SE 
NFUNG 
IPFUNT 
NMODE 
ISTRN 
ISTRES 
IINT 
IPLOT 
IPLSTS 
IFUNCT 

Format 
r 
I 1: 

The interpretation of each control number follows: 

K the number of finite elements used to represent the shell 

NBEG,NLAST specify the range of circumferential wave numbers for which calcula- 
tions are performed. The first value of n is NBEG and the last 
is NLASQ. 

ININ the number of intervals used in each element for performing the numerical 
integrations required to compute the element mass  and stiffness matrices. 
The authors have found 100 intervals to be sdficient. 

- ICASE defines the edge conditions of the shell being analyzed (see table 111 of ref. 1) 

NFUNG the number of rings on the shell 

12 

Control Numbers 

The control numbers are listed in table I. 

TABLE 1.- CONTROL NUMBERS 

Quantity Format 

K 714 

NBEG 

NLAST 

lNIN 

ICASE 

NRING 

IPRINT 

NMODE 

ISTRN 

ISTRES 

lINT 

IPLOT 

IPLSTS 

IFUNCT ,It 

The interpretation of each control number follows: 

K the number of finite elements used to represent the shell 

NBEG,NLAST specify the range of circumferential wave numbers for which calcula­

tions are performed. The fir st value of n is NBEG and the last 

is NLAS'rJ'. 

ININ the number of iIJ1;ervals used in each element for performing the numerical 
I 

integrations required to compute the element mass and stiffness matrices. 

The authors have found 100 intervals to be sufficient. 

ICASE defines the edge conditions of the shell being analyzed (see table III of ref. 1) 

NRING the number of rings on .the shell 

12 



IPRINT controls the printing of the shell stiffness and mass matrices and also con- 
t rols  the number of modal columns printed. 

If IPFUNT is 0 the mass and stiffness matrices are not printed and only the 
modal columns corresponding to the five lowest frequencies are printed. 

If IPFUNT is 1 the mass and stiffness matrices are not printed but all the 
modal columns are printed. 

If IPRINT is 2 the mass and stiffness matrices are printed and all the 
modal columns are printed. 

NMODE controls the computation of mode shapes. For each circumferential wave 
number, mode shapes are computed for the lowest NMODE frequencies. 
All the computed mode shapes are printed. 

ISTRN controls the computation of middle-surface and extreme-fiber modal strains. 
If ISTRN is set equal to a nonzero integer distributions of modal strains 

are calculated and printed for the same modes for which the mode shapes 
were computed. 

If ISTRN is zero the calculation of modal strains is omitted. 

controls the computation of modal stress resultants and outer fiber stresses. 
If ISTRES is set equal to a nonzero integer distributions of s t ress  resul- 

tants and extreme-fiber stresses a re  calculated and printed for the same 
modes for which mode shapes were computed. 

tants are omitted. 

ISTRES 

If ISTRES is set equal to zero calculations of stresses and stress resul- 

Note: ISTRN may not be nonzero unless NMODE is also nonzero. Similarly, ISTEtES 
may not be nonzero unless both ISTRN and NMODE are nonzero. 

IINT one less than the number of locations within each element at which the mode 
shapes, modal strains, and modal stresses are computed. Ten locations 
are generally sufficient. 

IPLOT controls the CALCOM$ plotting of the mode shapes, modal strains, and 

If IPLOT is set e q u a  to zero neither mode shapes, modal strains, nor 

If IPLOT is nonzero all the calculated mode shapes are plotted. 

controls the CALCOMP plotting of the modal strains and modal stresses. 
If IPLSTS is set equal to zero modal strains and stresses are not plotted. 
If IPLSTS is nonzero all the calculated strains and stresses are plotted. 

modal stresses. 

modal stresses are plotted. 

IPLSTS 

13 

I PRINT 

NMODE 

ISTRN 

ISTRES 

controls the printing of the shell stiffness and mass matrices and also con­
trols the number of modal columns printed. 

If IPRINT is 0 the mass and stiffness matrices are not printed and only the 
modal columns corresponding to the five lowest frequencies are printed. 

If IPRINT is 1 the mass and stiffness matrices are not printed but all the 
modal columns are printed. 

If IPRINT is 2 the mass and stiffness matrices are printed and all the 
modal columns are printed. 

controls the computation of mode shapes. For each circumferential wave 
number, mode shapes are computed for the lowest NMODE frequencies. 
All the computed mode shapes are printed. 

controls the computation of middle-surface and extreme-fiber modal strains. 
If ISTRN is set equal to a nonzero integer distributions of modal strains 

are calculated and printed for the same modes for which the mode shapes 
were computed. 

If ISTRN is zero the calculation of modal strains is omitted. 

controls the computation of modal stress resultants and outer fiber stresses. 
If ISTRES is set equal to a nonzero integer distributions of stress resul­

tants and extreme-fiber stresses are calculated and printed for the same 
modes for which mode shapes were computed. 

If ISTRES is set equal to zero calculations of stresses and stress resul­
tants are omitted. 

Note: ISTRN may not be nonzero unless NMODE is also nonzero. Similarly, ISTRES 
may not be nonzero unless both ISTRN and NMODE are nonzero. 

IINT one less than the number of locations within each element at which the mode 

IPLOT 

IPLSTS 

shapes, modal strains, and modal stresses are computed. Ten locations 
are· generally sufficient. 

" 

" controls the CALCOMP plotting of the mode shapes, modal strains, and 
modal stresses. 

If IPLOT is set equal to zero neither mode shapes, modal strains, nor 
modal stresses are plotted. 

If IPLOT is nonzero all the calculated mode shapes are plotted. 

controls the CALCOMP plotting of the modal strains and modal stresses. 
If IPLSTS is set equal to zero modal strains and stresses are not plotted. 
If IPLSTS is nonzero all the calculated strains and stresses are plotted. 
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IFUNCT indicates which of two options the user wishes to use to  input the properties 

If IFUNCT is zero the material properties are read in as constants on data 
of the shell. 

cards. This option is obviously used only for shells with constant 
properties. 

subroutine PEST as functions of the meridional coordinate s. 

numerical data and function input data are discussed. 

If IFUNCT is nonzero the material properties are entered directly into the 

Elucidation of the two options will be made in later sections of the paper when 

V 

Numerical Input Data 

The numerical input data are listed in table II. 

TABLE 11.- NUMERICAL INPUT DATA 

Quantity 

so 
E (1) 
YOUNG1 
YOUNG2 
XMUl 
xMU2 
RHO 
TH 
G12 
NJUN(I) 
RIN(J,I) 

Format 

A description of each of the items in table I1 follows: 
i 

SO the meridional distance from the origin of the meridional coordinate s to 
the reference edge of the shell 

E (1) an array in which the Ith entry is the meridional length of the Ith finite ele- 
ment. There must be K of these entries. Furthermore, the sum of the 
E(1)'s must be equal to the meridional length of the shell. 

14 

IFUNCT indicates which of two options the user wishes to use to input the properties 

of the shell. 

If IFUNCT is zero the material properties are read in as constants on data 
cards. This option is obviously used only for shells with constant 
properties. 

If IFUNCT is nonzero the material properties are entered directly into the 

subroutine PEST as functions of the meridional coordinate s. 
Elucidation of the two options will be made in later sections of the paper when 

numerical data and function input data are discussed. 

Numerical Input Data 

The numerical input data are listed in table II. 

TABLE II.- NUMERICAL INPUT DATA 

Quantity Format 

SO 5E14.8 
E(I) 

YOUNG1 

YOUNG2 
XMU1 

XMU2 

RHO 

TH 
G12 
NJUN(I) 714 

RIN(J,I) 5E14.8 

A description of each of the items in table II follows: 

, 

SO the meridional distance from the origin of the meridional coordinate s to 
the reference edge of the shell 

E(I) an array in which the Ith entry is the meridional length of the Ith finite ele-

14 

ment. There must be K of these entries. Furthermore, the sum of the 
E(I)'s must be equal to the meridional length of the shell. 



YOUNG1 

YOUNG2 

XNIul 

xMu2 

RHO 

TH 

G12 

NJUN(1) 

Young's modulus in the meridional direction. This input is used only if 
IFUNCT = 0. 

Young's modulus in the circumferential direction. This input is used only 
if IFUNCT=O. 

Poisson's ratio in the meridional direction. This input is used only if 
IFUNCT = 0. 

Poisson's ratio in the circumferential direction. This input is used only 
if IFUNCT=O. 

mass density for the shell material 

the shell thickness. This input is used only if IFUNCT = 0. 

the shear modulus. This input is used only if IFUNCT = 0. 

an array in which the Ith entry is the juncture at which the Ith ring is 
located. The number of entries in the array is equal to NRING. If 
NRING = 0, reading of the array NJUN(1) is omitted. 

located only at element junctures. 
As is noted in appendix C, a requirement of the program is that rings be 

a two-dimensional array defining the ring properties. An element in this 
array specifies the Jth property of the Ith ring. The range on J is 1 to 21  
and the range on I is 1 to NRING. The definitions of each of the 2 1  prop- 
erties required are given in table 111. 
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YOUNG 1 Young's modulus in the meridional direction. This input is used only if 

IFUNCT = O. 

YOUNG2 Young's modulus in the circumferential direction. This input is used only 

if IFUNCT = O. 

XMU1 Poisson's ratio in the meridional direction. This input is used only if 

XMU2 

RHO 

TH 

G12 

NJUN(I) 

IFUNCT = O. 

Poisson's ratio in the circumferential direction. This input is used only 

if IFUNCT = O. 

mass density for the shell material 

the shell thickness. This input is used only if IFUNCT = O. 

the shear modulus. This input is used only if IFUNCT = O. 

an array in which the Ith entry is the juncture at which the Ith ring is 

located. The number of entries in the array is equal to NRING. If 

NRING = 0, reading of the array NJUN(I) is omitted. 

As is noted in appendix C, a requirement of the program is that rings be 

located only at element junctures. 

RIN(J,I) a two-dimensional array defining the ring properties. An element in this 

array specifies the Jth property of the Ith ring. The range on J is 1 to 21 

and the range on I is 1 to NRING. The definitions of each of the 21 prop­

erties required are given in table III. 
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'rogram designation 

Rm1,I )  

,I) 

~ ~ ( 3 ~ 1 )  

~ ~ 4 , 1 )  

m~(5 ,1 )  

FUN(6,I) 

FUNU,I) 

RIN(8,I) 

~ w 9 , 1 )  

RIN(10,I) 

FUN( 1 1 ,I) 

FUN(12,I) 

FUN(13,I) 

FUN(14,I) 

FUN( 15,I) 

FUN( 16,I) 

RIN(17,I) 

RIN(18,I) 

FUN( 19,I) 

RIN(20,I) 

FUN(2 1,1) 

TABLE m.- RING PROPERTIES FOR INPUT 

Symbol used in 
appendix C 

E113 

E rl 

E r2 

EA 

E r3 

E r4 

E r5 

E r6 

GJ 

'I, 

' ml 

mli3 

m2 

m3 

Definition as given in appendix C 

+(g1,63) 

t1 coordinate of the attachment circumference 

t3 
Angle between normal to axis and normal to shell 

coordinate of the attachment circumference 

surface at attachment circumference 

G 9 - g +  {1)2 + (* - 5 3 ) ~ d A  
SA I a 5 3  a a 51 
Normal distance from shell reference surface to 

ring attachment circumference 

16 

TABLE m.- RING PROPERTIES FOR INPUT 

Program designation Symbol used in 
Definition as given in appendix C appendix C 

RIN(l,I) ~ 1/t(~1'~3) 
RIN(2,I) ~l ~l coordinate of the attachment circumference 

RIN(3,I) ~3 ~3 coordinate of the attachment circumference 

RIN(4,I) cp Angle between normal to axis and normal to shell 
surface at attachment circumference 

RIN(5,I) Ell SA E~~ dA 

RIN(6,I) EI3 SA E~~ dA 

RIN(7,I) EI13 SA E~I~3 dA 

RIN(8,I) Erl SA E~l dA 

RIN(9,I) Er2 SA EI;3 dA 

RIN(IO,I) EA SA E dA 

RIN(ll,I) Er3 SA E~ dA 

RIN(12,I) Er4 SA EI/t~l dA 

RIN(13,I) Er5 SA EI/t~3 dA 

RIN(14,I) Er6 SA El/tdA 

RIN(15,I) GJ 

" 

S G~~-~+~1)2+(~-~3)jdA A al;3 a ah 
RIN(16,I) ! z Normal distance from shell reference surface to 

ring attachment circumference 

RIN(17,I) I ml 
SA

YdA 

RIN(18,I) ml~3 SA yI;3 dA 

RIN(19,I) ml~l SA Y~l dA 

RIN(20,I) m2 SA yl;~ dA 

RIN(21,I) m3 SA yl;~ dA 
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Explanation of Items in Table III 

As can be seen from table III the warping function is required in several 
items. The authors are unaware of a suitable procedure for determining @ for rings 
having general c ross  sections. It is suggested in reference 2 that this function be approx- 
imated by the warping function of St. Venant torsion theory for straight bars. The validity 
of this approximation has not been investigated by the authors of the present report. The 
authors have, however, obtained satisfactory results for frequencies of stiffened shells 
by approximating the items in table III which involve @ as follows: 

E r 3  = ECw 

GJ = G ($ t t;t)dA 

where C, is the warping constant from St. Venant torsion theory for straight bars and 
E is the average value of Young's modulus over the ring cross  section. 

Explanations of the remaining items in table 111 are as follows: 

coordinates which locate a point in ring cross  section, can be positive or 
negative 

angle between normal to shell axis and normal to  shell surface at ring attach- 
ment circumference 

bending stiffness about t1- and t3 -axis, respectively 

bending stiffness due to coupling between bending about tl- and t3-axes 

stiffness associated with first moment of area about &&-axis 

stiffness associated with first moment of area about tl-axis 

extensional stiffness of ring 
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Explanation of Items in Table III 

As can be seen from table ill the warping function 1f.t (~1' ~3) is required in several 
items. The authors are unaware of a suitable procedure for determining 1f.t for rings 

having general cross sections. It is suggested in reference 2 that this function be approx­

imated by the warping function of St. Venant torsion theory for straight bars. The validity 

of this approximation has not been investigated by the authors of the present report. The 

authors have, however, obtained satisfactory results for frequencies of stiffened shells 

by approximating the items in table III which involve 1f.t as follows: 

where Cw is the warping constant from St. Venant torsion theory for straight bars and 

E is the average value of Young's modulus over the ring cross section. 

EA 

Explanations of the remaining items in table III are as follows: 

coordinates which locate a point in ring cross section, can be positive or 

negative 

angle between normal to shell axis and normal to shell surface at ring attach­

ment circumference 

bending stiffness about ~1- and ~3 -axis, respectively 

, 
bending stiffness due to coupling between bending about ~1- and ~3-axes 

stiffness associated with first moment of area about ~3 -axis 

stiffness associated with first moment of area about ~1 -axis 

extensional stiffness of ring 
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Z normal distance from shell reference surface to ring attachment 
h h circumference, - - 5 z S - 
2 -  2 

mass of ring per unit circumferential length ml 

inertia associated with first moment of area about tl-axis mlz3  

inertia associated with fir st moment of area about t3 -axis m l z l  

mass moment of inertia about t3-axis m2 

mass moment of inertia about tl-axis "3 

The quantity a is required in several of the matrices which describe the ring. 
This quantity is the distance from the shell axis to the origin of the ring coordinate 
system. (See appendix C.) From the first  figure in appendix C it is seen that a is 
determined for each ring by the following equation: 

A 

a =  r + z cos @ - t3 

where r is the shell radius at the ring location and z, 4, and z3 have been pre- 
viously defined. The location of the origin of the t1,t3 coordinate system is arbitrary; 
however, the most convenient choice is the centroid of the cross  section. 

Function Input 

The function input is in the form of FORTRAN statements which are placed in the 
subroutine PEST. The function input is of two types: 

(1) Functions describing the geometry of the reference surface of the shell 

(2) Functions describing the thickness and material properties of the shell wall 

Function input of the first type is shown in table IV. In the left column of this table are 
the FORTRAN words used in PEST and in the right column are the symbols used in 
reference 1. 
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z normal distance from shell reference surface to ring attachment 
. mf h< <h clrcu erence, - 2" = z = 2" 

mass of ring per unit circumferential length 

inertia associated with first moment of area about ~l-axis 

inertia associated with first moment of area about ~3 -axis 

mass moment of inertia about ~3 -axis 

mass moment of inertia about ~l-axis 

The quantity a is required in several of the matrices which describe the ring. 
This quantity is the distance from the shell axis to the origin of the ring coordinate 
system. (See appendix C.) From the first figure in appendix C it is seen that a is 
determined for each ring by the following equation: 

a :::: r + z cos 4> - €3 

where r is the shell radius at the ring location and z, 4>, and ~3 have been pre­
viously defined. The location of the origin of the ~1' ~3 coordinate system is arbitrary; 
however, the most convenient choice is the centroid of the cross section. 

Function Input 

The function input is in the form of FORTRAN statements which are placed in the 
subroutine PEST. The function input is of two types: 

(1) Functions describing the geometry of the reference surface of the shell 

(2) Functions describing the thickness and material properties of the shell wall 
r 

Function input of the first type is shown in table IV. In the left column of this table are 
the FORTRAN words used in PEST and in the right column are the symbols used in 

. reference 1. 
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TABLE IV.- FUNCTION INPUT DESCRIBING 

GEOMETRY OF REFERENCE SURFACE 

Function 

R 
RP  
R1 

R2 
R1P 

Symbol used in 
reference 1 

r(s) 
r'(s) 
1/Rl(S) 
Ri(s) 
1/% (4 

Function 

c11 
c 12 
c22  
C66 

D11 * 

D12 

D22' 

D66 

K l l  
K12 
K22 
K66 
Young1 

Young2 
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TABLE IV. - FUNCTION INPUT DESCRIBING 

GEOMETRY OF REFERENCE SURFACE 

Function Symbol used in 
reference 1 

R res) 
RP r'(s) 

Rl 1/R1(s) 
RlP R1(s) 

R2 1/~(s) 

The functions, in table IV must be supplied by the user. For every shell having a different 

geometry, a different set of these functions is required. 

Function input of the second type is summarized in table V. In the left column of 

the table are the FORTRAN words used in PEST. In the right column are the symbols 
used in reference 1 and appendix B of the present paper. 

TABLE V.- FUNCTION INPUT DESCRIBING MATERIAL 

PROPERTIES OF SHELL WALL 

Function 
Symbol used in 
reference 1 and 

appendix B 

Cll Cll (s) 

C12 C12(s) 

C22 C22 (s) 

C66 C66(s) 

Dll Dll (s) 

D12· D12(s) 

D22' D22 (s) 

D66 D66(s) 

Kll Kll (s) 

K12 Kl2 (s) 

K22 K22 (s) 

K66 K66(s) 

Youngl El (s) 

Young2 E2(s) 
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Function 

XMUl 

xMu2 

RHO 
TH 

Method of Specifying Function Input 

It is important to  note that all the functions listed in  table V must be specified in 
PEST. The specific method of specifying these functions is dependent on the nature of 
the shell and the preference of the user.  Three alternate methods are as follows: 

(1) If the material properties and thickness of the shell are constant, proceed as 
follows : 

(a) Set IFUNCT = 0 

(b) Enter the input constants YOUNGl, YOUNG2, XMU1, XMU2, RHO, TH, 
and 612 on data cards  

(e) Enter formulas in PEST which express the quantities C11, C12, C22, 
C66, D11, D12, D22, D66, K11, K12, K22, and K66 in terms d the 
constants in (b) 

(2) If any of the material operties are functions, proceed as follows: 

to  a nonzero integer (a) Set IFUNCT e 

(b) Enter functions in PEST for all the functions in table V 

or as follows: 

Symbol used in  
reference 1 and 

appendix B 

"@) 

"2 (4 
P ( S )  

h(s) 

(a) Set IFUNCT equal to a nonzero integer 

(b) Enter functions in PEST for  the quantities YOUNGl, YOUNG2, XMU1, 

(e) Enter formulas in  PEST which express the quantities C11, C12, C22, C66, 

The format of the function input is that of an ordinary FORTRAN statement which defines 
a quantity in  the left column of table N or table V. 

XMU2, RHO, TH, and G12 

D11, D12, D22, 3366, K11, K12, K22, and K66 in  te rms  of the functions in (b) 
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TABLE V.- FUNCTION INPUT DESCRIBING MATERIAL 

PROPERTIES OF SHELL WALL - Concluded 

Symbol used in 
Function reference 1 and 

appendix B 

XMU1 v1 (s) 

XMU2 v2(s) 

RHO p(s) 

TH h(s) 

G12 G12(s) 

Method of Specifying Function Input 

It is important to note that all the functions listed in table V must be specified in 

PEST. The specific method of specifying these functions is dependent on the nature of· 

the shell and the preference of the user. Three alternate methods are as follows: 

(1) If the material properties and thickness of the shell are constant, proceed as 

follows: 

(a) Set IFUNCT = 0 

(b) Enter the input constants YOUNG1, YOUNG2, XMU1, XMU2, RHO, TH, 
and G12 on data cards 

(c) Enter formulas in PEST which express the quantities C 11, C 12, C22, 
C66, Dll, D12, D22, D66, Kll, K12, K22, and K66 in terms I)f the 
constants in (b) 

(2) If any of the material properties are functions, proceed as follows: 
., 

(a) Set IFUNCT equ;U to a nonzero integer 

(b) Enter functio~s in PEST for all the functions in table V 

or as follows: 

(a) Set IFUNCT equal to a nonzero integer 

(b) Enter functions in PEST for the quantities YOUNG1, YOUNG2, XMU1, 
XMU2, RHO, TH, and G12 

(c) Enter formulas in PEST which express the quantities Cll, C12, C22, C66, 
Dll, D12, D22, D66, Kll, K12, K22, and K66 in terms of the functions in (b) 

The format of the function input is that of an ordinary FORTRAN statement which defines 
a quantity in the left column of table IV or table V. 
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OUTPUT 

The output of the computer program is in two categories. The first is a printout of 
the numerical input data. The second consists of the results of the program calculations. 

The first category of output, a printout of the numerical input data, includes the 
following items: 

(1) The identification card IDEN 

(2) The control numbers in table I 

(3) The meridional length of each finite element 

(4) The meridional distance from the origin of s to the center of each finite 
element 

(5) The value of SO 

(6) The material properties of the shell (if they are constants and read as 
numerical input data) 

(7) The arrays of ring properties NJUN(1) and RIN(J,I) 

(8) The edge conditions of the shell along with the rows and columns which were 
deleted from the mass and stiffness matrices 

The second category of output, the results of the calculations, is dependent on the 
options exercised by the user. The natural frequencies for each circumferential wave 
number are printed without the user  requesting their printing. The following items are 
printed only at the user 's  request: 

(1) The shell stiffness and mass matrix (if IPRINT = 2) 

(2) The modal columns. The number of modal columns printed is dependent upon 

(3) Tabulations of the mode shapes. The number of mode shapes printed is con- 

the value of IPRINT. 

trolled by NMODE. 

(4) Tabulations of middle-surface and extreme-fiber strains. The number of these 
is controlled by ISTRN and NMODE. 

(5) Tabulations of stress resultants, moment resultants, and extreme-fiber stresses. 
The number of these is controlled by ISTRES and NMODE. 

(6) CALCOMP plots of the i tems in (3), (4), and (5). The plotting is controlled by 
IPLOT and IPLSTS. 
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printed only at the user's request: 

(1) The shell stiffness and mass matrix (if IPRINT == 2) 

(2) The modal columns. The number of modal columns printed is dependent upon 

the value of IPRINT. 

(3) Tabulations of the mode shapes. The number of mode shapes printed is con­
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(5) Tabulations of stress resultants, moment resultants, and extreme-fiber stresses. 

The number of these is controlled by ISTRES and NMODE. 

(6) CALCOMP plots of the items in (3), (4), and (5). The plotting is controlled by 

IPLOT and IPLSTS. 

21 



ADDITIONAL USER INFORMATION 

Limitations of the Program 

There are two types of limitations of the program. The first type is due to 
assumptions made in the theoretical development of the program, and the second is due 
to  the programing. 

Limitations of the first type are as follows: 

(1) The program is not applicable to shells in which the shell surface intersects 
the axis of the shell. Thus, the program is not applicable to hemispheres, for example 

(2) The program is restricted to shells with continuous stiffness distributions. 

(3) A ring must be attached to  the shell along a single common circumference. 

Limitations of the second type are 

(1) The only consecutive cases that may be run with the same source deck are 
those which are for the same geometry. Thus, for example, the frequencies of a given 
cylinder may be computed for several different sets of edge conditions by using the same 
source deck and entering several different codes for ICASE. However, the frequencies 
of two different cylinders could not be computed with a single source deck. 

(2) Although a plot tape may be generated at the user 's  option, the capability of 
obtaining CALCOMP plots is limited to  Control Data computer (CDC) systems. 

(3) The circumferences along which rings are joined to shells must be element 
junctures of the shell idealization. 

(4) A shell may be supported only at the first and last edges of the shell. 

Notes on Input 

Formulas for the stiffdesses in table V are dependent upon the nature of the shell 
material as well as the layer geometry and the analyst's choice of the shell reference 
surface. The stiffnesses are intentionally left in a general form in order to provide the 
greatest possible flexibility for the analyst using the program. Reference 3 contains an 
excellent presentation of formulas for the stiffnesses for shells having various layer 
geometry and elastic properties. (See pp. 34 and 43 to 53 of ref. 3.) Those formulas 
may be used directly, with the exception that the values used for should be four 
times and for K66 should be two times the corresponding values given in reference 3. 
For the reason for these exceptions refer to page 9 of reference 1. The numerical input 
data and the function input may be expressed in any consistent set of units. 

D66 
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Number and Spacing of Elements 

The required number and spacing of elements in a finite-element idealization of a 
shell is dependent upon the nature of the results which are requi'red as well as upon the 
nature of the shell. It is therefore difficult to  give a user more than very general guide- 
lines concerning how to idealize a shell by finite elements. The authors believe that the 
best way to suggest guidelines is to describe some of the applications that they and other 
users  have made of the computer program. 

In reference 1 it was  found that the first four or five frequencies of unstiffened 
shells of revolution for a given circumferential harmonic are computed very accurately 
with 10 equally spaced elements. In reference 4 it was  found that the mode shape and 
modal stress in a mode of a clamped cylinder which exhibited a severe boundary layer in 
the stress could be accurately computed with only 14 elements if the elements near the 
clamped edge were much smaller than those elements in the middle region of the shell. 

In reference 5 modes from the present computer program were used in an applica- 
tion of modal superposition to the prediction of axisymmetric wave propagation phenomena 
in cylindrical shells. A great number of modes were computed by the program with a 
high degree of accuracy, based on idealizations of 20 equally spaced elements. In one 
instance an idealization of 40 equally spaced elements was required in order to  obtain the 
converged axial stress resultants. 

SAMPLE CALCULATIONS 

Two sample calculations are presented in order to illustrate the application of the 
computer program to typical shell configurations. The units used in the sample calcula- 
tions are inches, pounds, and seconds. 

Sample Calculation 1 

The shell treated in the first sample calculation is a circular cylinder clamped at 
each edge. The geometry and material properties of the cylinder are shown in figure 3. 
It is desired to compute all the natural frequencies for n = 3 and the mode shape, 
modal strains, stress resultants, and extreme-fiber stresses for the lowest frequency. 
Printouts of the stiffness and mass matrices are not required. However, it is desired to 
plot the mode shape and all the modal strain and stress quantities for the lowest fre- 
quency. The analysis is based on an idealization of the shell by 14 elements with the 
elements near the edges smaller than those near the middle. A total of 100 integration 
intervals is used within each element. The mode shapes and modal strain and stress 
parameters are to be computed and plotted at 10 equally spaced locations within each 
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YOUNG'S MODULUS 
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I RADIUS I r  I 3 1  
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Figure 3.- Circular cylinder used i n  sample ca lcu la t ion  1. 

element. It is convenient for input purposes to let the reference edge of the shell be the 
origin of the coordinate s. Thus SO = 0.0. 

The numerical data and control number input are as follows: 

IDEN: SAMPLE CASE 1 CLAMPED-CLAMPED CYLINDER 

K =  14 

NBEG = 3 

NLAST = 3 

ININ = 100 

ICASE = 10 

NRING = 0 

IPRINT = 0 

NMODE = 1 

ISTRN = 1 

ISTRES = 1 

IINT = 10 

IPLOT = 1 

IPLSTS = 1 

IFUNCT = 0 

so = 0.0 

24 

--"'--h 
LENGTH L 12 

RADIUS r 3 

r-1 THICKNESS h 0.0\ 

YOUNG'S MODULUS E 3X 107 
L 

POISSON' S RATIO v 0.30 

MASS DENSITY P 7.33 X 10-4 

Figure 3.- Circular cylinder used in sample calculation 1. 

element. It is convenient for input purposes to let the reference edge of the shell be the 

origin of the coordinate s. Thus SO = 0.0. 

The numerical data and control number input are as follows: 

IDEN: SAMPLE CASE 1 CLAMPED-CLAMPED CYLINDER 

K = 14 

NBEG = 3 

NLAST = 3 

ININ = 100 

ICASE = 10 

NRING = 0 

IPRINT = 0 

NMODE = 1 

ISTRN = 1 

ISTRES = 1 

IINT = 10 

IPLOT = 1 

IPLSTS = 1 

IFUNCT = 0 

SO = 0.0 
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E(l)  = 0.3 

E(2) = 0.3 

E(3) = 0.3 

E(4) = 0.3 

E(5) = 0.6 

E(6) = 0.6 

E(7) = 3.6 

E(8) = 3.6 

E(9) = 0.6 

E(10) = 0.6 

YOUNG1 = YOUNG2 = 3.0 X lo7 

XMUl= XMu2 = 0.3 

RHO = 7.33160620 X 10-4 

TH = 0.01 

G12 = 1.1538462 X lo7 

The function input is 

R =  3.0 

R P =  0.0 

R1 = 0.0 

R1P = 0.0 

R2 = 1./3. 

C 11 = YOUNGlqH/(l. -XMU 1**2) 

c12  = XMUl*Cll 

622 = c11 

C 66 = YOUNG 1* TH/ (2. * ( 1 .+XMU 1)) 

D11 = YOUNGlKI'H* * 3/(12 .* (1. -xNITJ 1** 2)) 

D12 = XNIUl+Dll 

D22 = D11 

D66 = YOUNGl*TH**3/(6.*(l.+XMUl)) 

K11 = 0.0 

K12 = 0.0 

K22 = 0.0 

K66 = 0.0 

E(11) = 0.3 

E(12) = 0.3 

E(13) = 0.3 

E(14) = 0.3 
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E(l) = 0.3 E(6) = 0.6 

E(2) = 0.3 E(7) = 3.6 

E(3) = 0.3 E(8) = 3.6 

E(4) = 0.3 E(9) = 0.6 

E(5) = 0.6 E(10) = 0.6 

YOUNG1 = YOUNG2 = 3.0 X 107 

XMUI = XMU2 = 0.3 

RHO = 7.33160620 X 10-4 

TH = 0.01 

G12 = 1.1538462 X 107 

The function input is 

R= 3.0 

RP = 0.0 

R1 = 0.0 

R1P = 0.0 

R2 = 1./3. 

Cll = YOUNGhTH/{1.-XMUh*2) 

C12 = XMUl*Cll 

C22 = Cll 

C66 = YOUNGhTH/(2.*(1.+XMU1» 

Dll = YOUNG1¥I'H**3/(12.*(1.-XMUh*2» 

D12 = XMUl*Dll 

D22 = Dll 

;, 

D66 = YOUNGhTH**3/(6.*(1.+XMU1» 

Kll = 0.0 

K12 = 0.0 

K22 = 0.0 

K66 = 0.0 

E(ll) = 0.3 

E(12) = 0.3 

E(13) = 0.3 

E(14) = 0.3 
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Figure 4.- Machine plots of results from sample calculation 1. 



N =  3 
FRFOUFNCY : i.159 X 1 0 3  
M l m F l X  = Y3.92W2 

fl2N4X = 213.06323 

' ?F 

MlMRX = 710.21078 

S / L  

(a) Stsess sesultantg. 
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(e) Moment resultants. 

Figure 4.- Concluded. 

The actual coding sheets for sample calculation 1 are shown in table VI (at back of text). 
The printed output is shown in table VII and the plotted output is shown in figure 4. 
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(e) Moment resultants. 

Figure ~.- Concluded. 

