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ABSTRACT

An analysis was made to determine the natural frequencies and mode
shapes of ring- and/or stringer-stiffened noncircular cylinders with
arbitrary end conditions. The method of analysis used and the results
of the analysis afe p£esented in Volume I of this report (Reference 1).
Volume II contains the computer program and the user instructions for the

program. Sample input and output is presentéd in the appendices.

iii



A THEORETICAL AN._ALYSiS OF THE FREE VIBRATIONS OF
R'n_{c- AND/OR _S?R‘I;NGER-_STIEFENED ELLIPTICAL
CYLINDERS WITHARBITRARY END CONDITIONS,
VOLUME I - USERS MANUAL FOR

COMPUTER PROGRAM

By Donald E. Boyd, C. K..P. Rao and

Robert L. Brugh
INTRODUCTION

‘The free vibration characteristics of.ring; and/or stringer-
stiffened circular and noncircular cylindrical shells are of interest to
designers of flight and marine structures. Frequently, fuselages of
flight structures and hulls of submarines have noncircular cross-section
due either to special internal storage requirements or to imperfections
occurring during manufacture. The method of analysis developed in
Volume I of this report (Reference 1)'is capable of evaluating the free-
vibrational characteristics of ring- and/or stringer-stiffened "singly"
symmetric noncircular cylinders with arbitrary end conditions. In this
analysis, the stiffeners are treated as discrete elements, Thg
-stiffeners may be arbitrarily located and all stiffeners need not possess
the- same geometric and material properties; however, the stiffeners are
assumed to be uniform along their axes. The analysis considers the

extension and flexure of the shell and'extension, torsion, and flexure



about both cross-section axés of the stiffeneré. ‘The stringers may have
nonsymmetric cross-sections but the rings are_absﬁmed to have ''singly"
symmetric cross-sections, The rotary inertia 6f the shell is neglected.
Based on this method of éhérfsféf'a'COﬁﬁuter pfogram was developed.
Using thisvprogram,'a comparative stquﬂygs.pa@g ps%ng kpbwn solutions
for circular and nonq}?pular,¥qpstiffengp:and é;i@fened.qyiinders.with
vafious end conditions, ‘Rgsulpstoflth%g>§;gdy,grg pfgsen;éd in
Reference 1. The ii@itﬂﬁiQnﬁ,nyFh¢ﬂP?°Sf?E;§Qd ins;ygqt{qnsffo; using

the prog;#m are discussed in'the_fqllowing pqrag;aphé_qf this“report.
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> PROGRAM' LIMITATIONS

A,flow chgré ofvfh;»m;i; ;f:gf£; ik‘éiﬁgd'in Aﬁﬁendix A. The main
program and some oflité édﬁfoﬁtiﬁés,.gé'liséea in Abpéndix B of this
report, are written in single preciéion'foi use on the CDC Model 6600
Compﬁter. Tﬁe mass aﬁdAétfffnéss haériée;'fér'tﬁe entire shell struc-
ture: are géneratéd'in éﬁe pfogféﬁ{ ﬁThis pfogfaﬁ uses the subroutine
EIGENP (2) to determine the eigenvélues and eigenvectors of the problem.
A dictionary of the variables used-in the main program is presented in
Appendix C,

'The computer program has the following limitations:

A. Shell

1, Constant thickness

2. 1sotropic material properties
B. Stringers

l. Maximum number; 16

2. Maximum kinds; 1.

3. Uniform along length
C. Rings |

1. Maiimum number; 11

2., Maximum kinds; 2

3. Uniform around circumference

4, "Singly" symmetric about z-axis



D. Number of terms .
The maxi.mum number of terms in general must satisfy the
following equatlon.- | |
3 (n terms used) (:n terms used) < 90
For a. specific case refer to the equatians given in the
computer program for determining the value of MN3 MN3 must
be less than or equal to 90 '
The lim:ltations on the program may be made less restrictive by |
increasing the appropriate di.mensions in the dimension statement of

the main program,
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USER INSTRUCTIONS

In addition to theAﬁaiﬁ‘pﬁbgram‘éﬁdﬁéﬁﬁfbgtines*listed, the user
must supply three fuhctipﬁ”§hbtbhﬁiﬁéé; The first, FUNCTION RSHL(T),
defines the radius of‘curvatdre'tﬁJ'df'fhe shéll as a function of the

/ . .
8 coordinate. FUNCTION“RRRT(T)'def{neé thevfirst derivative with respect

ha!
Tt
)
|

to 6 of the reciprocal of the radlus (< .. The third, FUNCTION

R/' ‘
RSHLT(T), deflnes the f1rst derlvatlve w1th resbect to 6 of the radius
[R,e]. As an example, page 79(a)'presents the subroutines written for
an elliptical éylindér Having a specific'major.(A) aﬁd minor (B) axis.

The input data for the progréﬁvis p:epared according to Appendix D.
The input data is divided into the fqlldWiﬁg four categories: (1)
general data; (2) shell data; (3) stringer data; and (45 ring data, The
general and shell data are required-for all ;omputer runs. The program

-in its current state will solve problems with the following boundary
conditions: free-free, clamped-free,. freely supported, and clamped-

‘clamped. The input variables are defined at the beginning of the program
listing, |

The other two categories (stringer and ring data) are needed only
when the shell structure is stiffened by rings and/or stringers. A set
of stringer and/or ring data will be required for each kind of ring
and/or stringer used to stiffen the shell.

A computer output for an exémple problem is presented in Appendix E.

The example problem has both stringer and ring stiffening. It should be

noted that all input data is given on the printout. The first page gives



the general information and shell daﬁa.' The second and third pages give
the stringer and ring data, respgctiveiy.‘ The stringer and ring data
pages will appeaf in the printout only wvhen the stiffening is used in the
problem, Other printout optionp‘maf.Béxaélectéd'such that the stiffness
matrix, the mass matgixvand'the\eigegvgc;ors may be printed out,

An inﬁuf listing fé: ﬁhis-é;ﬁéuprobleﬁ ié pfeégnted_in Appendix F.
Cards one througﬁ four giveﬂth;Iéené;albiﬁformafion; Tﬁé shellbdata is
on card five, Cards S;ﬁ thfbugﬁjtpiffgep and?f@ﬁr;een,;hrough nineteen
give the stringer and ring data,.reSPédtivély; The fwéntieﬁﬁ card is
the first card of the generai infétmation of the second problem. The
integer "one" (1) punched inucolumn 80 of this card indicates it is the
last card of the data set, .It should be noted that there is no limit to

the number of problems which can be soived!in each run,
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_APPENDIX A

FLOW CHART OF THE MAIN PROGRAM _

Read the géne;al,‘shell k- '

stringer and ring data

T

Compute the constants of the

equations of sheli,'stt@nger'pnd ring
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Compute the individual terms of

the stringer equations
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Evaluate the circumferential

integrals of the shell and ring
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Generate the mass and stiffness

matrices

l

Evaluate’the Eigénvalues and the

Eigenvectors

[—ﬁrite the desired output

I
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-REFERENCE

'FREE VIBRATIONAL ANALYSIS OF STIFFENED OR UNSTIFFENED
CIRCULAR OR NONCIRCULAR CYLINDERS WITH ARBITRARY END

CONDITIONS *
LANGUAGE USED ) 'FORTRAN 1V
DIGITAL MACHINE  18M 360/65
PROGRAMMER " C. K. PANDURANGA RAO

- GRADUATE RESEARCH ASSOCIATE
SCHOOL OF MECHANICAL AND
AEROSPACE ENGINEERING
© OKLAHOMA STATE UNIVERSITY
STILLWATER, OKLAHOMA 74074
DATE OF COMPLETION AUGUST 30, 1971

DESCRIPTION OF THE PROGRAM

THIS PROGRAM COMPUTES BOTH THE SYMMETRIC AND ANTISYMMETRIC
FREQUENCIES AND THE CORRESPONDING EIGENVECTORS OF STIFFENED OR
UNSTIFFENED CIRCULAR OR NONCIRCULAR CYLINDERS WITH ARBI TRARY END
CONOITIONS. THE RAYLEIGH-RITZ METHOD IS USED TO GENERATE THE
STIFFNESS AND MASS MATRICES.,

AP NP E I L R SRS BRSBTS

LR R AL LA R R e I 2 R S R R 2l R L A R RS R XY S R AR RS 22X TS 2SS 222 2 2 4

Lk B AR IR IR IR A A B B K I IR BE IR RE S I IR R R IR IR I PSR P U SR IR RS

+

+ CESCRIPT ION OF THE PARAMETERS

+ .

+ INPUT PARAMETERS

+ . .

+ BCR NAME OF THE BOUNDARY CONDIYION

+ NQUIT 1 IN THE 80 TH COLUMN OF A BLANK CARD AT THE END

+ OF THE DATA SETS TO SIGNIFY THE END OF DATA SETS

+ NG ORDER OF THE GAUSSIAN QUADRATURE. NG HAS TO BE

+ ANY ONE OF THE FOLLOWING NUMBERS 3,4¢5,697+849¢10,

* 16, AND 32,

+ KG NUMBER OF CIRCUMFERENTIAL INTERVALS INTO WHICH THE

+ LIMITS OF INTEGRATION ARE DIVIDED

+ LL TOTAL NUMBER OF STRINGERS

+ NL NUMBER OF KINDS OF STRINGERS

+ KK TOTAL NUMBER OF RINGS

+ NK NUMBER OF KINDS OF RINGS

+ MMIN STARTING VALUE OF M 1IN THE ASSUMED DISPL SERIES K
+ PMAX FINAL VALUE OF M IN THE ASSUMED DISPL SERIES +
+ MSA 0 WHEN ONLY EVEN M VALUES ARE CONSIDERED +
+ 1 WHEN ONLY ODD M VALUES ARE CONSIDERED +
+ 2 WHEN BOTH EVEN AND ODD VALUES OF M ARE CONSIDERED +
+ NMIN STARTING VALUE OF N [IN THE ASSUMED DISPL SERIES +
+ NMAX FINAL VALUE OF- N IN THE ASSUMED DISPL SERIES +
+ NSA ’ 0 WHEN COMPUTING THE SYMMETRIC MODE-SHAPES WITH - +
+ ' RESPECT TA THE VERTICAL AXIS OF THE CROSS-SECTION +
+ 1 WHEN COMPUTING THE ANTISYMMETRIC MODE SHAPES WITH ¢
* RESPECT TO THE VERTICAL AXIS OF THE CROSS-SECTION +
+ NEO O WHEN ONLY EVEN 'N VALUES ARE CONSIDERED +
+ 1 WHEN ONLY ODO - N VALUES ARE CONS IDERED +
+ 2 WHEN BOTH EVEN AND ODD VALUES COF N ARE CONSIDERED +
+ IR O WHEN THE CROSS-SECTION OF THE SHELL IS CIRCULAR +
+ 1 WHEN THE CROSS~SECTION OF THE SHELL IS +
+ NONC IRCUL AR +
+ +

MKR NUMBER OF THE KINDS OF RINGS WHICH HAVE DIFFERENT

1l



eXz¥a X2k XaksXaXakakaka¥eXaksXaXsNaXaka XskakakaiaXs1akaXskake K kaln s EaNaNs Na N e e NoXa e Re Yo e Na s NaNaRa N e Na o N NeNala NaNal

CENTROIDS .
WHEN THE STIFFNESS MATRIX IS NOT TO BE PRINTED

AWK o
1 WHEN THE STIFFNESS MATRIX IS YO BE PRINTED
2 WHEN THE STIFFNESS MATRIX IS TN BE PRINTED ANC
: " PUNCHED OUT ON THE CARDS.
NWM 0 WHEN THE MASS MATRIX IS NOT TO BE PRINTED
1 WHEN THE MASS MATRIX IS TO BE PRINTED
2 WHEN THE MASS MATRIX IS YO BE PRINTED AND
PUNCHED OUT ON THE CARDS:
NWEV O WHEN THE EIGENVECTOR MATRIX IS NOT TO BE PRINTED
1 WHEN THE EIGENVECTOR MATRIX IS TO BE PRINTED
2 WHEN THE EIGENVECTOR MATRIX IS TO BE PRINTED AND
PUNCHED OUT ON THE CARDS
TITLEL THE TITLE OF THE PROBLEM
TITLE2 THE TITLE OF THE PROBLEM (CONTINUED)
PC THE MASS DENSITY OF THE SHELL
EC THE YOUNG'S ‘MODULUS OF THE. SHELL
XNU THE POISSON'S RATIO OF THE SHELL
H THE THICKNESS OF THE SHELL
AA LONGITUDINAL LENGTH OF THE SHELL
NNL (L) NUMBER OF STRINGERS WHICH HAVE THE L TH SET OF
PROPERTIES
TiL, I} LIST OF THETA VALUES (IN DEGREES) AT WHICH THE L TH
SET OF STRINGERS ARE LOCATED
PSIL) THE MASS DENSITY OF THE L TH SET OF STRINGERS
ES(L) THE YOUNG®S MODULUS OF THE L TH SET OF STRINGERS
AS(L) CROSS-SECT IONAL AREA OF THE L TH SET OF STRINGERS
Z1S(L) THE Z-DISTANCE OF THE SHEAR CENTER OF THE L TH SETY
. OF STRINGERS FROM THE SHELL'S MIDDLE SURFACE
22S(L) VTHE Z~DISTANCE OF THE CENTROID OF THE L TH SET OF
STRINGERS FROM THEIR SHEAR CENTER
Y1S(L) THE Y-DISTANCE OF THE SHEAR CENTER OF THE L TH SET
OF STRINGERS FROM THE Z-AXIS PASSING THROUGH THEIR
POINTS OF ATTACHMENT
Y2S(L) THE Y-DISTANCE OF THE CENTROID OF THE L TH SET OF
STRINGERS FROM THEIR SHEAR CENTER
ZIs(L} THE MOMENT OF INERVTIA OF THE CROSS-SECTION OF THE