The actual coding sheets for sample calculation 1 are shown in table VI (at back of text). 
The printed output is shown in table vn and the plotted output is shown in figure 4. 
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Sample Calculation 2 

The object of this calculation is to obtain the vibration characteristics of the ring- 
stiffened conical shell shown in figure 5. It is desired to  obtain the natural frequencies 

/\ r i n g  3 

point  

D e t a i l  of r i n g s  2 and 3 Detail 3f r i n g  1 

Figure 5.- Ring-stiffened conical frustum of sample calculation 2. All dimensions 
are in inches unless otherwise specified. 

of the structure for the circumferential harmonics n = 0, 1, and 2 and to print out the 
modal columns corresponding to  the lowest five natural frequencies, with no mass and 
stiffness matrix printing. Clamped boundary conditions are to be applied at the small- 
diameter end, and the large-diameter end is to be free. Neither mode shapes, strains, 
nor stresses are required. This calculation is based on an idealization by 11 elements, 
10 of which are of equal length and one which is one-half of that length. One hundred 
integration intervals were used on each element. The layout of the elements is such that 
a shell element boundary is located at each ring as is required by the program. 
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integration intervals were used on each element. The layout of the elements is such that 
a shell element boundary is located at each ring as is required by the program. 
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For this sample calculation the entries for the ring properties of table 111 are based 
on the approximations discussed previously in addition to a number of commonly accepted 
engineering approximations. The reader's attention is directed to the following entries: 

A 

q =  0 for all rings (see "Explanation of Items in Table IFf) 

ETl = E r 2  = 0 since t1 and t3 are centroidal axes 

E r g  = ECw where Cw is the warping constant computed from formulas in 
table A-3 of reference 6 

E r 4  = E r 5  = E r g  = 0 (see "Explanation of Items in Table 111") 

the usual approximation used in the torsion of thin bars.  It is valid G 3  G J  = 5 Lt 
for thin sections comprised of connected rectangles all of thick- 
ness t. The sum of the lengths of the rectangles is L. 

ml& = mlgl = 0 since t1 and t3 are centroidal axes 

m2 = m3 = 0 neglects rotary inertia of the ring c ross  section 

Each ring is assumed to be attached to the shell at the inner surface of the shell. 
The point on each ring where it is attached to the shell is shown in figure 5. 

The numerical data and control number input for the second sample calculations 
a r e  as follows: 

IDEN: SAMPLE CASE 2 CLAMPED-FREE 60-DEGREE CONE WITH THREE RINGS 

K =  11 

NBEG = 0 

NLAST = 2 

ININ= 100 

ICASE = 7 

NRING = 3 

IPRINT = 0 

NMODE = 0 
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For this sample calculation the entries for the ring properties of table m are based 

on the approximations discussed previously in addition to a number of commonly accepted 

engineering approximations. The reader's attention is directed to the following entries: 

for all rings (see "Explanation of Items in Table m") 

since ~1 and ~3 are centroidal axes 

where Cw is the warping constant computed from formulas in 

table A-3 of reference 6 

(see "Explanation of Items in Table III") 

the usual approximation used in the torsion of thin bars. It is valid 

for thin sections comprised of connected rectangles all of thick­

ness t. The sum of the lengths of the rectangles is L. 

since ~1 and ~3 are centroidal axes 

neglects rotary inertia of the ring cross section 

Each ring is assumed to be attached to the shell at the inner surface of the shell. 

The point on each ring where it is attached to the shell is shown in figure 5. 

The numerical data and control number input for the second sample calculations 

are as follows: 

IDEN: SAMPLE CASE 2 CLAMPED-FREE 60-DEGREE CONE WITH THREE RINGS 

K==ll 

NBEG == 0 

NLAST == 2 

ININ == 100 

ICASE == 7 

NRING == 3 

IPRINT == 0 

NMODE == 0 

29 



ISTRN = 0 

ISTRES = 0 

IINT = 0 

IPLOT = 0 

IPLSTS = 0 

IFUNCT = 0 

SO = 3.4641198 

E ( l )  = 1.1547066 E(5) = 2.3094132 

E(2) = 2.3094132 E(6) = 2.3094132 

E(3) = 2.3094132 . E(7) = 2.3094132 

E(4) = 2.3094132 E(8) = 2.3094132 

YOUNG1 = YOUNG2 = 1.0 X lo7 

XMUl = XMU2 = 0.315 

RHO = 0.000254 

TH = 0.025 

G12 = 3.8561538 X lo6 

NJUN(1) = 2 

NJUN(2) = 7 

NJUN(3) = 12 

E(9) = 2.3094132 

E(10) = 2.3094132 

E(11) = 2.3094132 

30 30 

ISTRN = 0 

ISTRES = 0 

IINT = 0 

IPLOT = 0 

IPLSTS = 0 

IFUNCT = 0 

SO = 3.4641198 

E(l) = 1.1547066 

E(2) = 2.3094132 

E(3) = 2.3094132 

E(4) = 2.3094132 

YOUNGl = YOUNG2 = 1.0 x 107 

XMUl = XMU2 :: 0.315 

RHO = 0.000254 

TH = 0.025 

G12 = 3.8561538 x 106 

NJUN(l) = 2 

NJUN(2) = 7 

NJUN(3) = 12 

E(5) = 2.3094132 

E(6) = 2.3094132 

E(7) = 2.3094132 

E(8) = 2.3094132 

E(9) = 2.3094132 

E(10) = 2.3094132 

E(l1) = 2.3094132 



The ring inputs in table III a re  as follows: 

J 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  

RIN(J,I) for - 

1 

0 
0.24537 

0.525 

32 797.211 
96 467.124 
55 139.761 

0 
0 

1 154 706.6 
165.2 

0 
0 
0 

1463.5064 
-0.0125 

0.000029329547 
0 
0 
0 
0 

-60.0 

The function input is 

PI = 3.14159265358979 , 

RP = SIN(PI/3.) 

R = S*RP 

R1 = 0.0 

R1P = 0.0 

R2 = COS(PI/3.)/R 

c11= Y O U N G ~ * T H / ( ~ . O - X M U ~ ~ ~ )  

I 

2 

0 
-0.497956 
0.3175 17 

24 922 
170 370 
-52 855 

0 
0 

954 720 
3477.1 

0 
0 
0 

327.19428 
-0.0125 

0.00002425 
0 
0 
0 
0 

-60.0 

3 

0 
-0.497956 
0.317517 

24 922 
170 370 

-60.0 

-52 855 
0 
0 

954 720 
3477.1 

0 
0 
0 

327.19428 
-0.0125 

0.00002425 
0 
0 
0 
0 
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The ring inputs in table In are as follows: 

RIN(J,I) 

J 
1 

1 0 

2 0.24537 

3 0.525 

4 -60.0 

5 32 797.211 

6 96467.124 

7 55 139.761 

8 0 

9 0 

10 1 154 706.6 

11 165.2 

12 0 

13 0 

14 0 

15 1 463.5064 

16 -0.0125 
17 0.000029329547 

18 

19 
20 
21 

The function: input is 

PI = 3.14159265358979 

RP = SIN(PI/3.) 

R = S*RP 

R1 = 0.0 

R1P = 0.0 

R2 = eOS(pI/3.)/R 

0 

0 
0 

0 

ell = YOUNGhTH/(1.0-XMU1*~) 

for -

I 

2 

0 
-0.497956 

0.317517 
-60.0 

24922 
170 370 

-52 85.5 

0 

0 
954 720 

3477.1 

0 
0 

0 
327.19428 

-0.0125 
0.00002425 

0 
0 

0 
0 

3 

0 
-0.497956 

0.317517 
-60.0 

24922 
170370 

-52 855 

0 
-

0 
954 720 

3477.1 

0 
0 

0 
327.19428 

-0.0125 

0.00002425 
0 

0 

0 

0 

31 



c 1 2  = xMU1a11  

c 2 2  = c 1 1  

C 66 = YOUNG 1*TH/(2.0*( 1 .O+XMU 1)) 

D 1 1 = YOUNG 1flH**3/( 12.O*( 1.0-XMU 1* *2)) 

D12 = XMUl*Dll 

D22 = D11 

D66 = YOUNG lcH**3/(6.0*( l.O+XMU 1)) 

K11 = 0.0 

K12 = 0.0 

K22 = 0.0 

K66 = 0.0 

The actual coding sheets for sample calculation 2 are shown in table VIII. The printed 
output is shown in table IX. 

CONCLUDING REMARKS 

A user 's  manual for the operation of a digital computer program for calculation of 
the vibration characteristics of orthotropic thin shells of revolution has been presented. 
Included in this manual are input and output parameter definitions, input coding informa- 
tion, and the various computing options available to the user.  Two sample calculations 
are presented to illustrate the use of the program. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Hampton, Va., August 14, 1970. 
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C12 = XMUhCll 

C22 = Cll 

C66 = YOUNGhTH/(2.0*(1.0+XMU1» 

Dll = YOUNGhTH**3/(12.0*(1.0-XMU1**2» 

D12 = XMU1*Dll 

D22 = Dll 

D66 = YOUNG1>tlI'H**3/(6.0*(1.0+XMU1» 

Kll = 0.0 

K12 = 0.0 

K22 = 0.0 

K66 = 0.0 

The actual coding sheets for sample calculation 2 are shown in table VIII. The printed 

output is shown in table IX. 

CONCLUDING REMARKS 

A user's manual for the operation of a digital computer program for calculation of 

the vibration characteristics of orthotropic thin shells of revolution has been presented. 
Included in this manual are input and output parameter definitions, input coding informa­
tion, and the various computing options available to the user. Two sample calculations 

are presented to illustrate the use of the program. 

Langley Research Center, 
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National Aeronautics and Space Administration, 

Hampton, Va., August 14, 1970. 



APPENDIX A 

MODIFICATION OF ANALYSIS OF NASA TN D-4972 TO ACCOUNT 

FOR HIGHER ORDER DISPLACEMENT FIELD 

In reference 1 the displacement field within each element was  given in equations (7) 
of that document as 

3,kx3 
w = aO,k + al,kx + az,kx 2 + a 

U = b0,k + b1,kx + b2,kx2 4- b3,kX3 

v = c  O,k ’ ‘l,kx + ‘2,kx2 ’ ‘3,kx3 

In the version of the computer program described in this paper, u and v are 
represented as in reference 1, but w is approximated as 

w = aO,k + al,kx + a2,kx2 + a3,kx 3 + a4,kx 4 + a5,kx 5 

The purpose of this appendix is to summarize the differences between the present version 
of the program and the version described in reference 1 as a result of the higher order 
approximation of w . 

In equations (7), replace the first equation by 

w = a  O,k ’ “l,kX + aZ,kx2 ’ “3,kX3 ’ a4,kx4 ’ “5,kX 5 

Replace equation (8 )  by 
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APPENDIX A 

MODlFICATION OF ANALYSIS OF NASA TN D-4972 TO ACCOUNT 

FOR IDGHER ORDER DISPLACEMENT FIELD 

In reference 1 the displacement field within each element was given in equations (7) 

of that document as 

w 

(Al) 

In the version of the computer program described in this paper, u and v are 
represented as in reference 1, but w is approximated as 

The purpose of this appendix is to summarize the differences between the present version 
of the program and the version described in reference 1 as a result of the higher order 
approximation of w. 

In equations (7), replace the first equation by 

Replace equation (8) by 
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APPENDIX A - Continued 

- 
x5 0 0 0  0 0 0 0  0 

5x4 0 0 0 0 0 0 0  0 

20x3 o o o 0 0 0 0  0 

0 l x x  2 x 3 0 0 0  0 

0 0 1 2x 3x2 0 0 0 0 

Replace equation (9) by 

x x2 x 3 x  4 

1 2x 3x2 4x3 

0 2 6x 12x2 

[ x ] = l o  0 0 0 ;  0 

0 0  0 0 

0 0  0 0 i 0 0  0 0 

34 

APPENDIX A - Continued 

aOk , 
a l k , 
a2 k , 
a3,k 

W a4 k , 
WI a5 k , 
w" bO k , 
u = [x] b l k , 
u l 

b2 k , 
v b3 k , 
VI Co k , 

c l k , 
c2 k , 
c 3,k 

Replace equation (9) by 

1 x x2 x3 x4 x5 0 0 0 0 0 0 0 0 

0 1 2x 3x2 4x3 5x4 0 0 0 0 0 0 0 0 

0 0 2 6x l2x2 2Ox3 0 0 0 0 0 0 0 0 

[x] = 0 0 0 0 0 0 1 x x2 x3 0 0 0 0 

0 0 0 0 0 0 0 1 2x 3x2 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 1 x x2 

x

3 

J 
0 0 0 0 0 0 0 0 0 0 0 1 2x 3x2 

34 



APPENDIX A - Continued 

“O,? 

al,k 
a 

a 

a4,k 

a5,k 

2,k 

3,k 

Replace equation (13) by 

bl,k 

b2,k 

b3,k 

‘0,k 

‘1,k 

‘2,k 

? 3 , k ~  

Replace equation (14) by 

*k 

’k 

‘k 

4( 

4 
V k  

& 
wk+ 1 

‘k+ 1 

‘k+ 1 

&+1 

%+l 

Vi+l 

sk, 1. 

The quantity p’ is the meridional derivative of the meridional rotation; that i s ,  
pi = ap/as. 
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APPENDIX A - Continued 

Replace equation (13) by 

wk aOk , 
uk a 1 k , 
vk a2 k , 
~ a 3,k 
, 

uk a4,k 

vk a5 k , 
13k = [AkJ bOk , 

wk+1 b 1 k , 
uk+1 b2 k , 
vk+1 b3 k , 

1\:+1 cO,k 

uk+1 c 1 k , 
vk+1 c 2 k , 
13k+1 c 3,k 

Replace equation (14) by 

aO,k wk 

a 1,k uk 

a2 k , vk 

a3 k , 1\ 
a4,k 

, 
uk 

a5,k v' k 

bO k = [Tk] 13k , 
b 1 k wk+1 , 
b2 k , uk+1 , 
b3 k , vk+l 

cO,k 1\:+1 

c 1 k , 
r 

uk+1 

c 2 k , 
r 

vk+l 

c 3 k , 1\+1 

The quantity (3' is the meridional derivative of the meridional. rotation; that is, 

(3' = 8(3/8S. 
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APPENDIX A - Continued 

Replace equation (18) by 

' Wk' 

uk 

"k 

4 
uk 

v i  

GI = { pk 

wk+l 

uk+ 1 

. 'k+l 
4r+l 
Uk+1 

%+l 

&+l, 

Replace equation (22) by 

, 
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APPENDIX A - Continued 

Replace equation (18) by 

aO,k 

al,k 

a2 k , 
a 3,k 

a4,k 

a5,k 

{Y} = bOk , 
b l k , 
b2 k , 
b 3 k , 

cO,k 

cl,k 

c 2,k 

c 3,k 

Replace equation (22) by 

Wk 

uk 

v
k 

~ , 
uk 
, 

vk 

{~} = f3k 
wk+l 

uk+ l 

~ vk+l 

~+l , 
uk+ l , 
vk+l 

f:3k+l 

36 



APPENDIX A - Continued 

Replace equation (26) by 

x x2 x3 x4 

0 0  0 0 

~ 0 0  0 0 

Replace equation (33) by 

wk+ 1 

uk+l 

vk+ 1 

pk+l 
U i + 1  

%+1 

&+l 

- - 

:th 
element 

wk+ 1 

uk+ 1 

vk+ 1 

42+1 

U i + l  

%+ 1 

$+l, 

0 1 x x 2 x 3 0 0 0  0 O 1  

, 5 0 0 0 0 0 0 0  

0 0 0 0  0 1 x x 2 x q  

(k < K) 

r+ 1 st 
element 

Changes on page 17: 

The order of matrices S and M is 7(K+ 1). 

Replace references to 116 x 6 block . . ." with "7 x 7 block . . . 
Last sentence before equation (36) should read 'l .  . ., 7(K + 1) in number:" 

Add to equation (36) 

I 1  

Changes on page 18: 

First sentence of second paragraph should begin: "Equation (37) determines 
7(K + 1) natural frequencies . . . . 11 

The first of equations (38) should be changed to 

= "0,k + al,k(s - Sk) ' a2,k(s - ?kT + a3,k(S - %)3 + a47k(s - %)4 
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APPENDIX A - Continued 

Replace equation (26) by 

1 x x2 x3 x4 x5 0 0 0 0 0 0 0 0 

[yJ= 0 0 0 0 0 0 1 x x2 x3 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 1 x x2 x3 

Replace equation (33) by 

Wk+l wk+l 

uk+l uk+1 

vk+l vk+l 

l1t+l = l1t+l (k < K) 

uk+1 
, 

uk+1 
I 

vk+1 
, 

vk+l 

f3k+l f3k+l 
kth k+lst 
element element 

Change s on page 17: 

The order of matrices Sand M is 7(K + 1). 

Replace references to "6 x 6 block. . ." with "7 x 7 block. 

Last sentence before equation (36) should read fl ••• , 7(K + 1) in number:" 

Add to equation (36) 

Changes on page 18: 

First sentence of second paragraph should begin: "Equation (37) determines 

7 (K + 1) natural frequencies . . . ." 

The first of equations (38) should be changed to 

w = aO,k + a 1,k(s - ~) + a2,k(s - ~)2 + a 3,k(s - ~)3 + a4,k(s _ ~)4 

+ a5,k(s - ~)5 

37 



APPENDIX A - Continued 

Changes on page 22: 

BLOCK 5: 

K N =  7(K+ 1) 

BLOCK 8: 

?I "The elements of T , a 14 x 14 matr ix .  . . . t kl 
Changes on page 26: 

BLOCK 21: 

Same as equation (14) 

BLOCK 22: 

Formula for w should be revised as for equation (38). 

Changes in tables and figures: 

Table I: 
The new matrix + is given in table X. 

The new matrix Tk is given in table XI. 

Wherever the row and column designation 6K+1, 6K+2, 6K+3, or 6K+4 
appear, they should be replaced by 7K+1, 7K+2, 7K+3, or 7K+4, 
respectively , 

Table 11: 

Table 111: 

Figure 3: 
The new figure 3 is shown as figure 6 of the present paper. 
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APPENDIX A - Continued 

Changes on page 22: 

BLOCK 5: 

KN = 7(K + 1) 

BLOCK 8: 

"The elements of [Tk} a 14 x 14 matrix. . . " 

Changes on page 26: 

BLOCK 21: 

Same as equation (14) 

BLOCK 22: 

Formula for w should be revised as for equation (38). 

Changes in tables and figures: 

Table I: 

The new matrix ~ is given in table x. 
Table II: 

The new matrix Tk is given in table XI. 

Table III: 
Wherever the row and column designation 6K+1, 6K+2, 6K+3, or 6K+4 
appear, they should be replaced by 7K+1, 7K+2, 7K+3, or 7K+4, 
respectively. 

Figure 3: 
The new figure 3 is shown as figure 6 of the present paper. 



APPENDIX A - Concluded 

T 
14 rows 

I _  

J 
I 7 ( K + I )  cols. 

= I  

k= 2 

7cols. 
0 

e 

7 (  K + I )  rows 

Figure 6.- Illustration of synthesis of stiffness and mass matrices. 
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APPENDIX A - Concluded 

~14COIS.-I 7(K+1) eols. ---------.·1 
14 rows 

T I 
7 rows 

.L k=l 

f k=2 

~ k~3 
7cOIS:--

• 7(K + J )rows 
.. 

• 

k=K-=' 

k=K-J 

k=K 

Figure 6.- Illustration of synthesis of stiffness and mass matrices. 

39 



APPENDIX B 

CALCULATIONS OF MODAL STRESSES, STRAINS, STRESS 

RESULTANTS, AND MOMENT RESULTANTS 

Middle-Surface Strains and Changes in Curvature 

The formulas for middle-surface strains and changes in curvature are given in 
reference 1. They are repeated here for completeness. 

In reference 1 it was  assumed that the three components of middle-surface dis- 
placement had the following form: , 

Substitution of equations (Al) and (B2) into equation (Bl) gives the following expressions 
for the amplitudes of the middle-surface strains and changes of curvature within the 
kth element: 

40 

APPENDIX B 

CALCULATIONS OF MODAL STRESSES, STRAINS, STRESS 

RESULTANTS, AND MOMENT RESULTANTS 

Middle-Surface Strains and Changes in Curvature 

The formulas for middle-surface strains and changes in curvature are given in 
reference 1. They are repeated here for completeness. 

1 au , 1 , 
e 12 =rae+ v -rrv 

1 a2w 1 av r'w' 1 , 
K2 = ----+ --- - --+ --r u 

r2 ae2 rR2 ae r rRl 

(Bl) 

In reference 1 it was assumed that the three components of middle-surface dis­
placement had the following form: 

:; 

U(s, e,t) = u(s) cos ne eiwt 

v(s, e,t) = v(s) sin ne eiwt (B2) 

w(s, e,t) = w(s) cos ne eiwt 

Substitution of equations (Al) and (B2) into equation (Bl) gives the following expressions 
for the amplitudes of the middle-surface strains and changes of curvature within the 

kth element: 

40 



APPENDIXB - Continued 

n 
e12(s)= -r[iDO,k+bl,k(S - Sk) + b2,k(s - Sk)2 ' b3,k(s - %)? + '1,k + 2C2,k(S - 'k 

I 

(Equations continued on next page) 

APPENDIX B - Continued 

e2(s) = ~EO,k + c1,k(s - sk) + c2,k(s - Sk)2 + c3,k(s - ~)j + ~'EO,k + bl,k(S - ~) 

2 31 lE 2 + b2,k(s - sk) + b3,k(s - sk) J + R2 aO,k + al,k(S - ~) + a2,k(s - ~) 

+ a3,k(S - ~)3 + a4,k(s - ~)4 + a5,k(s - ~)~ 

(B3) 

1~ ~ ~~ 
+ R1t1,k + 2b2,k(S - ~) + 3b3,k(s - sk) J - R~~O,k + b1,k(s - sk) 

+ b2,k(s - Sk)2 + b3,k(s - ~)J 

K2(S) = ~~rO,k + a1,k(s - ~) / a2,k(s - ~)2 + a3,k(s - Sk)3 + a4,k(s - ~)4 

+ a5,k(s - Sk)~ + r~2EO,k + cl,k(s - ~) + C 2,k(S - Sk)2 + C3,k(S - ~)~ 

(Equations continued on next page) 
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APPENDIX B - Continued 

K12(S) = + 2a2,k(s - 'k) + 3a3,k(s - %)2 + 4a4,k(s - %)3 + 5a5,k(s - %)? 

nr  
- T F 0 , k  r -I- al,k(S - %) + a2,k(s - %)2 + "3,k(' - %)3 + a4,k(s - sk)4 

+ &5,k(' - % ) ~  - g F 0 , k  + bl,k(s - sk) + b2,k(s - %)2 + b3,k(s - 

1 
+ q L 1 , k  + 2c2,k(s - sk)  + 3c3,k(s - s k ) ~  - ~ ~ 0 , h  + 'l,k(' - %) 

J 
Stress and Moment Resultants 

The stress and moment resultants are computed by substituting the expressions for 
middle-surface strains and changes in curvatures from equations (B3) into the equations 
from reference 3 which are: 

where 

meridional and circumferential stress resultant, respectively T17T2 

shear stress resultant 

meridional and circumferential moment resultant, respectively 

12 

MPM2 

twisting moment resultant M12 
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APPENDIX B - Continued 

K12(s) = FE1,k + 2a2,k(S - Sk) + 3a3,k(s - f\:)2 + 4a4,k(s - f\:)3 +5a5,k(s -f\:)~ 

- ~EO,k + al,k(s - f\:) + a2,k(s - f\:)2 + a3,k(s _f\:)3 + a4,k(s - f\:)4 

+ a5,k(s - f\:)~ - r~lEO,k + b1,k(s - f\:) + b2,k(s - f\:)2 + b3,k(s - f\:)~ (B3) 

1 .r;: 21 r' ~ 
+ ~Ll,k + 2c2,k(s - f\:) + 3c3,k(s - f\:) J - r~[O,k + C 1,k(s- f\:) 

+ c2,k(s - f\:)2 + C3,k(s - f\:)~ 

Stress and Moment Resultants 

The stress and moment resultants are computed by substituting the expressions for 
middle-surface strains and changes in curvatures from equations (B3) into the equations 
from reference 3 which are: 

(B4) 

where 

meridional and circumferential stress resultant, respectively 

shear stress resultant 

meridional and circumferential moment resultant, respectively 

twisting moment resultant 
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APPENDIX B - Continued 

Extreme-Fiber Strains 

The extreme-fiber strains are calculated by using formulas from reference 7. 
These formulas are as follows: 

where 

total meridional strain at extreme fibers T 
el 

total circumferential strain at extreme fibers T 
e2 

total shear strain at extreme fibers T 
e 12 

The + in the i denotes outer fiber and the - denotes inner fiber. 

, Extreme-Fiber Stresses 

The extreme-fiber stresses a re  calculated by use of the constitutive equations for a 
linear orthotropic material 
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APPENDIX B - Continued 

Extreme - Fiber Strains 

The extreme-fiber strains are calculated by using formulas from reference 7. 
These formulas are as follows: 

eI (s) = 1 fe 1 (s) ± h~S) Kl (s~ 
1 ± h(s) L ~ 

2Rl (s) 

eI (s) = 1 fe2(s) ± hr) K2(S~ 
1 ± h(s) L ~ 

2~(s) 

~t 2 ~ e T (s) = 1 1 _ h (s) e (s) 
12 ~ ± h(s) J G ± h(s) J 4Rl (s)R 2(s) 12 

[ 2Rl (s~ [ 2R2(s~ 

where 

eI total meridional strain at extreme fibers 

eI total circumferential strain at extreme fibers 

eI2 total shear strain at extreme fibers 

The + in the ± denotes outer tiber and the - denotes inner fiber. 

, Extreme-Fiber Stresses 

The extreme-fiber stresses are calculated by use of the constitutive equations for a 
linear orthotropic material 
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APPENDIX B - Concluded 

where 

total meridional stress in extreme fibers 

total circumferential stress in extreme fibers 

total shear stress in extreme fibers 

"1 

"2 

"12 
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APPENDIX B - Concluded 

where 

al total meridional stress in extreme fibers 

a2 total circumferential stress in extreme fibers 

a12 total shear stress in extreme fibers 

44 



APPENDIX C 

TREATMENT OF RING STIFFENERS 

This appendix is intended to illustrate the method of treating ring stiffeners. The 
derivations are taken in large part from reference 8. 

It should be pointed out that the treatment of rings is based on two important 
assumptions: 

(1) The connection between a ring and the shell is represented by a single common 
circumference which the analyst must choose as part of the overall idealization of the 
stiffened shell. 

(2) The rings are jointed to the shell only along circumferences which are element 
juncture s . 
The first  assumption is a mathematical simplification made to expedite the analysis. The 
second assumption is only a limitation of the present programing. 

Development of Stiffness Matrix for Ring 

Assumed displacement field.- For the purpose of the following derivation, the 
reader is referred to  figure 7. In this figure, a is the distance from the axis of revo- 
lution to the origin of the t1,t3 axes. The tl-  and t3-directions are parallel and per- 
pendicular, respectively, to the axis of revolution. The variables ul, u2, and u3 are  
displacement components in the tl-, t2-,  and t3-directions, respectively, at a general 
point in ring cross  section. The variables U, V, and W are displacement components 
at the origin of the 
tively. The variable c11 is the rotation of the ring c ross  section about the t2-direction. 
The twist of the c ross  section is given by @(B,t), and the warping function of the c ross  
section is given by t,b(t; ,e3 . 

the stiffness matrix are taken as: 

El,  t3 coordinate system in the e l - ,  t2-, and t3-directions, respec- 

1 )  ' 

The displacements of points in the ring cross  section for the purpose of deriving 

1 au 
a 2 a e  a a e  where cp = - -((e,t) - g ( 0 , t ) .  
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Assumed displacement field. - For the purpose of the following derivation, the 
reader is referred to figure 7. In this figure, a is the distance from the axis of revo­

lution to the origin of the ~1'~3 axes. The ~r and ~3-directions are parallel and per­
pendicular, respectively, to the axis of revolution. The variables u1, u2, and u3 are 

displacement components in the ~1-' ~2-' and ~3-directions, respectively, at a general 
point in ring cross section. The variables U, V, and Ware displacement components 

at the origin of the ~1' ~3 coordinate system in the ~1-' ~2-' and ~3-directions, respec­
tively. The variable Cl is the rotation of the ring cross section about the ~2 -direction. 
The twist of the cross section is given by <I>(e,t), and the warping function of the cross 

section is given by tft(~1'~3)' 

The displacements of points in the ring cross section for the purpose of deriving 

the stiffness matrix are taken a$ 

(Cl) 

u3(~1,e'~3,t) = W(e,t) - ~1Cl(e,t) 

<I> = lau (e t) - .! aCl(e t) 
a2 ae' a ae ' . 

where 
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(a) Ring coordinate system. 

Shel l  inner 
surf ace 

tachment point 

Axis of 
~ revolution 

(b) Position of typical ring in shell wall. 

Figure 7.- Ring nomenclature. 
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SyU3 

(a) Ring coordinate system. 

r 

a 

~hell outer 
\ surface 

A~taChment point 

(b) Position of typical ring in shell wall. 

Figure 7.- Ring nomenclature. 
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\ Attachment 

L W 
(c) Relationship of displacement components of ring and shell. 

Figure 7.- Concluded. 

The displacements U, V, and W at the origin and the rotation Q! are assumed to  
have the form 
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Attachment point 

A 

"'lfr'!~f-jt...---L._U3 , n 

Origin of (~1'~3) 
coordinates 

:Shell reference 
surface 

(c) Relationship of displacement components of ring and shell. 

Figure 7.- Concluded. 

The displacements U, V, and W at the origin and the rotation a are assumed to 
have the form 

u(e,t) = Un cos ne eiwt 

v(e,t) = Vn sin ne eiwt 

w(e,t) = Wn cos ne.eiwt 

a (e,t) = an cos ne eiwt 

(C2) 
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In view of equations (C2), equation (Cl) can be written in the form 

u ~ ( E ~ , o ,  537') = U1,n (51753) cos ne eiwt 

Strain-displacement relations. - The following expressions for strains are developed 
from the assumed displacement functions with certain approximations which are shown. 
The approximations are based on the assumption that t3 is small compared to a. 

E l l =  0 

E 3 3 =  0 

au2 1 aul 
12 = q+ qs E 

{Equations continued on next page) 
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In view of equations (C2), equation (C1) can be written in the form 

u1 (~1' e, ~3,t) = u 1,n (~1' ~3) cos ne eiwt 

u2 (~1,e'~3,t) = u2,n(~1'~3) sin ne eiwt 

u3(~1,e'~3,t) = u3,n(~1'~3) cos ne eiwt 

(C3) 

Strain-displacement relations. - The following expressions for strains are developed 
from the assumed displacement functions with certain approximations which are shown. 
The approximations are based on the assumption that ~3 is small compared to a. 

(C4) 
E 33 = 0 

E 13 = 0 

(Equations continued on next page) 
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Strain energy of ring.- The strain energy for the ring may be written as 

Lo 

0 

G 

0 

where the inner integration is carried out over the ring cross-sectional area. Substitution 
of equations (Cl), (C2), and (C4) into equation (C5) gives the following expression for the 
ring strain energy: 

where 
are as follows: 

is the ring stiffness matrix which is a symmetric 4 x 4 matrix. The elements 

- (E13n4 2Er4n4 Er3n4 Wn2) 
K11= Cn a3 a4 a5 a3 

+- +- 

a4 
+ 

a2 a3 a3 

(Equations continued on next page) 
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Strain energy of ring. - The strain energy for the ring may be written as 

o 
G 

o 

OJ E22 
o E 12 adAde 

G E23 

(C4) 

(C5) 

where the inner integration is carried out over the ring cross-sectional area. Substitution 
of equations (C1), (C2), and (C4) into equation (C5) gives the following expression for the 
ring strain energy: 

(C6) 

where K is the ring stiffness matrix which is a symmetric 4 x 4 matrix. The elements 
are as follows: 

_ _ ~EI3n4 2E. r 4n
4 

Er3n4 GJn2) 
Kll - cn -3- - 4 + 5 + -3-

a;a a a 
! 

(Equations continued on next page) 

(C7) 
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KZ2 - = c n k e +  2 2Er2n2 + EIln2) 

a2 a3 

+- +-  
a3  

- ~ r 2 n ~   EA^ 
K23 = ' n ( 7  a 

iZ24 = cn (Er6n3 - - Erin - +--- Er5n3 E113n\ 

a3 a2 1 a2 a 

a2 a 

and where 

E r l  = s, Et1 dA 

E r 2  = E t 3  dA 

(Equations continued on next page) 
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_ ~EAn2 2E r 2n2 Ell n2) 
K22 =c --+ +--

n a a2 a3 

(C7) 

(n :f 0) 

(n = 0) 

and where 

(C8) 

(Equations continued on next page) 
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E A = L E  dA 

Development of Mass Matrix for Ring 

Assumed displacement field.- For the purpose of developing the mass matrix the 
displacements are assumed to have the form 

Kinetic energy of ring.-iThe kinetic energy T takes the form 

T = 2n P1G2G4[ y ]!!(a+ t3)dAd9 

2 A 
Y fi3 

where y is the mass density of the ring material. 

APPENDIX C - Continueq 

EA= SA E dA 

(C8) 

GJ = S Gf(~ -t/I + ~1)2 + (~ - ~3)~dA 
'A ~a~3 a a~i J 

Development of Mass Matrix for Ring 

Assumed displacement field. - For the purpose of developing the mass matrix the 
displacements are assumed to have the form 

u1(~1,e'~3,t) = U(e,t) + ~3a(e,t) 

u2 (~1,e'~3,t) = (1 + ~3)v(e,t) 

Kinetic energy of ring.-iThe kinetic energy T takes the form 

'Y 

where 'Y is the mass density of the ring material. 

(C9) 

(CiO) 
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Substitution of equations (C2) into equations (C9) and (C 10) yields the following expression 
for kinetic energy of the ring: 

where h/r is the mass matrix for the ring. It is a symmetric 4 x 4 matrix whose non- 
zero elements are as follows: 

- 
M44 = cn(am2 + am3) 

and where i 

J (Equations continued on next page) 

52 

APPENDIX C - Continued 

Substitution of equations (C2) into equations (C9) and (C10) yields the following expression 
for kinetic energy of the ring: 

(Cll) 

-
where M is the mass matrix for the ring. It is a symmetric 4 x 4 matrix whose non-
zero elements are as follows: 

(C12) 

(n f. 0) 

cn = 21T (n = (Ii) 

and where 

(C13) 

(Equations continued on next page) 
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APPENDIX C - Continued 
3 

Transformation of Ring Stiffness and Mass Matrices 

In order to add the stiffness and mass matrices of +&e ring to the stiffness and mass 
matrices of the shell, it is necessary to perform a transformation to  relate the ring 
coordinates Un, Vn, Wn, and cyn to the shell coordinates wn, un, vn, and $. 
The transformation involves three operations: 

(1) Relating the ring displacements at the origin of the ring coordinate system to 
the displacements at the attachment point 

(2) Relating the ring displacements at the attachment point to the shell displace- 
ments at the attachment point 

(3) Relating the shell displacements a t  the attachment point to the shell displace- 
ments at the reference surface of the shell 

The displacements and rotation at a general point (t1, t3) in the ring c ross  section are 
given by equation (Cl). Along with the definition of p2 this equation is 

- 
1 0 0 53 

% nrC/ 1 + -  53 nS, nlCl 
a a2 a a a 

- 51 0 0 1 

0 0 0 -1 - 

Un 

Vn 

Wn 

% 

where use is made of equations (C2) and (C3). Writing equation (C14) for the coordinates 
of the attachment point t1 = E1,t3 = si3 and inverting the resulting matrix gives 
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(C13) 

Transformation of Ring Stiffness and Mass Matrices 

In order to add the stiffness and mass matrices of the ring to the stiffness and mass 
matrices of the shell, it is necessary to perform a transformation to relate the ring 

coordinates Un, V n' Wn, and an to the shell coordinates wn' un' vn' and f3n o 

The transformation involves three operations; 

(1) Relating the ring displacements at the origin of the ring coordinate system to 
the displacements at the attachment point 

(2) Relating the ring displacements at the attachment point to the shell displace­
ments at the attachment point 

(3) Relating the shell displacements at the attachment point to the shell displace­
ments at the reference surface of the shell 

The displacements and rotation at a general point (~1' ~3) in the ring cross section are 
given by equation (Cl). Along with the definition of f32 this equation is 

1 o 

== 
(C14) 

o o 1 

o -1 o o f32 n , 

where use is made of equations (C2) and (C3). Writing equation (C14) for the coordinates 
of the attachment point ~1 == ~1' ~3 == ~3 and inverting the resulting matrix gives 
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1 0 0 

* 
1 

A 

4 5 3  - 
a 

A 

53 1 + -  53 l + -  53 1 + -  a a a 

0 0 1 

0 0 0 - 

A 

53 

d 
a 

A 

- 51 

-1 

where a A over a variable indicates that the variable is being evaluated at the attach- 
ment point. The ring displacements at the attachment point are related to the shell dis- 
placements at the attachment point as follows: 

cos $ 0 sin $ 0- 

0 1 0 0 

- s in  4 0 cos $ 0 

0 0 0 1 

. .  
A 

un 

vn 
A 

A 

-&l 

Finally, the displacements of the shell at the attachment circumference are related 
to the displacements at the reference surface by the following equations: 

A 

u, = un - zpn 

v n = v n + z  A (y+ - 2) 
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1 
... 

nt[; _ n~1 
a2 a 

... 
1 + ~3 

a 

o 

o 
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o 

1 

o 

o 

o 

-n~3 
a 

1 

o 

(C15) 

... 
f32 n , -1 

where a '" over a variable indicates that the variable is being evaluated at the attach­
ment point. The ring displacements at the attachment point are related to the shell dis­
placements at the attachment point as follows: 

... 
cos 1> 0 sin 1> 0 

... 
ul n un , 
... 

1 0 
... 

u2 n 0 0 vn , 
(C16) = ... ... 

u3 n - sin 1> 0 cos 1> 0 wn , 
... ... 

f32 n 0 0 0 1 I3n , 

Finally, the displacements of the shell at the attachment circumference are related 
to the displacements at the reference surface by the following equations: 
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or in matrix form 

- 
0 1 0 -Z 

0 z" 0 1+-  Z 

Rz r 

1 0 0 0 

0 0 0 1 

Using equations (C15), (C16), and (C17) it is now possible to relate the ring dis- 
placements Un, Vn, W,, and an to the shell displacements wn, un, vn, and Pn. 
The relation is 

= [TR] 

where the elements of [TR] are as follows: 

TRll = sin @ 

T%l = 
zn 

-I- 

r ( l+ $) l+a 53 
sin @ - cos @ 
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or in matrix form 

,., 
0 1 0 un -z wn 

... zn 0 1+~ 0 vn - un r ~ 
= (C17) 

'" wn 1 0 0 0 vn 

'" 0 0 0 1 f3n f3n 

Using equations (C15), (C16), and (C17) it is now possible to relate the ring dis­

placements Un, Vn, Wn, and an to the shell displacements wn' un' vn' and f3n. 
The relation is 

Un wI n 

Vn un 

= [TRJ (C1S) 

Wn vn 

where the elements of [TID are as follows: 

TRll = sin 1> 

TR12 = cos 1> 

... 
TR14 = -z cos 1> + ~3 

zn 
T~l = ( ~3)+ 

r 1+­
a 

.. 
~_ n~l 
a2 a 

'" 
1 + ~3 

a 

'" 
. n~3 

sm 1> - ( ~) cos 1> 
a 1+ ~ 

a, 
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Z 1 + -  
TR23 = - A 

1 + -  

R2 

53 
a 

TR32 = -sin $I 

TR33 = 0 

4 

51 TR34 = z sin $I - 

TR41 = 0 

TR42 = 0 

TR43 = 0 

TR44= -1 

Substitution of equation (C18) into equations (C6) and (C11) gives 
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TR31 = cos 1> 

TR32 = -sin 1> 

TR34 = z sin 1> -~1 

TR43 = 0 il 

TR44 = -1 

Substitution of equation (C18) into equations (C6) and (Cll) gives 

(C19) 
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and 

Thus, the transformed stiffness and mass matrices for the ring are identified as 
[Kd and [MJ where 

The matrices [ICp] and [Mn] are the stiffness and mass matrices to be added to the 
shell mass and stiffness matrices, as shown schematically in figure 8. 

I 
-f---- 

---- El.;-. 
4 4 c o b .  ts- 

~ 

T 

1 

Figure 8.- Illustration of addition of Ith ring matrix to shell matrix. 
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and 

Thus, the transformed stiffness and mass matrices for the ring are identified as 

~rJ and [MnJ where 

[KnJ = trR]T[K]tr~ 

[MrJ = [T~T[~[r~ 

(C20) 

(C21) 

The matrices [KJ;lJ and [Mn] are the stiffness and mass matrices to be added to the 
shell mass and stiffness matrices, as shown schematically in figure 8. 

T I 
I 
I 7 [NJUN(I)-~ 

1------[IJi K" T-----l 
or 4 rows 

~ L 
-I 4 cols. r-

rows 

Figure 8.- Illustration of addition of Ith ring matrix to shell matrix. 
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Inclusion of Ring Stiffeners in Computer Program 

It is now possible to describe the flow of information in the program as illustrated 
in the flow chart in figure 1. In BLOCK (1) the input is read, and if a ring-stiffened shell 
is being considered, the input control number NRING is set equal to the number of rings 
on the shell; this causes the reading of the ring input parameters listed in table III. A 
set of these parameters is read for each ring. If there are no rings on the shell being 
treated, NmNG is set equal to  zero and the read statement for the ring parameters is 
bypassed. In BLOCK (6) a test is made on NRING, and if NRING is zero, computing 
BLOCKS (7) to  (11) in which the ring computations are carried out are bypassed. If 
NRING is nonzero then a cycle on NRING is initiated as indicated in BLOCK (7). In each 
pass through this cycle the following series of calculations is performed 

BLOCK (8): 
Based on input data the transformatiorn matrix given in equation (C18) is 

computed. 

BLOCKS (9) and (10): 
The stiffness and mass matrices for the ring are given in equation (C21). 

The stiffness and mass matrices for the ring are added to the mass and stiffness matrices 
for the shell. The position at which they are added is controlled by the input parameter 
NJUN(1) which denotes the shell element boundary at which the Ith ring is located. Each 
pass through the cycle on NRING results in the adding of one ring to the shell. When the 
cycle on NmNG is completed, the program flow continues as illustrated in figure 1. 
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TABLE V 11.- PR INTOUT OF RESULTS OF SAMPLE CALCULATION 1 

(a) Idealization parameters and material properties for cylinder 

SAMPLE CASE 

K 
14 

NMODE 
1 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 

ClAMPED-Cl~~PEO CYL!~OER 

NBEG 
3 

ISTRN 
1 

NLAST 
3 

I STRES 
I 

EPSILON (i<Y' 
3.00000000E-Ol 
3.00000000E-Ol 
3.00000000E-Ol 
3.00000000E-Ol 
6.00000000E-OI 
6.00000000E-OI 
3. 60000000E +00 
3.60000000E+OO 
6.00000000e-OI 
6;00000000E-OI 
3.00000000E-Ol 
3.00000000E-Ol 
3.00000000E-OI 
3.00000000E-OI 

I~IN 
100 

liNT 
10 

S (K I 
1. 50000000E-O 1 
4.50000000E-OI 
7.50000000E-Ol 
1.05000000E+00 
I.50000000E+OO 
2.10000000E+OO 
4.20000000E+00 
7.80000000E+OO 
9.90000000E+00 
1.05000000E+Ol 
1.09500000E+Ol 
1.12500000E+Ol 
1.15500000E+Ol 
1.18500000E+OI 

S SUB 6 = 
YOUNGS MODULUS I 
YOUNGS MODULUS 2 
POISSONS RATIO 1 
POISSONS RATIO 2 

O. 
3.000COOOOE+07 
3.00000000E .. 07 
3.000COOOOE-Ol 
3.00000000E-OI 
7.33160620E-04 
1.000COOOOE-02 
1.153 B4620E+07 

RHO = 
THICKNESS 

G SUB 12 

ICASE 
10 

IPLOT 
1 

NRING 
o 

IPLSTS 
1 

IPRINT 
o 

IFU~CT 
o 

CLAMPED-CLAMPED BOUNDARY CONDITION - FIRST 4 AND \7K+ll.(7K+21.(7K+31.(7K+41 ROWS A~O COLUMNS OELETED 
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0') 
~ 

N 

1 
2 
3 
4 
5 
6 
7 
q 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
?O 
21 
22 
23 
24 
75 
26 
n 
28 
29 
30 
31 
l2 
33 
34 
35 
l6 
37 
~8 

39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
"0 
51 
52 
"3 
54 
55 
56 
57 
5~ 
59 
60 
61 
"7 
"3 

EIGE~V4LUES 
5.30639625 0 +07 
2.5700844RE+OR 
6.569425HE+08 
1.21039355E+09 
1.7904BB3RE+09 
2.286376201'+09 
~.00931882E+09 
3.16852059F+09 
3.82962890"+09 
3.88500996F+09 

'4.30Q85782E+09 
4.35456707E+09 
4.685199~E+09 
4.747265820+09 
4.955551801'+09 
5.14841035E+09 
5.1754Q88E+09 
5.8718,105f+09 
5.904538641'+09 
7.1351211 7F+OO 
7.174413221'+09 
9.11595075E+09 
9.15919094F+00 
1.22594545E+I0 
1.23087551F+I0 
1.67971197,,+10 
1.68469B76E+I0 
1.742841091'+10 
2.20867236E+I0 
2.423577791'+10 
2 .42665499E+ t 0 
? .8966'H62E+I0 
3.735406671'·+10 
3.735547.591'+10 
3.81583992F+I0 
4.85008645E+I0 
5.19597559f'+10 
".91067006F+10 
5.91093463E+I0 
6.1448;9531'+10 
6.147076072+10 
7. 775R4 ~9 7F+ 1 0 
8.024651501'+10 
9.081925841'+10 
9.082287581'+10 
1.02333075E+ll 
1.0237,0651'+11 
1.338720841'+11 
1.455H549E+ll 
1.45519460"+11 
1.572300641'+11 
1.68782111Hl1 
1.755528611'+11 
2.33>21455E+11 
2.3B39674f'+ll 
2.554610241'+11 
2.1R014268E+ll 
3.11498672F+ll 
3.19610644E+ll 
3.639333291'+11 
3. 6~940665E+ll 
4.9897R418E+l1 
5.19501949E+11 

TABLE V 11.- PR INTOUT OF RESULTS OF SAMPLE CALCULATION I - Continued 

(b) Natural frequencies of cylinder 

OMEG4 
7.28450153E+03 
1.60314830E+04 
2.56308909E+04 
3.47907106E+04 
4.231 4 1628E+04 
4.78160664E+04 
".4857258tE+04 
5.62896135E+04 
6.18839955E+04 
6.232984811'+04 
~. 56495074 E+04 
6.59891436E+04 
6.84485156E+04 
6. 89004051E+04 
7.0395 7 229E+04 
1. 17524240E+04 
7.10405580E+04 
7.66282653E+04 
7.68409959E+04 
8.4469693eE+04 
8.47019080E+04 
9.54774882E+04 
9.57036621E+04 
1.1072 2421E +05 
1.10944829E+05 
1.29603703E+05 
1.29795946E+05 
1.3201 6107E+05 
1.49616028E+05 
1.55618444E+05 
1.55777241E+05 
1.70195523E+05 
I. 9~272002E+05 
1.93275648E+05 
1.953411S0E+05 
2.20229118E+05 
2.27046827E+OS 
2.43118697E+05 
2.43124138E+05 
2.41888474F.+OS 
7..47932976E+05 
2.78852003E+05 
2.83278158E+05 
3.01362337E+05 
3.01368339E+05 
3 .l98 0 5Q 3E+05 
3.19962601E+05 
3.65817008E+05 
3. B146631 L E+05 
~. 814701291'+05 
3.96533812E+05 
4.108~1000E+05 
4.18990287E+05 
4. 8103l596E+05 
4.83052455£+05 
5.05437458E+05 
5.278960771' +05 
5.58120660E+05 
5.65341174E+05 
6.03268870E+05 
6. 03274950F.+0~ 
7.063"4044E+05 
7.2076483';E+05 

FREQUENCY 
1.15936443E+03 
2.55148977E+03 
4.07928298E+03 
5.53711357E+03 
6.734508181'+03 
1.61016332E+03 
9.73080387E+03 
E.95877024E+03 
9.84914378E+03 
9.92010342E+03 
1.04484436E+04 
1.05024984F.+04 
1.08939196E+04 
1.09658401E+04 
1.12038273E+04 
1.14197530E+04 
J.14496954E+04 
1.21957072E+04 
1.22296243E+04 
1.34437693E+04 
1.34807273E+04 
1.5t957142E+04 
1.5·2317109 E +04 
1.76220206E+04 
1.76574180E+04 
2.06270699E+04 
2.06576664E+04 
2.101111151'+04 
2.365297541'+04 
2.47769939E+04 
2.47927179E+04 
2.10874588£+04 
3.07601945E+04 
3.076077411'+04 
3.1089605lE+04 
:.50505528E+04 
3.62788643E+04 
3.86q3~423E+04 

3.B6944081F+04 
3.94526759E+04 
3.94597587E+04 
4.43806741E+04 
4.50851192E+04 
A.79633057E+04 
4.79642609E+04 
~.09129362E+04 
5.09236296E+04 
5.8221585lE+04 
<.071224961'+04 
<.07128567E+04 
f.31103162E+04 
f.53857845E+04 
6.668437531'+04 
7.68771846E+04 
7.6R801859E+04 
8.04428699E+04 
8.40172700E+04 
8.882766191'+04 
8.99768424E+04 
9.60132227F+04 
9.60141903E+04 
1.12424512E+05 
1.147132861'+05 
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0) 
CJ1 

~4 
65 
66 
~7 

6" 
6~ 
70 
71 
72 
n 
74 
75 
7~ 
77 
78 
70 
PO 
81 
8l 
R'l 
84 
85 
P6 
67 
P8 
89 
90 
91 
92 
03 
94 
95 
96 
91 

'.20SQZ8HQII 
"i.2643SQ4QC+ll 
Q.0157?15G"+Il 
S.072740a'?+11 
S.9992oB2E+ll 
~-.laqR4q65F:+ll 

l.l'966414F+12 
1.163Z6'52-L)'+12 
1.478501111"+12 
1.1.9471524t:+12 
l.o796/,641F+12 
1.6.06"0;921'+12 
2.26613636"+12 
'.280503731'+12 
? .44015n4<+12 
7.44042778E+12 
'.2678'7221'+12 
3 .27o'3&5~F+12 
3.5'1104112E+12 
,.53109481,,+12 
4. 74b45767~"1 '? 
4 .. 7,)ltP.210F+l~ 
S.105~R019F+12 

5.10500447"+12 
, .. a73;Z887E+12 
6.87506218.+12 
7.043439141'+12 
7.04419479F+12 
1.00384610·+13 
1.00398532"+13 
1. 44944'l90,,+ 13 
1.449530%,,+13 
1.98813495"+13 
1.~RA154l3f:=+1':\ 

7.21~142°117+05 J .14832566E+0. 
7 .. 2!:i561127E+05 1.1547,,640E+CS 
9. ,5109081E+05 1 .. 4 2492'3661:+05 
R.QQ484327E+05 1.429 0 8222E+05 
9.l.qt-4(~471€+05 I.509R1457E+05 
S.5B637037iE+O: 1.52571R23E+05 
1.07687 7120+06 1.713 0 0317f+OO 
1.07P5477?E+Ot: 1.7H.~6203~+05 

1.21593664E+06 1.03522326;'+05 
1.222585 .. 71'+06 1.94158013211:+05 
1.20!-01945F+oo <.06267901E+05 
1.2"641653E+06 2.06~31099~"O~ 
l.'053~OI8E+06 2.3q~96946E+C5 

1 .. 5101~3t-e:~+Of: 2.40345240E+05 
1.562100901'+06 2.48616081E+05 
1.5621Sb70E+06 2.48'297351'+05 
1.80771'02r+Ob 2. ~7706941 E.O· 
1.8106453""+06 2.B81731S8E+05 
1. PHI0647f+O' 2 •• 9069083E+05 
1.87912075E+06 2.9"071357<'+05 
2.178618""5E+O~ '.4P4115H+05 
2.179720< 5E+06 3.4'913316E+05 
2.25944245(+06 ?5'?601435E+05 
2.259'·A5tlE+Of. 3.5960103'3f+a~ 

? .62174157E+06 I. . • 17263131E+ C5 
2.62203HeE+Of J, .173096613 E+O" 
2.6539478'1'+06 '.22388917E+05 
2.65409020E+06 4.22411575E+05 
3.16835304,,+06 ~.0425004gE+05 

3.168';7274£+06 ~'" 042 'J.ttO 14F +O$} 
3. BOn 5641 E +06 6 .05927761 E+O~ 
3.807H04o E+06 <.05945918E+05 
t..4~AR506qf+06 7.0964912"E+05 
4.tS81l,7243E+06 7.0%51587F.+05 
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CT.l 
CT.l 

VFCrr'lR w 

O. 
3.27957335E+OO 
5. 60R4Qn 3E+OO 
R .136180~4E+OO 
1.09982128E+OI 
1. 73479QS"II'E-Io0 1 
2.413032621;+Or 
4.95268404E+OI 
2.41303>'62E+OI 
I. 7347q8~bE+Ol 
1.09982128E+Ol 

• 8.13618084E+00 
5.60848323,,+00 
3.2790;7315E+00 
o. 

o. 
7.329714n"+00 
1.3H52142F+Ol 
1.91796708E+OI 
2.5020;99301;+0 I 
3.5599758?=+01 
4.3386704IE+Ol 

-1.26816700F-l1 
-4.33867041E+Ol 
-3.55997582E+Ol 
-2.0;0259830,,+01 
-1.9179670QE+Ol 
-1.3355?l42E+Ol 
-7.32971422,,+00 

O. 

O. 
1.13370002E+Ol 
2.14681929E+Ol 
3.02164011E+Ol 
3.77905309F+OI 
4.71>-17322E+OI 
4.6521204~E+OI 

-4.43782327=+01 
4.65212042E+Ol 
4.71217322E+Ol 
3.77905309=+01 
3.021540111';+01 
2.1468In9E+OI 
1.13370002E+Ol 
o. 

TABLE V 11.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION I - Continued 

(c) Eigenvectors corresponding to the lowest five natural frequencies of cylinder 

II 

O. 
- ..... B6434576E-Ol 
-0.36687704E-01 
-1.3203B611E+00 
-1.63940%6E+00 
-2.08°00335E+00 
-2.29895008 E+OO 
9;~<>159Q51E-13 

2.29M5008E+00 
2.08900335E+00 
1.63940566E+00 
1.320386111'+00 
9.36687704E-Ol 
4.R643457~F-Ol 

o. 

O. 
-6.36522050E-Ol 
-1.13422022E+00 
-1.44503444E+00 
-1.57876358E+00 
-1. 366"q4 72E+00 
-6.21964760E-OI 

4.927'8565E+00 
-6.21964760E-Ol 
-1.366R8472E+00 
-1.57876359E+00 
-1.44S03444~+OO 
-1.13422022f+00 
-6. 36522050E-Ol 

O. 

O. 
-5.116"0850E-Ol 
-1.Q4675640E-Ol 
-8.03351041F-Ol 
-5.68446446E-Ol 

4.54393932E-Ol 
I.B7511591E+00 

-3.36~27466E-13 
-1.87511591E+00 
-4.54393932E-Ol 

5.6B446446E-Ol 
8.03351041E-Ol 
7.·94875 640E-0 1 
5.11650850E-Ol 
o. 

O. 
-~.30940258F-Ol 
-1.42340359E+00 
-2.33309576E+OO 
-3.34015945F+00 
-5.~5S65416E+00 
-7. 0 0Q"1487E+00 
-1.tA582777E+Ol 
-7 .'OF 81467F+00 
-5.~5865416J:+OO 

-3.34015945E+00 
-2.33309576[;+00 
-1.42340359F+00 
-6.30Q41258<-01 

o. 

O. 
-1.BO?B5365E+JO 
-3.BOI44422F+00 
-5.B4S9B!i61E+OO 
-7.P6427466E+00 
-1.151063P7E+Ol 
-1.4IS80311E+OI 

".10085725E-12 
1.,,1980311 E +0 1 
1.1510C3B7E+Ol 
., • 86427 l ;.!::6E+OO 
~.e459~501E+OO 
3.80144422=+00 
1.flO;l~':365E+OO 

O. 

O. 
- 3. 00202 <;28E+00 
-6.04844055F+00 
-8. E7042037E+OO 
-1.12851458E+Ol 
-1.42E!79566E+Ol 
-1. 4 2486526,,+01 

1.39152797E+Ol 
-1.42486526E+OI 
-1.42879566E+0 1 
-1.1Z851458E+Ol 
-".B7042037E+OO 
-6. C4 13440S5E+OO 
-3.00Z0?928E+OO 

O. 

B ~TA 

O. 
9.4 C162'587E+00 
7.67403830f+OQ 
Q.07476':.27f+OO 
?9554672IE+oo 
1.10fl41)408E+Ol 
1.I5402471E+Ol 

-6. OZ77 03 Q! E-l >. 
-I. 154J2471E +01 
-1.108 4 34-08F+Ol 
-9.<554;721E+OO 
-O.0747~e2"E+I)O 

-7.67403930E+01 
-Q.4~lo2597E+O() 

o. 

O. 
2.40G521QQf+Ol 
I. 904tl>95E+Ol 
1.06872130E+Ol 
1.91070832E+Ol 
1.60006947E+Ol 
1.12;8~.92E+0 1 

-2". 64~27241E+Ol 
1.12;~?99ZE+Ol 
(.600060475+01 
I.Ol070Q32E+OI 
1.068i2130F+Ol 
1. 8C 4t 16QSE +0 1 
2.4005218QE+Ol 
o. 

o. 
4.0343432IE+Ol 
3.03H1175E+Ol 
2.76361310E+Ol 
2.25Z937936+01 
8.3370l473E+00 

-9: 346 7~1886+00 
7.24775973E-12 
9.34675188E+00 

-8.33791478E+00 
-Z.252<3793E+Ol 
-2.703t1310E+Ol 
-3.03~11175E+Ol 
-4.03434321E+Ol 

o. 

U PRIME 

-1.62'849,7E+00 
-1.00353467£+00 
-1.3S"B750IE+00 
-1.16G5,SI2=+00 
-9.06'5 ;542E-0 1 
-5 .440~< 908f-Ol 
-1.5E56.095E-Ol 

1.09f' 37646E+00 
-1.58566095£-01 
-5.4402990 8E-0 1 
-0.;6555642(-01 
-1.lt,C!S';l1312E+00 
-1. 3B[, 87 501 E+OO 
-1.60 3S 3467£+00 
-1.62038997E+00 

-2.30703667£+00 
-1.S5t 8012 0 E+00 
-1.344;777IE+00 
-7.3301 7930E- 01 
-1.597;5584 E-Ol 

8.52373S74F-Cl 
1.70;7C775E+00 

-7.77193165£-\3 
-1.70570775£+00 
-8.5Z173874E-OI 

1.5<;755584£-01 
7.330179306-01 
1.34 4'>7771E+00 
1.958901Z9E+00 
Z.30703667E+00 

-2.10056620£+00 
-1.39782606E+00 
-4.7706385 3E-0 1 

4.012718Z7E-OI 
1.15171153E+00 
2.20574?l3£+00 
2."1425270E+00 

- 3. BO .?701<-0 3E +00 
2.81425270[+00 
2.20574913E+00 
1.15HI153E+00 
4.012718Z7F-Ol 

-4.770631353E-Ol 
-1.3C7d2606E+00 
-Z.1003<620£+00 

v PI' I~':: 

-1.696I2~82E+OO 
-2.419 C 2655f+00 
- 2. B~ 507<;~ BE: +00 
-3.2061?072E+OO 
-3.4~HI726E+OO 

-3.863"; 5 ~C'2 f +00 
-, .• 00731216E +00 

1.026'2036E-12 
i...00731216f+OO 
3.A~ 34551'ZE+00 
:.40 6t1726E .. Or) 
3. 2061~072c+OO 
2.fl4507 Qc;SE=+OO 
2.41~OZ635E+OO 

1.6~,,12"B2E+OO 

-~ .443428 17E+OO 
-t.4c;.91b7t 4E+OO 
-b.7t:~30917E+OO 
-,;. RI ,58203£+00 
-6.605144e4f+OO 
-=.455046£l5t;+00 
-3.7'734 928gf+OO 

0.16951440E+00 
-3. 773L. 0 2€=9F+CO 
-~ • .G.t;~046P5E+OO 
-t.1'051&484E+00 
-c.8155A20?c+OO 
-f.7E-630917~+OO 
-c.4~91674L.r:+OO 

-5.44'4Z"17E+00 

-~. "tf 7" fI Fit, <;;E +00 
-1.02~61 768E+Ol 
-o .. E'8153A3 0 E+OO 
-8. B 109 166.<E +00 
-7.1P263&71E+00 
-2.57P8Z!67E+00 

2.7 C 20050ef+OO 
-1.f 4 523IF2E-12 
-2. 792005bc F +00 

2.=7E'Q21t: 7F+OO 
7.18Z0471E+00 
8. "ZOPI66'>E+OO 
C::.A815363 Cl F+OO 
1.028&175 A !:+Ol 
c .. 467c 884C:;:E-+OO 

~ErA PRI"E 

2. ,8516726E+02 
-2.74402901E+Ol 
t..:; 7CSo7523f+OO 
3.612944S4E+OO 
2.1'4~022i5f+OO 
1.4237t07bF +00 

-1.00~!<33Bf+OO 
-5.247871511'+00 
-1.OOQl£.33AE+OO 

1.4237607H+00 
2.":-"""i02275F+OO 
3. f 12 c .... 4S4 E+OO 
4. o 75t75?3E +00 

-2.7440200lE+Ol 
2. :;85!f721:F+OZ 

:;:.O~?e.74Q3F+02 
-::. r. o~ 2:;0 75F +01 

2.6277i.3f5E+00 
2 •• ~7"4703£-01 

-4.;;; 7J 57123~ +00· 
-1.0 651392S HOO 
-I. ,791n 73F+Ol 
-4.~O,46412£-11 

1.~7QloI73E+Ol 

1.06;1,927<+00 
4.57057123E+00 

-2.H37947C3£-01 
-2.6277B3">5F+OO 

'S.OQ o 2567SE+Ol 
-;.0626749H+OZ 

t-. ~f:1::'L.l"32E+02 
-6.h?30ltlP4E+Ol 
-~.36'T26831f+OO 

-1.208!:26~OE+Ol 
-2.03382635F+Ol 
"'1.S!C~~"'7qE+Ol 
-2.8P379~60+01 

3.2984:-2?7E+Ol 
-7.0 19 370~6F+Ol 
-1.c[H64 79F+OI 
-'2.033e2~35E+Ol 

-1.2'''!:26 0 0E+Ol 
-9.364Zt831F+00 
-~ .. t>23041 ~4f+Ol 

6 .. '4BS.l.16:"2F+02 
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0) 
-l 

4 O. 
1.52501939E+Ol 
2.956,456 7HO 1 
4.02031 312140.1 
4.72401777E+01 
4.15075309"+01 
2.RI841984E+Ol 

-3.041104711'-12 
-2.8184l984E+Ol 
~4. 75075 309"+0 1 
-4.72401777E+Ol 
-4.02031312E+Ol 
-~ .956545>70+0 1 
-1.525019396+01 
o. 

n. 
1.94548471E+Ol 
1.80073669 0 +01 
4.9135 c 841F+01 
5.2B07790<;E+Ol 
3.6229h9<;0E+OI 

-4.092274691'+00 
3.97n2613F+Ol 

-4.097?746~E+00 
3.622~h950F+OI 
5.28077905E+Ol 
4.9135984IE+Ol 
3.80073669E+Ol 
1.9454"-471F+Ol 
o. 

o. O. 
-2.636454091'-01 -3.89741R62E+OO 
-2.79171253E-Ol -7.~7124372E+00 
-1.62280B85E-02 -1. 05 4 3U2 ~E +0 1 

4.64077 6 32E-O 1 -1.249904971'+01 
1.7~J61775E+00 -1.262P8797E+Ol 
2.83t3SS00F+OO -7.69383147"+00 

-2.31712195E+OO -1.08540076E-12 
2.8323~500E+00 7.~98e3747E+OO 
1.7376P75E+00 1.Z528R797E+Ol 
4.64077632E-Ol 1.24990497F+Ol 

-1.62280885E-02 1. C54 32825E+Ol 
-2.79171253"-01 7.:7124372E+OO 
-2.6~!>45409E-Ol ~.89741862F+OO 

o. O. 

o. o. 
-6.34832498E-02 -4.4458~o90E+00 

5.61772200E-02 -~.3~?33165E+OO 
~.78351405E-Ol -1.0919400~E+Ol 

e.~6569132E-Ol -1.17814B5E+Ol 
1.684961021'+00 -~. 03573911 F+OO 
1.88077605;:+00 9. n00363H-01 

-7.~BOq7421E-l1 _o.ltQ03<lHF+00 
-1.88017605E+OO 9.?2003636E-Ol 
-1.6840 6102E+OO -~ .03573911~+OO 
-~. 2 6"6 8~32,,-0 1 -1.118 14335E+0 1 
-3.783614051'-01 -1.0"lS4009E+oi 
-5.61772?00E-02 -~.33333165E.OO 
6.349324~8E-02 -4. '(,4 5 88 Q90E .. 00 
O. O. 

o. -1.41005023E+00 -1.2654380IE+0[ d .. 4647B14.lF+02 
5. 7a1~0266~+01 -5.250410&7E-OI -1.29637<;34E+Ol _7. 96514744E+Ol 
4.04H4862E+Ol 4.29362568~-01 -1.126A4697<:+01 -3.472878£7E+OI 
3.0Q906738E+Ol 1.28203465E+OO -~.o 34~C 624~ E +00 -4.11149113E+Ol 
1.650113S;E+Ol 1.875359391'+00 -4.474951891'+00 -4.0137b43tF+Ol 

-1.69521182E+0l 2.21011483E+00 4.600653'11'+00 -~.6826752~E+Ol 
-5.754971541'+01 1.03227491'+00 1.43~~0134F+Ol 4. 307378~lE+01 

5. 50q7~053'2".Jl 4.44419S26E-13 -1.Q:t5352t8E+Ol Q.c7681971o.F.-11 
-5.7%97754E+Ol -1.6332274°E+00 l.~ n~0134E+Ol -4.30737e41E+Ol 
-I. 6~527192E+Ol -2.210114'l3E+00 4.6006531011'+00 B.t.82!-7525E+01 

1.65013356E+OI -1.e7535939E+00 _L;. 474051 Pt;E "00 4.013"'€:4::!t"E+01 
3.0Q906738E+OI -1.2820 3465E+00 -8. 3ASQ62 l ,SE +00 4.11149113F+Ol 
4.0"l64962E+OI -4.29l625'~E-Ol -1.!26R4~07E+Ol '.'?l879A/E+Ol 
'.78050266E+OI :.25041067E-Ol -1.29631 0 34E.+Ol 7. qt::~ 14i44F+01 
o. 1.41005023E+00 -1.2C54380LE+Ol -R.46478144E+02 

o. -7. :7775892E-OI -1.~7CB02"?E+Ol O."530?7L oF+02 
7.6H5211~"+01 5.27~21902F-02 -1.<'·2~15'~E+OI -Q. 360571 ?IE+OI 
4.q~705394E+OI 7.52167015E-OI -1.10R47!:=C?7F+Ol -7.772-:290C?E+Ol 
2.53B7574 7.<+'11 1.333"4723E+00 -5. H83~25C;lE+OO -6. ':\Q2C:3 c 27E+Ol 