L TH SET OF STRINGERS ABOUT THE Z-AXIS PASSING
THROUGH THEIR CENTROID
YIS(L) . THE MOMENT OF INERTIA OF THE CROSS-SECTION OF THE
: L TH SET OF STRINGERS ABOUT THE Y-AXIS PASS ING
THROUGH THEIR CENTROID
YZIS(L) THE PROOUCT INERTIA OF THE CROSS—-SECTION OF THE
"L TH SET OF STRINGERS ABOUT Y-~ AND Z-AXES PASSING
THROUGH THEIR CENTROID

GJS(L) THE TORSIONAL STlFFNESS OF THE L TH SET OF
STRINGERS

ANK (K} NUMBER OF RINGS WHICH HAVE THE K TH SET OF RING
PROPERTIES "

RX(Ke I} LIST OF X—POSIY!ONS OF THE RINGS WITH K TH SET OF
RING PROPERT IES _

PRIK) . THE MASS DENSITY OF THE K TH SET OF RINGS

ER(K) - THE YOUNG'S MODULUS OF THE K TH SET OF RINGS

AR(K) THE CROSS-SECTIONAL AREA OF THE K TH SET OF RINGS

EIR{K) THE 2-DISTANCE OF THE SHEAR CENTER OF THE K TH SET
OF RINGS FROM THE MIDDLE SURFACE OF THE SHELL

E2R(K) THE Z-DISTANCE OF THE CENTROID OF THE K TH SET OF
RINGS FROM THEIR SHEAR CENTER

ZIR(K) THE MOMENT QOF INERTTA OF THE CROSS-SECTION OF THE

K TH SET OF RINGS ABOUT THE Z-AXIS PASSING THROUGH
THEIR CENTROID
XIR(K) THE MOMENT OF INERTIA DOF THE CROSS-SECTICON OF THE

40#00*0#&#0#4*00#0##0*#0*¢¢¢¢*00"00'000#0*00+¢0'¢¢0+§"¢0’00¢0§‘0
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OO AN AN ANAAYTAMOAANON

[aNeNel

AOOO

K TH SET OF RINGS ABOUT THE X-AXIS PASSING THROUGH
) THEIR CENTROID
GJR(K ) THE TORSIONMAL STlFfNESS OF YTHE K TH SET OF RINGS

THE REMAINING PARAMETERS OF THIS PROGRAM ARE DESCRIBEC IN THE
CICT IONARY OF VARTABLES

+

+

+

+

+

L

+

+ SUBROUTINES REQUIRED
+ INTGRL

+ XX .

+ GAUSS

* SHELLY

+ SHELL2

4+ RING1

+ . RING2

+ RING3

+ RING4.

+ RINGS

+ RINGS6

+ EIGEN

+ JACOR!

+ MATMUL

+
+
+
+
+*
+
+

FUNCT ION SUBROUTINES REQUIRED
RSHL
RRRT
RSHLT

LA L AR AR 2 20 B B B B IR 2F B AR B SR JE 2K 2K IR U SR PO R IR

FREPL P20 0432404000002 0000020 000000000000 00000000 2420022004044

INTEGER NBCyBC(214)eBOR(), VITLELLT),TITLEZI(T)

DIMENSION T(1,16),PS{1) ,ES{1),AS5¢1),21S(1),2Z2S(1),Y1S(1),Y2S(1},
1Z21SC1)eYISUY)pYZISC1)oGUSI1)eRX(2,11),4PR(2),ER(2),AR(2),EL1R(2),
ZEZR(Z’ ZIR(I2) o XIR(2)4GIR{2) eX(5455) 4 XXX(292+55),C(R),

SUM{18) yNNL(1) NNK{2),ST(T5),TS(1,42),5SS(1,30)
5 +NNR(2),NR(2,2),CR(2,40),RI(2+54),RCGI(2)

DIMENSION AK(90,90), AM{90,+90),VECR(90,90),EVRI{90),LC(90)

DIMENSION XXXX{8100),Y(8100),2{8100),MC{90) ,EVI(90),INDIC(30)

COMMCN DR{9)4R{9),DRVIS5)I,RVI5),R1(B)I,RR1(8),R2(10),RR2(10),R3(2},
1RR3(2) ,R4(5) yRR4(S),R5(18),RR5(18),R6(11),RR6(11),PI,XK,AA,XI(5),
2XR(2)9yELRKy E2RK 4 NyNB yNBC yKyKB,NSA

CATA BC/1O0HCLAMPED-FR 9L OHEE ¢ lOHFREELY SUP,LOHPURTED v 10
1HCLAMPELC CL,10HAMPEC » LOHFREE-FREE ,10H4 /

EQUIVALENCFE THE STIFFNESS AND FIGENVECTOR MATRICES

EQUIVALENCE(AM{1,1), XXXX(1))
EQUIVALENCE{AK(1,1),Y (1))
EQUIVALENCE({INDIC(L1),LC(1))
EQUIVALENCE(VECR{1, 1)y Z(1)e X0l ) )y (VECRILo11)yXXX(1y1,s1))
EXTERNAL SHELLL

EXTERNAL SHELL2

EXTERNAL RING1

EXTERNAL RING2

EXTERNAL RING3

EXTERNAL RING4

EXTERNAL RINGS

EXTERNAL RING6

KRRR SHOULD BE EQUAL TO THE FIRST DIMENSICN OF AK,AM,VECR
MATRICIES

KRRR =6C

13



10000 Z2ERC=0.0

NEXTT=0 .
C
C REAC THE NAME DF THE SOUNDARY CONDITION
c

READ(S5+8)BCR,NQUITY .
8 FORMAT(2A10,59%,11) _
IFINQUIT .NE. O) CALL EXIT

2CCE WRITE(6,1001)
1001 FORMAT (LH1,6Xo6T(L1H®),/ /46X, 6SHFREE VIBRATIONAL ANALYSIS OF STIFFE -

INED OR UNSTIFFENED CIRCULAR OR,/,13X,51HNONC IRCULAR CYL INDERS WITH
2 ARBITRARY END CONDITIONS,// 16X 6TU1HS) ,////)

c
C IDENTIFICATICN OF THE BOUNDARY CONDITICN AND ASSIGNING A CODE
c NUMBER NBC AS FOLLOWS
C
c NBC = 1 FCR CLAMPED-FREE
c MBC = 2 FOR FREELY SUPPORTED
d ABC = 3 FOR CLAMPEC CLAMPED
c NAC = & FCR FREE-FREE
c .
€N 2 J=1,4
V0 3 I=1,2
IF(BCRIT) .EQ. BC(1,J)) GO TOD 3
cC 1C 2
3 CONTINUE
NBC=J
GC TC 4
2 CONTINUE

WRITE(6,2003) BCR
20C3 FORMAT(// 41X 5,19HE®e%* ERROR **%%& , 27THBOUNDARY CONDITION READ IS
142A10,47,20X 446 HTHE BUUNDARY CONDITION MAY NOT OE WORDEU RIGHT,/20
2+37HOR THIS BOUNDARY CONDITION MAY NOT BE,/,20X,25HAVAILABLE IN TH
31S PRCGRAM )

NEXIT=1
c . ,
c READ AND WRITE THE GENERAL INFORMAT [ON -
c

4 PEAC(Ss60)INGyKGoLL I NL KKyNKyMMIN,MMAX ,MSA ,NMIN,NMAX,NSA,NEO,IR,
1 NWKAWM,NWEY ’ -
¢C FORMAT(2014)
WRITE(6,10015) NGsKGsLL ¢ NLpKKoyNK,MMIN ,MMAX,MSA,NMIN,NMAX ,NSA ,NEC,
1IR AWK g KWM\NWEV
10015 FORMAT(26X,25HGENERAL INPUT INFORMATION,/ 426X 25(1H-),/,8X,
16 HNG =QIIQ'2XQ6HKG 3014' 2X e 6HLL =o14,42X, SHNL ='14'3x!
26HKK =.!6./'8X.6HNK ='14'2X.6HNHIN =.!4.2X.6HMMAX ="‘0' ZXy
3SHMSA =, 143X 6HNMIN =414,/ ,8X,6HNMAX =,14,2X6HNSA =,14,2X,
“6HNEO =,l’o.2X'5HIR =y “'3‘|6HN“K =,|4./.8X.6HNHM =.l4,2X.
S6HNWEV =,14,777/)
PI=2,141592653589793

FI2=P1+PI
174 IFINL .GT. LL) GO T0 176
CO 10 77
17¢ WRITE(64178) NML,LL
178 FORMAT(//41Xy19H®®se* ERROR **%%& ,SHNL = ,14,5X,5HLL = ,14,/,
120X,28HNL CANNOT B8E GREATER THAN LL )
NE xI T=1
177 IFINK ,GT. KK) GO TO 179
GC T7C 180
175 WRITE(6,181INK,KK '
181 FORMAT(//41X,19Hs8%8% ERROR #%%2& ,SHNK = ,14,5X,5HKK = ,14,/, -

120X ,28HNK CANNOT BE GREATER THAN KK }

14



NEXIT=1
COMPUTE THE CRDER OF THE MASS AND ST IFFNESS MATRICES

[ NeNe]

180 IF(NEXIT .GT. O) GO TO 10000
MDal
IF{MSA (LT, 2) MD=2
FS=(MMAX-MMIN)/ MD+]
" ND=1 " - ' -
IF(NEG .LT. 2) NO=2 ) -
- NS={NMAX-=NMIN)/ND+1 '
MN=MS*NS '
10=0 :
IF{NBC .EQ. & .AND. MSA .NE. 1)} 10=NS
IF(NMIN .GT. O) GO TO 2045 .
IFINSA) 204642046, 2047
2046 PN3=3MN-10-MS
GO TO 2048
2047 MN3=3%MN-10-2%MS
GO 7O 2048
2045 MN3=2*MN-10

ZERD OUT THE UPPER TRIANGULAR MATRIX OF MASS AND ST IFFNESS
MATRICIES '

Ao N

2048 DO 2C04 1=1,.MN3
CO 2004 J=1,MN3
AK(1,4)=0.0

20C4 AMITI,J)=0,0

c .
c READ ANC WRITE THE SHELL DATA
c

REAC(5,1009) TITLELl,TITLE2
1009 FORMAT{TALO0+/.7A10)
WRITE(6,1003)TITLEL,VITLE2
1003 FORMAT(29X,19HS H E L L D AT Ag/s29Xs 194 LH=) o/ /775X sTALQ 9// 95X
17A104/7777)
READ(5,651PCoEC, XNU,H,AA
65 FCORMAT (5F15.8)
WRITE(6,1002)PC,EC ,XNU,H,AA,BCR
1002 FORMAT{ 10X, 12HMASS DENSITY, 10Xs2H= ,E1S5.8,18H LB SEC.*%2/IN,*%4//,
110X ,24HMODULUS OF ELASTICITY = ,E15.8,10H LB/ IN.*%2//,10Xy 15HPOISS
20N*S RATIO, TXy2H= JE15.8¢// 1 CXeyOHTHICKNESS 413X 42H= ,E15.8,7H INCH
3ES /710X, 6HLENGTHy 16Xy 2H= 4E1S5.8,7TH INCHES,//, 10X, L4HEND CONDITIO
4NS98Xs3H= ,2A10)
PC=PC*H*2.0
IF(LL .EQ. O) GO YO 85
(o
c READ AND WRITE THE STRINGER DATA
C .
WRITE(641004) LL,NL
1004 FORMAT(1H1,26%X,25HS TR I NG E R D A T Ay/e2TXs25(1H=) /717X,
143H(THE UNITS ARE SAME AS THOSE OF SHELL DATA),//+23X42BHTOTAL NUM
2BER DF STRINGERS = ,16,/,15X4)lHNUMBER OF DIFFERENT KINDS OF STRIN
3CERS = ,14,/795%X967(1H=})
171 =0
122=¢C
IY1=0
1Y2=0
D0 66 L=1,NL
REAC(5,60 INNL (L)
ANNL=NNL (L)