-1.2950Q970HOO 1.54719186E+00 3. 75.096.6f2 ~-Ol -I? .t·10t-Ofo,03~+Ol 
-5.31~22351E+Ol 9.12360827<-Cl I. 2410~82n+Ol -1.0IAOO'55F+02 
-9. 01745133E +01 -1.1965S459E+00 2.16792207E+OI G.c616t:O~t-f+Ol 

;.?9563911E-l'< 2.44112426E+00 -5. 007218'~E-13 -'.05372700F.+Ol 
9.017451BE+Ol -1.19'5645~E+00 -2.lf.79?2C7E+Ol ~.9flftOSt:F"+Ol 

5.31t-22351E+Ol 9.123'>C827E-Ol -1. 2i ,1 Qge 27E +0 1 -1.01~0095EE+02 
1.29;,!Q97 OE+00 1.5477918;HOO -'3. 7t;O(?t'~b(:2E-Ol -P..t-70f06031:+01 

-2. 53875747E+ol I. 33 3~ ~723f +00 ~.883C:2&:;C:IF+OO -9.3c:'l2t;3927E+Ol 
-4.937053Q4f+Ol 7.5216701;f-01 I.IOA475S7E+Ol -7.772:2<;0<;10+01 
-7.b9462015E+Ol 5.;:H21102[-02 1.4420157~E+Ol -9.?60~7Unr+Ol 

O. -7.5777'i892E-01 1. l 70I=10212E+Ol ".9530274 C f+02 
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0) 
(Xl 

O. 
3.00000000E-02 
6.00000000E-02 
9.00.000000E-02 
1.20000000F-Ol 
1.50000000E-Ol 
1.8 OOOOOOOE-O 1 
2.10000000E-Ol 
?40000000E-Ol 
2.70000 OOOE-O 1 
3.00000000F-OI 
3.30000000E-OI 
3.6000(1)OOE-OI 
3. 0 0000000F"01 
4.?0000000E-Ol 
4.5COOOOOOF-Ol 
4.80000000E-OI 
5.1 OOOOOOOE-n 1 
5.40000000E-OI 
5.7 OOOOOOOF-O 1 
6.00000000E-OI 
6.30000000E-Ol 
6.60000000E-Ol 
6.90000 OOOF-O 1 
7.20000000E-01 
7.50000000E-Ol 
7.80000000E-Ol 
R.l COOOOOOF-Ol 
R.40000000E-Ol 
8.70000000E-Ol 
q.OOOOOOOOF-OI 
9.3 OOOOOOOF-O 1 
9.60000000E-OI 
o.90000000F-01 
I.02000000F+00 
1.0S000000E+OO 
1.0 AOOO 0001'+00 
1.11000 OOOE +00 
I.14000000E+00 
1.17000000E+OO 
1.20000000F+OO 
1.26000000F+00 
1.~2000000E+OO 

1.3POOQOOOF+OO 
1.44000000F+00 
1. ~ OOOOOOOF+OO 
1.56000000F+00 
1.62000000E+00 
1.6 eooo 0001'+00 
1.7400QOOOHOO 
1.80000000F+00 
1.86000000F+00 
1.92000000F+OO 
1. 9 ~OOOOOOE+OO 
2.04000000HOO 
?10000000F+00 
2.16000000F+00 
2.22000000F+00 
2.2AOOOOOOE+00 
2.340MOOOE+OO 
2.40000000E+00 
2.76000000E+00 
3.1 ?OOOOOOF+OO 
~.48000000F+00 

3. "4000 OOOE+OO 
4.20000000F+00 

TABLE VII.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION 1 - Continued 

(d) Mode shape corresponding to the lowest frequency of cylinder 

~ODE SHAPI' CORRESPCNDING Te FREQUENCY 

w 
q.325B1341F-15 
1.02397227E-Ol 
3. 59''1 832~E-Ol 
1.107B0441E-Ol 
1.10850100F+00 
1.51981795",+00 
1.92261OJ2E+00 
2.30381745E+00 
2.6573613"E+OO 
2.98206494 0 +00 
3.27957335F+00 
3.55287845F+00 
3.8067575IE+00 
4.04604132F+00 
4.21506284E+00 
4.49763684HOO 
4.7170396P"+00 
4.9359~9931'+00 

5.15662311E+00 
5.38048138f+00 
5.6084B~23F+00 
5.B4099QI10+00 
L07B25974,,+OO 
6.32036128F+00 
6.~67248~~r::+OO 
6.81875066,,+00 
7 .07462045E +00 
7.334f5:6q/ ... l~+OO 
7.5983058 0 F+00 
7.86557202 0 +00 
8.136180 841'+00 
~.4100133'>F+00 
B.~8669661E+OO 
8.96667119F+00 
9.2492150~E+00 
9.534434391'+00 
9.82225444E+00 
1.01126106E'01 
1.040543 Q 5E+Ol 
1.0700-6970+01 
1.090 8212 8 E+Ol 
1.15999250E+Ol 
1.221026331'+01 
1.282f88~OHOI 
1.345532070 +01 
1.40890161HOI 
1.472939221'+01 
1.53158022E+Ol 
1.60280334E+01 
1.66854583 0 +01 
1.73{.79856E+Ol 
1.8014~954E+Ol 
1.86841234F+Ol 
1.935415151'+01 
2.00253331,,+01 
7.06997713F+01 
2.13759POE+Ol 
2.205797 65<'+01 
2.27453561 0 +01 
2.34370995F+Ol 
2.413032621'+01 
2.92097607F+Ol 
3.21001D42E+Ol 
3. 57 l ,2 8624E'0 1 
3.907977?8E+Ol 
4.2053129~E+Ol 

U 
-3.0771513E-15 
-4. e8969508F-02 
-c;.77 '330380E-02 
-1.46641211 F- 0 1 
-1.954544191'-01 
- 2. k4205612E- 01 
-2. c B77739E-OI 
- 3.414537491'-01 
-3.89916593F-Ol 
-4.38249218F-Ol 
-4.f6434576E-01 
-S.342510;94E-01 
-5.815034131'-01 
-6 .. 2"l155393E-Ol 
-'.74196775E-Ol 
-7.19610R77E-OI 
-7.t4BI00IF-01 
-8.084904461'-01 
-8.519220111'-01 
-8. <4660498E-Ol 
-9.36'87704E-Ol 
-9.7e023089E-01 
-1.01869729F+00 
-1.CS971111E+OO 
-1.09806538E+OO 
-1.1367609?E+00 
-1.17479803E+00 
-1.21217Q04E+OO 
-1.24890326E+OO 
-1. 2%9720? E+OO 
-1.3203961 H+OO 
-1.3~51-5:)47E+OO 

-1.38929203£+00 
-1.4227.,l339E+OO· 
-1.455o;753E+OO 
-1.49788'85E+00 
-1.:1947114F+00 
-1. ~S041 A17E+OO 
-1.~o072374E+00 

-1.61038664E+00 
-1.0940566E+00 
-1.6<?55(~523f+OO 

-1.74 9 18192F+00 
-1.e0032263F+00 
-1.E4897433E+00 
-1.89514393E+00 
-1.91983838E+00 
-1.'"006461E+00 
-2.019B2956E+00 
-2. C5514016E+00 
-2.08900335F+00 
-2.1204f.545E'00 
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0) 
c.o 

4.56000000E+00 
4. nOOOOOOF+OO 
5.28000000E+00 
5.64000000E+00 
6.00000000E+00 
6.36000000F+00 
6.72000000E+00 
7.08000000HOO 
7.440000001'+00 
7.80000000E+00 
8.160000001'+00 
8.52000000E+00 
8.88000000E+00 
9.24000000HOO 
9.60000000 E+OO 
9.660000001'+00 
9.72000000F+OO 
9.7 eOOOOOOE+OO 
9.840000001'+00 
9.90000000HOO 
9.96000000E+00 
1.002000001'+01 
1.00800000F+Ol 
1.01400000E+OI 
1.02000OQ9E+OI 
1.02000000EHH 
1.03200000E+OI 
1.03800000HOI 
1.04400000F+OI 
1.05000 OOOE+O 1 
1.05600000E+OI 
1.06200000F+OI 
1.06800000E+Ol 
1.07400000E+Ol 
1.08000000E+OI 
1.08300000E+OI 
1.086000001'+01 
1.08900000E+OI 
1.0nOOOOOE+OI 
1.095000.001'+01 
1.0G"00000E+Ol 
1.10100000E+Ol 
1.104000001'+01 
1.10700000E+Ol 
I.I1000000E+Ol 
1.113000001'+01 
1.11600000E+OI 
1.11900000HOI 
1.12200000e+Ol 
1.12500000HOI 
1.12800000F+Ol 
1.131000001'+01 
1.134000001'+01 
1.137000001'+01 
1.14000000F+OI 
1.14300000F.+Ol 
1.14600000E+OI 
1.14900 OOOHO I 
1.15200000E+OI 
1.155000001'+01 
1.158000001'+01 
1.161000001'+01 
1.164000000.01 
1.16700000F.+Ol 
1. 17000000E+OI 
1.17300000F.+01 
1.176000001'+01 
1.lnOOOOOE+OI 
1.18200000F.+OI 
1.18500000F+O I 
1.188000001'+01 
1.19100000F+OI 
1.19400000E+OI 
1.1 nOOOOOF+OI 
1.20000000F+Ol 

4.460610791'+01 
"'.66830918E+Ol 
4.82299962E+Ol 
4.91945939E+Ol 
4.95268404E+Ol 
4.91945939E+OI 
4.822999621'+01 
4.66830918E+OI 
4.46061079"+01 
4.20531293E+OI 
3.907977280.01 
3.57428624E.OI 
3.nOOI042E+Ol 
2. 82097607E+Ol 
2.41303262E+Ol 
2.34370995"+01 
2.27453561E+Ol 
2.~0579765E+Ol 
2.13759170E+Ol 
2.069877131'+01 
2.00253331E+OI 
1.93541575E+Ol 
1.86841234"+01 
1.80149954=+01 
1.73479856E+OI 
1.66854583E+Ol 
1.602803341'+01 

-1.537S8Q22E+OI 
1.47293922E+Ol 
1.40890IME+OI 
1.34553207E+OI 
1.282S8R60E+Ol 
1.22102633E+OI 
1.15999250E+Ol 
1.099B212BE+Ol 
!.07006697E+OI 
1.0405439SE+Ol 
1.0112610bF.+Ol 
9.82225ft44E"'OO 
9.53443439E+00 
9.2492150BE+00 
8.96667119E+00 
B.68699661E+00 
8.41001339E+00 
9.13618084E+OO 
7.86557202F+00 
7.59830589E+00 
7.3345694lF+OO 
7.07462045E+00 
6.81B75066E+00 
6.56724R33E+00 
6.320361281'+00 
6.07825974E+00 
5.84099917E+00 
5.60848323E+00 
5.38048138E+00 
5.15662311E+00 
4.9359R8"3E+00 
4.71703968E+00 
4.49763684E+00 
4.275062 B4E +00. 
4.04604132"+00 
3.8067575IE+00 
3.55287845E+00 
3.27957335E+00 
2.98Z06494E+00 
2.65736135E+00 
2.30381745E+00 
1.92261012E+00 
1.'H981795E+00 
1.10850100E+OO 
7.10780447E-Ol 
3.599183261'-01 
1.02397227E-Ol 
1.199040871'-14 

-1.42824523E+00 
-1.10850483E+00 
-7.58881 .. 95E-OI 
-3. e687 871 9E- 01 
~.C5053810E-13 
3.86878719E-Ol 
1. ~8881495E-OI 
I.I0850483E+00 
1.42824523E+00 
1.71059919E+00 
1.~4806322E+00 
2.13313382E+00 
2.25830750E+00 
2.31608075E+00 
2."9895008E+00 
2.2RR30302E+00 
2.27539312E.00 
2.26018039E+00 
2.2426e484E.OO 
2.22288t50E+00 
2.20077539E+00 
2.17634148E+OO 
2.14957484HOO 
2.12046545E+00 
2.08900335E+00 
2. C5S14016E+OO 
2.01882956E+00 
I.S800646lE+00 
1.9~a83838E+00 
1.89514393E+00 
1.84a97433E+00 
I.B0032263E+00 
1.74918192E+00 
1.6Q554523E+00 
1.t3940566E+00 
l.tl038664E+00 
1.58072374E+00 
1.55041 e17E+00 
1.~1947114E+OO 

1.1.87883851'+00 
1.~5565753E+00 
1.42279339E+00 
1.38929263E+00 
1.35515S47E+00 
1.32038611E+00 
1.28497202E+OO 
1.2~a9032bE+00 
1.212179041'+00 
1.174798531'+00 
1.136760921'+00 
1.09800538E+00 
1.05871111HOO 
1.01869729E+00 
9.78023089E-OI 
9.?6687704E-Ol 
8. S4660498E-Ol 
8.51922511E-OI 
B. C~490446E-Ol 
7.6438100IE-01 
7.19610877E-Ol 
6.74196775E-Ol 
6.28155393E-Ol 
~. 81503433E-Ol 
5.34251594E-Ol 
4.f6434576E-01 
4.38249218E-OI 
3.89916593E-Ol 
3.414'n749E-01 
2.92877739E-01 
2.<4205612E-Ol 
1.95454419E-OI 
1.46641211 E-Ol 
9.77830380E-02 
4.88969508E-02 
4.10579556E-13 

-1.49633939E+Ol 
-1.56772522E+Ol 
-1.62099760E+Ol 
-1.65431297E+Ol 
-1.665827771'+01 
-1.65431297E+Ol 
-1.62099760 E+Ol 
-1.56772522E+Ol 
-1.4963 3939E+0 ~ 
-1.40868368E+Ol 
-1.30660164E+Ol 
-1.19193684E+Ol 
-1.06653285E+Ol 
-9.32233205E+00 
-7.908814671'+00 
-7.66911766E+00 
-7.43081493E+00 
-7.19377384E+00 
-6.95786157E+00 
-6.7l294527E+00 
-6.488892111'+00 
-6.25556926E+00 
-6.022843871'+00 
-5.79058311E+00 
-5.55965416E+00 
-5.327654091'+00 
-5.09835237E+00 
-4.87087465E+00 
-4. 64534661E+00 
-4.421893931'+00 
-4.20064228E+00 
-3.96171733E+00 
-3.76524476E+00 
-3.55135024E+00 
-3.34015945E+00 
-3.23565056E+00 
-3. 13193406E+00 
-3.02902969E+00 
-2.92695717E+00 
-2.A2573623E+00 
-2.7253866IE+00 
-2.62592802E+00 
-2.527380191'+00 
-2.42976286E+00 
-2.33309576E+00 
-2.23739590E+00 
-2.14268319E+00 
-2.04898168E+00 
-1.95631540E+OO 
-1.86470838E+00 
-1.77418467E+00 
-1.68476829E+OO 
-1.59648330E+00 
-1.50935372E+00 
-1.42340359E+00 
-1.33861299E+00 
-1.254967641'+00 
-1.1725001iE+00 
-1.09124295E+00 
-1.01122869E+00 
-9.324898871'-01 
-B.55059095E-OI 
-7.789688611'-01 
-7.04251732E-OI 
-6.30940258E-Ol 
-5.59049256E-OI 
-4.88680100E-01 
-4.19995180E-Ol 
-3.53156864E-OI 
-2. B 83Z7602E-Ol 
- 2. 25669722E-Ol 
-1.65345633E-Ol 
-1.07517724E-Ol 
-5.23483831E-02 
-4.2693626H-13 



4
 

>
 

Y w
 

0
 

K
 

U
 

a
 

e W
 

0
 

13 
YI 
W

 
II 
L
 
0
 

Y
 

K
 
3
 

I- >
 

U
 
z
 

- n
 

a
 

- V
I 

W
 
z
 

4
 

V
 

0
 
z
 

v
) 

z K
 

V
I 

Y
 

V
 

Y
 
I
 

y
i 

W
 
4
 

0
 

2
 

a
 

- 

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
-
 

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
~
0
0
0
0
0
0
0
0
0
~
0
0
 

70 

-J 
0 TABLE VII.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION 1 - Continued 

(e) Middle-surface strains and changes in curvature corresponding to the lowest frequency of cylinder 

NICOLE SURFACE STRAINS AND CHANGES I~ CURVATURE CORRESPONDING TO FREOUE~CY 

X E1 E2 1'12 Xl X2 X12 

O. -1.62988997HOO -4.28361050E-15 -1.69612582E +00 -2. 58516726E,+02 -5.37532981E-15 -5.65375274E-Ol 
3.00000000E-02 -1. 629S1202E+ 00 -1.82159741E-02 -1.74396721E+00 -1.1070;0602E+02 8.49477659E-02 5.19022234E+00 
6.00000000E-02 -1.62'll6573E+00 1.24550519E-02 -1.7 B640662E +00 -1.022955551'+02 3. 240790So;E-01 9. S1008361E+00 

9.00000000E-02 -1.62795108E+OO 1.15811829E-02 -1.82346092E+OO -5. OS401990E +01 6.55665236F-Ol 1.2038B792E+Ol 

1.20000000E-H -1.62616807E+00 1.43830611E-01 -1.85514123E+00 -1.40155492E+Ol 1.0332171H+00 1.29519560E+OI 

1. 50000000E-0 1 -1.62381672E+00 2.18218382E-01 -1.88148259E+00 1.03109196E+01 1.42370815E+00 1.29553314E+Ol 

1.80000000E-Ol -1.62089701E+00 2.8111315'<E-Ol -1. 90248405E + 00 2.46295126E+Ol 1.804891151'+00 1.23851232E+Ol 

2.1 OOOOOOOE-O 1 -1.61740896E+00 3.41943971E-Ol -1.91816B61E+00 3.11910149E+Ol 2.16381906HOO 1.1510489BE+Ol 
2.40000000E-01 -1.61335255E+00 3.97101017E-01 -1.92855350E+ao 3.23060919E"01 2.49446798E+00 1.05276899E+Ol 

2.70000000.-01 -1.60872178E+00 4.34972390E-Q1 -1. 93365558E +00 3.02855885E+Ol 2.795715181'+00 9.56605262E+00 

3.00000000E-Ol -1.60353467E+00 4.62250859E-Ol '-1.93349198E+00 2.14402901E+01 3.069259931'+00 R .68498368E+00 

3.30000000E~Dl -1.58451312E+00 4.80041084E-01 ,-1.93306661 E +00 2.15402655E+Ol 3.31812187E+00 7.93571444E+00 

3.600000ooE-01 -1.565C5610E+OO 4.89950309E-Ol -1.93213345E+00 1.611084261'+01 3.547101220+00 1.35602496E+00 
3. 90000000E-0 1 -1.'~498181E+00 4.93621346E-01 -1.93010921E+00 1.13545813E+Ol 3.161021631'+00 6.92941880= +00 
4.2 OOOOOOOE-O 1 -1.52435085E+00 4.92531059E-01 -1.92881058E+00 1.11404182E+00 3.96423288E+00 6 .6~92021lE+00 

4.50000000E-01 -1.50316322E+00 4.81983594E-01 -1.92645426E+00 3.41118412F+00 4.16056061f+00 6.46158663E+00 

4.80000000E-Ol -1.48141892E+00 4.81103614E-01 -1.92365696E+00 4.50368211E-Ql 4.35329203E+00 6.39634310E+00 

5.1 OOOOOOOE-O 1 -1.45911795E+OO 4.12829528E-Ol -1.92043537E+00 -1.92764564E+00 4.545155560 +00 6.4065102 8E +00 

5. 40000000E-0 1 -1.43626031E+00 4.6,3906126E-01 -1.91680619E+00 -3.63969757E+00 4.73830056E+00 6.41844591E+QO 

5.10000000E-Ol -1.41284599E+00 4.54880808E-Ol -1.91278613E+00 -4.66322146E+00 4.93421105E+00 6.59183331E+00 

6.00000000E-Ol -1.38881501E+00 4.46090811E-01 -1.90839188HOO -4.91567523E+00 5.13401531E+00 6.12561844E+00 

6. 3'OOOOOOOE-O 1 -1.36682182E+00 It. 316460ObE- 01 -1.906112221'+00 -5.28929459E+00 5.33188121E+00 6.86699093E+00 

6.60000000E-01 -1.34479584f+00 4.29603280E-01 -1.90501250E+00 - 5. 39293364E +00 5.54609864E+00 1.01472625E+00 

6.90000000E-Ol -1.32279109E+OO 4.22018801E-01 -1.90311190E+00 -5. 32184391E +00 5.75811185F+00 7.163203161'+00 

1.2 OOOOOOOE-O 1 -1.30082551E+00 4.1489811OE-01 -1.90106962E+00 -5.13527716E+00 5.91585344E+00 1. 30198031E +00 

7.50000000E-01 -1.21888127S+00 4.08208505E-Ol -1.89888482E+00 -4.85648480E+00 6.19118120f+00 7.44585056E+00 

1.80000000E-01 -1.256~6419E+00 4.01891418E-Ol -1.89655670E+00 -4.53271845E+00 6.422515320+00 1.51484631E+OO 

8.10000000E-01 -1.23501434E+00 3.95814188E-01 .-1. 89408443E + 00 -4.20522971 E+OO 6.651575S2E+00 1.69423720E+00 
8. 40000000E-0 1 -1.21321171E+00 3.90085436E-01 -1.891467211'+00 -3.91527016E+00 6.88401816E+00 1.80453031E+00 

8.10000000E-01 -1.19137631E+00 3.84461443E-Ol -1.88870420E+00 -3.10409131E+00 7. 11917339E+00 1.90147030E+00 

9.00000000E-Ol -1.16956812£+00 3.78964525E-Ol -1.88579461E+00 -3.61294494E+00 1. 3~848225E+00 8.00603936£+00 

9.30000000E-01 -1.l't844863E+ 00 3.1357tt932E-01 -1.88302111E+00 -3.38535465E+00 7.60009243£+00 8.IOOZ0514E+on 

9.60000000E-Ol -1.12728815E+00 3.68252008E-Ol -1.88023621E+00 -3.20918104E+00 7. 84443654E+00 8.18855871E+00 

9. 90000000E-0 1 -1.10608848E+00 3.62962380E-01 -1.81742310E+00 - 3.0743 8435E+00 8.Q9136186E+00 8.21249214E+00 

1. 02000000E +00 -1.08484182E+00 3.57685085E-Ol -1. 87458901E+00 -2.91092484E+00 8.34075288E+00 A.35309597E+00 

1.05000000E+00 -1.06356617E+00 3.52408563E-Ol -1.8711H15E+OO -2.88876276E+00 8.59252231E+00 8.43115917E+00 

1. 08000000e+00 -1.04224532E+00 3.41121641E-Ol -1.86886212E+00 -2.81185831E+00 8.846602050+00 8.501171871'+00 
1.11000000.+00 -1.02088349E+OO 3.41840525E-Ol -1. 86591294E+00 -2.14811192E+00 9.10293408E+00 8. 58131942E +00 

1.14000000:+00 -9.99481264E-Ol 3.36545187E-Ol -1.86306701E+OO -2.66966361E+00 9.36146152E+00 8.65348834E+00 
1. 17000000E+00 -9. 18038648E-OI 3.31239351E-01 -1.86014611E+00 -2.51229386E+00 9.62211954E+00 8.72326339£+00 
1.20000000.+00 -9. 56555642f-01 3.25911483E-01 -1.85121160HOO -2.44602215E+00 9.88482632£+00 8.18992 812E +00 
1.26000000.+00 -9.14782891E-01 3. 15291417E-Ol -1.84118141E+00 -2.40035150E+00 1.04161416E+OI 8.92023130E+OO 

1.32000000E+00 -8.13125135E-Ol 3.04843003E-01 -1.83755956E+00 -2.30423237E+00 1.09551811E+Ol 9.04691 994E +00 

1.38000000E+00 -8.31584114E-Ol 2.94511990E-Ol -1.82833909E+00 -2.11181039E+00 1.15016468E+01 9.16731530E+00 
1. 44000000E+00 -1.90158209E-01 2.84464640E-01 -1.819513090+00 -2.01741062E+00 1.205510671'+01 9.21985498E+00 

1.50000000E+00 -1.48841838E-0 1 2. 14444161E-01 -1.81107460E+00 -1.85523809E+00 1.26150~14~+01 9.38346285E+00 

1.56000000.+00 -7.07653062E-Ol 2.64450187E-01 -1.80301611E+00 -1.69937786E+00 1.31809433E+Ol 9.418155111'+00 

1.62000000E+00 -6.66513881 E-O 1 2.54422162E-01 -1.19533246E+00 -1.56409491E+00 1.315226131'+01 9.56414023E+00 

1.68000000E+00 -6.25610295E-01 2.44325441E-Ol -1.18801493E+00 -1.46359446E+00 1.43285821E+01 9.64481902E+00 

1.7400oo00E+00 -5.84762304E-Ol 2.34165336E-Ol -1.78105718E+00 -1.41208131E+00 1. 49095136E +0 1 9.12108456E+01) 

1.8 OOOOOOOE +00 ,..5 .440299C8E-0 1 2.24001708E-Ol -1.71445228E+00 -1.42376016E+00 1.54951009E+Ol 9.79612225E+00 

1. 86000000E +00 -5.04734610E-Ol 2.14415368E-01 -1.74141311E+00 -5.41855117E-Ol 1.60848011E+Ol 9.85103504E+00 

1.92000000E+00 -4.65605844E-01 2.05197278E-01 -1.12494070E+00 -2.18168065E-Ol 1.66165088E+01 9.86922 2l>0F. +00 

1.98000000E+00 -4.26643431E-01 1.95816569E-01 -1.70702490E+00 -2.96593904E-OI 1.72689617E+01 '1.88009488E+00 

2.04000000E+00 -3.81841431E-01 1.86218905E-Ol -1.693655111'+00 -6.21026930E-Ol 1.18623690E+01 9.90309548E+00 

2.10000000E+00 -3.49217843E-Ol 1.16645160E-01 -1. 68482333E +00 -1.03536144E+00 1.84511895E+01 9.94830166E+00 

2. 16000000E+00 -3.10154668E-01 1.61444088E-01 -1.680~1161E+00 -1.38349113E+00 1.905 66298E+0 1 1.00164243E+Ol 

2. 22 OOOOOOE +00 -2.72457906E-Ol 1.58885001E-01 -1.68012860E+00 -1.50931209E+00 1.'16600519E+Ol 1.00988081E+Ol 

.2.280000001' +00 -2.34321556E-01 1.50970437E-01 -1.68544633E+00 -1.25611683E+00 2.02684118E+01 I .01714~11E+Ol 

2.34000000E+00, -1.96363619E-01 1.43248836E-01 -1.69466082E+00 -4.696002421'-01 2. 088017.69E+0 1 1.02249054E+Ol 

2.40000000E+00 -1.585660951'-01 1.34621211E-01 -1.70836201E+00 1.008143381'+00 2.14940546E+Ol 1.02044164F.+Ol 

2. 16000000E+00 5.99218746E-02 8.09215021E-02 -1.52094534E+00 1.45897492E+00 2.51023161E+Ol 9.81121642E+OO 

3.12000000E+00 2.51566797E-01 3.41062614E-02 -1.35122249E+OO 1.910528l>6E+OO 2.854499411'+01 9.28452184E+00 

3.48000000E+00 4.34368611E-Ol -5.08097061E-03 -1.20969003E+00 2.36029555E+00 3.17691396E+Ol 8.60658429HOO 

3. 84000000E+00 5.90327498E-Ol -3.94254972E-02 -1.01084447E+OO 2.80516654F.+00 3.41244340E+01 7.18449860;1'+00 

4.20000000E+00 1.25443277E-Ol -6.91270146E-02 -9.3 3182301E-01 3.24443251E+00 ~.13515110E+01 6.82026310E+00 
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4. 56000000E+00 8.39116009E-Ol -9.46912511E-02 -7.8920003ZE-Ol 3.61318460E+OO 3.96IS1l00E+Ol 5. 7l67790~E+00 
4.92000000E+OO 9.331456~3E-Ol -1.16221569E-'OI -6.31394164E-Ol 4.09131356E+OO 4. 14573411F+Ol 4.471851l2E+OO 
5.28000000E+00 1.00573233E+00 -1.33310576E-Ol -4.52261Z01E-Ol 4.49451040e+OO 4.28266109E+Ol 3.10818131E+OO 
5. 64000000E+00 1.05747592E+QO -1.44931131E-Ol -2.44291645E-OI 4.88086607E+00 4.36802113E+OI 1.61339878E+00 
6.00000000E+00 1.08831646E+00 -1.49330953E-Ol 5.249D446E-13 5.24787151E+00 4. 39740811E +0 1 -4.868Z909bE-12 
6.36000000E+OO 1.05H7S.Q2E+OO -1.44931731E-OI Z.442qT645E-OI 4.88086607E+00 4.368021 HHOI -1.6IH9R78E+00 
6.72000000E+00 1.00573233E+00 -1.33310576E-OI 4.52261201E-Ol 4.49451040E+OO 4.28?66109E+Ol -~.10818711F~OO 

7.08000000E+OO 9.331456Q3E-Ol -1.162Z1569E-Ol 6.31394164E-Ol 4.09131356E+00 4.1451341lE+Ol -4.47785112"+00 
7.44000000E+OO 8.39716009E-OI -9.46912511E-02 7.89200032E-Ol 3.61378460E+OO 3.96183100E+Ol -5.71677903E+00 
7.80000000E+OO 7.25443277E-Ol -6.91Z70146E-02 9.3'18230IE-01 3.24443251E+OO 3. n575170E+OI -6.82026310E+OO 
8.16000000E+OO 5.90327498E-Ol -3.94254972E-02 1.07084441E+00 2.80576654E+00 1.47?44340F+OI -7.78449865E+00 
8.52000000E+00 4.34368671E-OI - 5.08091061E-03 1.20969003E+OO 2.360295·55e+00 3.l1b973'16E+OI -8.606584Z9E+00 
8.8 8COOOOOE +00 2.51566797E-Ol 3.41062674E-02 1.35722249F+00 1.91052866E+OO 2.8544994 7E +0 I -9.Z8452184HOO 
9.Z4000000E+00 5.99218146E-02 8.09215021E-02 1.520945340+00 1.45897492E+00 2.51023167E+OI -9.81721642E+O~ 

9.60000000E+00 -1.58566095E-Ol 1.346212l1E-01 1.70830707E+00 1.00814338F+00 2.14940546E+Ol -1 .02044164E+O 1 
9.6bOOOOOOE+00 -1.963B619E-Ol 1.4324B836E-OI 1.69466082E+00 -4.69600242E-Ol 2. 08807269E+0 I -1.02249054F+OI 
9.72000000:+00 -2.34327556E-OI 1.50970437E-Ol 1.68544633E+00 -1.25611683E+00 2.02684178E+Ol -1.01174311E+OI 
9. 18000000e+oo -2.12457906E-Ol 1.58885001E-OI 1.68012860E+00 -1.50931209E+00 I • 9~6 0051 9E +0 I -1.0098808IE+Ol 
9. 84000000E+00 - 3.1 0754668E-Ol !.61444088E-Ol 1.6805116IE+00 -I. H349173E+00 1.905662 'l8E +0 I -1.00164243E+Ol 
9.90000000E+00 -3.49217843E-Ol 1.76645160E-OI 1.68482~33E+00 -1.03536144E+00 1.845 77895E +0 1 -9.94830166E+OO 
9.96000000E+00 -3.8784743IE-OI 1.862IS905E-OI 1.69365571£+00 -6.21026930E-Ol I. 78623690E+0 1 -9.90309548E+00 
1.00200COOE+OI -4.2664343IE-Ol 1.95816569E-Ol 1.70702490E+00 -2.96593904E-Ol I. 12689677E+OI -9.8800'1488E+00 
1.00800000E+Ol -4. 65605844E- 01 2.05197278E-Ol I. 72494070E +00 -2.18168065E-OI 1.66 765088E +0 1 -9. 86922260E +00 
1.01400000E+OI -5.04734670E-OI 2.14415368E-OI I. 74741 ~17E+OO -5.41855117E-OI 1.60848011E+OI -9.85103504E+00 
1.02000000E+Ol -5.44029908E-OI 2.24007708E-Ol 1.71445228E+00 -1.423 7607bE +00 1.54951009E+Ol -9.79672225E+00 
1.02600000E+Ol -5.84H2304E-OI 2.34165336E-Ol 1.78105718F+OO -1.41208137E+00 1.49095H6E+Ol -9.72108456E+OO 

1.03200COOE"01 -6.25610295E-Ol 2.44325447E-OI 1.78801493E+00 -1.46359446E+00 1.432 85827E +01 -9.644R7902E+OO 
1.03800000E+OI ._-6. 66573881E-0 1 2.54422762E-OI 1.79533246E+00 -1.56409497E+OO 1.17522673.+01 -9.564 7402 3E +00 
1. 04400000E+0 I ;;1.016 53062E- 0 I 2.64450187E-Ol 1.8030161lE+00 -1.69931766E+00 1.31809433E+Ol -9.4181551IE+00 
1.05000000E+OI -1.48847838E-Ol 2.74444167E-Ol 1.81107460E+OO -1.85523809E+00 1.26150514E+Ol -9.38346285E+00 
1.05600000E+Ol -7.90158209E-OI 2.84464640E-OI 1.81951309E+00 -Z .01747062E+00 1.20551067E+OI -9.27985498E+00 
t.06200000E+OI -8.31584174E-Ol 2.94571990E-OI 1.82833909E+00 -2.17187039E+00 I. 15016468HOI -9.16737530E+00 

1.06800000E"01 -8. 73125135E-OI 3.04843003E-Ol 1.83755956E+00 -2.30423237E+00 t.09551817E+Ol -9.046'11994E+OO 
1.07400000E+OI -9.14782891E-Ol 3. 15291'<17E-OI 1.84718141E+00 - 2 .40035150E +00 1.04161416E+OI -8.9202~730E+OO 

1. 08000000E+0 1 -9.56555642E-Ol 3.25911483E-OI 1.85721160E+00 -2.44602275E+00 9.88482632E+00 -8.78992812E+00 
1.08300000E+OI -9. 78038648E-Ol 3.3123935IE-OI 1.86014611E+00 -Z.57229386E+00 9.62211954E+00 -A.72326339E+00 
1.0 8600000E +01 -9.99481264f-Ol 3.36545787E-OI 1.86306101E+00 -Z.66966367E+00 9. 36146152E +00 -8.65348834E+00 
1.08900000E+Ol -1.020 B8349E+ 00 3.41840525E-OI 1. 86597294E +00 -2.148171 nE+OO 9.10293408E+00 -8.58131942E+00 
1.09200000E+OI -1.04224532E+00 3.4112764IE-Ol 1.86886212E+00 -2.81785837E+00 8.84660205E+00 -8.50717187E+00 
1.09500000E+Ol -1.06356677E+00 3.52408563E-Ol 1.87173515E+OO -2.88876216E+00 8.592522 HE +00 -8.43115971E+00 
1.09800000E+Ol ~1.08484 7A2E+00 3.51685085E-Ol 1.8745890IE+00 -2.97092484E+00 8.340752A8E+00 -8.35309597E+00 
1.10100000E+Ol -1.10608848E+OO 3.62962380E-OI 1. 87742310E +00 -3.07438435E+00 8.091 36186E+00 -8.27249214.+00 
I.I0400000E+Ol -1.12128875E+00 3.68252008E-Ol 1.88023621E+00 -3.20918104E+00 7. 84443654E +00 -8.18855877E+00 
1.10700000E+Ol -1.14844863E+OO 3.73574932E-Ol 1.88302111E+00 -3.38535465E+00 1.60009243E+00 -8.100205140+00 
1. II OOOOOOE +01 -1.16956812E+00 3.78964525E-Ol 1.88579461E+00 -3.61294494E+00 7.35848225E+00 -8. 00603936E +00 
1.11300000E+OI -1.1913763IE+00 3.84461443E-OI 1.88870420E+00 -3.70409137E+00 7.11977339E+00 -7.90747030E+00 
1.11600000E+0 1 -1.Z1321171E+OC 3.90085436E-Ol 1. a914672IE+00 -3.91527016E+00 6.88407816E+00 -7 .80453031E +00 
1.1l900000E+Ol -1.23507434E+00 3.'158147881:-01 1.89408443E+00 -4.20522971E+00 6.65157552f+00 -7. 6942372~E+00 
1.12200000E+Ol -1.25696419E+00 4.01891418E-OI 1. 89655670E +00 -4. 5~2 71845E+00 6.42251532E+00 -7.51484631E+00 
1.12500000E+Ol -1.27888121E+00 4.08208505E-01 1.89888482E+00 -4.85648480E+00 6.19118120E+00 -7.44585056E+00 
1.12800000E+OI -1.30082557E+00 4.14898110E-OI 1.90106962E+00 -5.13527716E+00 5.97585344E+00 -7.30798037E+00 
1.13100000E+0 I -1.32279709E+OO 4.2201880IE-OI 1.903t1l90E+00 -5.3218't397E+00 5.75877185E+00 -7.16320376E+00 
1.13400000E+Ol -1.34479584E+00 4.29603280E-Ol 1.90501250E+00 - 5. 39293364E +00 5. 54609864E+00 -7.01472625E+00 
1.13700000E+Ol -1.36682182E+OO 4.37646006E-Ol 1.90677222E+00 -5.2B929459E+00 5." 7B8121E +00 -6. 8669909;E+00 
1.14000000E+OI -1.3888750IE+00 4.46090817E-OI 1.9083918BE+OO -4.91567523E+00 5. 13401531E+00 -6.72561844E+00 
1.14300000E+Ol -1.41l84599E+00 4.54880808E-Ol I. 91278613E+ 00 -4.66322146E+00 4.93427705E+00 -6.59183331E+00 
1. 14600000E+0 1 -1.4362603IE+00 4.63906126E-01 1.91680619E+00 -3.63969757E+00 4.73830056E+00 -6.4784459IE+00 
1.14900000E+Ol -1.45911795E+00 4.72829528E-Ol 1.92043537E+00 -1. 92764564E +00 4.54515556E+no -6.40651028E+OO 
1.15200000E+OI -1.4814189ZE+00 4.81103614E-Ol 1.92365696E+00 4.50368277E-OI 4.35329203E+OO -6. 39634370E +00 
1.15500000E+OI -1.50316322E+00 4.87983594E-OI 1.·92b45426E+00 3.47118412E+00 4.1605606IE+00 -6.46758663E+00 
1.15800000E+Ol -1.52435085.E+00 4.92531059E-Ol 1.92881058E+OO 7.11404182E+00 3.96423288E+OO -6.63920271E+00 
1.16100000E+.Ol -1.54498181E+00 4.93621346E-Ol 1.93070921E+00 1.13545813E+OI 3.76102163E+OO -6. 92947880E+OO 
1. 16400000E+Ol -1.56505610HOO 4.89'150309E-Ol 1.93213345E+00 1.61708426E+OI 3.54710122E+00 -7.35602496E+00 
1.16 700000E +0 1 -1.58457372E+00 4.8004101l4E-01 1.9330666IE+OO 2.15402655E+Ol 3.31812781E+OO -7.93577444E+00 
1.17000000=+01 -1.60353467E+00 4. 62250859E- 01 1.93349198E+00 2.74402901E+OI 3.06925993E+00 -8.6849S368E+00 
1.17300000E+Ol -1.60872778E+00 4.34972390E-Ol 1.93365558F+00 3.02855885E+OI 2.795715181;+00 -9. 56605262E+00 
1.176000001;+01 -1.61335255E+00 3.91107017E-OI 1.92855350E+00 3.23060919E+Ol 2.49446798E+00 -1.05216S99E+OI 
1.17900000E+Ol -1.61140896E+00 3.47943911E-01 1.91816861E+00 3.11910149E+Ol 2.16381906E+00 -1.15104S98E+Ol 
1.18200000E+Ol -1.62089701E+00 2.87713154E-OI 1.90248405E+00 Z.46295726E+Ol 1.80489115E+00 -1.Z3857232E+Ol 
1.18500000E+0 1 -1.62381672E+00 2.18278382E-OI 1.88148Z59E+00 1.03109796E+OI 1.42370875E+00 -1.295533741:+01 
1.188000000+01 -1.62616807E+00 1.43830611E-01 1.85514723E+00 -1.40755492E +01 1.03327776E+00 -1.29519560E+Ol 

1.191000000"01 -1.627951 C8E+00 7.15811829E-02 1.82346092<+00 -~.08401990E+Ol 6.55665236£-01 -1.20388792E+Ol 

1.19400000E+OI -1.62916573E+00 1.24550519E-02 1.78640662E+00 -1.02295555E+02 3. 24079085E-01 -9.81008367E+OO 

-::J 
1.19700000E +n -1.62981202E+00 -1.82159741E-02 I. 74396127E+00 -1.70750602E+02 8.494776591;-02· -5.7'10222341;+00 

..... 1.2 OOOOOOOE +0 1 -1.62988QQ7E+OO -4.25210793E-13 1.69612~82E+00 -2.58516726E+02 -1.35026249E-13 5.65375214"-01 
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..;J 
N TABLE VII.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION 1 - Continued 

(f) Extreme-fiber strains corresponding to the lowest frequency of cylinder 

EXTREME FIBER STRAINS CORRESPONDING TO FREQUENCV 

X EI POS IT IVE EI NEGATIVE E2 POSITIVE E2 NEGATIVE Ell POSITIVE H2 NEGATIVE 
O. -2.92247360E+00 -3.37306343E-OI -4.3033149H-15 -4.26384025E-15 -1.69895270E+OO -1.69329895E+00 
3.00000000E-02 -2.48356503E+00 -7.76059015E-OI -1.77616325E-02 -1.86718326E-02 -1.6B321144E+00 -1.80482929E+00 

6. OOOOOOOOE-O 2 -2.14064350E+00 -1.1l768795E+00 1.40520212E-02 1.08521443E-02 -1.68541501E+00 -1.8R157166E+OO 
9.00000000E-02 -1.88215501E+00 -1.31314708E.00 7.47349508E-02 6.84168B48E-02 -1.100 13B2 4E +00 -1.9469943 BE+OO 
1.20000000E-OI -1.69654582E+00 -1.55579033E+00 1.48749085E-OI 1.38895715E-OI -1.72264865E+00 -1.98787197E+OO 
1.50000000E-Ol -1.57226182(+00 -1.67537162E+00 2.25021889E-Ol 2.11512359E-Ol -1.14890641(+00 -2.01428514(+00 
1. 80000000E-0 1 -1.49714915E+00 -1.74404488E+00 2. 96243810E- 01 2.79153955E-OI -1.71556433E+00 -2.02962 077E +00 
2.1 OOOOOOOE-O I -1.46145388E+00 -1.77336403E+00 3.58166122E-OI 3.37687688E-Ol -1.1999679IE+OO -2.03651194F.+00 
2.40000000E-OI -1.45182Z09E+00 -1.7148830IE+00 4.08891860E-OI 3.85276B05E-OI -1.82015528E+00 -2.03713790E+00 
2.10000000E-OI -1.457Z9984E+00 -1.16015573E+OO 4.48203959E-OI 4.2169664IE-OI -1.83485725E+00 -2.03262410(+00 
3. OOOOOOOOE.O I -1.46633322E+00 -1. 74013612E+00 4.76B02488E-OI 4.47650643E-OI -1.84349721E+00 -2.02364217F+00 
3.30000000E-01- ~-I. 476872 39E+00 -1.69227505E+00 4.9580538IE-OI 4.6422415IE-OI -1.85055847E+00 -2.01571775E+00 
3.60000000E-Ol -1.48420189E+00 -1.6459103IE+00 5.06841080E-OI 4.7300314IE-OI -1.8554I<153E+00 -2.00898070E+00 
3.900000ooE-01 -1.48B2l)~9CE+00 -1.60175472E+00 5.1157383IE-OI 4.75608919E-OI -1.85825957.+00 -2.00328506E+00 
4.20000000E-Ol -1.48878064E+00 -1.55992106E+00 5.11499724E-OI 4.73499060E-Ol -I. 85926445E +00 -1.99847801E+00 
4.50000000E-Ol -1.4858043CE+00 -1.52052214E+00 5.0793983IE-OI 4.67960126E-OI -1.8586267BE+00 -1.99440023E+00 
4. 80000000E-0 I -1.47916708E+00 -1.48367076E+OO 5.02033352E-Ol 4.60103994E-Ol -1.856545 97E +00 -1.99088523E+00 
5.1 OOOOOOOE-O 1 -1.46875618E+00 -I. 44947972E+00 4.94730155E-OI 4.50855176E-OI -1.85322816E+00 -1.98776001E+00 
5.40000000E-Ol -1.45445819E+00 -1.41806182E+00 4.86786917E-OI 4.40950140E-Ol ~1.848B8627E+OO -1.98484474E+00 
5.70000000E-OI -1.43616213E+00 -1.38952986E+00 4.78754269E-OI 4.30927635E-OI -1.B4373996E+00 -1.98195278E+00 
6.00000000E-OI -1.41375339E+00 -1.36399064E+00 4.70975934E-OI 4.21122612E-OI -1.83801569E+00 -1.97~89077E+00 

6.3 OOOOOOOE-O 1 -1.39326829E+00 -1.34037534E+00 4.63562808E-OI 4.11642671E-OI -1.83498671E+00 -1.97868271E+00 
6.60000000E-OI -1.3711605IE+00 -1.31783117E+00 4.56572BI9E-OI 4.02543693E-OI -1.831 75386E +00 -1.97839864E+00 
6.90000000E-Ol -1.3494363IE+00 -1.29615787E+00 4.50062556E-OI 3.9388141IE-OI -1.82837288E+00 -I. 971980e8E +00 

1. 2 oooooooe~o 1 -1.32650196E+00 -1.27514918E+00 4.44037315E-Ol 3.85661612E-OI -1.82488743E+00 -1.97138416E+00 
1.50000000E-OI -1.30316369E+00 -1.25459884E+00 4.38463638E-OI 3.71852353E-OI -1.82132872E+00 -1.97657557E+00 
7.80000000E-Ol -1.27962178E+00 -1.23430060E+00 4.33281858E-OI 3.70396169E-OI -1.81771558E+00 -1.97553459E+00 
8.1000000OE-Ol -1.25610049E+00 -1.21404819E+00 4.28418634E-OI 3.6322228IE-OI -1.81405452F+00 -1.9742531IE+00 
8.40000000E-OI -1.23278806E+00 -1.19363536E+00 4.23799494F-OI 3.56258810E-OI -1.81033963E+00 -I. 972135~6E+OO 
8.70000000E-Ol -1.20989676E+00 -1.17285585E+00 4.19361374E-OI 3.49444984E-OI -1.80655268E+00 -1.9709980IE+00 

9.00000000e-01 -1.18763285E+00 -1.15150340E+00 4.1506516IE-Ol 3.42743353E-OI -I. B0266306F.+00 -1.96907007f+00 
9.3 OOOOOOOE-O 1 -1.1653754IE+00 -1.13152186E+00 4.10890576E-OI 3.36134694E-OI -1.79895929E+00 -1.96724040E+00 
9. 60000000E-0 1 -1.14333466E+00 -1.11124285E+00 4.06796198E-OI 3.29579124E-OI -1.79529023E+00 -1.9653291IE+00 
9.90000000E-OI -I. t'2146040E+00 -1.09071656E+00 4.02747943E-OI 3.23043978E-OI -1.79164317E+00 -1.96335134E+00 
1.02000000E+00 -1.09910244E+00 -1.06999320E+OO 3.98724309E-OI 3.16508836E-OI -1.78800B43E+00 -1.96131923E+00 

1.05000000E+00 -1.07801058E+00 -1.04912295E+00 3.94713319E-OI 3.09962555E-OI -1.78437932E+00 -1.95924189E+00 
1.08000000E+00 -1.0563346IE+00 -1.02815603 E+OO 3.90709468E-Ol 3.03400298E-OI -1.78075218E+00 -1.95112542E+00 
1.ll000000E+00 -1.03462435E+00 -1.00714263E+00 3.86710618E-Ol 2.96820556E-OI -1.77712635<+00 -1.95497291E+00 

1.14000000E+00 -1.01282958E+00 -9.86132945E-Ol 3.82715236E-OI 2.90222183E-OI -1.77350418F+00 -1.95278443F+00 

1.17000000E+00 -9.90900111E-01 -9.651711 79E-Ol 3.18718750E-ln 2.83601422E-OI -1.76989102E+00 -1.95055703F+00 
1.2 OOOOOOOE +00 -9.68785755E-OI -9.44325528E-Ol 3.74711096E-Ol 2.7694B932E-Ol -1.76629525E+00 -1.94878477E+00 
1.26000000E+00 -9.26784648E-OI -9.02781133E-OI 3.66760857F-OI 2.63650126E-Ol -1. 75497974E+OO -1.93954202E+00 

1.32000000E+00 -8.84646897[-01 -8.61604573E-OI 3.59020544[- 01 2.50484568E-Ol -1.74410AI2E+00 -1.93117198E+00 
1.38000000E+00 -8.42443526E-Ol -8.20724822E-Ol 3.51500390E-OI 2.37465532E-OI -I. 73369945E+00 -1.92314169E+00 
1.44000000E+00 -8. 00245562E- 01 -7.80070855E-OI 3.44166562E-Ol 2.24563379E-OI -1.72376426E+OO -1.91542668E+00 
I. 5 OOOOOOOE+OO -7.58124028E-OI -7.39571647E-OI 3.36958427E-Ol 2.1172238IE-OI ~I. 7143046IE+00 -1.90801105E+00 
1.56000000E+00 -7.1614995IE-OI -6.99156173E-Ol 3.29805827E-OI 1.9B877533E-OI -1.10531398E+00 -1.90088742F+00 
1.62000000E+00 -6.74394356E-OI -6.5 B753406E-OI 3.22646355E-OI 1.85971378E-OI -I. 69677739E+00 -1.89405692[+00 
1.68000000E+00 -6.32928268E-OI -6.18292323E-OI 3.15442623E-Ol 1.72970818E-OI -1.688671 32E +00 -1.88152923E+00 
1. 74000000E+00 -5.91822711E-OI -5.77701898E-OI 3.08199538E-Ol 1.59883941E-OI -1.68096372E+00 -1.88132256E+00 
1.80000000E+00 -5. 51148712E- 01 -5.369111 05E-OI 3.00981576E-OI 1.46776832E-OI -1.67361406E+00 -1.8754636~E+00 

I. 86000000E+00 -5.07443945E-OI - 5. 02025394E-OI 2. 94348792E -0 I 1.34215054E-OI -1.64607726[+00 -1.84892296E+00 
1.92000000E+00 -4.66696684E-OI -4.64515004E-Ol 2.880996'>6E-Ol 1.22018098E-OI -1.62346046E+00 -1.8265950 IE +00 
1. 98000000E+00 -4.28126400E-Ol -4.25160461 E-OI 2.8169192IE-OI 1.09654488E-OI -1.60546584E+00 -1.80875811(+00 
2.04000000E+00 -3.90952565E-OI -3.84742296E-OI 2.75072296E-OI 9.70688413E-02 -1.59188914E+00 -1.79559686E+00 
2.10000000E+00 ~ -3. 543~4650E-OI -3.44041036E-Ol 2.68486630E-Ol 8.44970403E-02 -1.58261971[+00 -1.78720212[+00 
2.16000000E+00 -3.17672121E-OI -3.03831209E-Ol 2.62290087E-OI 7.22814084E-02 -1.51764049[+00 -1.78357100E+00 
2.22000000,,+00 -2.80004466E-Ol -2.64911345E-OI 2.56757332E-Ol 6.06858850E-02 -1.57702798E+00 -1.78460687E+00 
2.28000000E+00 -2.40611140E-OI -2.28043972E-OI 2.51892705E-OI 4.97112004E-02 -1.58095229(+00 -1.7901l9HE+OO 
2.34000000E+00 -1.98711620E-OI -1.94015618E-OI 2.47240403E-Ol 3.89100512E-02 -1.5896 71l0E +00 -1.79982437E+00 
2.40000000E+00 -1.53525378E-OI -1.63606812E-OI 2.41694659E-Ol 2. 72022746E-02 -I. 60355967E +00 -1.813 34404E +00 
2.76000000E+00 6.7216749IE-02 5.26270000E-02 2.06089603E-OI -4.46645220E-02 -1.42032416E+00 -1.62173 859E+00 
3.12000000E+00 2.67119440E-OI 2.48014153E-OI 1.77136014E-OI -1.08199038E-OI -1.26219624E+00 -1.45241l02E+00 

3.48000000E+00 4.46170149E-OI 4.22567193E-OI 1.53511874F-OI - 1.64203341 E-OI -1.12168300E+00 -1.29784723f+00 
3.84000000E+00 6.04356331E-Ol 5.76298665E-OI 1.33973384E-OI -2.13403339E-Ol -9.91282475E-OI -1.15054216F +00 

4.20000000E+00 7.41665440E-OI 7.09221114E-OI I.i 1464796E-OI -2.56341836E-Ol -8.63483695E-OI -1.00299976E+OO 
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4. 56000000E+JO B.5BOB4932E-Ol B.21347086E-Ol 1.03228252E-Ol -2.932715B7E-Ol -7.30766657F-Ol -8.47133071E-Ol 
4. qz 0000002 +00 9.53602261E-Ol 9.126891·25E-Ol 9.09136132E-02 -3.24048355E-Ol -5.85602334E-Ol -6.77264134E-Ol 
5.28000000eooo 1.02820488E+00 9.83259777E-Ol 8.06882975E-02 -3.48023970E-Ol -4.204526 72E-O 1 -4. 84124046E-0 1 
5.64000000E+00 1.08188025E+00 1.03307159E+00 7.33411109E-02 -3.63939383E-Ol -2.27170595E-Ol -2. 60852943E-0 1 
6.00000000E+30 1.11461582E+00 1.06213710E+00 7.04220828E-02 . -3.69817721E-Ol 4.75397638E-13 5.74513309E-13 
6.36000000E+00 1.08188025F+00 1.03307159E+00 7.33471109E-02 -3.63939383E-Ol 2.277705'15E-Ol 2.60852943E-Ol 
6. 72000000E+00 1.02820488E+00 9.83259777E-Ol 8.06882975E-02 -3.48023910E-Ol 4.20452672E-Ol 4.84124046E-Ol 
7.08000000E+00 9.53602261E-Ol 9.12689125E-Ol 9.0913b132E-02 -3.24048355E-Ol 5.85602334E-Ol 6.77264134E-Ol 
7.44000000E+00 8.58084932E-Ol 8.21341086E-Ol 1.03228252E-Ol -2.932 71587E-Ol 7.30766657E-Ol 8.41733071E-Ol 
7.800000002+00 1.41665440E-Ol 7.09221114E-Ol 1.11464796E-Ol -2.56341836E-Ol 8.63483695E-OI 1.002 99916E +00 
8.16000000E+00 6.04356331E-01 5.16298665E-Ol 1.33973384E-Ol -2.13403339E-Ol 9.912B2475E-Ol 1.15054216E+OO 
~. 52000000:;+00 4.4617C149E-01 4.22561193E-Ol 1.53S11874E-Ol -1.64203341E-Ol 1. 12168300E+OO 1.29784723E+00 
6. 88000000E+00 2.67119440E-Ol 2o4B014153E-OI 1.77136014E-Ol -1.0819903BE-Ol 1.26219624E+00 1.45241102E+00 
9.24000000E+OO 6.72167491E-02 5.26270000E-02 2.0608960'E-Ol -4.46645220E-02 1.42032416E+OO 1.62173859E+00 
9.60000000,,+00 -1.53525378E-Ol -1.63606812E-Ol 2.41694659f-01 2.72022746E-02 1.60355967E+00 1.81334404HOO 
9. 66000000E+OO -1.98711620E-Ol -1.94015618E-01 2.41240403E-Ol 3.89100512E-02 1.58967710E+00 1. 19982431E+00 
9.72000000E+00 -2.40611140E-Ol -2.28043972E-Ol 2.51892705E-Ol 4. 971 12004E-02 1.58095229E+00 1 .1901l937E +00 
9.780000000+00 -2. 80004466~-01 -2.64911345E-Ol 2.56157332E-Ol 6.06858850E-02 1.5 7702798E +00 1.78460681E+OO 
9. 84000000E+00 -3.!1672127E-Ol -3.03837209E-Ol 2. 62290081E- 01 7.22814084E-02 1.57764049E+00 1.78351l00E+00 
9.90000000,,+00 -3. 54394650E-Ol -3.44041036E-Ol 2.68486630E-Ol 8.44970403E-02 1.58261911E+00 1.18120212E+00 
9.96000000=+00 -3.90952565E-Ol -3.84142296E-Ol 2.75072296E-Ol 9.70688413E-02 1.59188914E+00 1.19559686E+00 
1.00200000E+01 -4.28126400E-Ol -4.25160461E-01 2.81691921E-Ol 1.09654488E-Ol 1.60546584E+00 1.80815811E+00 
1.00800000E+31 -4.66696684E-Ol -4.64515004E- 01 2.88099656E-Ol 1.22018098E-Ol 1. 62346046E+00 1.82659501E+00 
1.014000000+01 - 5.0 1443945E- 01 -5.02025394E-Ol 2.94348192E-Ol 1.34215054E-Ol 1.646017261: +00 1.84892296E+00 
1.02 OOOOOOE +Ql -5.51148712E-Ol -5.36911105E-01 3.00981576E-Ol 1.46116832E-Ol 1.67361406E+00 1.81546363E+00 
1.02600000E+Ol .-5.91822 711E- 01 -5.77701898E-Ol 3.08199538E-Ol 1.59883941E-Ol 1.68096372E+00 1.88132256E+00 
1.03200000E+Ol -6.32928268E-Ol -6.18292323E-Ol 3.15442623E-Ol 1.72910818E-OI 1.688611321:+00 1.88752923E.00 
1.03800000E+n -6. 7"~94356E-Ol -6.58 753406E- 01 3.22646355E-Ol 1.85911378E-Ol 1.696 7173ge +00 1.89405692E+00 
1.04400000e+01 -7.16149951E-Ol -6.99156173E-Ol 3.29805827E-Ol 1.98811533E-01 1.10531398E+00 1.90088742E+OO 
1.05000000E+Ol -7.58124028E-01 -1.39511641E-01 3.36958421E-Ol 2.11122381E-Ol 1.71430461F.+00 1. 90801105E +0 0 
1.05600000e+Ol -8.00245562E-Ol -1.80070855E-Ol 3.44166562E-OI 2.24563379E-Ol 1. 12376426E+00 1.91542668E+OO 
1.062 OOOOOE +0 1 -8.42443526E-Ol -8.20724822E-Ol 3.51500390E-Ol 2.31405532E-01 1.73369945E+00 1.92314169E+00 
1.06800000:+01 -8. 84646891E-01 - 8. 616045 73E-01 3.59020544E-01 2.50484568E-Ol 1. 14410812E+00 1.93117198E+00 
1.01400000=+01 -9.26784648E-01 -9.02781133E-Ol 3.66160857E-Ol 2.63650126E-OI 1.15497914E+00 1.93954202E+00 
1.08000000E+Ol -9.68785755E-Ol -9.44325528E-Ol 3.74711096E-01 2.76948'132E-Ol 1. 16629525E +00 1.9482 8417E +0 0 
1.08300000E+Ol -9.909C0117E-01 -9.65117119E-OI 3.78118150E-Ol 2.83601422E-Ol 1.709891 OlE +00 1.95055103E+00 
1.08600000:;+01 -1.0128295BE+00 -9.86132945 E-Ol 3.82115236E-Ol 2.90222183E-Ol 1.77350418E+OO 1.95218443E+00 
1.0 8900000E +01 -1.03462435E+00 -1.00714263F+00 3.861101>18E-01 2.96820556E-01 1. 77712035E +00 1.95491291E+00 
1.09200000E+Ol -1.05633461E+00 -1.02815603E+00 3.90709468E-Ol '.03400298E-Ol 1.7801521 8E +00 1.95112542E+00 
1.09500000E+n -1.0780105BE+00 -1.04912295E+00 3.9471HI9E-Ol 3.09962555E-Ol 1.78431932E+00 1.95924189E+00 
1.09800000e+01 -1.09970244E+00 -1.06999320£+00 3.98724309£-01 3.16508836E-Ol 1. 78800843E +00 1.96131923E+00 
1.10100000= +01 -1.12146040E+00 -1.0901l656E+00 4.02747943E-Ol 3.230439180-01 1.79164311E+00 1.96335134£+00 
1.1 0400000e +0 1 -1.14333466E+00 -1.11124285E+00 4.06796198E-01 3.29579124E-Ol 1.19529023E+00 1.96532911E+OO 
1.10100000E+Ol -1.16531541E+00 -1.13152186E+00 4.10890516E-Ol 3.36134694E-01 1. 19895929E+00 1.96724040E+00 
1. 11 OOOOOOE +0 1 -1.18163285E+00 -1.15150340E+OO 4.15065161E-01 3.42743353E-Ol 1. 802663 06E +00 1.96'101007£+00 
1. 11300000E+Ol -1.20989676E+00 -1.11285585E+00 4.19361374E-Ol 3.49444984E-Ol 1. 80655268E +00 1.91099801E+00 
1.11000000E+Ol -1.23278806E+00 -1.19363536E+00 4.23799494E-Ol 3.50258810E-Ol 1.81033963E+00 1. 912135~6E+00 
1.11900000E+11 -1.25bl0049E+00 -1.2140481ge+oo 4 .. 2 8418634E -0 1 3.63222281E-Ol 1. 81405452E +00 1.91425311E+00 
1.12200000E+Ol -1.27962778E+00 -1.23430060E+00 4.33281858E-Ol 3.70390169E-OI 1.81111558E+00 1.9155345ge+00 
1.125000000+01 -1.30316369E+00 -1.25459884E+00 4.38463638E-Ol 3.77852353E-Ol 1.82132812E+00 1.97657551E+00 
1.12800000E+Ol -1.32650196E+OO -1.2 7514918E+00. 4.44037315E.-Ol 3.8566!612E-Ol 1.82488143E+00 1.'I1738416E+00 
1.13100000E+Ol -1.34943631£+00 -!.29615781E+00 4.50062556E-Ol 3.93881411E-Ol 1.82837288E+00 1.97798088E+00 
1.13400000E +0 1 -1.37176051e+00 -1.31183117E+00 4.56512819E-Ol 4.02543693E-Ol 1.83175386E+00 1.9783·9864£ +00 
1. 13700000E+01 -1.39326829E+00 -1.34031534E+00 4.63562808E-Ol 4.11642671E-Ol 1.83498617E+00 1.91868211£+00 
1.14000000E+Jl -1.41315339E+00 -1.36399664E+00 4.70975934E-Ol 4.21122612E-01 1. 83801569E +00 1.97889077£+00 
1.143000002+01 -1.43616213E+00 -1.38952986E+00 4.18754269E-01 4.30921635E-Ol 1. 843139'16E+00 1.98195218E+00 
1.14600000E +01 -1.45445879E+00 "'"1.41606182E+00 4.86786917£-01 4.40950140E-Ol 1.84888621E+00 1.98484414E+00 
1.14900000E+Ol -1.46875618f+OO -1.44941972E+00 4.94730755E-Ol 4.50855176E-Ol 1.85322816E+00 1.9811600te+00 
I. 15200000E+Ol -1.47916708E+00 - 1. 4836 7016E+00 5.02033352E-Ol 4.60103994E-Ol 1. 85654591E+00 1.99068523£+00 
1.15500000E+Ol -1.48580430E+00 -1.52052214E+00 5.07939831E-Ol .4.679b0126E-OI 1.85862618E+00 1.994"'0023£+00 
1. 15ROOOOOE+Ol -1.48878064E+00 -1.5599210bHOO 5.11499724E-01 4.13499060E-Ol 1.85926445E+00 1.99841801E+00 
1.16100000E+Ol -1.4882C69CE+00 -1.60175472E+00 5.11573831E-01 4. 15008919E-01 1.85825957E+00 2.00328506E+00 
1.16400000E+Ol -1.48420189E+00 -1.64591031E+00 5.06841080E-Ol 4.730031HE-01 1.85541953E+00 2.00898010E+00 
1.16700000E+Ol -1.41681239E+00 -1.69221505E+00 4.95B05381F-Ol 4.64224151E-Ol 1.85055847E+OO ?01511715E+00 
1.11000000E+Ol -1.46633322E+00 -1.14013612E+00 4.16802488E-Ol 4.41650643E-Ol 1.84349121E+00 2.02364211E+00 
1.1 7~00000E+01 -1.45729984E+00 -1.76015513E+00 4.48203959E-01 4.21696641E-Ol 1.83485125E+00 2.03262410E+00 
1.17600000E+01 -1.45182209E+00 -1.1748830IE+00 4.08897860E-Ol 3.85216805E-Ol 1.82015528E+00 2.03113190E+OO 
1.1 7900000E+0 1 -1.46145388E+00 -1.17336403E+00 3.58166122E-Ol 3.31681688E-Ol 1.79996791E+00 2.03651l94E+00 
1.18200000E+Ol -1.4~714qI5E+00 -1.74404488E+00 2.96243870E-Ol 2.79153955E-Ol 1.71556433E+00 2.02962077E+00 
1.18500000E+Ol -1.57226182E+00 -1.675371 62E+00 2.25021889E-Ol 2.11512359E-01 1.74890641E+00 2.01428514E+00 
1.18800000e+Ol -1.69654582E+00 -1.55579033E+OO 1.48749085E-01 1.38895715 E-O 1 1.72264865E+00 1.98181191E+00 
1.19100000e+Ol -1.88215507E+00 -1.31314708E+00 7.47349508E-02 6.84168848E-02 1.70013824E+00 1.94699438E+00 
1.1 9400000E +0 1 -2.14064350E+00 -1.11768795E+00 1.40520272E-02 1.08521443E-02 1.68541501E+00 1.88751166E+00 

-1 1. 19100000e+Ol -2.483565C3f+00 -7.76059015E-Ol -1.71616325E-02 -1. 86718326E-02 1.68321144E+00 1.80482929E+OO 

c:.:l 1.2 OOOOOOOE +01 -2.92247360E+00 -3. 31306343E- 01 -4.2511129'E-13 -4.25244402E-13 1.698 95210E +00 1.69329895E+00 
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74 ~ ~ 