15



READ(Sy 65){TILy 1)y Inl,NNNL)

READ(54651PS (L), FS(L|.AS(L'.ZIS(l)olzsil)chS(Li'YZS(L).llS(L)v
1YISCL),YZIS(L) GJSEL)

TFEZISIL) JNE. 0.0 ) I21=1

TFU22S(L) <NE. 0.0 ) I22=1

IF(Y1IS(L) NE. 0.0 ) 1Vis=]

TFLY2S({LY JNE. 0.0 ) iv2s=)
NQ[TE(b.lOOS)kNL(LD'PS(L"ES(l)'AS(LlollS(Ll.VlS(LanZS(L).YZS(L).
TZ2ISEL)» YIS{L Do YZISIL),GJISIL)

1005 FORMAT (//,15XsT14,441H STR INGERS WITH THE FOLLOWING PROPERTIES ,//,
15Xs18HMASS DENSITY = 4E15.892X1THNOD. OF ELAS. = »E15.8,/,5X,
24HAREA, 12Xe2H= 4EL15.8,2X,1THSHEAR CTR, (21)= ,EL15.84/+¢5X,18HSHEAR
2CTR. (Y1) = ,E15.8,2X,17THCENTROID (22) = ,E15.8,7/+5Xs1BHCENTROID

4 (Y2) = 2E15.892Xs1 THINERTIA (122Z) = ,E15.84/5SXe18HINERTIA (1Y
5Y) = 4E15.8,2X, 1 THPROD., INER (Y2 )= ,E15,8,/+20X,22HTORSIONAL STIF
6FNESS = (E15.84/7+5X:43HLOCATED AT FOLLOWING THETA VALUES (DEGREES
7)./

WRITE(6,1006)(T(L, ), [=1,NNNL}
10C€& FORMAT(4X,E15,841XsE15.8¢1X1EL15.841X,E15.8)
£O 2000 T=1,NNNL
T(Le1)=2T(L,1)*P1/0,18E+03
20CC CONTINUE
WRITE(6,1010)
1010 FORMAT(/ ,5X46T(1H=))

COMPUTE THE MOMENT OF INERTIAS WITH RESPECT TO AXES PASSING
THROUGH THE SHEAR CENTER OF STRINGERS

OO

IF(Z2S(L) .EQ. 0.0 ) GO TO 182

ZISIL)=ZISTLI+ASILI®Y2S (L)*Y2S(L)
182 IF(Y2S(L) .EQ. 0.0 ) GO YO 66

YIS(L)I=YIS(L)#AS(L)*Z2S (L )*22S5(L )

YZISUL)I=YZISIL)*AS(LI®Y2S(L)I*Z25(L)
66 CONTY INUE

READ AND WRITE THE RING CATA

(aXeNa]

85 IFIKK .EQ. 0) GO TO 86
WRITE(6,1007) KKy NK
1007 FORMAT(1H1,30X,17THR I N G DA T A/ 31X, 1 TULIH=)//+1TX,43H{THE U
INITS ARE SAME AS THOSE OF SHELL DATA),//,24X, 24HTOTAL NUMBER OF RI
2NGS = 414,/7+1TXy3THNUMBER OF DIFFEREAT KINDS OF RINGS = , [44/+¢5X,
36T{1k=))
1E1=0
1E2=0
AKR=1
DO 75 K=1,NK
READ( 54 60INNK (K)
AAAK=ANK (K )
READ(S5,65) IRX(Ky1), 13l yNANK)
READ (S, 65IPRIK) yER(K) dAR( K} cEIR{K) yE2RIK) ¢ZIRIK) ¢XIR(K) 4GIR(K)
IF{ELR(K) .NE. 0.0 ) lEl=1
IFLE2R(K}) .NE. 0.0 ) [E2=]
CG=ELIR(K )}+E2R(K)
IFIK +EG. 1) RCG{l)=ELR{L)I¢+E2R(])
DO 10008 TI=1,NKR
IFIRCGI(I) .EQ. CG) GO TO 10009
10008 CONTINUE
NKR=NKR+}
RCGINKR)=CG
-100C9 CONTINUF
WRITE(6,1008)NNK{K) oPR{K) JER(K) yARIK) qEIR(K) E2R{K) o ZIRIK) X IR(K )},
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10C8

75

[aXaXs

10011
10010
86

aon

67

2040

[aNeNelgl

ec

1GJRIK)

FORMAT(//7517TXo14436H RINGS WITH THE FOLLCWING PROPERTIES,//y5Xs18H
1MASS DENSITY s JE15.8,2Xy 1 THABD. OF ELAST. = 4E15.8/7,5Xs4HAREA,
212X 92Hx LE15.842X 1 THSHEAR CTR, (El)= ,E15.8/+5X, 18HCENTRAID (E2)
3 = JE15.842Xs1THINERTIA (112) = ,E15.8/7,5X+18HINERTIA (IXX) =
3¢E15.8,2Xy 1THTORS . STIF.{GJ)= (E15.04/745X,IBHLOCATED AT FOLLOWING
4 X VALUES (INCHES),/} .~

WRITE(6,1006) (RX(KyI) 1 =14NNNKI

WRITE(6,1010) . -

IF(E2R(K) .EQ. 0.0 ) GO TO 75

XIR(K b= XIRIK JSARIKDISER(KI*E 2R(K)

CCNTINUE ' ‘

CENTROIDAL INFORMATION OF RINGS

DO 1C010 1=1,NKR
NNR(I)=0

CC 10011 K=14NK
CG=E1R(K)+E2R(K} - :
IF(CG NE. RCGII)) GO TO 10011
ANR{TI)=NNR(I)+]
NR(1NNR{1)})=K

CCNT INUE

CONTINUE

IF(MMIN ,GT. 0O) GO TO 67
IF(NBC .LT. &)} GO TO 99

IF  MMIN = 0 INCREASE MMIN AND MMAX BY 1

MVIN=MMING]

MMA X= MMA X+ |

1¥=0

MCHNG =0

IF(NMIN .GT. 0) GO TO 2040
AMIN=]

NMA X=NMA X+1

NCENG=1

CCNTINUE

EVALUATE THE LONGITUDINAL INTEGRALS AND THE X(OUTPUT OF
SUBROUTINE XX) VALUES AND STORE THEM

CO 70 M=MMIN,MMAX,MD

K=p

]F'"S‘ .NE. 1 0‘"00 NBC OEO- 4) K’"‘l
CO 70 MB=M, MMAX , MD '

KB=Mg . :

IFIMSA _NE. 1 .AND. NBC .EQ. &) KB=MB-~) 4
IM=[Me]

CALL INTGRL.

€O 80 I=1,5

XU, IM)=XICT)

CONTINUE . )

IF{KK .EQ. 0) GO TO 70

00 71 1=1,NK

XXX{14141M)=0.0

XXX {2y 14 IM)=0.0

ANANK=NNKI( 1)

DO 71 KKKK=1,NNNK

XK=RX{ 1yKKKK )

CALL XX

XXXC Lol o IMI=XXXCL o1 oI M e XR(L)

17
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o0

11
70

15

20

XXX{29 Ty IMISXXX(2y 1o IM)EXR(2)
CONTINUE
CONT INUF

EVALUATE THE CONSTANTS OF THE SHELL EQUATIONS

C=EC*HEHE®H/ (12.0 *(1.0 -XNUsXNUI}}
$5=2,0%0

ST=558XNU

S3=D%(1.0 =XNU)

$6=3.0E0%S3

§8=4 ,0E0%S3

S1=12. OEC*S5/(H*H)

S4=S5 1#XNU

$2=58%3,0E0/ (H&H)

IF(LL .EQ. 0) GO TO 167

EVALUATE THE CONSTANTS OF THE STRINGER EQUATIONS

00 25 I=1,4NL
TSCI,1)=PS(1)®AS(])

TS(I 421 =PS(LI}*ZIS(T)
TS(1,3)=PS{I)eYIS(I)
TSU144)=TS{I,2)+7S5(1,3)
TSULo5)=TS{1o4)eTS(L 44)
SSU{I,1)=ES(1)#AS(])

SS(1,2) =ES(11*Z1S(I)
SS(143)=ES(I)*YISI(I)
IF(Z1s(I}) .€EQ. 0.0 ) GO 1O 15
TS(I 46) =2.0EO0®TS(I,1)%Z21S (I}
TS(I1,10)1=TS(I,2)%21S(1)
TS{I,7)=7S(1,10)%21S(1)
TS(1,8)=TS(1,10)¢TSt1,10)
TSUT,9)=TS{1,1)%Z1SUII®Z1S(T)
TSCI,11)=TS(1,T7)+TS(1,7)
TSU1,412)=TS{1,9)+TS5L1,9)
SS(1,4)=5501,1)%215(1)
SSET,7)=SS(1,2)*Z1S(1)
SSUT46)=SSt1,TVeSSLI,M
SSE1+51=SS{1,T)*Z1S( 1}
SS{1,8) =SSt ,4)*21S(])
IFLZ25(1) .€EQ. 0.0 ) GO TO 20
TS{1,13)1=2.0E0*TS(1,1)%225¢(1)
TS(1,14)=TS{1,13)%Z1S(1)
TS{1,15)=TS(1,14)+TS(1, 14}
SS(I,9)=55(1,1)%2251(1])
SSE1,10)=S5(1,9)*Z15(1)*2.0
IF{Y1S{1) .EQ. 0.0 ) GO 7O 25
TS ,28)=TS(1,1)*Y1S(I)
TS(.1,16)=VS5(1,28)¢¥S([,28)
TS{1417)=TS(1s16)8225(1)
TS(I,18)=TS(1,28)*Y1S(])
TS(1,25)=TS(1,18)eTS(,18)
TS(1,426)=TS(I,3)*Y1S (1)
TSCI,19)=TS(1,26)%Y1S(I)
TS(1,26)=TS(1,19)+75(1,19)
TS(1,20) =TS (1,25)%22S(1)
TSUI1,21)=TS(I,16)%21S(1)
TS(1022)=TS(1426)¢TS(1y26)
TS(1,23)=TS(I,21)%225(1)
TS(1,27)=TS(1,23)/2.0
SS(I,110=SS(T1,1)*v1S(I)

18
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SS{1,12)eSSC I, L10822S5¢1)
SS(1e13)sSSUT,11)0v1S(L) °
SSUL1TI=SS(1¢3)V8VIS(])
SS{1+14)=SS(1,17)ev1S(])
SS({1,16)=SS(1,11)e21S(1)
SS(1,18)=8S(1,12)e21S5(1)

- SS(1419)=SSC1,12)9v1S¢])

25

5
167

SS(1,15)2SS{1,19192.0 o
IF(Y2S(1) .EQ., 0.0 ) GO TO 30
TSU1,62)57S (1, 1)8V25 (1)

TSUT o290 sTS(1,62)¢TS(1,42)
TSCL,30)=TS(T,29)8Z1S(1)
TS(1,31)=TS (1,29 )ev1S(1)
TS(1¢32)=TS(1,311%21S(1)
TS(1,35)=TS(1,30)8Z1S(1)

TSI 4390 sTS(1,31)TS (1,31
TS(1,40)=7S(1,35)/2.0
TS(1+36)=2.08PS(1)OYZIS(1) "
TSU1,433) =TS11,36)8V1S11)
TS(1,34)=TSt1,33)821S(1)
TSE{1,37)=TS{1,36)821S¢1)
TS(1438)22,0#7S(1,34) :
TSCL,410=PSCT)SYZIS(1)8Z1S(1)
SS(1,20)=SS(1,118Y25(1)
SS(1,21)=SS(1,20)¢Z1S(1)

"$S(1,22)=55(1,201%2,0E00Y1S(1)

SS{1,23)=55(1,22)8721S(1)
$S(1+24)=55(1,23)/2.0 -
SS{1¢25)=SS 1,22 )821S(1)
IF(Y21IS(I) .EQ. 0.0 ) GO TO 33
SS(1,28)=ES(1)ev2IS(T)
SS(1+4291=SS( 1,28 021S(1}
SS(1430)=S8S(1,28)2v15(1)
$S{1,26)=S5(1,301+55(1,30)
SS(I4273=SS(1,26)221S(1)
CONTINUE ‘

IF(KK .€Q. O) GO YO 168

EVALUATE THE CONSTANTS OF THE RING EQUAT {ONS

00 125 K=1,NK
CR(Ky1)=2,0E08ERIK)SZIR(K)
CRIK2)=2.0E0%ER(K)SAR(K)
CRIK+3)=2.0E0%ER(K)EXIRIK)
CR(Ky21)=2,0E0G JR(K)
CRIK22)=2.0E0%PRIK)ISARIK )
CRIK+23) =2, 0E0*PR(K)®ZIR(K)
CRIKy24)=2.0E O*PRIK) *XIRINX)
IF(EIR(K) .EQ, 0.0 ) GO TO 126
CRIK ¢y4) =CRIK,1)SEIR(K)
CRIKs9)=CRIK, 2)SEIR(K)