O. 
3.00000000E-02 
6.00000000E-02 
9.00000000E-02 
1.7.0000000E-Ol 
1.S0000000E-Ol 
1.80000000E-Ol 
2.100COOOOE-01 
2.400000001'-01 
2.70000000E-01 
J.00000000E-01 
3.30000000E-01' 
3.60000000E-Ol 
3.90000000E-Ol 
4.20000000E-Ol 
4.50000000F-Ol 
".ROOOOOOOE-Ol 
5.10000000E'-01 
5.4000000 OE-O 1 
S.70000000E-01 
6.00000000E-01 
6.300COOOOE-Ol 
6.60000000E-Ol 
6.90000000E-Ol 
7.20000000E-Ol 
7.50000000E-Ol 
7.80000000E-01 
B.I0000000E-01 
8.40000000E-Ol 
8.70000000F-Ol 
9.00000000F-Ol 
9.30000000E-Ol 
9.60000000E-Ol 
9.90000000E-Ol 
1.02000000E+00 
1.0S000000E+00 
1.08000000E+00 
1.11000000E+00 
1.140000001'+00 
1. 170oo000E+00 
1.20000000F+00 
1.26000000HOJ 
1.32000000E+00 
1.3S000000E+00 
1.44000000E+00 
1.50000000E+00 
1.56000000E+00 
1.62000000E+00 
1.680oo000E+OJ 
1.74000000E+OO 
1.80000000E+00 
1.86000000E'+00 
1.92000000HOO 
1.980000001'+00 
2.04000000F+00 
2.1000000.0E+00 
2. 16000000E+00 
2. ?2000000E+OJ 
2.28000000E+00 
2.34000000E+00 
2.40000000E+00 
2.76000000E+00 
3.12000000F+00 
3.48000000E+OO 
3.840 COOOOE+OO 

TABLE VII.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION I - Continued 

(9) Extreme-fiber stresses corresponding to the lowest frequency of cylinder 

SIGMA SUB 1 
{POSITIVE' 

-9.63452835E+07 
-R.20514349E+07 
-7.04316898F+07 
-6.1309Q314E+07 
-5.44589372E+07 
-4.96073161E+07 
-4.61.464612E+07 
-4.46374960E+07 
-4.38182218E+07 
-,..36100655 E+07 
-4.36250266E+07 

·-4.37845312E+07 
-4.391701R6E+07 
-(+.400~106F+07 
-4.4021 R920E+07 
-4.39 589786F+ 07 
-4.3799584BE+07 
-4. 35275917E+07 
-4.3134BI49E+07 
-4.26110720E+07 
-4.19492508E+07 
-4.13472345E+07 
-4.070731R6E+07 
-4.00357433E+07 
-3.9339255BE+07 
-3.8624986BF+07 
- 3.79003261 E+07 
-3.7172798BE+07 
-3. 64499411E+07 
-3.57391764E+07 
-3.50476912E+07 
- 3.43552165E+07 
-3.36690923E+07 
-3. 29880007E+07 
-3.23104995H07 
-3.16350522E+07 
-3.09b005S5E+07 
-3.028388391'+07 
- 2. 9604B905E+07 
-?.89214668E+07 
-2. R2320580E+07 
-2.6926031.9E+07 
-2. 5613430BE+07 
-2.42964B60E+07 
-~. 2 977 876 7 E+07 
-2.16605440E+07 
-2.03475232E+07 
-1.90417731E+07 
-1.774600491'+07 
-1.64625115E+07 
-1.51929969E+07 
-1.38177794E+07 
-1.25362677E+07 
-1.13280931E+07 
-1.01680509E+07 
-9.02797784E+06 
-7.87B6296PE+06 
-6.69155823E+06 
- 5. 440Q88B6F+06 
-4.1 0569779 ~+06 
-2. 67088947F+06 

4.254185601'+06 
1.05580300E+07 
1.62271553E+07 
?.12488466E+07 

EXTREME fiBER STRESSES CORRESPONOING TO FREOUE~CY 

SIG~A SU~ 1 
{NEGA TI ve, 

-1.1l1QqaQ3E+07 
-2. 576~02 ~6E+07 
-3.6739~2C7E+07 
-4.4611714~E+07 
-4.99160911E+07 
-5.31401509E+07 
-5.47351217E+07 
-5.51227821~+07 
-5.47021°~CE+07 

-5.385>48~8E+07 
-5.295~"910F+07 
-5.11990595E+07 
-4.95f27266f'+07 
-4.BI0127flE+07 
-4.67430113E+07 
-4.5"5 qqz 05E+ 07 
-4.43617'·38E+07 
-4.33260385F+07 
-4.23882454E+07 
-4.15467 5491'+07 
-4.08019731E+07 
-4.011700t8E+07 
-3. q4~37824E+07 
-3.88349489E+07 
-3. S2236494E+07 
-3.76234 002E+07 
-3.70279697E+07 
-3.6-312584f'+07 
-3.58271775E+07 
-3.52095281E+07 
-3.45718811 E+07 
-3.397SS0~4E+07 
-3.33748058E+07 
-3.27f27483E+07 
-3.21'<419381'+07 
-3.15209072E+07 
-3.0B94~'aSE+07 
-3.02660 1t3E+07 
-2. 96 3~5480E+07 
-2.90141766E+07 
-2.83925554E+07 
-2. 71 ~448f7"+07 
-2.5927 2265F+07 
-2.47C83021E+07 
-2.34956f~LE+07 

-2.22975253E+07 
-2.10821839E+07 
-1.9P778~79E+07 

-1.867256?OE+07 
-1.74f38478E+07 
-1.f24872711'+07 
-1.522288HE+07 
-1.41CS90S0!;+07 
-1.2°317~40E+07 
-1.17237~04E+C7 
-1.05063212E+07 
-9.30174022E+06 
-8 .1331S0S 8E +06 
-7.02t2BHIE+06 
-6.0112°459E+06 
-5.124 5Hf8E+06 

1.2'1321901E+06 
7.10n90',01'+06 
1.2306H75E+07 
1.68e~2746E+07 

S IGM4 SUB 2 
{POSITIVE) 

- 2. 80035851~+07 
-2.51482794E+07 
-2.0707945BE+07 
-1.615093~9E+07 
-1. 18752086E+07 
-8.13153BI7E+06 
-5.04662225e+06 
-2.64626~12E+06 
-B.78530735E+05 

3.63099109E+05 
1.21656664E+06 
1. n880206E+06 
2 .030126BOE +06 
2. 14652175E+06 
2.13842411E+06 
2.05050135E+06 
1.Q2142512"+06 
1.78364512E+06 
l.tf116305E+06 
1.57930648E+06 
1.54450279E+06 
1.50271389E+06 
1.4B49B8'BE+06 
1.49115369E+06 
1.51934209E+06 
1.56641310E+06 
1.62835791E+06 
1.70071939E+06 
1.77900250E+06 
1.85908B33E+06 
1. 0 3764746H06 
2.020152331'+06 
2.10315824E+06 
2.18603809E+06 
2. 26~57944E+06 
2.350883B3E+06 
2.43326651E+06 
2.516155161;+06 
2.59999993E+06 
2.68512248E+06 
2.77171546E+06 
2.92501525E+06 
3.08658707E+06 
3.25606591E+06 
3.431633R6E+06 
3.61058962E+06 
3.7899171;7E+06 
3.966858nE+06 
4.13947722E+06 
4.30723268E+06 
4.47154822E+06 
4.H512oo 4E+06 
4.8B210937E+06 
5.05232970E+06 
5.20175363E+06 
5.34620 553E .06 
5.50511371 E+06 
5.o.9525249E+06 
5.9244B450E+06 
~.lB550275E+06 
6.44957294E+06 
7.458943~6E+06 
8.4AI4B943E+06 
9.47350282E+06 
1.03938555E+07 

SIG"A SU8 2 
{'~EGATIVE' 

-3. 335~5630E+06 
-.J.2908633"'E+06 
-1.069f2739E+07 
-I013310079E+07 
-1.08G79517E+07 
-9.59H7451E+06 
-8.04591734E+06 
-6.4062G3'l9E+06 
-4.352354~3E'06 

-3.5060'<649E+06 
-2.45835801';+06 
-1.43269331E+06 
-6.84723732E+05 
-1.'21H251E+05 

1.920te407E+05 
3.89145609E+05 
4. 945 ~6 675E +05 
5. 27S~3736E+05 
5.12030593E+05 
4. f 38C257SE+05 
3.93086406E+05 
3.14178072E+05 
2.371760~2E+05 
1.65957t50E+05 
1.02753527E+05 
4.85505437E+04 
3.49413f54E+03 

-3.27091!33E+04 
-'.038e~464E+04 
-7.950S9005E+04 
-8.S2637571E+04 
-1.09512009E+05 
-1.25068 025E+0 5 
-1.37505172E+05 
-1.479930<;9E+05 
-1. 57 3~5507E+05 
-t.t636e517E+0~ 
-1.75458236E+05 
-1.8S1~8926E+05 
-1.96210H3E+05 
- 2. 09 2~865 5 E+05 
-2.36842210E+05 
-2.63630B39E+05 
-2.EB52460QE+OS 
- 3. 117r: 810 2E +0 5 
-3.34586102E+05 
-3.58329190E+05 
-3.84219044E+05 
-4.12644346E+05 
-4.426 360 'lSE .05 
-4.71313130E+05 
-5.40414203E+05 
-S.71529763E+05 
-5.3G 9G05'7E+05 
-6.05071815E+05 
-6.16986937E+05 
-6.22079815E+05 
-6.l'9306744E+05 
-6.16549159E+05 
-6.360E6843E+05 
-7.ZUll066E+05 
-9.519109956 E+05 
-1.1l41140IE+06 
";1.234060~7E+06 
-1.335f1779E+06 

SIG~A SUS 12 
{POSITIVE' 

-1.96033012F+07 
-1.94216713F+07 
-1.94470970E+07 
-1.96169805F+07 
-1.'lS767160E+07 
-2.017969CIE+07 
-2.04A72816F+07 
-2.0768861 H+07 
-2.10017925E+07 
-2.11714306E+07 
-2.12711232E+07 
-2.13525985E+07 
-2.1408687SE+07 
-2.1441457<;E+07 
-2.14 530522F+07 
-2.14456o~5E+07 

-2.1421f851F+07 
-2. 13B3'"027E+07 
-2.13333039E+07 
-2.1273 0 23<;E+07 
-2.1207874lE+07 
-2. 11729251F+07 
-2.11356223E+07 
-2.loo I6ll1E+07 
-2.10563943E +07 
-2.10153322E+07 
- 2.097364221' +07 
-2.093139C!E+07 
-2.0Ffl8!:350E+07 
-2.08448·395 E +07 
-2.07oc CJsc2F+07 
- 2.07572 2'l5E +07 
-2.071486AIE+07 
.-2.0672 e06 7E +07 
-2.06308673E+07 
-2.0588<930E+07 
-2.05471414E+07 
-2.05053049F+07 
-2.04B5106E+07 
-2.0421B203F+07 
-2.038033C~E+07 

-2.02497 670E+07 
-2.01243253E+07 
-2.0004 2252E+07 
-1. 9<8C;588~E+07 
-1. 97804385 E +07 
-1.96767006E+07 
-1. 90.782015F +07 
-1.94B4f6 0 8E+07 
-1.939573fOH07 
-1.93109322 0 +07 
-1.So931999E+07 
-1.873223691'+07 
-1.85246065F+07 
-1.8367 0 52"E+07 
-1.82609~74F'+07 
-1.~203~4"'9E+07 
-1.8196477o;F+07 
-1.824175HE+07 
-1.R34242eeE+07 
-1.85026124E+07 
-1.638B3506+07 
-1.456380341'+07 
-1.291.24 9661'+07 
-1.14378752F+07 

SIGM~ SUB 12 
(\lEr;~ 1"1 VEl 

-1.95360656E+07 
- 2. 08249542F +07 
-2.1779673BF+07 
-2.24653207E+07 
-2.293698526+07 
-2.324175261'+07 
-2.341 P7021F+07 
-2.%'8907916+07 
-2.350543826+07 
-2.14533559E+07 
-2.33407183E+07 
-2.32~82826E+07 
-2.31805475E+07 
-2.311482P5E+07 
-2.30593633F+07 
-2.30123113E+07 
-2.2971E36E+07 
-2.29356~34E+07 
-2.29020556E+07 
-2. ~ 9,868696+07 
-2.28333559F+07 
-2.28309552E+07 
-.~. 28 2 76 775E +07 
-2.2822P.573F+07 
-2.2815 c 720E.07 
-2.28060421 E+07 
-2. 279463C8E+07 
-2.27'198444£-+07 
-2.27623320E+07 
-2.27422856E+07 
-2.27200402E+07 
-2.269892861'+07 
-2.2676H52E+07 
-2. 26~ 40548E+07 
-2.2630607'"E+07 
-2.200663816+07 
-2.25622113E+07 
-2.25573806F+07 
-':.253212896+07 
-2.250'6'" 28U+07 
-2.24802C~BF+07 
-2.237933196+07 
-2.2< E27546F+07 
-2.21900973E+07 
-2. ZI 0 1 0780 E+07 
-2.20155131E+07 
-2.19333173F+07 
-2.1"545038E+07 
-2.17791843E+07 
-2.17015t88E+07 
-2.1~39~f59F+07 
-2013'37273F+07 
-2.10760971E+07 
-2.08702867E+07 
-2.071 B426lE+07 
-2. G6 215 637F+07 
-2.05796662E.07 
-2.05'161851'+07 
-2.060;522431'+07 
-2.07172051E+07 
-2.09232013E+07 
-1.nl2365lE +07 
-1.575 B5 B94F+0 7 
-1.49751flOF+Q7 
-1.32754 S69F+07 
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-J 
~ TABLE VII.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION 1 - Concluded 

(hI stress and moment resultants corresponding to the lowest frequency of cylinder 

STRESS AND MOMENT RESULTANTS cnRRESPONDING TO FREQUENCY 

-n T2 Tl2 141 142 MIZ 
O. -5.37326364E+05 -1.611n909E+05 -1.95706826E+05 -7.10210785E+02 -2.13063235E+02 -2. 17452029E+00 

3.00000000E-02 -5.391 C22 47E+05 -1.67195466E+05 -2.01226993E+05 -4.69025049E+02 -1.40495145E+02 2.22700859E+Ol 

6.00000000:-n -5.35855784E+05 -1.57020220E+05 -2.06123841E+05 -2.80764646E+02 -8.34191961E+Ol 3.77310910E+Ol 

9.00000000E-02 - 5. 29607710E+05 -1.37401958E+05 -2.10399337E+05 -1.39132141E+02 -4. 01004793E +01 4.63033817E+Ol 

1.2 OOOOOOOE-O 1 -5.21814360E+05 -1.13413124E+05 -2.14055449E+05 -3.781H887E+Ol -8.16205221E+OO 4.98152154E+Ol 

1.50000000E-Ol -5.1313f222E+05 -8. 86373520E+04 -2.17094145E+05 2.95002533E+Ol 1.24093479E+Ol 4.98282207E+Ol 

1.80000000E-Jl -5.05906506E+05 -6.54580055E+04 -2. 195173qlE+05 6.91512085E+Ol 2.52515904E+Ol 4.76313969E+Ol 

2.100000000-01 -4.98799703E+05 -4.52567196E+04 -2.21321155E+05 8.74129688E+Ol 3.16514383E+Ol 4.42711146E+Ol 

2.40000000E-Ol -4.92600145E+05 -2.86479385E+04 -2.22525404E+05 9.08088798E+Ol 3.34188339E+Ol 4.04911149E+Ol 

2.70000000E-Ol -4.873 30572E+05 -1.51014547E+04 -2.23114106E+05 8.55063271E+Ol 3.26411861E+Ol 3.61925101E+Ol 

3.00000000E-01 , -4.82920686E+05 -6.20094812E+03 -2.2 3095228E+ 05 1.19150221E+Ol 3.10476565E+Ol 3.34031834E+Ol 

3.30000000,,-01 :.,... 74910350E+05 1.53921992E+03 -2.2304614 7E + 05 6.19112744E+01 2.68687020F.+01 3.05222094E+Ol 

3.60000000E-(\1 -4.6749!j931E+05 6.73631150E+03 -2.22938475E+05 4.73488268E+Ol 2.30124011E+Ol 2.82924037E+01 

3.90000000E-Ol -4.6051;;q,10E+05 9.93191296E+03 -2.22774139F+O~ 3.42936479E+Ol 1.96906484E+Ol 2.66518415E+Ol 

4.20000000: -J 1 -4.538Z1385E+05 1.16129023E+04 -2.225~5066E+05 2.28112958E+Ol 1.67539109E+Ol Z .55353950E+Ol 

4.50000000E-Ol -4.47286201E+05 1.220'l2181f+04 -2.22283184E+05 1.29669019E+01 1.42914721f+Ol 2.48753332E+01 

4.8boOOOOOE-Jl -4 .401~aI87E+05 1.20916280E+04 -2.219604180:"05 4.82515353E+00 1.23307161E+Ol 2.46013219E+Ol 

5.10000000E-Ol -4. H264535E+05 1.15694980E+04 -2.21588696E+05 -1.54972245E+00 1. 089797 2ZE +0 1 2.46404242E+Ol 

5.4 OOOOOOOE-O 1 -4.27611~24E+05 1.08885607E+04 -2.21169945F+05 -6.09397638E+00 1.00115585E+Ol Z.49170996E+Ol 

5.70000000S-01 -4.2078~193E+05 1.02286845E+04 -2.20706091E+05 -8.74435258E+00 9; 71238686E+00 2.53532051E+Ol 

6.00000000E-Ol -4.13752011E+05 9.10164196H03 -2.20199063E+05 -9.43810611E+00 1. 00036066E+0 1 2.58679940E+Ol 

6.30000000E-01 -4.07316921E+05 9.09872358E+03 -2.20012179E+05 -1.01316164E+Ol 1.03052003E+Ol 2.64115036E+Ol 

6. 60000000E-J 1 -4.00851052E+05 8.62 566848E+ 03 -2.19809134E+05 -1.02441914E+Ol 1. 07918092E +0 1 2. 697<l7163E+0 1 

6.90000000E-Ol -3.94348831E+05 8.30099110E+03 -2.19589835E+05 -9.89069346E+00 1.14297216E+Ol 2.75507837E+Ol 

7.20000000E-Ol -3.87809715E+05 8.12651838H03 -2.19354186E+05 ·9.18275036E+00 1.21848085E+Ol 2.S1076168E+Ol 

7.50000000E-)1 -3.81236940E+05 8.09146968E+03 -2.19102095E+05 -8.23442428E+00 1.30226257E+Ol 2.86378868E+Ol 

7.80000COOE-Ol -3. 74636291E+05 8.17653652 E+03 -2.18833465E+05 -1. 15924137E+00 1.39085159E+Ol 2.91340243E+Ol 

8.10000000E-Ol -3.68014913E+05 8.35796245E+03 -2.18548204E+05 -6.07076115E+00 1.48077104E+Ol 2.95932200E+01 

8.40000000E-Ol -3.61380026E+05 8.61162289E+03 -2.18246216E+05 -5.08254591E+00 1.56854316E+Ol 3.00174243E+Ol 

8.70000000E-Ol -3.54731760E+05 8.91710492E+03 - 2 .1792 H08E +05 -4.30813010E+00 1.65069944F+Ol 3.04133473E+Ol 

9.000000000-01 -3.480919CIE+05 9.2bI18714E+03 -2.11591686E+05 -3. 86098974E+00 1. 72379087E+Ol 3.07924591E+Ol 

9.30000000E-Jl -3.416~2469E+05 9.57313893E+03 -2.17272359E+05 -3.03661243E+00 1.80892413E+Ol 3.11546352E+Ol 

9.60000000:-01 -3.35213127E+05 9.91166457E+03 -2.16950332E+05 -2.35123-64 7E +00 1.89057204E+Ol 3.14944568E+Ol 

9.90000000E-Ol -3.28741l16E+05 1.02645613E+04 -2.16625743E+05 -1.77140603E+00 1.96951828E+Ol 3.18172775E+Ol 

1.02 OOOCOOE +00 -3.222f6690E+05 1.06255186E+04 -2.16298732E+05 -1.28763455E+00 2.04655918E+01 3.2t212922E+Ol 

1.05000000E+00 -3.l5772812f+05 1.09907251E+04 -2.15969440E+05 -8.54412217E-Ol 2.12249821E+01 3.24215376E+01 

1.08000000:+00 -3.09266054E+05 1.13584760E+04 -2. i 5638006E+05 -4.50213624E-Ol 2.19814410E+Ol 3.27198918E+Ol 

1.11 OOOOOOE +00 -3.02746593E+05 1.17281791E+04 -2015304569E+05 -4. 75046660E-02 2.2743083BE+Ol 3.30050747E+01 

1.14000000" +00 -2.'16214570E+05 1.20993652E+04 -2. 14'169271E+05 3.81249425E-Ol 2.35180286E+Ol ~.32826474E+Ol 

1.170000000+00 -2.89670388E+05 1.24706889E+04 -2.14632250E+05 8.63576934E-Ol 2.43143719E+Ol 3.35510130E+Ol 

1.200000001:+00 -2. B3115010E+05 1.28389418E+04 -2.14293646E+05 1.42699216E+00 2.51401635E+Ol 3.38074158E+Ol 

1.26000000,,+00 -2.70394110E+05 1.34691923E+04 -2.13136311E+05 1.99035980E+00 2.66374619E+01 3.43086050E+Ol 

1.32000000E+00 -2.57694l41E+05 1.41445985E+04 -2.12026103E+05 2.69868720E+00 2.81975604E+Ol 3.47958459E+Ol 

1. 38000000E+00 -2.45014542E+05 1.48690344E+04 -2.10962203E+05 3.51270231E+00 2.98079278E+Ol 3.52591358E+Ol 

1. 44000000E +00 -2.32357852f+05 1.56320365E+04 -2.0994381BE+05 4.39302516E+00 3.14556744E+Ol 3.56917499E+Ol 

1.50000000:: +00 - 2 .197 30024E+ 05 1.64144228E+04 -2.08910147E+05 5.30021247HOO 3.31216923E+Ol 3.6090241 7E+0 1 

1.56000000E+00 -2.07131745E+05 1.71939127E+04 -2. 08040389E +05 6.19479432E+00 3.48107966E+Ol 3.64544427E+Ol 

1.62000000=+00 -1.94586940E+05 1.79507465E+04 -2.07153746F+05 7.03732208E+00 3.64918650E+Ol 3.67874624HOt 

1.6 8000000E +00 -1.82081097E+05 1.86733050E+04 -2.06309415E+05 1.18840152E+00 3.81579789E+Ol 3.70956885E+Ol 

1. 74000000E+00 -1.69619573E+05 1.93637290E+04 -Z.05506598E+05 8. 40876561E +00 3.9796563 7E +0 1 3.73887868E+Ol 

I. 80000000E +00 -1.5719591lE+05 2.00435391E+04 -2.04744494E+05 8.85925681E+00 4.13955292E+01 3.76797010E+Ol 

1.86000000E+00 -1.45190130E+05 2.07675715E+04 -2.01624596E+05 1.17680912E+Ol 4.31424300E+Ol 3.788B5963E+01 

1.92000000E+JO -1.33202196E+05 2.15985248E+04 -1.99031619E+05 1.31450126E+Ol 4.56341758E+Ol 3.79585485E+Ol 

1.98000000E+00 -1.21285201E+05 2.23594087E+04 -1.96964411E+05 1.34178473E+Ol 4.71971735E+Ol 3.80003649E+Ol 

2.04000000E+00 -1.09444536E+05 2.30323101E+04 -1.9 5421819E +05 1.30156148E+01 4.8560b070E+Ol 3.80888288E+Ol 

2.1 OOOOOOOE +00 -9.76563610E+04 2.369663 %E+04 -1.94402692E+05 1.23680643E+Ol 4. 98548931E+0 1 3.82626987E+01 

2.16000000E+00 -8.58861895E+04 2.44673697E+04 -1. 93905878E + 05 1.19052121E+Ol 5.12131381E+Ol 3.85247090E+Ol 

2.22000000E+00 -7.41073863E+04 2.54332845E+04 -1.93930223E+05 1.20568771E+Ol 5.27611931E+01 3.884156'15E+01 

2.28000000E+00 -6.23197005E+04 2.65952211E+04 -1.94474H1E+05 1.32522212E+Ol 5.46467108E+Ol 3. 91439659E +0 1 

~. 34000000\: +00 -5.05677918E+04 2.78043132E+04 -1.95537787F+05 1.59192798E+Ol 5.69716012E+Ol 3. 93265592E+0 1 

?40000000:+10 -3.895<;7578E+04 2.87002358E+04 -1.97118701E+05 2.04845049E+Ol 5.98804880E+Ol 3.92479861E+Ol 

2.76000000E+00 2.775768%E+04 3.26037575E+04 -1. 754q369~E+05 2.46968954E+Ol 1.01648602E+Ol 3.77585241E+01 

'.t 2 OOOOOOE +00 8.83446188E+04 3.69152659E+04 -1.566025950+05 2.87747996E+Ol 7. 99'149266E+Ol 3.570'l6994E+Ol 

'.48000000,,+00 1.426~5949E+05 4.12844937H04 -1.3q579619E+05 3.26681798E+Ol 8.92248029E+Ol 3.31022473E+Ol 

'.84000000=+00 1.90714236E+05 4.53866216E+04 -1. 23558977E +05 3.63271888E+Ol 9.77092416E+01 2.99403194E+Ol 

4.20000000E+00 2.32320381E+05 4.89580116E+04 -1.07b74881E+05 3.91024387E+01 1.05304524E+02 2.62317811E+Ol 
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4.56000000e+00 2.67464385E+05 5.18319401E+04 -9.10615421004 4.27452681E>01 1.11869155E+02 2.19876116E+Ol 
4.92000000E+00 2.96136007E+05 5.39743314E+04 -1.285317280+04 4.54080106E+Ol 1.172657560'+02 1.72225043E+Ol 
5.28000000= >00 3.18315546E+05 5.55194909E+04 -5.21639847E+04 4.76442628E+Ol 1.21359956E+02 1.19545666F.+01 
5.64000000E+00 3.34284521E+05 5.68058390E+04 -2.81881899E+04 4.9409151H+Ol 1.24023289E+02 6.20537994E+OO 

6.00000000:+00 3.44036431E+05 5.84116434E+04 6.0566936IE-08 0;. 06596040E +0 I 1.25133084E+02 -1.87241960E-Il 

6.36000000:+00 3.34284527E+05 S.680S8390E+04 2.81881899E+04 4.940n518E+Ol 1.24023289E+02 -6.20531994E+00 
6.72000000E+00 3.18375546E+05 5.55194909E+04 5.21839841E+04 4.16442628E+Ol 1.21359956F+02 -1.19545666E+Ol 
1.08000000E>00 2.96136007E+05 5.39743314E+04 1.28531728E+04 4.54080106E+OI 1.17265756E+02 -1.17225043E+OI 

7.44000000:+00 2.67464385E+05 5.18319401E+04 9.10615421E+04 4.2745268IE+Ol 1.118693 55E +02 -2.19816116E+OI 

1.80000000E+00 2.32320381F.+05 4.89580116E+04 1.0161488IE+05 3.n024381~+OI 1.05304524E+02 -2.62311811<+01 
8. 16000000E +00 1.90714236E+05 4.53866216E+04 1.23558917E+05 3.63271888E+Ol 9.71092416F+OI -2.99403794E+OI 
8.52000000E+00 1.42695949E+05 4.12844931E+04 1.39519619E+05 3. 26681198E +01 6.92248029E+Ol -3.31022413£+01 
8.88000000E+00 8.83446188E+04 3.69152659E+04 1.56602595E+05 2.87741996E+Ol 7.99949266E+OI -3.51096994E+01 
9.24000000E+00 2.17516896E+04 3.26031575E+04 1.15493693E+05 2.46968954E+Ol 1.01648602E+OI -3.115 85241E+0 1 
9.60000000E+00 -3. 89597516E+ 04 2.87002358E+04 1.9111870IE+0o; 2.04845049E+OI 5.98804880E+OI -~.9241986IE+OI 

9.66000000E+00 -5.05671918E+04 2.78043132E+04 1.95531781E+05 1.59192196E+OI 5.69716012E+Ol -3.93265592E+Ol 
9.12000000<:+00 -6.23197005E+04 2.65952211E+04 1.944 74517E +05 1.32522212E+OI 5.46467108£+01 -'.9143 9659E +01 
9. 78000000E+00 -7.41013863E+04 2.54332845E+04 1.93930223F+05 1.20568171E+Ol '5.2767193IE+OI -, .88415695E+OI 

9.84000000E+00 -6.58861895E+04 2.44673691E+04 1.93905878f+05 1.1905212IE+OI 5.1l13138IE+OI -3.85241090E+Ol 
9.90000000E+00 -9.16563610E+04 2.36966396E+04 1.94402692E+05 1.23680643E+OI 4.98548931HOI -3.82626987E+Ol 

9.96000000E+00 -1.09444536E+05 2.30323101E+04 1.95421819E+05 1.30156148E+OI 4.85606070E+OI -3.808882A8E+Ol 

1.00200000E+Ol -1.21285207E+05 2.23594081E+04 1.969644t1E+05 1.34178473E+OI 4. 11977735E+Ol -3. 80003649E +01 

1.00800000E+Ol -1.332021G6E+05 2.159852"48E+04 1.99031619E+05 1.31450126E+OI 4.56341758E+OI -3.19585485E+Ol 
1.01400000E+OI -1.4519CI30E+05 2.07615715E+04 2.016?4596E+05 1.11680912E+OI 4. 37424300E+0 1 -3.18885963E+OI 

1.02000000E+Ol" -1.57195nIE+05 2.004353nE+04 2.04144494E+05 8. 859256B 1E+00 4.13955292E+OI -3.16797010E+OI 
1.02600000E+OI - -1.69619513E+05 1.93631Z90E+04 2.05506598E+05 8.40876567E+00 3. 91965631E +0 1 -3.13887868E+OI 

1.03200000e+01 -1'.820810Q1E+05 1.86733050E+04 2.06309415F+05 1.18840753E+00 3.81579789E+OI -3.7095688SE+Ol 

1.03800000E+OI -1.945 e"6940E+05 1.7950146<;E+04 2.07153146<+05 1.03132208E+00 3.64918650E+OI -3.~7874624E+OI 

1.04400000E+OI -2.01137145E+05 1.1l93<JIZ7E+04 2.0R040389E+05 6.19479432E+00 3.48107966E+OI -3.64S44421E+OI 
1.05000000E+OI -2.19130024E+05 1.64144228E+04 2. 08970147E + 05 5.30021247E+CO 3.31216923E+Ol -'3.60902417E+OI 
1. 05600000E+0 1" -2.32351852£+05 1.56320365E+04 2.09943818F+05 4.39302576E+00 3 .14556144E+0 I -3.S6911499E+OI 
1.06200000;:+01 -2.45014542E+05 1.48690344E>04 2.10962203E+05 3.51270237E+00 2.980792 78E +01 -3.52591358E+OI 
1.06800000E+OI -2.5769434IE+05 1.41445985E+04 2.12026103~ +05 7.69868120E+00 2.81975604=+01 -3.41958459E+OI 
1.01400000:+n -2.70394110E+05 1.34691'123E+04 2.1313631n+05 1.99035980E+00 2.66374619E+OI -3.43086050E+Ol 
1.08000000E+Gl -2.83115010E+05 1.28389418E+04 2.14293646E+05 1.42699216E+00 2.51401635E+OI -3.38074158£+01 
I.OB300000E+OI -2.89610388E+05 1.24106889E+04 2.14632250E+05 8".63576934E-OI 2.411437191'+01 -3.35510130E+Ol 
1.08600000E+Ol -2.962145 70E+ 05 1.20993652E+04 2.14969271=+05 3.BI249425E-Ol 2.35180Z86E+OI -3.32826414E+OI 
I.OB900000E+Ol -3.027465~3E+05 1.11281791E+04 2.15304569E+05 -4.75046659E-02 2.21430838E+OI -3.30050141E+Ol 
1.09200000E+OI -3.092660S4E+05 1.13584760E+04 2.15639006E+05 -4.50213624E-Ol 2.19814410E+OI -3.21198918E+Ol 
1.09500000E+OI -3.15 712812E+ 05 1.0990725IE+04 2.1596944n+05 -B.54412217E-OI 2.12249821E+OI -3.?4275316E+Ol 
I. 09BOOOOOE+0 I -3.22266690E+05 1.06255186E+04 2.16298132E +05 -1.2816H55E+00 2.04655918E+OI -3.212n922E+Ol 
1.10100000E+OI -3.28147176E+05 1.02645613E+04 2.16625743E+0.s -1.17740603E+00 1.969518281'+01 -3.18172115E+Ol 
1.10400000E+Ol -3.35213127E+05 'I.91166457E+03 2.16950332E+05 -2.35123641E+00 1.89051204E+OI -3.14944568E+OI 
I. I 0100000E +0 1 -3.416E2469E+05 9. 57373893E+ 03 2.17272359E+05 -3.03661243E+00 1. 80892413E +0 I -3.11546352E+OI 
1.II000000E+OI -3.48091901E+05 9.26178114E+03 2.11591686F+05 -3.86098914E+00 1.12319081E+OI -3.0792459IE+Ol 

1.11300000E+Ol -3.54137160E+0<; 8.91710492E+03 2.1792740810+05 -4.308nOIOE+00 1.650699441'+01 -3.04133413E+OI 
I. 11600000E +0 I -3.61380026E+05 8.61162289E+03 2.18246216E+05 -5.0B25459IE+OO 1.56854316E+OI -3.00114243E+OI 
1.1 I 900000E+0 1 -3.68014913E+05 R.35196245E+03 2.18548204E+05 -6 .01016115E +00 1.480711041'+01 -2.95932200e+01 
1.12200000E+Ol -3. 14636291E+05 8.11653652E+03 2.18833465E+05 -7.15924131E+00 1.39085159F+OI -2.91340243 E +0 1 
1"12500000E+Jl -3.81236940E+05 B.09146968E+03 2.19102095E+05 -8.23442428E+00 1.30226251E+Ol -2.863188680+01 
1.1 2800000E +Gl -3.87809115E+05 8.12651838E+03 2.19354186E+05 -9.18275036E+00 1.2IR48085E+OI -2.81076168E+OI 
1.13100000E+OI -3.94348831E+05 8.30099110E+03 2.1 Q589835E+05 -9.89069346E+00 1.142 97216E +0 I -2.75501B31E+OI 
1.13400000E+OI -4.00851052E+05 8.62566848E+03 2.19809134E+05 -1.02441914E+Ol 1.07918092E+OI -2.69791163E+Ol 
1. I 3700000E+Ol -4.073169211'>05 9.0987235gE+03 2.20012119E+05 -1.01316164E+Ol 1.03052003E+Ol -2.64115036E+Ol 
1.14000000E+Ol -4.13152011~+O5 9.70164196E+03 2. 20199063E +05 -9.43810611E+00 1.00036066E+Ol -2.586 79940E +0 I 
1.14300000E+Ol -4.20785193E+05 1.02286845E+04 2.20106091E+05 -8.14435258E+00 9.712386B6E+00 -2. 535320~IE+Ol 
1.14600000E+Ol -4.27611524E+05 1.08885607E+04 2.21169945E>05 -6.09391638E+00 1.001155851'+01 -2.49110996E+OI 
1.14900000E+01 -4.34264535E+05 1.15694980E+04 2.21588696E+05 -1.54912245E+00 I. 08919722E +0 1 -2.464042421'+01 
1. 152000ooE+01 -4.401981 81E+05 1.20916280E+04 2.21960418E+05 4.825153531'+00 1.23307161E+OI -2.46013219E+OI 
1.15500000E+0 1 -4.4128620IE+05 1.2209218IE+04 2.22283184E+05 1.29669019E+OI 1.42914121E+OI -2.487533321'+01 
1.15800000:+01 -4.538213851'+05 1.16129023E+04 2.22555066E+05 2.28112958E+OI 1.61539709E+OI -2. 55353950E +01 
1.16100000E+Ol -4.60514910E+05 9.93191296E+03 2. 22774139E >05 3.42936479E+Ol 1.96906484E+Ol -7.66518415E+OI 
I. 16400000E +0 1 -4.67495937E+05 6.73631150E+03 2.22938415E+05 4.13488268E+OI 2.30724011 F +0 I -2.82924037E+O! 
1.1670000oe>01 -4.74910350E+05 1.53921992E+03 2.23046147E+05 6.19112144E+OI 2.68681020E+OI -3.05222 094E+0 I 
1.17000000E+OI -4.8292068I>E+05 -6. 20094812E +03 2.23095228E+05 T.NI50221E+Ol 3.10476565E>01 -3.34031834E+OI 
1.17300000E+Ol -4.87330512E+05 -1.57074547E+04 2.23114106E+05 8.55063211E+OI 3.26411861E+Ol -3.619251011'+01 
1.17600000E+OI -4.92600145E+05 -2.86479385E+04 2.2252 5404E + 0 5 9.08088198E+OI 3.34188339E+OI -4.04911149E+OI 
1.17900000E+OI -4.98199103E+05 -4.52567196E+04 2.213271~5F+05 8.14129688E+Ol 3.16514383E+OI -4.42711146E+OI 
1.182 OOOOOE >01 -5.05906506E+05 -6~ 54580"055E+04 2.19511391 E+05 6.91512085E+OI 2.52575904F+OI -4.76171969E+Ol 
1.18500000E+OI -5.13736222E+05 -8.86373520E+04 2. 11094145E +05 2.9500253~E+Ol 1.240934 79E +0 1 -4.987.82201E+OI 
1.18800000:+01 -5.2lB14360E+05 -1.13413124E+05 2.14055449E+05 -3.78114887E+Ol -8.1620522IE+00 -4.98152154E+OI 
1.19100000E+Ol -5.Z96011l0E+05 -1.37407958E>05 2.1039933 7E + 05 -1.3913214IE+02 -4.01004793E+OI -4.63033811E+OI 
1.19400000E+OI -5.35855184E+05 -1.57020220E+05 2.06123841E+05 -2.80764646E+02 -8.34191961E+Ol -3.1"7310910E+OI 

-J 1.19700000E+Ol -5.39102241E+05 -1.67195466E+05 2.01226993E+05 -4.69025049E+02 -1.4049514~E+02 -2.22100859E+OI 

-J 1.2 OOOOOOOE+O I -5.31326364E+05 -1.61197909E+05 1.957068261':+05 -7.10210785E>OZ -2. 13063235E+02 2.11452029E+00 



...::J 
00 

TABLE VI CODING SHEETS FOR INPUT FOR SAMPLE CALCULATION 2 

PROGRAM NO. _____ ~~ DATL-
CODED BY ________________ _ 

LANGLEY RESEARCH CENTER 
FORTRAN, DATA CODING FORM 

PAGE_' __ OF ____ _ 

DIVISION_ SECTION _____ _ JOB ORDER _____ TASK NO. ___ _ 

STATEM£N1'\....l-eONTINUATIQN 
NVMa£A +1- FORTRAN STATEMENT 1DI:NTIFICA'flQN 

A~~ S£QUpt(:tNG 

12 • ~ 5 ~ j;~.' 13,~ 1Si~c,t4Jd&~FRE.~~6 e; ~··.C.iNi;·swir;t ~~~g~~i~~c~61':," 61 64 61 ~. : 1. 1~ 1'['1415 :";' 78 19 j 
J : ~/,ti\o, , , ,2 , , .3, I ' ,0, , I , , , , I , , ' I , , " !, I I I I '4 .~ I ' , I I I , , I : :, : : : : ~ ::: ::: 

,0, ,L io; L.' iQ, ,~a ,_, ,Q, ! • ./1 

If; : ~;l:~ : :' , ,"[,,,"OlL, , , , , , , '"'~"~ , , , , , ,~~, ,-40,.0 , , , , , " :; 3.JU,t;.,.i,l,I 
,: 'i 5[5/,'3,9 .. 17,/;.,1, I" ,Q'IO, , I , Ii, , , I ~Ol I ' , , I ' • , , I J'/,S:fJ7.~ ,+:f-t< i i : : 1,0, , , , , , , , , , , ",.,0 , , , , , , · , , , ,a.o, , , , , , , , , , , ,£,/;.3,.£0,<,'t, 

- "D.L,d,. ... L, .L-..L-L L..~ • . ~9,3d./il£!f2,0£)1~~O~~ .. L~ L_L_,---,-~J2L,.~ I .~L.~.~ I ..LJ. "a, 
It'] .,D, j IL L I L." 

, L.' '7, I I ,. I I. ,L" I, ,I,. ,.,., L .. ' 