CRIK 45 )=CRIK,9)*ELIR(K)
CRIKo6)CRIK,3)*ELRIKICELRIK}
CRIK7I=CRIK,9)4CRI{K,9)
CR{K81=2.0E0%ELR(XK)*CR(K,3)
CRIK,10)=CRIK,4)*ELRIK)
CR{K4251=CRIX,21 )*ELIRIK )

- CRIK 9261 =CR{K,25)%ELR(K])

CRIXK, 2T ¥=CRIK, 25V 4CR (K, 25)
CRIK31)=CR{X,22)*ELIRIK)
CRIK¢30)=CR{K,3IL)*ELR(K)
CR(K 928 ¥1=CR{K,31)+CRIK, 31}

19
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126

127

<4

1¢1

CRIK26)=CR{K,23)%2.0E0*ELIR(K)
CRIK,32)2CR{K,24)I%ELRIK ) SEIR(K)
CR{K33)=CRIK,24 )92 ,NEO*ELIRIK)
CRIK ¢34)=CRIK,23I*ELRIKI*ELR(K)
[FLE2R(K) .EQ. 0.0 ) GO TO 127
CRUK,14)=CRIK,2)SE2R(K)
CRIKsL1I=CRIKG14)+CRIK,14)
CRIK,16)=CRI{K,14)*EIRIK )
CRIK,LTI=CAIK,16)¢CRIKy16)
CR{K,12)=CRIK,1TISELRIK)
CR{K¢13)=CRIK 17 )¢CRIK,1T)
CRIK¢15)=CRIK,1TI¢CRIK,16)
CR{K,363=CRIK,22)9E2R(K)
CRIK35)=CRIK,36)+CR(K,36)
CRIK,40)=CRIK435)SELIR(K)
CRIK,38)=CR(K,40)+CR (K, 401
CR(K439) =C{K,401¢CR(K,38)
CRUKy371=CRIK, 40)*EIRIK)

IF(IR LEQ. O) GO TN 125
CRIK¢191=CRIK,3)SELR(K)
CRIK181=CRIK,6)¢CRIK,6)

CRUK 420)=CR (K16 )SELR(K)
CONTINUE :

NOC=0

THFE DO LOOP OF N

0OC 90 NASA=NMIN,NMAX ,ND
N=NA SA

IFINCENG NE. OIN=NASA-1
NDC=NDC+1

AN= FLNDAT(N)

AN2=AN® AN

MEC=C

THE CC LCOP OF NGB - ' ‘ L

DO 91 NASB=NMIN,NMAX,ND
MB=AASB v .
IFINCHNG JNE. O)NB=NASB-] ’ . . -
BN= FLOAT(NB) ' : )
NEC=NEC+]

- BN2=BN*BN

ABN=AN*BN

ARN2 =ABN®ARN

ARNB =ABN*BN

ARNA=ABN*AN .
IFILL .EC. O) GO TO 169

EVALUATE THE CIRCUMFERENTIAL QUANTITIES CF THE STRINGER
75 IS THE TOTAL NUMBER OF TERMS [N THE STRINGER ENFRGIES

DO 94 IL=1, 75

ST(IL)=0,0

CONTINUE

€0 95 L=1,NL

MMA=ANL L)

DO 1C1 Ki=l,8

CIK1)=0.0

£O 96 LI=1,NAN

TN=ANST(L,LI1) : : -
TNBaANST(L,L 1} o . ' : -

20
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IFINSA .EQ. 1) G TC 97

CN= COS(TN)

CNR= CNS{(TNB) -
SN= SIN(TN)

SNB= SIN(TNB)

GC TC 98

CN= "SINUTN)

CNR= SIN{TNB)

SN= COS(TN)

" 'SNR= CNS{ TNB)

S8

96

1C2

1C3

CC=CN*CNB

CS=CN*SNR

S£5S=S5N% SNB

SC=SN*CN8

SR=ASHLIT(L L IY)

SR2=SR#* SR

C{l)=Cl1)+CC

C{3)=C{3)+SSS

IF{Z1S(L) .FQ. 0.0 ) GO V7O 96
Cl2)=C{2)+CS

Cta)=Cla)+SC

C(S5)1=Cl5)¢SSS/SR

C(6)=C(H6)14555/S5R2

CL7=C(7)+CS/SR

C(8)=C{B8)+SC/SR

CONTINUE

ST{I)=STL1I+SS(L,1deCHL)
ST(2)=ST(22¢SS(L,27%L(3)
ST(3)=ST(3)+SS(LIP*CHL)
STET3¥=SV(73)2GISIL) *ABN*C(6)
STET4¥=ST(T4)eGIS{L)I*CL6)}
STUI5)=STIT5)4GIS{L)*BN*C(6)
ST{29)=SY129)+TSCL 11T (1Y)
STLANI=ST{30}+TSiL,2)%C(3})
STEILI=STIBL)¢TSIL 21 12C (3N TS(L,G)8C (6}
ST{32}=57(32)¢TS{L,+S)I*BN=C( &)
STU33)=ST(R3)4TS{L,3)2C(1)
ST(341=ST{34)cABNETS(Ly&)*C(6)
ST(35)1=ST(35)+TS(tL,.1)*C(1)

IF(21S(L)Y .EQ. 0.0 ) GC TO 102
STU4}=ST(4)-SS{Lo4)2C(1)
ST{51=ST{5)eSS(L,5)2CteV1eSSIL,6)2C(5)
STLE)=SY{6)+BNE( SSIL,S)*C(6)+SSUL,7T)eCI5))
ST(T)=ST(T)+SSIL,RI*C(])
ST(8)=5T{8)+5S{L,S)*C(6)%ABN
ST{26)=STL36)-TS{L,6)%C(1)}
ST(AT)=ST{3TIeTSI{L,7VI*C(6)+TS(L,B)*C(5)
ST(38)=STL3BI+TS(L,9)*C(6)+TSIL,6)%C(5)
ST(39)=STL{39)o(TSIL,11)8C(6)+TSIL,B)2CIS))>BN
ST(60)=ST{0I+(TSIL,12)*C(6)+TS(L,6)8C(S))*BN
STE41)=STi&1heTS5(L,9)8C(1)
ST(423=ST{462V2ABNSTSIL, T12C(6)
ST{63)=ST(63¢ABRTTS(L,9)8C(H)

[FLZ2siL) .EQ. 2.0 ) GO 'O 103
ST(9)1=ST(9)-SS({L,9)*C(1)
ST(10)=ST{10)+SS(L,10)¢C(])
ST{443=ST(64)-TSiL,13)*C(1)
ST(45)1=ST{465)0TS{L,13)¢C{S)+TS(L,14)4CL0O}
ST(Qb,'ST(éb)O(YS(L.IS)‘C(S)OTS(Lol‘)OC(b))‘BN'
STI4T)=ST(4T)4ABNITS(L, 14)%C(6)
ST(68)=ST(4812TS{to16)%C(1)
IF(YLIS(LY <EQ., 0.0 ! GO YO 104
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(s N}

1C4

105

S5

169

13C

STULL)=STLLL)=-SSIL,L1)&CL2)¢SSIL,12V8CIT)
STU12)=ST(12)+RN&SS(L,12)2C(T7)
STE13)=ST(13)eSSIL,1IISC(3)+5S(LyL4)eCLOE)- SS(L.XS"C(S!
STE14)=STUL14)4(SS{Ls12) ¢SS (L,16)IBCILI-(SSIL,LTVeSSIL, 18))eC¢ 8)
STU15)=STIL5)+BN*(SSILy14)*C{6)=SS{L,1918CI5)) ’
STU16)=ST{16) +ABN®SS (L, 14)*C(6)

STLL7)=ST{(17)~ lSSlLvl?)‘SS(LolB!)‘(Bh‘Cf?)OAN‘C(B))
ST(49)=ST(49)-TS{L,161#C(2)+TS(L,17)%C(7)

ST(S0)=ST{50 })+BN*TS{L,171%C(7)
STUS1)=ST(SLI+TSIL,18)%C(3)¢TS(L,19)¢C{6)-TS(L,20)%C(5)}
ST(52)=ST(52)¢TS(L,18)8C(6)
ST(53)=ST(53)¢(TS(L,21)¢TS(L,17))*CL&I-LTSIL, ZZDOYS(chIDD‘CIB)
STUS4)=ST{54)¢{ TS(Ls24)%CL6)-TS(L,20)%C(5))*BN
STU55)=ST(SS5)+TS{L,25)%BN*C(6)

STU56) =ST(56)-TS(L,16)%C(8) o
ST(S7)=ST{S5T7)+ARN®TS(L,15)*C(6)

ST{58)=5T(58) - (TS(L.Zb)*TS(Lo27))‘lﬂN‘C(7$0AN‘C(R)D
ST(56)=ST(59) +ABN*TS(L,18)%C (&)
STI6NI=ST(60)-TS(L,2B)*={ANCCIT)+ANSC(R)})

IF(y2S(L) .£Q. 0.0 ) GO YN 105
STC18)=STL18)-SS({L,20)1*C(2)-SS(L,21)¢C(T)
ST{19)=ST{19)-BN*SS(L,21)*C(T)
STI20)=ST(20)4SS{Le22)%C(3)+SS(L,23)%CIS) . ) .
STE21)=ST{21)4SS(L,24)*8N*C(5) : .
ST(22)=5ST(22)+SS(L,21)%Cl4)+SSIL,25)%C(8} oo
STL23)=ST(23)+SS(L,25)% (BN*C(T)+ANSC(8))
ST{61)1=STI61)-TSIL291*C(2)~-TS{L,INIECLT)
ST(621=5T{62)-BN*TS(L,30)eC(7)
ST(63)=ST(63)¢TS(L,31)€C{3)¢(TS(L,32)-TS(L, 13)"((5’ =TS{L3608C (6N
ST(64)1=ST(AG)eTS(L,31)8C(6H)

STUES)=ST(65)¢(TSIL,301+TSIL 436))2C(0)A(TSUL,3S5PeTS(L,37)18C(8)
STL66)=ST(66)- BN‘((-YS(Lo3?l0YS(L.33l)‘C(S)OTS(Lo38)‘C(6’i )
ST{6TI=ST(6T)=-TS(L,29)%C(8}

STL68)=ST(68)+BN*TS(L,39)%C(6)

ST(69)1=ST(691+({TS(L,40)+TS(L, 41"‘(8N‘C(7’0AN‘C(8!)
ST(70)=ST(72)-ABN*TS (L,34)*C(6)

STE71)=ST{71)+ARNSTS(L,310%Cl6)
ST(T721=STUT2)-YS(L,42)*(BN*C(T7)+AN*C(8))

IF{vZIS(L) .EQ., 0.0 ) GO TO 95

ST 24)=ST(24)-SS{L,26)¢C{S)-SS{L,27)%C(6)
ST{251=ST(25)¢S5(L,28)*C(4&)+SS(L,29)%C(8)
STU26)=ST(26)~BN*(SS(L,30)%C(5)+SS(L,27)*C(6))
STCE27)1=ST(27)eSS{L,29)*{BN*C(T7)+ANSC(8))
ST{2R)=ST(28)~-ABN®SS (L, 27 )*C (&)

CONTINUE
INTFEGRALS OF SHELL
CALL GAUS?(NG;KG.ZERO vPILe9,PHI ,DRySUMRSHELLL)

00 131 1Q=1,9"
TF( ABS(R({1Q)) .LF. O.1F-08) R{IQ)=0,0

1 CONT INUE
IF{IR ,£Q. 0) GO YO 130
CALL GAUSS INGLIRGy ZERU 2P Lo oy PHIJURV e SUMen vy SHELLC)
DL 132 Lw=ly> ‘
IF({ ARS(RVIIQ)) .LE. 0.1E-08) RV(IQ)=0.0
CONTINUE

INTEGRALS CF RING

IFIKK .EQ. 0) GO YO 133
DN 146 LA=],NK
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L4o

135

138
127

145

134

140

142
lael

2031

CO l46 LB=1,y54

RI(LA,LEB)=0.0

DU 136 KKI=]l  NRR

NRKK11=NKIKKI,1)

ELRK=ELRINRKKIL)

ERK=E 2R NRKK] 1) ;

KI=NNK (KK 1) ;

CALL GAUSSINGoKGIZERU sPIo8ePHIg]1ySUMernL K INV])
JU 135 lu=l,b

IFt ABSIRRLICIQ)) otye Oelt=00) RALOINI=0.,0

CC 135 KR=l Ky : )

NKK KR =Nk { KK] ¢KR)

R IONKK IKRy 1Q)=RK1( 1)

CUNTINUE

[FIELIRK .EWe 0.0 ) GC TG 137

CALL GAUSSINGIRGIZERU 9Pl 10,PHIIR2ySUMsRR2 yRING2)
00 138 1g=1,10

CIFC ABSIRR2LTIQ)) LLE. 001£-08) RRZII1Q)=0.0

€C 138 KR=lyKwy

NKKEKR=NR(KK] gKK)

RIINKK KRy IQ#8B)=rik2(1W)

CUNT INUE ’

IFLE2RK oEWe GUeO ) GC TU 134

CALL GAUSSINULIKGLERY oPle o PHI o 39 SUM KK I4RINGS)
IFL ABSIRR3 (1)) olke O0J1E-08) RK3I(1)=C.0

IFL AB SIRR3(2)) +LE. 0.1E-08) KR3I(2)=C.0

CG 145 KR=1l.Kku . o

AKKI KR=NRIKK] onR)

RIUNKKIKR y19)=xR3(1)

RIINKK IKRy20)=RR3( <)

CONTIANUE

IF(IR J+Eue O) GU YO 139 )

CALL GAUSSHINGeR Ge ZERU 2P 159 PHIJR 4y SUMsRR @y ING &}
v0 140 1Q=1,5

IF{ ABSIRR@({IU)) oLEe 04 1E-OB) mr4liw)=C.0

CU 140 KK=1,K¢ ’

NKKIKR=NRIKK] ¢KK)

RIINKK IKRy [Q+20)=Rrally)

CGATINLE

IFLELRK LEWe GO )} UL TC lal

CALL GAUSSINGeKGeZERU o¢Ply 18sPHLIIKS s SUM RKS4RINGS)
DC 142 lw=l,ylb )

IF( ABS(RRS(IWI} +LE. 001E-08) RR511u)I=0.0

DC lv2 KR=S1,KQ

NKKEKR=NRIKK] 38R}

RIUNKKIKR o1 u¢25) =RR5({ w)

CONT INUE

IFIEZRK +Ewe 0.0 ) OGL TOU 130 )

CALL GAUSSINGIKGIZERU oPlol)ePrl ¢ROeSUMIRROWRINGS)
CC 143 IQ=l,11 .

IF( ABSIRRO(IN)) olEe DotE-OB) RKO(IW)=0,0

OU 143 KR=1,KkQ

AKK IKR=NREKK] o KR )

KECNKKIKR 9 1Q*43) =Rno (1w}

CUNT INVE

CONT INLE

CUNTINLE

13Q=0

TrE Lu LUOP OF M

_UD $2 M=MMIN,MMAX,HU _
TFINCENG  .EU. O0) Gu Tu 030

IFEN3A) 2031,203142032
I=NDC+1BL*NS-10
leC=18Ce1

IN=lePA-]BC

INN= 1 ¢ MN+¢MN-M S

GC TC 2033

[

23



2022

2C2C

2 Xaks}

20133

2028

2036

2024

2¢27

I TEMP=NOC+IBCH#NS-10
18C=IAC+1
1=1TEMP-18C
IN=1TEMP+MN=MS
INN= [N +MN- 1BC
0. 7C 2033
1=NDC+IBC*NS-10
18C=IBC+1
IN=[+MN
INN=IN+MN

J8C=0

THF DO LOOP OF MB

NO 93 NA=MVIA MMAX MO
IF(NCHENG ,EQ. 0) GO TO 2034
TFI{NSA)2035,2035,2036
J=NEC+JBC*NS-10
JRC=JBC +1
A=J¢MN=-JBC
INN=J+MN+MN-MS
GO TO 2037 )
JTYFMP=NEC+JBCENS~IC
JBC =JBC +1
J=JTEMpP-~JBC
JN=JTEMPE MN~NMS
JNN = JN+MN=~- JBC
GO Y0 2037
J=NEC+ JBCENS-IO
JRC=JBC+1
JN=J+¢MN
JNN = JN+ MN
IM=( IBC~ 1) *MS=1RC*({[RC-1) 72+ JRC
IF(JRC .GE. IBC) GO Tn 120
IM=( JBC-11*MS-JBC* (JBRC-11/2+IRC
X3=X{ 4y IM)
Xe=X(3,1M)
GO 10 121
X3=X(13, [M)
X4=X(6. ™)
Xi=x{1l,1M)

T X2=X {2, IM)

AaAanoAan

116

X5=X(5,1M)

COMPUTE THE UPPER DIAGONAL ELEMENTS OF THE ﬂASS AND STIFFNESS

MATRICIES

‘CCNTRIBUTTONS NF SHELL

IF(J .LT. I} GO TO 112
IF(J) .LE. 0 OR, I.LE. O) GO TO 114
SUBMATRIX A
AK(I.J)-AK(l.J)oSltatl)-xlo«sztR(Z)osaoatatitAaNtxz
SUBMATRIX N
AMUT o J) =AMCT o J)+PCOR (LI € X2
SURMATRIX 8 )
AK( TN, IN) =AK(EN, JN)¢S1SABNSR{B)#X54 ({S2%R (G )+S6R(2) ) eX2
SUBMATRIX Q )
AMUIN,IN)=AMEIN, IN) ¢PCSR(9) #XS
SUBMATRIX. C

AK{ INNy UNN) = AK([NN JNN)OISI‘R(GDOSS‘R|4)I°KS'SS‘(R(I)‘X10(ABNZ -AN2

24



1=-BN21*R (4 1*XS V)-STER(B IS (BN2*X I+ AN2*X4 )+SBEABNSR( 2) *X2
SUBMATRIX S
AM(INN.JNN):AH(INN.JNNDOPC'RII)‘IS
112 1F(1 JLE. O) GO TC 113
SUBMATRIX O
AK{ToJIN)= AK(lpJN)OSstNtR(5)‘x3-SZ‘ANtl(ei‘lz
SUBMATRIX E
AK{ Iy JINN)= AK(I.JNN)#R(S)'(S&‘!S S5¢ X1)+ SITABNSR{ T) e X2
SUBMATRIX F
113 AK(IN.JNN):AK(INoJNNDOANtR(S)‘ISl‘xS-ST‘xelosbtsN‘R(Z)OXZ
{F{IR ,EQ. O3 GN YO 111 Y
IF(J LT. I) GC TC 115
SUBMATRIX B8
AK( INyJUN)= AK(IN.JN)OSS‘RV(!"XS
SUBMATRIX F _ , :
L15 AK(CINy JuN)z AK (INQ NN ) =S TRV 3)® X4 ¢SS5 {oN®RVIL)-( 1.0 -3N2)®KVic))®
L X5 ’
SUBMATRIX
AK({ INNgJNN )= AK(INN.JNN)05>*1ABV'AV(llflAuNﬂ-AN)*nv(ZDO(AdNA—dN).nv
T L) )exS5~ ;7.(3NORV(:)tXJOANtRV(J)¢x4)

CCATRIBUTIONS OF‘STRINGER

111 IF(LL .EQ. 0) GO TO 106
IF(J +LT. 1) GO TC 116
IF(J LE. O .OR. I +LE. C) GO TO 117
SUBMATRIX A
AKET o) =AK(T , 334 ST (LX)
SURMATRIX N . o
AP I)=AMT,J)eST(29)eX2
SUBMATRIX 8
117 AK(IN¢JIN)= AK(IN.JNDOST(Zitxl*ST(YG)‘XZ
SUBMATRIX Q
AM{IN,JIN) AM(leJNltST(3C)*XZ0SY(31)*XS
. SUBMATRIX C
AKCTAN G UNN) =AKUINNS JRNN) ST (3 )ex] ST (T73)%X2
SUBMATRIX S
AF(INN.JNND-AM(INN.JNN)OST(3’)'!20(57(34)057(35"‘!5
SUBMATRIX R
116 AMUINGINNI =AMEIN, INNI+ST[32)ex5
SUBMATRIX €
AKCINGJINN) sAK(IN, JAN) ST (75 )%X2
IF(121 .FQ. 0) GO TO 107
IF(J LY. I) GO YO 118
SUBMATRIX 8
AK( INyJIN )= AK(IN.JN)*ST(S)‘XI
SUBMATRIX Q
AM( TN, JN) AH(!N;JND*ST(37!*XZOST(38)‘XS
SUBMATRIX C
AK({TNN, JNN)-AK(!NR.JNNDO(ST(1)057(8))'!1
SURBMATRIX S
AVCIANG UNNDI=AM{INN JNN) ¢ (ST{G1 D +ST(42))*X2¢ST(43)8XS
118 IF(l LLE. O) GO TO 119
SUBMATRIX E
AK(I.JNN!-AK(l.JNNl*ST(At‘X\
SURMATRIX P
AM{ T, INN)=AM(1,INN)+ST( 36)*X?2
SUBMPATRIX F
116 AK(IN,JINN) AK(IN.JNN)OST(&)‘XI
SUBMATRIX R
AM{IN,JNN)= AP(IN-JNNDOSI(39)‘XZOST(60)‘XS
1C? 1FL122 .EQ. 0) GO TO 108
1F(J LT, 1) GD TO 520
SUBMATRIX @
AM{ IN,JIN )= AN(IN.JN)OSTtbs)‘XS
SUBRMATRIX C
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[a I o IS

o

520

521
108

122

122

1¢s

124

AK{INN, JNN) =AKLINN, JNN) ¢ ST{LC)®X]

SURMATRIX S
AMUTANGINN) =AM (TAN, JAND EST (4T )8XS5eST (48 ) eX 2

IF(I JLE. 0) GO TO S2t

SURMATRIX E .
AK (1 ¢ JNN) = AK(!.JNNioSTto)oxl

SUBMATRIX P

AMUTyINN)=AMI T, JNN) ¢ST (44 )eX2

SUAMATRI X R

AM{ TNy JNNI=AM{IN,IJNN)+ST{ 46) *XS5

IF{IYl .EQ. 0) GC YO 109

IFtJ .LTs 1) GO TO 122

SUBMATRIX B
AK(IN.JN»-AK(IN.Jhiosrtls)tXI

SURMATRIX @

AMUINGINYI=AM{IN,INDESTISL)I®X245T(52)¢xS

SURMATRIX C
AK{INNy INN) =AKCINN, JNND #(ST(16)VST(1T))eX]

SURMATRIX S
AM{UTNN, INN) =AM{T NN UNN) ¢ (ST (5T)4ST(SB))I*X24(ST(59)+ST(60))*XS
IF(T1 J,LE. 0) GO TO 123

SUPMATRIX D
AKUT o IN)=AKIT o INIST(11)#X1

SUAMATRIX NN

AM(T ¢ JN) =AML, IN) ST (49 ) *X2

SUBMATRTIX F

AK{ToJAN)=AK (1, JNN)L4ST(120#X]

SURMATRIX P

MMUT G JNNI=AML T, JNN)+ST{SC)eX?

SUBMATRIX F
AK(INgJNNY=AK{IN,IJNN)+ (ST{14)+ST(15))¢X]

SUBMATRIX PR

AV(IKyJNN)= BM(IN, JNN)o(srlsa)oqusa))oxzo(srtssboST(Sb)vtxs
IF(IY2 .€Q. 0) GO TO 110

IF(J LT. 1) GO TO 124

SUBMATRIX 8 o
AK{ INyJN}= Ax(rN.JN»osr(chtxl

SUAMATRIX @
AMUINGUNY =AVM(IN, JN)I4ST (63 )15X2 ¢ST (64.) X5
SUBMATRIX ¢ '

AKCTAN, INN)=AK(CINNy NN #ST( 23 ) ex1

SUBMATRIX §

AM{ INN, JNN )= AN(INN-JNN’G(SY(bq)OSTl70))*!20(57(7liOSt(72)D‘X5
IF{1 .LE. O) GO YO 525

SURMATRIX D

AK{ T, JN)I=AK( [, UN)+ST(18)*X1

SUBRMATRIX NN
AM( T2 JNI=AMIT ,UNI#STI6L) * X2

SUBMATRIX F

< AKLL s JNNI=AK(T o JAN) +ST {19 ) &X 1

525

SUBMATRIX P
AMU ToJNN)I=AM(Ts JNN)¢ST(62)*X2
SURMATRIX F
AK(INy UNN) = AK(IN-JNND*(SY(Zl’*ST(Zl!)‘&l
SUBMATRIX R
AMUTINGINN) =AMITIN INN) (ST (6S 14ST (66 ) FeX24(ST (6T )4ST(68) ) &X5
IF{1Z1 .EQ. 0 OR, IY]l .EQ. 0) GO YO 106
IF{J .LT. I} GO TC S26
SUBMATRIX B
AK( INy UNI=AK (INy JN) ¢ST({ 24)%X1]
SUBMATRIX C
AK{ TNN, JNN) = AK(INNuJNN)0|57(27)051(28))‘Xl



N aNe! o

o

(]

(@]

(@)

o

SURMATRIX F

s2¢ AK(!N.JNN)=AK(lN.JNN)O(SY(ZS)‘ST(Z&l)‘Xl'