10 ,,0, . jJ ~ . , 1 .j- ,4/.','l1S:', .. I ' '. ,.,31/.75/~, , . . ,-".01 • . 0, ,d1,tf;'l,P/I.;l." ' I ' ,I 
1,,],0.3,7 .!, , :!LJ..9..5,S'i_", ~ 1 ~, ,.f)'LIO, L.".I, L. .. " ,t) .. lh , .9.s:'f.'JJ,J,t), 
~~~.'7~~ i~,! ! , ,~,o!"O' " I ,I ,0,010, ,I"" I "D.PI " ,I ,3,),t},.ll,9,t.f,~,gl 

.. ,.oJ" .~, LL--,-,--i(L(2JUl;;{It/;.;:t . .s: jl,'IO, d <-.L,_,~ ~!, LI ,a",a 
I , -'-

10, • ,f), , I I , ! i, ,!..., I 

..l 

I ..... _.L ...... I . .1 • ..l 

1 /,7,0..3,~ol·i ' , ! ! , , .-is,(i!.$,5,".5!., , , , I , , ,Q",O, ' , • 1 I , ,0,.,0 , •• , I , , , , I ,9,$'//;71~'()'" ,I • I, , I , , • ,I 
3,t.A.'1.'l,.I .. L., , : L ,£j.,OL--,-"-'~L...L.L..L..I ... La..uOL_L_L_L..J. .0..,4. I, :~,;J,7",/!',tf.;;;J,.8 , I 
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PROGRAM NO._,~_. ___ _ 

CODED BY_·_ ..• _ 

TABLE VIII.- CODING SHEETS FOR INPUT FOR SAMPLE CALCULATION 2 - Concluded 

LANGLEY RESEARCH CENTER 
fORTRAN. DATA CODING FORM 

DATE 
PAGE __ OF 

JOB ORDER __ . ___ TASK NO. ____ ~ 

.TATEMENT .[ -CONTINUATION FOR T RAN S TAT E MEN T AND SEQUENCING 

'
I, IDCNtlFICATION 

NUMSt,A; :'" -, __ 

1 • , 4 $.' '.~' " 1112 I. a.I,a l' 2 • ..1L~2 .21. ..u..aLU.2U2. . 3"2.31 "36 31.3 ......... <1...42 _~., ...... 55 .. -'" ~'s .. 69.0 1112 n 14 • ,. 77 1l 19 
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TABLE IX.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION 2 

(al Idealization parameters and material properties for ring-stiffened cone 

SAMPLE CAse 2 CLAMPED-FREE 60-DEGREE CONE WITH THREE RINGS 

K 
11 

NMODE 
o 

"ISEG 
o 

ISTRN 
o 

NlAST 
2 

ISTRES 
o 

EPSILON IK) 
1 1.15470660E+OO 
2 2.30941320E+OO 
3 2.30941320E+OO 
4 2.30941320E+OO 
5 2.30941320E+OO 
6 ',2,.30941320E+OO 
7 2.3U9413Z0E+OO 
8 2.309413~OE+OO 
9 2.309413~E+OO 

10 2.309413Z0E+00 
11 2.30941320E+OO 

1'11N 
100 

lINT 
o 

S (K) 

4.04147310E+OO 
5.77353300E+OO 
S.OS2'l4620E1"OO 
1.03'l23594E+O 1 
I.Z70177Z6E+OI 
1.501l1858E+Ol 
1.73205990E+OI 
1.96300122E+Ol 
2.19394254E+Ol 
2.42488386E+Ol 
2.65582518E+Ol 

S sus a 
YOUNGS MOOULUS 1 
YOUNGS MODULUS 2 
POISSONS RATIO 1 
POISSONS RATIO 2 

RHO = 
THICKNESS 

G SUB 12 

3.464t19aOE+OO 
1.00000000E+07 
1.OOOOOOOOE+07 
3.150000COE-Ol 
3.15000CCOE-Ol 
2. 54000000E-04 
2.500CCOOOE-02 
3.85615380E+06 

INPUT DATA FOR RINGS 

ICASE 
7 

IPLOT 
o 

RING JUNe 
1 2 
2 7 

O. 
o. 

PSI HAT X I 1 HAT 
2.45370000E-Ol 

-4.97956000E-Ol 
3 12 O. -4.97956QOOE-Ol 

NRING 
3 

IPRINT 
o 

I PLSTS 
o 

IFUNCT 
o 

XI 3 HAT 
5.2"5000000E-Ol 
3.17517000E-01 
3. 17517000E-Ol 

PHI 
-6.00000000E+Ol 
-6.00000000E+Ol 
-6.00000000E+Ol 

Ell 
3,.21972110E+04 
2.49220000E+04 
2.49220000E+04 

RING E I 13 E GAMMA 1 E GAMMA 2 E A E GAMMA 3 
1 5.51397610E+04 O. O. 1.15470660E+06 1.65200000E+02 O. 
2 -5.28550000E+04 O. O. 9.54720000E+05 3.47110000E+03 o. 
3 -5.28550000E+04 O. O. 9.54720000E+05 3.4771 000 OE +0 3 o. 

E I 3 
9.64671240E+04 
1.70":l70000E+05 
1.70370000E+05 

E GA,.MA 4 

RING E GAMMA 5 E GAMMA 6 G J Z M 1 M 1 * Xl 8AR ; 
1 o. o. 1.46350640E+03 -1.25000000E-02 2.93295470E-05 o. 
2 0.' O. 3.2719"280E+02 -1.25000000E-02 2.42500000E-05 o. 
3 O. O. 3.27194280E+02 -1.25000000e-02 2."2500000e-os o. 

RING ,., 1 * XI BAR 1 M 2 M 3 
1 o. O. O. 
2 o. O. O. 
3 O. O. O. 

CLAMPED-FREE BOUNDARY CONDITION - FIRST 4 ROWS AND COLUMNS DELETED 
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Q:) 
N 

N = 0 

FOR RING 

FOR RING 

FOR RING 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
31 
38 
39 
40 
41 
42 
43 
44 
45 
46 
41 
48 
49 
50 
51 
52 
53 
54 
55 
56 

TABLE IX.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION 2 - Continued 

(b) Natural frequencies for circumferential wave number n = 0 for the ring-stiffened cone 

1. RADIUS 3.46877100E+OO 

2. RAD IUS A = 1.36163065E+Ol 

3. RADIUS A 2.36163590E+Ol 

EIGENVALUES O~EGA FREQUENCY 
1.54682312E+06 1.24371368E+03 1.97943180E+02 
6. 20396952E +06 2.49017689E+03 3.96419454E+02 
1.45682'366E+07 3.81683594E+03 6.07468307E+02 
2.32162460E+07 4. 81832398E+O 3 7.6686 0079E+0 2 
2.63196124E+01 ",5.13026436E+03 8. 16506932E+02 
3. 00898199E +07 5."B5418B4E+03 8.73031524E+02 
3.51641116E+07 5.92993352E+03 9.43718232E+02 
4.18929752E+07 6.47247829E+03 1.03012691E+03 
5.27568541E+07 7.263~9136E+03 1.15600464E+03 
6.09263155E+07 7.B0553108E+03 1.24228886E+03 
7.21375654E+07 8.4933B362E+03 1.35176399E+03 
B.15316400E+01 9.02948725E+03 1.4370B753E+03 
9.74319713E+07 9.87076346E+03 1.5109B080E+03 
9.7d92125.E+07 9.89404495E+03 1.5746B616E+03 
1.05242619E+08 1.02587B25E+04 1.63273595E+03 
1.24003757E+OB 1.1l35:.974E+04 1.71230129E+03 
1.41798023E +0 B 1.19078975E+04 1.89520075E+03 
1.52236448E+08 1.23384135E+04 1.96371950E+03 
1.81940682E+08 1.34885389E+04 2.14616764E+03 
1.96325B06E+OB 1.401l6311E+04 2.23002035E+03 
2.20485684E+08 1.48481603E+04 2.36325361E+03 
·2.55822356E+08 1.59944477E+04 2.54559541E+03 
2.69269923E.+08 1.64094462E+04 2. 6116444 7E+O 3 
2. 92397719E +08 1.70996409E+04 2.72149238E+03 
3.3535b749E+08 1.83127483E+04 2.91456441E+03 
3.55490444E+08 1.88544542E+04 3.00077959E+03 
3.69202593E+08 1.'l2146453E+04 3.05810517E+03 
3.81443568E+08 1.95305803E+04 3.10838840E+03 
4.44457957E+08 2.10821715E+04 3.35533181E+03 
4.96011283E+08 2.22713108E+04 3.54458920E+03 
5.48381909E+08 2. 34176837E+04 3.72104011E+03 
5.92980873E+OB 2.43511986E+04 3.87561363E+03 
6.87318685E+08 2.62167634E+04 4.11252749E+03 
7.31167041E+08 2.70511931E+04 4.30533109E+03 
9.44092234E+08 3.07260839E+04 4.89020814E+03 
1.22309264E+09 3.49721414E+04. 5.56608467E+03 
1.839341l0E+09 4.28876101E+04 6.82517515E+03 
1.95219961E+09 4.41904923E+04 1.03313529E+03 
2.12536343E+09 4.61016641E+04 1.33130113E+03 
3.50629393E+09 5.92139673E+04 9.42419560E+03 
4.73820259E+09 6.88346032E+04 1.09553614E+04 
5.47117117E+09 7.40079129E+04 1.17781252E+04 
6.64019314E+09 8. 148738<l2E+04 1.29691194E+04 
b.87857382E+09 8.29371619E+04 1.31998602E+04 
8.72368916E+09 9.34006947E+04 1.48651822E+04 
1.09629256E+IO 1.04703990E+05 1.66641516E+04 
1.26418011E+IO 1.12435194E+05 1.18947123E+04 
1.28624058E+10 1.13412547E+0~ 1.80501675E+04 
1.81123453E+10 1.31012209E+05 2.18061703E+04 
1.88369246E+IO 1.37247616E+05 2.18436461E+04 
2.08853140E+I0 1.44511521E+05 2.30006119E+04 
2.58141540E+I0 1.60856315E+05 2.56010116E+04 
2.91603421E+IO 1.1016~997E+05 2.71 719342E+04 
3.19991597E+10 1.78883089E+05 2.84701219E+04 
3. 583996.98E +10 1.89314473E+05 3.0130;;342E+04 
4.18643721E+I0 2.04601851E+05 3.25643509E+04 
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57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
71 
78 
79 
80 

4.59814396E+I0 
4.63200640E+IO 
5.80671S08e+l0 
5.994201891(4'10 
6.442C5262E+IO 
7.36221531E+I0 
7.90525146E+I0 
8.89340148E+10 
9.14049460E+I0 
1.04074143E+11 
1.08622796F.+11 
1.13517921E+ll 
1.18761139E+ll 
1.30664888E+11 
1.52514829E+ll 
1.B0673634E+ll 
1.B50ltZ491E+ll 
2.09190996E+ll 
2.45235097E+ll 
2.B0919183E+ll 
3.163BOB34E+ll 
3.391B3434E+ll 
5.32994679E+ll 
7.31021133E+ll 

2.14432832E+Q5 
2.15220966E+05 
2.40971328E+Q5 
2.44B30592E+05 
2.53B1l990E+05 
2.'71334025E+05 
2.8li62190E+05 
2.9B21B066E+05 
3.02332509E+05 
3.22605244E+05 
3.29519726E+05 
3.36924206E+05 
3.lt4617381E+05 
3'.61415985E+05 
3.90531469E+05 
4.25057213E+05 
4.30165662E+05 
4.57374022E+05 
4.95212174E+05 
5.30018097E+05 
5.62471407E+05 
5.B2394569E+05 
7.30064846E+05 
8.54997739E+05 

3.41280452E+04 
3.42534B05E+04 
3.83517780E+04 
3. 89659990E+04 
4.03954328E+04 
4.31841513E+04 
4.47484479E+04 
4. 74628793E+04 
4. 81117133E+04 
5.13442192E+04 
5.24542426E+04 
5.36231529E+04 
5.48475597E+04 
5.75306B99E+04 
6.21550138E+04 
6.76499566E+04 
6.B4629915E+04 
7.27933365E+04 
7,88154653E+04 
8.43550000E+04 
8.95210598E+04 
9.26909745E+04 
1.16193429E+05 
1.36077116E+05 



w
 

5 U
 
D
 

4
 

L 
0

 

c
 

0
 
0
 

............ 
0
0
0
0
0
0
0
0
0
0
0
0
 

............ 
r- 
m
 4

 rt m
 m

 m
 C

I m
 m

 m
 m

 

3
 

Q
 

I- w
 

m
 

............ 
0
0
0
0
0
0
0
0
0
0
0
0
 

............ 
0
0
0
0
0
0
0
0
0
0
0
0
 

............ 
0
0
9
0
0
0
0
0
0
0
0
0
 

m
 

cn 
w

 

V
 

.- - - 

D
: 

(3
 

+
4

 

" w > 

............ 
0
0
0
0
0
0
0
0
0
0
0
0
 

d
4

4
d

N
N

N
N

N
N

N
N

 
0
0
0
0
0
0
0
0
0
0
0
0
 

I
I

I
I

I
I

I
I

I
I

I
I

 
w

w
w

w
w

u
w

w
w

w
w

Y
 

m
m

r
-

m
m

e
r

Q
r

*
~

m
 

Q
-

U
N

M
N

Q
O

Q
O

m
-

 
m

o
~

r
-

m
C

-
o

r
-

m
b

*
 

N
Q

O
~

*
Q

Q
N

C
F

~
O

 
m

Q
o

o
e

~
*

~
m

o
e

u
 

O
N

~
~

Q
C

Q
~

N
~

~
Q

 
r

~
u

Q
m

e
m

m
r

-
m

Q
o

 
~

-
r

n
-

l
~

*
~

~
+

m
m

f
-

 

I
I

I
I

I
I

I
I

I
I

I
I

 

............ 
N

N
-

l
4

m
F

Q
m

*
m

A
G

 

4
-
4

-
l
4

-
l
4

4
-
l
0

0
 

0
0
0
0
0
0
0
0
0
0
0
 

............ 
0
0
0
0
0
0
0
0
0
0
0
0
 

-
l-

lo
o

o
o

o
o

o
o

o
 

0
0
0
0
0
0
0
0
0
0
0
 

l
I

+
+

+
+

+
+

+
+

+
 

U
u

J
w

Y
w

Y
W

m
w

~
~

 
~

m
-

l
r

r
b

m
~

m
o

m
 

~
N

*
+

N
-

~
~

Q
~

Q
N

 
m

m
r

-
o

d
~

~
e

m
m

m
 

r
o

u
a

~
r

m
n

-
m

m
 

m
r

n
m

~
~

m
r

m
m

m
m

 
N

~
~

~
Q

~
~

Q
Q

U
Q

 
P

N
O

N
~

Q
F

~
~

O
-

 

O
N

~
-
-
-
-
+

-
-
-
N

N
 

I
I

I
I

I
I

I
I

I
I

I
 

C
Q

#
l

P
W

O
P

O
N

O
Q

 

............ 

N
 

............ 
0
0
0
0
0
0
0
0
0
0
0
0
 

4
M

4
4

4
N

N
N

N
N

N
V

-
4

 
0
0
0
0
0
0
0
0
0
0
0
0
 

1
1

1
1

1
1

1
1

1
1

1
1

 
w

Y
w

w
w

w
w

w
w

Y
w

w
 

m
O

C
m

m
m

N
N

Q
m

m
Q

 

~
b

P
~

b
f:b

~
F

S
E

 
+

W
~

Q
Q

~
M

~
N

F
O

O
 

m
o

r
-

~
*

m
m

m
r

-
~

~
-

 
~

0
.

~
4

m
m

~
~

m
-

r
-

 
~

Q
N

~
-

Q
~

Q
Q

-
-

C
 

O
m

 W
I

N
O

 Q
 d
 N

e
 Q

 Y
I 0
 

1
1

1
1

1
1

1
1

1
1

1
 

............ 
N
N
4
4
4
+
m
b
m
m
N
M
 

............ 
0
0
0
0
0
0
0
0
0
0
0
0
 

4
-
l
o

o
o

o
o

o
o

o
o

 
0
0
0
0
0
0
0
0
0
0
0
 

I
,

+
+

+
+

+
+

+
+

+
 

w
w

w
w

w
w

w
u

w
w

w
 

m
m

b
+

*
m

*
-

lN
N

d
 

::%
g

E
E

t8F
S

P
 

r
-

r
-

~
r

-
t

w
m

d
*

o
~

m
 

o
~

o
m

m
~

r
-

n
-

l
o

r
-

 
N

Q
~

W
O

~
Q

-
O

~
O

 

m
m

m
-

m
r

n
m

~
o

m
r

 
IU

 0
 4

 U
 Q

 m
 P
 0
 4

 -
l 0
 

............ 
O

m
m

d
+

-
-

l
M

N
N

N
N

 
I

I
I

I
I

I
I

I
I

I
I

 

m
 

84 

00 
~ 

VEe TOR 

2 

TABLE IX.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION 2 - Continued 

(e) Eigenvectors corresponding to the lowest five n = 0 natural frequencies for the ring-stiffened cone 

w U V BETA U PRIME V PRIME RETA PRIME 

O. O. O. O. O. 7.15620796E-Ol O. 
O. O. 7.25538707E-Ol O. O. 5.59359869E-Ol O. 
O. '-(). 1. 86546380E+00 O. O. 4.49015888E-Ol O. 
O. O. 2.84925027E+00 O. O. 4.08987549E-Ol O. 
O. O. 3. 76948629E+00 O. O. 3.90043489E-Ol O. 
C. O. 4.65694908E+00 O. O. 3.79208091E-01 o. 
O. O. 5.52448438E+00 O. O. 3.71473239E-Ol O. 
O. O. 6.37465147E+00 O. O. 3. 65937375E-01 O. 
O. O. 7.215011 77E+00 O. O. 3.62091646E-Ol O. 
O. O. 8.04747053E+00 O. O. 3.58917574E-01 O. 
O. O. 8.87303968E+00 O. O. 3. 56077076E-01 O. 
O. o. 9.69226958E+00 o. O. 3.53408851E-01 O. 

O. O. O. O. -2.67032863E-01 O. 1.45074135E+01 
6.28247508E-Ol -2.92917856E-Ol O. 1.02037275E-01 -2.12266018E-Ol O. 5.76166896E+00 
1.88909070E+00 -7.23340925E-Ol O. 3.74885831E-01 -1. 54400647E-Ol O. -7.10587555E-Ol 
2.46547737E+00 -1.03339741E+00 O. 2.11515610E-Ol -1.16308723E-Ol O. 7. 88764044E-02 
2.95556713E+00 -1.27296017E+00 O. 2.17467168E-Ol -9.23644959E-02 O. 8.86054666E-02 
3.39080135E+00 -1.46682127E+00 O. 1.14234180E-01 -7.4662672I)E-02 O. -5.37408404E-01 
3. 92870707E +00 -1.63307214E+00 O. -6.67713173E-01 -6.28646167E-02 O. -5.49098231E-Ol 
4.16107872E+00 -1.75795233E+00 O. 1.40292661E-Ol -5.25362006E-02 O. 4.56682823E-Ol 
4.58891485E"00 -1.86865066E+00 O. 2.03715456E-01 -4.47257767E-02 O. -6.44892666E-02 
5.00783985E+00 -1.96521398E+00 O. 1.15535250E-Ol -3.89507304E-02 O. -9.20438996E-02 
5.7l157810E"00 -2.04809860E+00 O. 1.36901031E+00 -3.36347452E-02 O. 2.20958532E+00 
1.12599553E"01 -2. 16969828E+00 O. -4.59692842E+00 -6.70640413E-02 O. -:2.18664663E+Ol 

O. O. O. O. -2.98691058E-Ol O. 1.63230678E+Ol 
7.09857808E-Ol -3.282077796-01 O. 1.12365450E-Ol -2. 36908040E-Ol O. 6.56244001E+00 
2.17128005E+00 -8.086274296-01 O. 4.46416215E-Ol -1.72278957E-Ol O. -7.840930 77E- 01 
2.89789014E+00 -1.15402324E+00 O. 2. 79328725E~01 -1.29166353E-Ol O. 7.51980842E-02 
3.57921087E+00 -1.41937061E+00 O. 3.45972114E-Ol -1.01346248E-Ol O. 2.95488337E-Ol 
4.20496224E+00 -1.630928346+00 O. 1.36805833E-Ol -7. 66998775E-02 O. -1.18215745E+00 
7.03544178E+00 -1.83313938E+00 O. -2.40247247E+00 -8.13285312E-02 O. -7.867919106+00 
5.57034182E"00 -1.93671574E+OO O. 3.51470073E-Ol -4.26255042E-02 O. 1.73515436E+OO 
6.82428904E+00 -2.02154061E+00 O. 6.26996273E-Ol -3.46972786E-02 O. -6.77321403E-02 
9.16230016E+00 -2.10010722E+00 O. 1.60804793E+00 -3.61167715E-02 O. 3.93027098E-Ol 
9.37251497E+00 -2.18406952E+00 O. -4.61869300E+00 -2.51790419E-02 O. -7.205.51)303E+00 

-7.996442 35E +00 -2.07075601 E+OO O. 6.59896675E+00 1.07110756E-01 O. 4.00B64197E+01 
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(X) 
CJl 

4 O. 
3.4233541lE-Ol 
1.06651328E+OO 
1.H082541E+00 
1.87413034E+OO 
2.15493725E+OO 
8.955961250+.00 
2.57742327E+00' 
5.27187464E+00 

-8. 56493056E-0 1 
-1.93949629E+Ol 

9.27693712E-01 

O. 
l.37255243E-01 
4.30360699E-01 
5.95936934E-Ol 
7.78567062E-Ol 
7.47198475E-Ol 
8.88733562E+00 
1.22449481E-Ol 

- 5.0 5354243E +00 
-1.86561654E+Ol 

9.6935795IE+OO 
-1.29501708E+OO 

O. O. 
-h 56862458E-Ol O. 
-3.85636677E-Ol O. 
-5.498060l8E-Ol O. 
-6.1523811lE-01 O. 
-1.11205303E-Ol O. 
-9.23320213E-01 O. 
-9.10774469E-01 O. 
-8.'loll298481E-01 O. 
-8.34587717E-01 O. 
-5.30272614E-Ol O. 
-3.5992818lE-01 O. 

O. O. 
-6.26856738E-02 O. 
-1.5398364 7E-Ol O. 
-2.19432442E-Ol O. 
-2.692160l5E-Ol O. 
-3.03548954E-Ol O. 
-4.22545062E-01 O. 
-3.61lZ3Z75E-Ol O. 
-2.30619797E-0l O. 

8.54630733E-02 O. 
1.67561260E~Ol O. 
5.6869l654E-02 O. 

O. -1.4252551lE-01 O. 1.83162521E+00 
5.21214014E-02 -1.12174538E-Ol O. 3.18918371E+OO 
2.28621962E-01 -8.19811202E-02 O. -3.61162858E-Ol 
1.55998950E-Ol -6.10690638E-02 O. 3.13717132E-03 
2.71447015E-01 -4.67040590E-02 O. 4.74513923E-Ol 
l.15153991E-01 -2.54645636E-02 O. -1.06196216E+OO 

-4.6037032lE+OO -7.90071699E-02 O. -2.l0426311E+01 
2.58511767E-01 1.60214501E-02 O. 3.80762410E+OO 
1.27492021E+OO 4.8632 5089E-03 O. -1.385261l8E+00 

-8.76105735E+OO 5.78095723E-02 O. -5.34605109E+OO 
1.29925794E+00 1.71175502E-Ol O. 1.39346721E+Ol 
1.68657331E-0l -1.8l408884E-02 O. -2.4683l414E+Ol 

O. -5.69212810E-02 O. 3.138l2127E+00 
2.09309746E-02 -4. 49927966E-02 O. 1.28110502E+OO 
9.45838951E-02 -3.26765215E-02 O. -1.35258080E-01 
6.26495l50E-02 -2.41345291E-02 O. -3.31390409E-02 
1.67818253E-Ol -1.75317445E-02 O. 4.74986183E-Ol 
9.49597810E-02 6. 8953lEo94E-05 O. -6.53737314E-Ol 

-5.10871088E+OO -7.46723598E-02 O. -2.54970457E+01 
-2.83450 816E-O 1 4.34554394E-02 O. 3.42650576E+OO 
-6.61537378E+00 8.13262954E-OZ O. -4.61634041E+OO 

2.73320775E+00 1.58385829E-Ol O. 1.35897576E+Ol 
8.68445978E+00 -9.44838303E-02 O. -1.61645199E+Ol 
3.20002308E-Ol 2.83298463E-02 O. Z.76080809E+Ol 
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FOR RING 

FOR RING 

FOR RI NG 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

TABLE IX.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION 2 - Continued 

(d) Natural frequencies for circumferential wave number n = 1 for the ring-stiffened cone 

I. RADIUS A 3.lt6877100E+00 

2. RADIUS A 1.36763065E+Ol 

3. RADIUS A = 2.36763590 E+Ol 

flGENVALUES O~er,A FREQUENCY 
2.16984817E+05 4.65816291E+02 7.41369652E+01 
1.1621404~f·+01 3.40901808 E+O 3 5.42562079E+02 
2 .15901148E +07 4.6465 8744E+O 3 7.3952735~E+02 
2.55836489E+07 5.05802816E+03 8.050!OI84E+02 
2.86140166E+01 5.34920710E+03 8.51352152E+02 
3.08754369E+07 5.55656100E+03 8.e4355105E+02 
3.53522910E+07 5.94577926E+03 9.46300160E+02 
4.20536700E+07 6.48488010E+03 1.03210072E+03 
5.30220115E+Ol 7.28162149E+03 1.15890605E+03 
5.92605977E+07 7.69809053E+03 1.22518916E+03 
7.18458244E+07 &.47619162E+03 1.34902119E+03 
7.90054110E+07 8.8884988·OE+03 1.41464852E+03 
9.65253026E+C7 9.82472914E+03 1.56365421E+03 
1.00019~69E+08 1.00009834E+Q4 1.59110594E+03 
1.08852339E+08 1.04332324H04 1.66050052E+03 
1.20984834E+08 1.09993106E+04 1.75059465E+03 
1.42440577E+08 1.19348472E+04 1.89948992E+03 
1.48781223E+08 1.21975909E+04 1.94130688E+03 
1.11650279E+08 1.33285513E+04 2.12130482E+03 
1.94469415E+08 1.39452291E+04 2.21945215E+03 
2.01029860E +08 1.41784999E+04 2.25651835E+03 
2.15742345E+OS 1.46881102E.04 2.33769490E+03 
2.54751119E+08 1.59609436E+04 2.54026306E+03 
2.74340340E+08 1.65632225E+04 2.63611814E+03 
2.9881 0481E +08 1.72818709E+Q4 2.75145011E+03 
3.31289045E+08 1.82013474E+04 2.89683440E+03 
3. 61803608E ,,08 1.90211358H04 3.02730719E+03 
4.05453906E+08 2.01358860E+04 3.20472579E+03 
4.54580912E+08 2.13209032E+04 3.39332113E+03 
5.0.9903129E+08 2.25810347E+04 3.59388329E+03 
5.75385447E+08 2.39871934E+04 3. 81768040E+03 
6.85757653E+08 2.61869749E+04 4.16778650E+03 
7.31108318E+08 2.70390147E+04 4.30339285E+03 
7.94587325E+08 2.81884254E+04 4.48632724E+03 
9.48506357E+08 3.07978304E+04 4.90162694E+03 
1.15186780E+09 3.39391779E+04 5.40158793E+03 
1.83280885E+09 4.28113168E+04 6.81363269E+03 
2.13049854E+09 4.61573238E+04 7.34616625E+03 
2.76103848E+09 S.25455848E+04 8.36288956E+03 
3.57068398E+09 5.97552004E+04. 9.51033552E+03 
5.32946584E+09 7.30031906E+04 1.16188186E+04 
6.02473861E+09 7.76191897E+04 1.23534777E+04 
6.53683070E+09 8.08506691E+04 1.28677836E+04 
7.7l0795455+09 8.78111351E+04 1.39755762E+04 
9.970251585+09 9.98511471E+04 1.58918036E+04 
1.0977655SE+10 1.04774307E+05 1.66753489E+04 
1.23789230E+10 1.1l260608E+05 1. 77076758E~04 
1.43782327E+10 1.19909269E+05 1.90841528E+04 
1.B4243273E+10 1.35736242E+05 2.16030938E+04 
1.97442806E+IO 1.40514343E+05 2.23635523E+04 
2.12961113E+10 1.45931872E+05 2.32257788E+04 
2.62634596E+10 1.62060049E+05 2.57926579E+04 
2.93992031E+10 1.71461958E+05 2.72890182E+04 
3.21914659E+10 1. 79419803E+0 5 2.85555486E+04 
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3. 63'546781E+10 
4.19833045E+10 
4. 58811625E +l'{k 
4. 72162200E +10 
5.80543033E +10 
6.03906877E+I0 
6.49282760E+10 
7.39448386E+10 
7.93344669E+10 
8.89304709E+10 
9.2328976lE+IO 
1.04542755E+11 
1.09021469E+11 
1. 14431166E+11 
1.19057552E+ll 
1.31281666E+1l 
1.52894695E+11 
1.8112B722E+11 
1.88017355E+ll 
2.09543044E +11 
2 .... '562390E+1l 
2.81313119E+11 
3.16935"'79E+11 
3.39689005E+11 
5.34"?5'l305E+ll 
7.31055450E+11 

1.90669028E+05 
2.04898278E+OS 
2.14198885E+05 
2. 17292936E+05 
2.40944606H05 
2.45745168E+05 
2.54810274E+05 
2.71928003E+05 
2.81663748E+05 
2.98212124E+05 
3.03856835E+05 
3.23330721E+05 
3.30183992E+05 
3.38276160E+05 
3.45047174E+05 
3.62328120E+05 
3.91017512E+05 
4.25592202E+05 
4.33678861E+05 
4.57758718E+05 
4.95643410E+05 
5.30389592E+05 
5.62970230E+05 
5.82828453E+05 
7.30998840E+05 
8.55017807E+05 

3.03459182E+04 
3.26105738E+04 
3.40908114E+04 
3.4583244BE+04 
3.83475251E+04 
3.91115583E+04 
4.05543147E+04 
4.32786858E+04 
4.48281778E .. 04 
4. 74619336E+04 
4.83603173E+04 
5.14596825E+04 
5.25504145E+04 
5.38384185E+04 
5.49159633E+04 
5.16663113E+04 
6.22323699E+04 
6.77351026E+04 
6.90221345E+04 
7.28545627E+04 
7.88840987E+04 
8.44141253E+04 
8.95 994948E+ 04 
9.27600292E+04 
1.16342079E+05 
1.36080310E+05 
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VECTOR 

TABLE IX.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION 2 - Continued 

(e) Eigenvectors corresponding to the lowest five n = 1 natural frequencies for the ring-stiffened cone 

w U V BETA U PR I ME V PRIME BETA PRIME 

O. O. O. O. -1.06802334E-O 1 -3.0344599ZE-Ol B.IB42B619hOO 
9.06617196E-Ol --,1.059BI641E-OI -3.3B941905E-Ol 2.46060561E-Ol -6.4319B B6.4E-0 2 -Z.15346966E-Ol 2.6B953932E+00 
2.31171401E+OO -2.12114021 E-Ol -9.4504333 BE-Ol 5.54393149E-Ol -3.09818996E-02 -2.51803956E-Ol -1.11620806E-Ol 
3.57650282E+00 -2.65555621E-Ol -1.51386234E+OO 5.02350623E-Ol -1.61123817E-02 -2.41943591E-Ol 1.50083467E-03 
4. 7l914809E +00 -2.95892091E-Ol - 2. 066 36362E+00 4.89285892E-Ol -1.02515011E-02 -2. 36961186E-Ol 2.4308148BE-03 
5.83421565E+OO ~3.15213618E-Ol -2.6099B876E+OO 4.12B37997E-Ol -6.701Z6531E-03 -Z.33924507E-Ol -5.03246182E-02 
6.92932716E+00 -3.2B651537E-Ol -3. 1477637BE+00 4.08B22B24E-Ol -It.57452656E-03 -2.31303941E-Ol 1.4608B333E-02 
B.OIBB5643E+00 -3.31424800E'-01 -3.67954109E+00 4.65467714E-Ol -3.48863966E-03 -2.296201l6E-01 3.45213313E-02 
9.101Q0374E+00 -3.44316122E-Ol -4.20B2230BE+OO 4.69090426E-Ol -2.62142287E-03 -2.2B3!8519E-Ol -5.9191B315E-03 
1.01BI0503E+Ol -3.49106258E-Ol -4.7341 B912E+00 4.66128261E-Ol -2.08563533E-03 - 2. 21197419E-0 1 -2.03826262E-03 
1.12604750E+Ol -3.5403219BE-Ol -5.2576B47iE+00 4.86942521E-Ol -1.61059042E-03 -Z.26166356E-Ol 4.9B959714E-02 
1.24461012E+Ol -3.58689821 E-Ol -5.71859361E+OO 3.1440505;:E-Ol -2. 29t91245E-03 -2.2481B082E-Ol -6.52598212E-Ol 

O. O. O. O. 3.21292396E-02 -5.34804253E-Ol 2.46265196E+00 
9.60232250E-Ol 5.35651806E-02 - 5. 33553404E-Ol 1.95B30057E-01 6.10442199E-02 -3.95122316E-Ol 1.0591294BE-Ol 
2.02116920E+00 2.15373120E-Ol -1.29496163E+00 4.01B71222E-Ol 6.95126857E-02 -2.1B224916E-Ol 3.33136311E-Ol 
2.910B8633E+00 3.6965B940E-Ol -1.86160325E+OO 3.B9B4000BE-Ol 6.25003210E-02 -2.17464942E-OI -9.38114700E-02 
3.B2537023E+OO 5.03922414E-Ol - 2.3146058 3E+OO 3. B5645664E-Ol 5.40972234E-02 -1.'76035B40E-0 1 1o38179362E-Ol 
4.59642641 E+OO 6.1951613BE-Ol -2.6B344249E+OO 2.59541279E-Ol 4.9431273BE-02 -1.40163636E-Ol -4.30760092E-Ol 
1.37143301E+OO 6.91546224E-Ol -2.9120 B925E+00 -9.64381032E-Ol 2.30B70460E-02 -8. 24231632E-02 -1.59678252E+00 
5.B9599586E+00 1.98330132E-Ol -3.08B214BIE+00 2.10404821E-Ol 4.11106319E-02 -3.9BB34203E-02 1.01690141E+00 
6.64121210E+00 8.B1808372E-OI -3. 14661911E+OO 3.16064198E-Ol 3.41446121E-02 -1.31010183E-02 -8.19290230E-02 
1. B4408905E +00 9. 51049319E-Ol -3. 14891246E+00 9.63690113E-Ol 2.40981664E-02 1.13142012E-02 3.91B80098E-Ol 
6.19401200E+00 1.00l11l452E+00 -3.0B656319E+OO -5.60465380E+00 2.35607242E-02 4. 13144482E-02 -B. B2451624E +00 

-1.52629000E+OI 1.25081829E+OO -3.01619233E+OO 1.10191129E+01 1.75141568E-0-l -3. B5144891E-03 6.16612191E+Ol 

O. O. O. O. 3.984B7039E-02 -5. 09075049E-O 1 1.90380589E+OO 
8.99072982E-Ol 6.01461365E-02 - 5. 05846815E-Ol 1.16997491E-01 6.5690B812E-02 -3.70COB4BOE-Ol -B.I0139442E-02 
1.86987330E~ 2.29110705E-Ol -1.20550183E+00 3.712B2730E-Ol 1.07331451E-02 -2.50706823E-Ol 3.5546905BE-Ol 
2.78416139E+ 0 3.83668609E-Ol -1.70312133E+OO 3.19B22145E-Ol 6.19022092E-02 -1.84504788E-Ol -1.21450611E-Ol 
3.65614504E+0 5.14415011E-Ol -2.01181402E+00 4.62639036E-Ol 5.2B656615E-02 -1. 33812UltE-01 4.63501460E-Ol 
4.30198699E+00 6.26581116E-OI -2.3344B468E+00 2.75134186E-Ol 5.66491001E-02 -8. 2246B41BE-02 -1.30129690E-Ol 
1.33301600E+Ol 6.294521l1E-01 -2.46311624E+00 -4.51159811E+OO -3.251B445BE-02 6.03983421E-02 -2.83B91506E+OI 
3.86080920E+00 1..11015195E-Ol -2.14163493E+00 -5.15443B90E-Ol 7. 55366623E-02 1.41602498E-Ol 4.06114513E +00 
3.60149797E+00 9.41B03254E-Ol -1.16031695E+00 -8.00094006E-Ol 6.27B62818E-02 1.12183411 E-01 -2.16483 510E +00 

-1.962B9721E+00 1.13493466E+00 -1.35249270E+00 -1.05244153E+Ol 1.26570108E-OI 1.67813165E-Ol -3.95022 B32E+00 
-2.530B2362E+Ol 1.56552121E+00 -1.0B422421E+00 4.50333452E+00 2.024B63B6E-Ol 5.02105912E-02 1.62163227E+Ol 

3.05012791E+00 1.12294121E+00 -1.05545401E+00 -1.05595932E+OO -4.95 694135E -02 5.18533655E-03 -3.58126081E+Ol 
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00 
CO 

4 

5 

O. O. 
2.622B1SOOE-Ol -7.78009721E-03 
6.3Z99'XlS.9E-01 -1.07183109E-03 
9.795777651'-01 1.07123932E-02 
1.35378525E+00 ·,,2.15635524E-02 
1.50739658E+OO .,~. 45303613E-02 
1.05547813E+Ol -5. 19728559E-02 

-5.64441832E-Ol 3.16735536~-02 
-1.065 26663E +01 2.15005927E-Ol 
-2.40135190E+Ol 6.12443548E-Ol 

1.88159627E+Ol 5.89733135E-Ol 
-1.63672552E+OO 3.80607950E-Ol 

O. Q. 
1.13484776E+OO 4.09392n4E-01 
1.23'35800CE+00 1. t7337151E+OO 
1.45960737E+OO 1.79437790E+OO 
1.26689974E+OO 2.30176915E+OO 
1.15197701E+OO 2.71546022E+OO 

-1.39591577E+Ol 3.23321087E+OO 
6.65334852E+OO 3.31503643E+CO 
1.15843208E+Ol 3.30320732E+OO 

-1.65171404E+01 3.46794397E+00 
2.47822888E+00 3.78643026E+00 

-8.92784220E-02 '3.76747218E+OO 

O. 
-1.19191481E-Ol 
-2.983.36012E-Ol 
-4.37981673E-Ol 
-5.47018131E-Ol 
- 6. 25145919E-Ol 
-6.32587860E-Ol 
-2.13966489E-Ol 

6.32025111E-02 
1.90179259E-Ol 
6.17191661E-02 
7.97809324E-02 

O. 
-9.95 B55460E-Ol 
- 2.14968975E+OO 
-2. 77045722E+OO 
- '3.094721 76E+00 
-3. 22635245E+00 
-3.28924781E+00 
-3.71266212E+QO 
-3.94054187E+OO 
-3.96887176E+OO 
-4. 12321343E+OO 
-4. 26064119E+OO 

O. -1.05316142E-02 -1.14066519E-01 1.51945 644E +00 
6.08695291E-02 -5.28088109E-04 -8.97774613E-02 4.167D999E-Ol 
1.47779970E-Ol 4.65161092E-03 -6.17652265E-02 4.62499136E-02 
1.41l21538E-01 5.32475564E-~3 -5.33195838E-02 -5.09242590E-02 
2.46154314E-Ol 5.53282577E-03 -3.88787436E-02 4.25415085E-Ol 
2.01572436E-Ol 1.71123946E-02 -1.85759852E-02 -2.72985422E-Ol 

-4.76169891E+OO -6. 99612380E-0 2 9.42896700E-02 -2.87160270E+Ol 
-1.52834634E+00 5.18706739E-02 1.50991658E-01 2.85205310E+00 
-9.43312416E+OO 1.16615780E-Ol 1.22315928E-0l -4.25999118E+00 

7.93328957E+OO 1.72249554E-01 -2.61036695E-02 1.85391967E+Ol 
1.00H67Z9E+Ol -1. S2075970E-Ol -3. 885,0294E-02 -2.47625101E+Ol 

-2.18336622E-Ol 3.41Q01572E-02 2.82292730E-02 4.02457910E+Ol 

O. 3.40641143E-Ol -1.07768539E+OO -1.01943637E+Ol 
9.70706313E-02 3.40564-715E-Ol -6. 84948656E-Ol -5.89389558E+OO 
Z.03428432E-02 2.95532316E-Ol -3. 58755532E-Ol 1.28423516E+OO 
4.14972687E-02 2. 409162 32E -0 1 -1.95043005E-Ol -2. 13479Z91E-Ol 

-2.83190066E-Ol 1.97070244E-Ol -9.583l!9966E-02 -7.62998514E-Ol 
-5.24637191 E-Ol 1.41955486E-Ol -3.38803157E-02 2.H080735E-Ol 

8.54435992E+OO 2.58843282E-Ol -1. 3394543ZE-Ol 4.56970822E+01 
4.48803470E+OO 1.21536340E-03 -1.47874031E-Ol -5.26924445E+00 

-4.10069219E+OO -2.994i7959E-02 -3.60330844E-02 -9.27963179E+OO 
-9.81382634E+00 2.00274230E-Ol -2. 27186274E-02 1.45974572E+Ol 

1.40649296E+Ol -1.10191216E-02 -8.63700349E-02 -1.28613428E+Ol 
'3.78605544E+00 4.41753134E-02 -4.20084498E-02 3.61902025E+Ol 
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FOR RINt, 

"OR RI NG 

FOR RIN<; 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30. 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

TABLE IX.- PRINTOUT OF RESULTS OF SAMPLE CALCULATION Z - Continued 

m Natural frequencies for circumferential wave number n:: 2 for the ring-stiffened cone 

1, RADIUS A 3.46811l00HOO 

i, RADIUS A 1.3676300SE+Ql 

3, RADIUS II 2.3616359010+01 

ElGENVALUES OMEGA FREQUENCY 
6.37051699E +04 2.52398831E+02 4.01705216.+01 
7.07l>01791E+06 2.65952588E+03 4.23276690E+02 
1.61363'ltOE+()1 4.01726163E+03 6.39361046E+02 
2.40150511E+0"f:,. 4.90663344E+03 7.a0914966E+02 
2.86210a86E+01 5.34986809E+03 8.51451952E+02 
3. 19276446E+01 5.65045525E+03 8.99297885E+02 
3.4611 8349E+07 5.88827945E+03 9.37148781E+02 
4.16660877E+07 6.45492740E+03 1.02733360E+03 
5.29876135E+01 7.21926325E+03 1.15653073E+03 
6.34217102E+07 7.96371487f+03 1.26147414E+03 
6.67632182E+07 8.17081622E+03 1.300435ME+03 
7.1S&30918E+07 8.47121014E+03 1.3491S990E+03 
8.34363852.E+07 9.134;15193E+03 1.45377726E+03 
9.9733313SE+07 9.98665679E+03 1. 58942519E+03 
1.03786705E+OS 1.01875760E+04 1.621403091:+03 
1.25087916E+08 h 11842709E+04 1.1S003200H03 
1.33300515E+08 1.15'o55842E+04 1.83153680E+03 
1.46217654E+08 1~2092049ZE+04 1. 92450940E+03 
1.59613325E+08 1.26338167E+04 2.01073438E+03 
1.81183117E+08 1. 34604300E+0 4 2. 14229398E+03 
1.98860378E+08 1.41017863E+04 2.24436900E+03 
2.20410696E+08 1.48462351E+04 2.3628Sl1()E+03 
2.51408963.+08 1.60439697E+04 2.55347708E+03 
2.85139223E+08 1.66860659E+04 2.68750086E+03 
3.14320348E+08 1.71290820E+04 2.82161104E+03 
3.37981370E+08 1.83842696E+04 2.92594739E+03 
3.169U38bE+08 1.94142315E+04 3.08961092E+03 
4.17157'+5.9E +08 2.04391159E+04 3.25298633E+03 
4.38113063E+08 2.09454183E+0'o 3.33357641E+03 
5.0591·3504E+08 2.24938548E+04 3.58000818E+03 
5.71064963E+08 2.38969656E+04 3.80332019E+03 
6.85615611E+08 2.61842627E+0·4 4.16135483E+03 
1.31393116~+08 2.70442917E+04 4. 30423271E+0" 
'l.51496367E+08 3.0'1434382E+04 4.9Z480114E+03 
1.25815060E+09 3.54704186E+04 5.64529246E+03 
1.58206602E+09 3.97151935E+04 6.33041865E+03 
1.79150434E+09 4.23969850E+04 6.74768974E+03 
2.50859245E+09 5.008'8508E+04 1.97141073E+03 
3.86633532E+09 6.217986261:+04 9.89623250E+03 
4.48122716E +09 6.69419731£+04 1.06541459E+04 
5.11455911E+09 1.55941029E+04 1.~0312106E+04 
7.03276363E+09 8.38615142E+04 1.33469841E+04 
S. 2750 1392E+09 Q.09671035E+04 1.44718642.+04 
8.77710332E+09 9.368939811:+04 1.49111308."04 
1.10212125E+I0 1.04982248E+05 1.67084438E+04 
1.24361997E+I0 1.11511710E+0 5 1.77l+8594BE+04 
1.29227293E+10 1.13678183E+05 1.80924448E+04 
1.83481930E+IO 1.35457111E+05 2. H587652E+04 
1.87162853E+I0 1.36807415E+05 2.11735860E+04 
2.04756301E+I0 1.43093082E+05 2. 27739713E+04 
2.42852814E +10 1.55831356E+05 2.48022855E+04 
2.72719417E+I0 1.65142186E+05 2.62631953E+04 
3.0230130CE+IO 1.73868140E+05 2.76719139E+04 
3. 32832723E +10 1. 82437036E+05 2.90!!17561E+04 
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co ..... 

55 
56 
57 
58 
59 
60 
61 
62 
63 
04 
05 
66 
67 
08 
09 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

3.77714458E+10 
4.24t82417E+10 
4.63063626E+10 
4.926 3 Z532E~+10 
5.83289878E+10 
6.13397423E +10 
6.65333191E+10 
7.49342872E+10 
8.01944773E+10 
8.93387242E+10 
9.45628955E+10 
1.05756296E+ll 
1.10188865E+ll 
1.16818595E+ll 
1.20512961E+ll 
1.33294078E+1l 
1.54096881E+1l 
1.82533617E+ll 
1. 97024148E +11 
2.10671353E+1l 
2.46973746E+ll 
2.82504558E+ll 
3.185803295+11 
3.H353186E+ll 
5.38499099E+11 
7.31158644E+ll 

1.94348773E+05 
2.05956893E+05 
2.15189132E+0 5 
2.21953268E+05 
2.41513949E+05 
~2 .4~~t68614E+05 
2.57940534E+05 
2.73741278E+05 
2.83186294E+05 
2.98895842E+05 
3.07510806E+05 
3.25201931E+05 
3.3194708 2E+0 5 
3.41787354E+05 
3.47149767E+05 
3.~5094616E+05 
3.9255lT56E+05 
4.27239531E+OS 
4.43874023E+05 
4.5898~9492E+OS 
4.96964531E+05 
5.31511578E+05 
5.64429206E+05 
5.8425438SE+05 
7.33824979E+05 
8.55078151E+OS 

3.09315680E+04 
3.27190576E+04 
3.42484141E+04 
3.53249598E+04 
3.84381389E+04 
3.94176841E+04 
4.105251101:+04 
4.35672775E+04 
4.50704986E+04 
4.75707507E+04 
4.89418648E+04 
5.17574948E+04 
5.28310189E+04 
5.43971468E+04 
5.525060t5E+04 
5.81066128E+04 
6.24765524E+04 
6.79972833E+04 
7.06447449E+04 
7.30504464E+04 
7.909,.3617E+04 
8.45926949E>04 
8.98316982E+04 
9.29869734E+Olf 
1.16791873E+05 
1.360S9914E+05 
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co 
N 

VECTOR 

TABLE IX.-PRINTOUT OF RESULTS OF SAMPLE CALCULATION 2 - Concluded 

(g) Eigenvectors correspondi ng to the lowest five n = 2 frequencies for the ring-stiffened cone 

w U V BETA U PRIME V PRIME 

O. O. o. O. -6.63041937E-02 -8.14044927E-02 
7.22796847E-01 -6.65677144E-02 -1.18127163E-01 3.98407375E-01 -4.49341809E-02 -1.13120648E-01 
1. 91660310E +00 "---1.34653 548E-01 -4.03172199E-01 5.25926694E-01 -1.93088438E-02 -1.28266958E-01 
3.16<55859E+00 -1.66938894E-01 -7.05425463E-01 5.46751269E-01 -1.02243611E-02 -1.32400550E-01 
4.41696290E+00 -1.85205668E-01 -1.01317240E+00 5.15025150E-01 -6.44382101E-03 -1.33970066 E-O 1 
5. 6b2 79005E+00 -1.97155955E-01 -1.3229853b=+00 6.71414236E-01 -6. 14432712E-03 -1.34865659E-01 
1.17378294E+00 -2.01526684E-01 -1.63798523E+OO 1.87809212E+OO -7.17922036E-03 -1.43916048E-01 
8.22628053E+OO -2. 14806904E-01 -1. 96006943E+00 6.397ft4157E-Q1 1.27603506E-04 -1.37071239E-01 
9.51513919E+OO -2.17541833E-01 -2.27695156HOO 5.33563319E-01 .-9.80231859E-04 -1.31052078E-01 
1.07910348E+01 -2.19805881E-01 -2. 59294720E+00 5·55709837E-01 -8.38468498E-04 -1.36584007E-01 
1.20088558E+01 -2.214118i9E-01 -2.90774405E+00 4.57594267E-01 -5.68931501E-04 -1. 36031363E-0 1 
1.38611412E+01 -2.22199501E-01 ..,3. 22262542E+00 2.04662109E+00 -3.21677518E-03 -1.36300128E-01 

O. O. O. O. -3.59733754E-02 -8.51546319E-01 
4.24769711 E+OO 1.681440b4E-02 -8.60955234E-01 1.96322209E+00 4.94392790E-02 -6.77265464E-01 
7.46178623E+00 3.13797259E-01 -2.11138874E+00 1.13057038E+00 1.49994984E-01 -4.07738314E-01 
9.85094290E+00 6.66714816E-01 -2.83444794E+OO 7.81169952E-01 1.46568580E-01 -2.26127n7E-01 
1.10032454E+01 9.85024888E-01 -3.19881650E+00 2.33465858E-01 1.26988764E-01 -9.41205107E-02 
1.11652833E+01 1.25540237E+00 -3.29706224E+00 1.29433341E-01 1.04573951E-01 1. 15914295E-02 
1.35578169E+01 1.41030143E+00 -3.18588517E+00 2.02434620E+00 5.66109464E-02 1.22201762E-01 
8.55686171E+OO 1.63891186E+00 -2.71240084E+00 -9.60796893E-01 7.99784643E-02 2.33464781 E-01 
5.99789047E+00 1.79320418E+OO -2.12194890E+00 -1.30410260E+OO 5.68220854E-02 2.69508702E-01 
2.81878139E+OO 1.90763213E+00 -1.47600510E+00 -1.39893584E+00 4.30560082E-02 2. 85974964E-01 

-1.24090030E+00 1.99496630E+OO -8.09700066E-01 -3.16155873E+OO 3.45290775E-0.z 2.87785694E-01 
-1.1921>7916E+01 2.12986679E+00 -1.89544255E-01 3.00765572E+00 7.92191556E-02 2.32516418E-01 

O. O. O. O. -1.54431303E-02 -5.63011648E-01 
2.81460394E+OO 2.03394950E-02 -5. 66847008E-01 1.29030057E+00 3.90704162E-02 -4.28205267E-01 
4.74027356E+00 2.22496660E-01 -1.31832359E+OO 6.57036580E-01 9.75749206E-02 -2.29035598E-01 
6.0·6672013E+00 4.45145311E-01 -1.67884211E+00 3.80166853E-01 8.93714115E-02 -8. 85649441E-02 
6 .• 43292182E+OO 6. 32113154E-01 -1. 75624694E+OO -4. Z4615092E-OZ 7. 16264256E-02 1.91216621E-02 
5.85507261E+OO 7. 78207570E-Ol -1.61615852E+00 -3.08618692E-Ol 5.57650374E-02 1.08723534E-01 
8.25523902E+00 8.63716553E-01 -1. 29669559E+OO -8.92782039E-02 4. 18970811E-03 2.33611377E-01 
1.30665939E-0 1 9.47085301E-01 -5.67880187E-01 -Z.29230617E+00 4.71794264E-02 3.21170422E-Ol 

-5.52658333E+00 1.04629036E+00 1.57160717E-01 -2.95 B00499E+00 4. 14385320E-02 2.90288933E-01 
-1.51038380E+Ol 1.16520829E+00 7.32268978E-Ol -5.54207252E+00 6.81739818E-02 1.93872648E-01 
-2.03947805E+Ol 1.35941500E+00 9.73442249E-01 6.85636932E+OO 7.63107564E-02 1.07129125E-02 

9.65953992E+00 1.25507347E+00 9.47547989E-01 -6.98175275E+0.O -1.47262694E-Ol Z.97644172E-02 

BETA PRIME 

5.15395303E+00 
1.79786342E-01 
8.12090866E-02 
1.36716530E-02 

-1.94153141E-01 
1.03723510E+00 

-1.06923231 HOO 
-1.04969949E-01 

1.14349537E-01 
-1.95326206E-02 
-6.33807178E-02 

2.13310478E+OO 

1.71713091E+01 
-9.20499180E+00 

1.50570280E+OO 
-4.79271425E-01 
-5.19272673E-01 

2.13272438E+00 
-1.21261607E+01 
-6.91547838E-01 

3.53010771E-02 
7.13554806E-03 

-2.74129187E+00 
2.45424763E+01 

1.12023310E+01 
-6.50032598E+00 

1.00642600E+00 
-3.55401721E-01 
-2.92206540E-Ol 

1.18693025E+00 
-1.45357249E+Ol 

3.27154318E-01 
-6.66532679E-01 
-6.67421082E-01 

1.31766647E+01 
-5.83011798E+01 
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4 O. O. 
9.14823168E-01 -4.92845322E-03 
1.61140804E+OO 3.76581l02E-02 
2.1568'IH8,6E+OO 8.·~4609143E-02 
2.39533611 F+OO 1.22489533E-Ol 
2.16590967E+OO 'c 1. 4465'135 OE-01 
6.04476610E+00 'i.15397770E-0l 

-3.5531'1528E+QO 1.36369364E-Ol 
-1.58378934E+01 2.60007769E-Ol 
-1.19729896E+01 5.0729103SE-Ol 

2.39601563E+01 3.00812713E-01 
-1.91056140E+OO 7. ~5657036E-02 

O. O. 
8.95354442E-02 6.45021201E-03 
B.78330562E-02 2.25612059E-02 
4.4Z144084E-02 3.11911932E-02 

-6.9285l466E-02 4.97262743E-02 
5.96399582E-03 5.76938099E-02 

-7.35403923E+00 1.36234912E-Ol 
1.Ob949858E+01 B.522<t5536E-02 
2.25482B23E+Ol -2.12415425E-Ol 

-2.11519411E+Ol -l.24052465E-01 
8.33966283E+OO 1.48535330E-01 

-2.39bl1305E+00 3.74615B06E-02 

O. 
-1.77155636E-01 
-4.11255225E-01 
-5.Z4195660E-Ol 
-5.31799831E-01 
-4.6&694953E-'01 
-3.00966912E-Ol 

2.4203518lE-01 
6.42936688E-01 
5.407048B2E-01 
1.04743927E-01 
B.99979026E-02 

O. 
-2.01133658E-02 
-3.635331l3E-02 
-3.27011128E-02 
-1. 883 2455 9E-02 
-2.82242B59E-03 
-4. 23998572E-02 
-5. 85291434E-01 
-7.09447662E-Ol 
-2. B5251954E-01 
-2. B2650913E-01 
-2.7678B662E-01 

O. -1.48727299E-02 -1.69381333E-Ol 4.05371015E+00 
4. 29449360E-0 1 3.62429788E-0) -1.32157741E-01 -1.86294277E+00 
2.58203256E-Ol 2.16572653E-02 -7. 28124980E-02 2.95971187E-01 
l.14413608E-01 1.87198034E-02 -2.58351743E-02 -1.06684252E-01 
4.04589070E-02 1.23680872E-02 1. 52264509E-02 -7.25310078E-02 

-5.24992649E-02 9.85325095E-03 5. 58706854E-02 8.50237711E-01 
-1.05010729E+OO -4.03196507E-02 1.66308265E-01 -1.60501086E+Ol 
-3.31855648E+OO 3.08103761E-02 2.19804891E-Ol 3.19802948E-02 
-7.62716964E+OO 8.76354396E-02 9.46666098E-02 -2.69600755E-Ol 

1.28212771E+01 7.25621333E-02 -1. B4043944E-Ol 1.50364542E+Ol 
5.87135B53E+00 -2.19138364E-Ol -1.09264098E-Ol -2.49777304E+Ol 

-3.62953658E-01 3.799Q38B2E-02 3.48637657E-02 4.18644869E+O 1 

O. 4.54494838E-03 -2.2907167BE-02 1.718blbOOE-Ol 
3.55B49b61E-02 5.65897613E-03 -1.31748691E-02 -3.66560751E-Ol 

-1.1112B014E-02 6.7104t;491E-03 -1.96891667E-03 4.30B89992E-02 
-3.14101929E-02 5.74102753E-03 3.90092841E-03 -2.2946632BE-02 
-7.33647680E-02 4.66896271E-03 4.38121917E-03 -5.24424039E-02 
-2.582950b7E-Ol -3.155037B6E-03 -5.72124553E-03 -1.34198293E+OO 

1.99663914E+00 7.3005Bb25E-02 -1. 494902 66E-0 1 2.49628117E+01 
8.43335177E+OO -8.17591010E-02 -1. B9285290E-01 8.18097574E-02 

-5.99578233E+00 -1.34963662E-01 1.19241404E-01 -1.66691293E+01 
-1.44821060E+01 2.23304B64E-01 1.40182963E-01 2.36252299E+01 

1.970B4194E+Q1 -8.2032B2l8E-02 -b.21377201E-02 -2.1B341358E+01 
9. B3764505E-01 5.92164212E-02 2.863B9448E-02 4.89409815E+01 
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TABLE X.- ELEMENTS OF MATRIX [4] 
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TABLE X.- ELEMENTS OF MATRIX [Aoo] 
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TABLE XI.- ELEMENTS OF MATIllX [TkJ 

1 'k ~ 'kRi ~ 0 
5'k ,~ 

0 
,~ 1 'k ~ 'kRj k+l) 5'k --.L 0 1 

2 --5 --=--= 32 64Rl,k 64 ---- 5 + -=--== -32' 32Rl,k 2Rl,k 32Rl,k+l 2Rl,k+l 64Rl,k+l 64 

15 1 ( 'kRi 1<) 0 7 'k 0 -~ 15 1 ~ 'lti,k+l} 0 _1- __ 'k __ 'k 
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