CCATRIBUT IONS OF RING

106 IF(KK .EQ. 0) GO YO 93

no 146 KR=1,NK
IXT=XXX(1 KR ¢ I M)
XX2=XXX( 2¢ KRy IM)
IFEY LT, 1) 60 ¥C 151
T1F(J .LE. O ,OR. I .LE. O) GO TO 153
SUBMATRIX A
AK‘lpJ‘=AK(lvJ"(CR(KRgl'*ABNz*Rl(KRQ‘)’CR(KR-Z‘"ABN‘R!(KR.5|lt
1xx1
SUBMATRIX N
AMETY J ) =AM{T s NN *(CRIXKR,221ISRTI (KR, G ISCRIKR, 23ISR (KR, TISABN) ® XX}
SUBMATRIX B

153 AKUININI=AKCINg UNI+(CRIKR,2)SRTI (KR IV+CRIKR,3)*RI(KR 1) )*ABNEXX2

SUBMATRIX Q

AM{ IN,JN )= AN(lN,JN)O(CR(KR.ZZ)‘Rl(KR.B)*CR(KR.Z‘)‘RIIKR THI®XX2

SUBMATRIX C
AK(INN'JNN)SAK(lNN.JNN)’(CR(KR.S!‘ABNZ‘Rl(KR.!|0CQ(KR-2|‘Rl(KR.3Il
l‘XXZ’(CR(KR.ll‘Rl(KR.B’*CR(KR.ZID‘ABN‘RI(KR'7))‘XXI

SUBMATRIX S

AM{ INN, INNT =AML TNN, INNES {CRIKR, 2414 CRIKR 4231 1SR T{KR 4 } #XX 14 (CR(KR,
124 )*#ABN*RI (KR, T)¢CRIKR, 22 )8R I (KR, &)} ®XX2

1¢1 IF(Il .LE. 0) GO TO 152

SUBMATRIX €

AK{T g JNNI=AK (T, UJNNI}+{CR (KR, 1) *AN2*R I (KR, 2)+CR(KR, 21)‘ABN‘RI|KR.6))
1#xXx1

SUBMATRIX F

152 AK{INyJNN)= AK(!N.JNN)O(CR(KR.3)‘A8NB‘RI(KR 1)#CRIKR, 2)*ANSRI (KR 4 3)

1€

1)exx2
SUBMATRIX R
AM{IN,INN) =AM(IN, JNN)+2 OEOSCR(KR,24 J¢BNSR[ (KR, 7 ) #XX 2
IF(EIR(KR) .EQ. 0.0 ) GO TD 154
IF(J .LT. 1) GO YO 155
SUBMATRIX B
AK{ EINy JN)=AKCIN, UNI*(CRIKR,5)*RI{KR¢9)+CRIKR,6)#RI(KR,10)+CRIKR,T}
1*RI(KR,11 14CRIKR,8ISRI(KR,12) 1 *ABRNSXX2
SUBMATRIX Q
AM( IN,IUNI=AMUIN, UND+(CRIKR, 30)*RI (KR, 15) +CRIKR,281#RI(KR,16)+
1CRIKR,321*RT(KR,1T7T) ¢CR{KRy33 ) SRI(KR, 18) ) *XX2
SUBMATRIX C
AK({ INNy JNNDI=AK{ INNy JNNI+((CRIKR, S} *RI (KR ,S)+CRIKR,6)*RI(KR,10)+
1CRIKR,8)*RT (KRy121)*ABN2+CR{KR, 9 ISR I (KR, L1} *(AN2+BN2) } *XX2¢ (CRIKR,
2100 *RI(KR ¢ 1) #ABN2-CR (KR ¢ 4 #RI (KR ,2) € {AN2+BN2)+(CRIKR,26)%P] (KR, 5 )~
3CR(KR,27)I#RT (KR, 6) ) $ABN ) XX 1
SUBMATRIX S
AM{ INN, JNN)=AM{ INN¢ JNN)+(CR(KR,30)%RI (KR ,4) ¢ CR(KR,34)*ABNSR] (KR,T}
1)1#XX1+(CRIKRy30)*RI(KRy15)+CRIKR, 33) *RI (KR, 18)4CRIKR, 32)#RI(KR 1 T)
Z)taentxxz
1F(T1 .LE. O) GO TO 156
SUBMATRIX E ‘ i _
AK(T s JNN)=AKCT ¢ JNN) = (CRUKR 44 ) SABN2#RI (KR 41 ) +CR(KR 425 ) SABN#R1 (KR, S)
11exx1
SURMATRIX P
Au(l.JNN):AM((.JNN)-(CR(KR.za)cax(xn.«)oca(xa.zq)oaenonl(xn TN
1xx1 .
SUBMATRIX F v

156 AK(lN.JNN”AK(quJNN,’((CR(KR'B..RI(KquZ'OCR(KR.S)‘Rl(KR 9) +CR(KR

1161 *RI(KRyLO)I*ABNB¢(ABNB+AN) *CR (KR, 9)I*RI(KRo L1} ) ®&XX2
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C SUBMATRIX R
AM( INy JNNI=AM{IN, JNN)#2 ,0FO¢BN*(CR(KR ;31 )*RI (KR, 16)¢CR{XR,30)¢RT (K
lRolS)OCR(KR.BBD*RI(Kﬁ.la)bcﬂ(KR.BZ)tRIIKP.l7)l‘xxz
154 IF(E2R(KR) .EQ. 0.0 ) GO YO 157
IFty LY. 1) GO YO 158
SUBMATRIX 8
AK{ TNy INI= AK(IN.JNDO(CRIKR.Il)‘Rl(KRoZ)*CR(KR.lZ)‘Rl(KR.IQ)’CR(KR.
113$tn1|xa.zov:tA8N-xxz
SUBMATRIX Q -
AMUIN, JN)= AMUIN, JN)O(CR(KR I5I*RE6)ICRIKR,ITI®R{TI+CRIKR ¢38)%R(2))
1*xXXx2
SUBMATRIX C
AK{ INN, JNN)= AK(!NN.JNN)0(tCR(KR.123¢REEK&,1930CR1KR.17)‘RI(KR.20))
!*ABNZO(CR(KR.I6!*R[(KR.20)0CRIKR.lhl'RI(KﬂVZDDQ(ANZOBNZ)Bﬂxxz
SUBMATRIX S
AM(!AN.JNN) AP(!NN.JNN)0CR(KR.40)tRl(KR.4)°!X10(CR(KR.AOItR(Zitcn(
1KR 3 37V #R{ T) ) *ABN*XX2 : .
158 tF(I .LE. 0) GO TO 159 ° : :
SUBNMATRIX 14
AH(I'JNN)—AHll,JNN)-CR(KR.BS)‘Rl(KR 6)#XX1
C SUBMATRIX 3
159 AK(lh.JNN)-AK(!N.J&N)G(CR(KR.!&)‘RI(KR.Z"(ABNBOANIGILR(KR.lS)*Rl(
lKR'ZO)OCR(KRolZl'Rl(KRo19)’*A8NBOCR(KR 161#RI (KR, 20) S AN)YEXX2 -
SUBMATRIX R
AMEIN  UNNE=AM{INGINND)+(CRIKR 35 ) #R(6 1 ¢CR(KRy 39 18R (2) ¢2,0E0%CR{KR,
137V%R( 7)) *BN*XX2 '
157 IF(IR .FQ. O) GD TO 144
IF(J LTS 1) GO TO 160
1IF(J JLE. 0-.,0R, T .LE. 0) GO TO 161
SUBMATRIX " A a
AK( T, J) AK(l.J)#CR(KR;!D‘(ABN‘RIlKRoZl’OABNR'R[(KR ZZ)OABNA‘FI(KR,
123))exx1l
C SUBMATRIX 8
161 AK{INGJNI=AK(IN INI+CRIKR ,3)*(RI(KR,21)*BNP*RI(XR 22 )¢ANS*R]I(KR,23))
1%XX2
SUBMATRIX C
AK{ TNN, JNN) =AK({ INN, INN) ¢CRIKR, 3)'(ABN‘R[iKR.Zl)oABNB‘R!(KR 22)1+ABN
1A%RT (KR, 23 ) )*XX2
16C IFII .LE. O) GC TC 162
SUBMATRIX €
AK(l.JNN)=AK(l.JNN)0CR(KR.I)OANORI(KR.Zbatxxl
C SUBMATRIX F ’
162 AK{INyJNN)= AKUINQJNNDSCR(KRo3)*(BN2*RI (KR, 22) ¢RI (KR,23)
1*ABN+BN*RI (KR,21))®XX2 :
IF{EIR(KR) .FQ. 0.0 ) GO TO 163
IF{J LT, 1) GO TO 164
C SUBMATRIX 8
AK{ IN, JNI=AK( IN, JND#(CR(KR.S)‘!RI(KR.63)08NORI(KR.3Sl0AN-n|(Ka,3g)
1V4CRIKR )6 V= (RI(KR,26 V4R T(KR, 2T )+BNEIRIIKRy3TI*RI (KR, 39) )+ANS{R]I (KR
2.18)0R|(KR 40)) )+ ’
CR{KR,8)I*(RI(KR,28B)+RT (KR y2G)¢+ANSR (KR ,42 ) +BN*R[ (KR,
bkl)DOCR(KR 9)®{ANSR] (KR, 32)+BNeR (KR 31 ) JOCRIKR, 18R I(KR 4 30)+CRIK
SRy IG)ISIANSRI( KR, 24)+BNER! (KR,33) ))& XX2
C SUBMATRIX C
AKC{INN,) INN) =AKCINN, JNN) ¢ (CREKR, 1013 (RIIKR, 21 YEARNCABNB*RI (KR, 22)4¢ .
IARNAORI(KR.23))-CR(KR.a)‘(BN‘R!}KR'ZS)OAN‘RI(KR.?#D))‘XX]#((CP(KR.
2S)ERI(KR)4II+CRIKR 6 I*{RIIKR )26 V¢RI IKR,2T)ICCRIKR, I'BY ST (KR, 30) ¢CR
(KR BIS(RI{KR29)¢RI (KR 428) ) ) SAANS CRIKR,51*(LONBERI(KR, 35 )1¢ABNA®
LRI(KRy36))+CRIKR 6 )S{ABNB*(RI(KR 37D ¢RIIKRyI9)IcABNAS(RI (KR ,38) ¢
SRIIKR,40)))+CRIKR,B)S{ABNBSRIIKR ;4. ) +ABNASRI (KR, 62))+CRIKR,19)8(AB
6NAERI (KR ,33 ) +ABNASRI (KR, 3",0CR(KR.9"‘BN.R|(KR932'0‘N‘PI(KR.31))'
TIeXX2
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(o)
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in)

OO0

166

165

1FC 1 .LE. O) GO TO 165
SUBMATRIX €:
AK( 1, NN )= AK(loJNNl CR(KR;#)‘(ABN‘RI(KR.ZI!OABNA‘QI(KﬂoZS'OABNB‘
LRI(KRy22))2XX]1
SUBMATRIX F
AK(lN.JNN)-AKIlN.JNN)O((CR(KR;S)‘RI(KR.)SDO
CR(KR.b)‘lRl(KR.37IORllK
1R:39i)0CR(KR180‘Rl(KR.‘[)*CR(KQ.I9)‘RI(KR.33)’.BNZOiCQ(KR.O).Rl(KR
2332)4CR(KRy 5)*RI (KRy36) +CRIKRy 19) MR I(KR, I4)OCRIKR ,6)8 (R] (KR, 3B) ¢RI

" 3(KR4O)I+CRIKR,BI®RT(KR,42) V®ABN+(CRIKR,S ISR I(KR ,43)+CRIKR, 6)¢(RT(

1¢2

166

144
93
Q92
<1
90

2002

2012
2011
2Q1¢

2014
2712
2710

- 2018

a0

2017
2019

202¢

4KR ¢ 26)¢RT(KRy 27V )+CRIKR 4 8)*(RIIKR28) ¢RI (KR,29) ) ¢CRIKR,1B)SRI(KRy3
50) ) *BN+CR{KR,9)SRI{KRy31))*XX2
IF(E2R{KR) .EQ. 0.0 )} GO TN 164
IF{J T, 1) GO TO 166
SUBMATRIX 8
AK(UINyUN)= AK(lN.JN)G(CR(KR.lZI*(Rl(KR.bk)ORI(KR.QO’OBN‘RI(KR.CQD :
1 +AN#*RI(KR, S0 ) )+CRIKR, 217 )*(RI(KR, 45) +BNS(RI{KR ,47) 4RI (KR ,52) ) ¢ANS (
BRI(KR 44BICRT (KR,S4)) I ¢CRIKR, 14)*(BNSR (KR, 24 JPANSRI(KR,25))+CRIKR,
“20) *(BN*RI( KR, SIDQAN‘Rl(KR 5211 ) ¥ XX2
SUBAMATRIX.. C )
AK(INN.JNND-AK(INN.JNN)*(CR(KR'IZP‘(ABN‘(RI(KR.QG’ORI(KHo66)'*ABNB
I*RI(KRy 49) +ABNAZRI (KR ,50) )¢CRIKR ,17) ®RI (KR 451 ABN+CR(KR,20)¢ (ABNB
2*RI{KRyS51)+ABNAS*RI(KR,52 1) ¢CR(KR 16 ) *(ABNBS(RI(KR;53)+RIIKP,4T) )¢
4ABNA®(RI(KR,S54) +RT(KRy4B) ) +BNS(RI(KRy4B) ¢RIIKR)S4 1) ¢ANV (R EIKR 4T )
SRI(KRv53)))OCR(KR.lki‘(AN*Rl(KR.ZQ)GBN‘RI(KR'ZSl’)‘XXZ
SURMATRIX F
AK(UIN, UNN)= AK(IN.JNN)*((CR(KR.lZ)‘Rl(KR QQ’OCR(KQ.ZO)‘RI(KR.SI)O
1CRIKRy 16 )% {RTI(KRyS53)4RIIKRy4T7)))SAN2+(CR(KR,1TI®(RIIKR,40)+RI (KR,
254) )+CRIKR,12)*RI (KRS0 ) ¢CRIKR,14)SRI(KR(25)+CRIKR, 20 ISR [(KR,S52))
33ABN+(CRIKR ) 12)*(RI(KRy4&I+RI(IKR,46) ) ¢CR(KR,1TIERI(KR,45)ISBNSCR(
4KRyLEVS (RI(KRy4TI4RT(KR 4531 1 +CR{IKRy 14)*R T (KR, 24))8XX2
CONTINUE
CONT INUE
CONTINUE
CONTINUE
CONT INUE

)

COMPUTE THE LOWER DIAGONAL ELEMENTS OF THE SYMMETRIC MASS AND
STIFFNESS MATRICES

D0 2CC2 1=2,MN3

11=1-1

DO 2002 J=1,11

AK{ T J)=AK(J,])

AM{T,J)=AM(J, 1)

IF {NWK-1)2010,2011,2012
WRITECT7,65V(AK(T 4J) 4J=1oMN3),[=1,MN3)

WRITE(6,2015) : ’
FORMAT(1H] ¢30Xs1 THSTIFFNESS MATRIX o/ 431Xo LT (1H=1),7/7)
N0 2013 I=1,MN3 .
WRITE(6:2014 ) (AK{T1,J)eJ=1,M4N3)
FORMAT(SXsE1S.891XoE15.8 91X ,E15,81X,E15.8)

CONT INUE

IF(NWM-1)2016,2017,2018
WRITECT,65) L(AMIT 4J) 4J=1yPN3),1=]1,MN3)

WRITE(6,2019)

FOARMAT (1H] 432X ,12HMASS MATRIXe/7c33Xe1201F3)0// )

on 2020 [=1,MN3

HRI‘E(bQZOl“)(A"‘ | P "J= 1¢HN3)

CONTINUE

EVALUATE THE EIGENVALUES AND EIGENVECTORS
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2016 CALL EIGEND (AM.,AK.MNLKRRR.VECR.LC eAXXX Y MC ¢ 2o EVR EVE o INDIC).

CCNVERT THE EIGENVALUES INTC FREQUENCTES. IN HERTZ

CC 2006 I=1,MN3 :
IF(EVRIL) .LE. 0.0 1 GO TO 2006
EVR(1)= SORTLEVRUI)L/PI2
2006 CONT INUE
*IF (NWEV-11 2021202242023,
2023 N0. 2024 J=1,MN3
WRLTE (7,65 ) (VECR(LsJ.)y [= L MNZD.
2024 CONTINUE S
2022 WRLTE(6,,2025).
2025 FCRMAT (L1 132X, 12HE [GENVECTORS, £ 33X 120.1H2 ) o 1
NO: 2026 J=1 MN3 ‘
WRITE(6,2014 LIVECRILid s 1= 1,MN3)
2026: CONTINUE
202D WRITE(6,.2027) -
2027 FCRMAT (1H1,27X, 22HEIGENVALUES. IN HERTZ'0 /028X, 220 1H=)o// ).
WRITE(6,2014).(EVRIT),1=1,MN3), :
6D YO 10000
Q9 WRITE (6,100 ) o
LCO FORMAT(//s1X,62Hseses. ERROR *eawe; MMIN = O IS POSSTBLE ONLY: WI:
LTH FREE-FREE, /s 32Xy 1 BHBOUNDARY: CONDITTON) A
¢C TC 10000 S :
1.00C S CONJINUE ,
CALL EXIT
END.
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B

SUBROUTINE INTGRL

PURPCSE Ty
TO EVALUATE THE LONG I TUD I NAL lNTEGRAlS Xl(ll T XI(5) WHEN
M, MB, AA, ANC NBC ARE FURNISHED THROUGH THE COMMON STATEMENT

+

+

+

+

*

+

+

+ USACE
+ CALL INTGRL

’ . A}

¢+ CESCRIPTINN OF THE PARAMETERS

* 4 LJ

+ MB MB

L AA LENGTH OF TFE SNELL

+ . NBC COOE NUMBER OF THE BOUNDARY CONDITION WHICH (S
+ UNNER CONSIDERATION

+ PI 3.1415926535 ’

+ xI(1} LONGITUC!NAL lNTEGRAL
. .

+

+

+

+

+

R 4

.

*

+

+

SUBRCUY INES REQUIRED
NONE

METHCC
THE CLOSE FORM EXPRESSIONS FOR THE INTEGRALS WFRE CBTAINEC
FROM ROBFRT P, FELGAR, JR.,, FORMULAS FOR INTFGRALS '
CCNTAINING CHARACTERISTICFUNCTIONS OF A VIARATING BEAM,
CIRCULAR NUMBER 14, THE UNIVERSITY OF YEXAS. 1950

LR 2R K 2R PSR R IR AR IR IR BPAR I IRIE 2 T K IR WP

Q-00000-0'00000000000000000000"’00"000000.0000000000000‘00000‘000000
SUBROUT INE INTGRL : ’
DIMENSION A(S),P(S5)

COMMIN 0R(9)oR(9)'DRV())'KV(S)an(G’oKRl(d)'RZ(lO)oRRZ(lO).R’(c’o
LRR3(2)4R4IS5)4RR4L(5),R5{18),PRS(18),R6T11),RRE(LL),PE XK AAWXTI(S),
2XR(2)4EL 4E2 4N, NB'\BC’N MByNS A

Ny 8 1=1,5

XI(1)=0.0

€ CONTINUE

GO TO (100,200, 3CC,4CO) (NBC

CLAMPED-FRFE

ALPHAS AND BETAS CBTYTAINEC FRCWM FELGAR AND YOUNG

100 A{11=0.7340955

A{2)=1.01846644

A{3)=C.59922450

A{41=1,00003355%

A(5}=20,9999985501

B{1)=1.8751C41EN/AA

B(2)=4,69409113E0/AA

R({3)=7.854T75743€0/AA

Bl4)=1C,.99554074€C/AA -

P{S1=14,13716839E0/AA

IF(M - 5) 15,415,225

1S AM=A(M)
AV=R{M)
60 TC 3¢
25 BM=(2,0F0% FLOAT(M)-], OEC"PII(Z OEO0*AA)
AM=]l .0
AB=AM®RM
B4=BM*BM*AM *BM
IFIMR - 5)40,40,50
4C AMB=A(MB)
PMB=B(MA )

(28]
(2]
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20

- &5

60

GO TC 20

AMB=1.0

BMB={2.0E0% FLOAT(MB)-1.0E0)*P1/(2.0E0%AA}
ABR=ANBEBMB

£4B= BMR $BMB #BMB *BMB

IF(¥=-MR) 60,65,60

M = M

X1(1)=Bss%an : o . . B |
XI(21=AB%{2.0 +AB®AA) ' : s SR
X1{3)=AB%(2.0 -AB®#AA) : : s
X1(&)=X1{3)

X1(5)=AA

RE TURN

M NOT = MB A : ' .

BA¥=EVERMB N

MPMB =N+ MB

" A3B3 AMB *RAMEBMSBM

2¢0

75

19
3co

AB3I=AMSRNO*BIMBERAME

XI{2)=6,0E0%BBMN*((-1.0EQ)essMPMBS(AIB~ AB3’-BBP‘(QB ABR”I(B‘ 8481
X1(31=4 ,DEO*BMERM* ( ABB~-ABR ) ( (- loOEO’.‘NPQB"BN‘RMORNR‘BNG)I
1(848-R4)

XI(4)=4, OEO‘BHB.BHB‘(AB-ABB)“((‘l OEO"‘”PNB"BMB‘BHB’B”‘B"’/
1(B4-B48)

RF TURN

FREELY SUPPORTED

"IF(N-MB)TO0,T75,70

M = MB

RM=M

X1{(2)=8MegM*P [*P [/ AA

XI{(3)=-x1(2)

X1{a)=X1(3)

XI{1)=XT1(2)8X1(2)/AA

X1{5)=AA

RETURN

CLAMPED CLAMPED

A1 1)=0.982502215¢

A{2)=1.000777311

A(3) =0, 959966450]

A(4)=1.CNO001L1459 - .
A(5)=0.99999991373 -
B(1) =4, TIONGORF O /AA '
Bl{2)=7.8532046E0/AA

P13)=10.9956078E0/AA

Bl4)=14,.13T7165SSFO/AA

f(514=17.2787594AF0/AA

[F{M - '5)1,1,2

AM=A (M)
‘fM=B(M)

GC 7C 3

BM=z( 2, 0E0% FLOAT(M)e®)L,0E0)ePl /(2. OEO‘AA’

Ap=1 .0

IFI{MB - 5)4,44,5

AMB=A (MB )

BMA=LP (MR}

GO 10 6

AMB=1.,0 . .

eMa=(2 ,0E0% FLOAT (MB) OI.OEO)‘PII(Z.OEO‘AAF

AB=AMSB M

ABR= AMB*RMB

R4=BVNEBMERMEEM

R4R=BMBEAMR*R MRERMA :

RB2=RM*BMB «BM*RMB A I
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IF(v-MB)RO 35.80
C M = MB
85 X1(1)=B4%AA :
x[(2)= Aﬂ‘(AB‘AA 2.0 - )
X1(S5)=AA -
GC TC 9n v
o M NOT = MR
BO X1(2)=64., OFO‘BBZ‘(ABB AB"((-I 050)“("0"8’0! ‘0E0) /tB4-B4B)
aC x1(3)=-xX112) '
Cxll4)=XT1(D)
RETUYRN
FREE-FREE
ALPHAS AND BFTAS OBYAINED FRO" . FELGAR AND YOUNG
400 A(1)=0.9825022158
A(2)=1,CCCTT77311
Al 3)=0.,9999664571)
Ala)=1.000001657
AlS5) =0, 9999999373
Rl 11=4,T730Nn4CEEN/AA
B(21=T.R53204650/ AA
B{3)=1C.9956078F0/AA
P{4)=14,13T716555N/AA
A{S)1=1T,2TRTSQAKFD/ AA
MM]=M~-1]
vaMi=MB-1]
pM2=MeMB-2
IF(M LT, 2) GO T0O 1730
IF(™ - 6) 715,715,725 -
715 AM=A(MML)
RM=B{MM 1)
GC TC 730
125 BM=(2,CEC* FLCAT{MML) ¢+l .0ED)®PI/(2.0E0%AA}
AM=1,0
730 AB=AMEAM
R4=BMEBM*BMEAM
1720 [F(MB LT, 2} GO TC 17290
IF(MR - 6)}T40,T740,750
74C AMB=A(MAM])
emMp=g({MaM1 )
¢C TC 720
7C AMA=1,0
PMR= (2 ,7EN* FLOAT(MBML)+1,0EQ)¢PI/(2.CFO%AA)
72C AMR=ANB%RMj
P4R=BMA*BAMR«AMA*AMB
1720 CCATINUE
S1=(1.C =~(-1.0 )*+MBM})
$2=(1.0 +{-1,0 1ssMpM])
$3={1l.0 ~(=1,0 )*eMM])
Ca=(1.C +(=1,n )esmm])
S5=z(1.0 +(-~-1." J*eM2)
IF(MM1)150,250,350
150 IF(MB .NF, M) GN TO 151

[aRa)

C - ¥=0  Mp=n
x1{5) =AA
RETURN
151 IF(¥E LT, 2) RETURN
C M=0 MB GRFATFP THAN OR =2
X1(4)=2.0€Nn%48RS]
PETURN
25C IF(MAR. NE. M) GN TO 251
o ¥=1 MR=1

X1(2) =1.0EQ0/AA

33



350
45¢

550

650

651

XL(51=AA/12.0
RETURN ‘

IFIv8 LT, 2} RETURN

M=1 MB GREATER THAN OR =2
X1(2)=2-2,0E0952/74AA
X104)=(2,0FO0/AN-ABB)®S2

RETURN o

IF(¥BM]1)4504550,650

M GREATER THAN OR =2 MB=f
Xi(3)=2.0F0%AR$S3 :
RETURN

M GREATER THAN OR =2 MB=1]
X1(2)=-2.0E0%S4/AA
XI{3)=S4%( 2, 0EO/AA~AB)

PETURN . '

¥ AND MB GREATER THAN OR =2
1F(M .NE., MB):GO YO 651

¥ Mg Co -

XI (1) =AA®BG

X1(2)=AR®(AB®AA +6.0EC)
XT(3)=AB®{2.0E0-AR*AA)

XIt4)=X1(3)

XI(S)=AA '

RETURN
M NOT = MB

ABI=AMSRAMA *BMB 4BMA

A3B=AMB#RM* AMSBM )
XI(2)=4,CEN*BMEBMB* (AB3-A3B) #55/ (B4.8-84)
X1(3)=4.9€0%B6¢(ARB-AB)®$5/(B4B-B4) :
X1 (%) =4, 0F0%B4B* (AR-ABR)*SS/ (B4 -R4R )
RETURN : ' .
END ’
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LK K N I B B R S B IR B B B B K R A R A S 2K K R B R AR R N 2

100

15

25

ac

SUBROUTINE XX

PURPCSE
CALCULATE THE VALUES OF XR{) AND, XR(2) AT A GIVEN VALUE OF
X = XK '
USAGE
caLt xx
DESCRIPTION OF THME PARAMETERS'
o1 3.1415926535
XK THE VALUE CF X AT wHICH THE FUNCTIOANS XR{1) AND
XR(2) ARE TO RE EVALUATED .
AA LENGTH CF TEHE SHELL ‘
NAC THE CODE NUMRER OF THE BOUNDARY CONDITICN UNDER
CONS IDERAT [ON
L ] ]
‘MR MR
RE MARKS

THE INPUT AND OUTPUT PARAMETERS ARE CCPVUNICATED THRNUGH THE
CCMMON STATEMENT

SUBROUT INES REQUIRED
NCNF

MET 0D
THE ASSUMED AXTAL MODE FUNCY!ONS ARE CENERATED IN THIS
SURRGUTINE USING FELGAR AND YOUNG®*S BEAM FUNCTIONS

FPEEEL L4503 2045 5020000050020 00000000000 0000040020000 0 0000000000

SUBROUTINE XX .

TH1S SURROUT INE EVALUATES THE VALUES OF xR(1), XR{2) AT A GIVEN

VALUE CF X

DIMENSION ALS) ,8(5)

COMMCN DR(9)’K(9).UKV(D)'NV(S)vKl(d, kkl(dl.nd(lO).Rn;(lO).KS(c).
lRR;(Z'rRQ(S"RRQ(s)v“ﬁ(la)vﬂﬂ5(18)oRb(ll) RRO(L111ePT XKy ALy XTLS),
2XR{2),E1,E2, N,NB ¢NBC o M, MB ,NSA

XR{l)=0.0 °*

XR{2)=0.0

GO YO (100,200,300, 400),NBC

CLAMPED-FREE

ALPHAS AND BETYAS OBTAINED FROM FELGAR ANC YCUNG

A(11=0.7340955

A(2) =1, ClB46644

A{3)=0.99922450

Al4a)=1,0N00023653

A(5) =0, 9999985501

R(1)=1.8751041EC/AA

0(231=4,.69409113FEQ/AA

B(31=7, 85475 T43E0/AA
B(4)=10.99554CT4FC/AA

P{5)1=214.13716839€E07AA

IF{M - S5) 15,15,25

AM=A(M)

R¥=R (M)

60 10 30

BM=(2,0FN® FLDAT (M)-]1.0E0)eP 1/(2,0F0%AA)

AM=1,0 '

IF(MB - S)40,4C,S8C ~
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&C

5¢C

20

2ce

son

"oy

400

AMR=A(MB)
AMR =B(MB)
‘6N TD 20

AMB=1,0

BMB=(2.0EN* FLOAT(MB)-1.0FE0)®PI/(2,0E0®AR)

BMX = BM*XK ’ i

AMBX =BMREX K

ER= EXP(RMX)

EBB= EXP(BMBX)

Sz SIN(RMX)

SB= SIN(BMAX)

C= CCS(eMX)

CB= COS(BM3X])

SH=(EB-1.0F0/EB1/2.0ED

SHR={EBR-1 .0FO/ERR)/2.0E0 "

CH=(EB+1.NEQ/EB) /2. CED

CHB=(ERB+1 .0FO/FRB)/2.0€D

XR{1) =BMERMBE (SHsS=AMNS {CH=C) IS (SHB+SB-AMBS({CFB-CB))
XR{2)=(CH-C-AMS{ SH-S) ) *(CHB-CR-AMA® ( SHA-SB))
PETURN ‘

FREELY SUPPCRTER

AM=M

AMB=MB

PICA=PI/AA

XM=P [ OA #B M& XK

XMB=P I0A#BMASXK

XR(1)=2,CENBMeAMBEP[DA*P|OA® COSIXM)* CCSI(XMB)
XR(2)=2.060% SINIXM)* SIN(XNB)

QETURN

CLAMPED CLAMPED
A(1)=0,9825022158
Al2)=1.,000777311
AL3)=0.9999664501
A(41=1.000001450
A(S5) =0,9999999373
RU1)=4,73004C8F C/AA
B(2)=T7.8532046EN/AA
A{3)=10.99560T7850/AA
RU4)=14,13T71€&5SFD/AA
PI5)=1T.2TRTSOAEQ/AA
IE(M = S)1,142

AM=A (M) :

prv=B(M)

GC T0 3

BM=(2.0F0* FLOAT(M)¢1,0EC)*PI /( 2. 0FE O%AA)
AM=]1,0 :

IF(MB - 5)4,4,5

AMB= A(MB)

AMB=B(MA)

GC TC 2¢

AMB=1.0 -

EMB=(2,0E0* FLOAT(MB) +1.0E0)®P 1/(2.0EQ*AA)
GO 10 20 : :

FREE-FPEE

A(1)=0.9825022158

A(2)=1.000777311

A(3)=0.9999664501

A{41=1,000001450

A{5)=C. 5699999373~

B(1)24,7300408F0/AA

RU2)=7.8532066F0/AA

R(3)=10.9956C7BEC/AA
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P(4)=14.1371655F0/AA
RIS)IS17,2787596F0/AA
MM 1=M-1 e
MBVM]=MB-]
IF(M ,LT, 2) GO YO 1730
1FiM - 6) 715,715,729
715 AM=A{(MM]) -
BAM=R{MM] )
€N TO 1740 : .
725 PM=(2.0E0® FLCAT{PM1)e]l .OEO)SPI/(2.0EQ®AA)
AM=[-0 !
174C BRMX=BMEXK
€= SIN(BMX)
C= COS(RMX)
€8= EXP (RAMX)
SH=(FB-1.0F 0/EB) /2.0€E0
CH=(EB+1.NEQ/EBI/ 2,050
1730 IF(MP .LT. 2) GP TC 1720
IF(MA - 6)740,740,1750
740 AMA=A(MBMI )
BMR=B({MBV])
GO 10 1760
750 AMB=1.,0
BMA=(2,0E0% FLCAT(MBML)+1.0E0)*P1/(2.0E0%AA)
17¢C RMBX=BMR*XK
SA= STA(RMBX)
CR= COS{AMBX)
£RR= EXP(RMBX)
SHB=(FAR-1 ,0F0/ERBB)/2.0E0
CHR=(FBR+1,0EO/EBB)/2.9€0
172C IF(MM1) 150,250,350
15C IF(¥B .NF. ¥) GC TO 151
Mz0) MR=0 :
XR{2)=1.n
RETURN .
151 IF(MBM]1) 152,152,153
: ¥=9 Mp=1
152 XR(2)=XK/AA-0.5
RETURN
v=9 MR GREATFR THAN OR =2
153 XR(2)=CHR¢CRA~AMA® (SHBeSR)
RETURN
250 IF(MBM1) 251,252,253
u=1 MA=0
251 XR(2)=XK/AA-0.5
RETURN
M=]1 MB=1
252 XR{1)=1.9F0/ (AA%AA)
XR(2)=XK¢XK/ (AA®AA) 0,25 -XK/AA
RETURN
M=1 MB GRFATER THAN DR =2
252 XR(1)=BMB*( SHB-SB~AMBS ( CHB+CR))/AA
XR(2)=(XK/AA-0.5 )®({CHB4CB-AMA*{ SHB¢SR})
RETURN .
3€C IF(MBM1) 351,352,353
M GREATER TYHAN OR EQUAL TD 2 MB=0
35]1 XR{2)=CH+C-AM®(SH ¢S)
RE TURN
M GREATER THAN OR EQUAL TO 2 M8=]
352 XR(1)=BM*(SH-S-AME(CHeC) )AL
: XR{2)={ XK/AA-0.5 )*(CHeC-AMS(SH+S))
RETURN .
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M AND MB GREATER THAN OR =2

353 XR{L)=BMSBNBO(SH-S-AMNS(CHOC ) )S( SHB~SB-AMB* (CHB+(CB) )
XR(2I=(CHOC-ANG(SHOS )18 ((HB+CH-AMBE(SHB+SRI ) '
RETURN .
ENC
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AT AN ACATNTDI AN O AN DY A AN I A0 N

CPLELPP4 2400000000000 3 000000000000 0000000000000020020000000000000004»

+ . . +*
+ SUBROUTINE SHELL1(X) +
+ . iR +
+ PURPODSE .
+ CALCULATE AT A GIVEN VALUE OF X THE VALUES OF THE INTEGRANDS
+ CF THE FIRSY SET CF CIRCUMFERENT AL INTEGRALS NF THE SHELL .
+ L - +
4 USACE , : .
+ 1T IS USED AS AN ARGUMENT OF THE NUMER ICAL INTEGRATION *
+ SUBROUTINE ¢GAUSS! +
+ *
+ DESCRIPYINN OF THE PARAMETERS +
+ X THE INPUT VALUE CF X AT WHICH THE INTEGRANDS HAVE .
‘ TO BE EVALUATED +
+ NR(T1) INTEGRANDS .
* N N +
. AB NR +
. NSA 0 WHEN COMPUTING THE SYMMETRIC MODE SHAPFES +
. . 1 WHFN COMPUTING THE ANTISYMMETRIC MODE SHAPES .
+ . &
¢ QEMARKS R +
. FXCEPT FOR X. ALL THE INPUT AND OUTPUT PARAMETERS ARE .
. CCMMUNICATED THROUGH THF COMMON STATEMENT .
+ *
¢+ FUNCTION SUBROUT INFS REQUIRED +
. RSHL *
3 *
L2220 0000200000800 000000000000 000000800000000 022003030000 0000090¢

SUBROUTINE SHELLY (X)

CCMMCN OR(9IyRUIIyURVIS DeRVISIoHLI{B)IRRAIIB)yRE( L0V, RR2(10),R3(2)
LOR3I(2)4R4(5),RRG(5)9RS(18),RPS{18)1.R6(11),RRE(11),PIXK,AA,XLIS),
7xR(2) ,E14E2 yNgNBNBCoM,¥B,NSA

YN= XN

XAB=X®NR

SR =R SHL{ X)

IFINSAYL, 1,2

1 C\= COS(xN}

SN= SIN(XN)

CANA= COS(IXNB)

SNR= SIN(XNA)

Go Y03
2 CN= SIN(XN)
SN= CCS(XN)

CNR= SINUXNB)
SAA= C0S (XNB)
DR (5)=CN*CNB
CR(%4)=SN*SNA
CR{1)=SReCR(S)
NRESI=SRENR(6)
CR(2)=DR(6)/SR
PRIB)I=DRIS)/SR
OR{T)=DR(2) /SR
CR()I=DR(TI/SR
NR(4) =DR(R) /(SReSR)
RETURN

ENC

10}
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CLAPPEFE P P01 0L E L0000 00000000 0000000000000 000000040000 000 000
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w

SUBROUT INE SHELLZ(X)

PURPOSE

USAGE

RENMARKS

RSHL
RRART

SUBROUTINE SHELL2(X )

CALCULATE AT A GIVEN VALUE OF
OF THE SFCOND SET OF CIRCUMFERENTIAL INTEGRALS Cf THE SHELL

DESCRIPT[ON OF THE PARANEYERS
THE INPUT VALUE"OF X AT WHICH THE INVEGRANDS HAVE
TO BE EVALUATED

DRV 1) INTEGRANDS

N N

NB NB

NSA N WHEN COMPUTING

EXCEPT FOR X ALL THE INPUT ANO OUTPUT PARAMETERS ARE
COMMUNICATED. THROUGH THE COMMON STATEMENT

FUNCTION SUBRCUTENESLREQUlREC

THE .SYMMETRIC MODE SHAPES
1 WHEN COMPUTING THE ANT ISYMMETRIC MODE ‘SHAPES

X THE VALUES OF THE INTEGRANDS

IT I'S USED AS AN ARGUPMENT OF THE NUMERICAL lNTEGRATION
SUBRCOUT INE *GAUSS?®

*
+
+
*
*
+
*
*
*
+
*
+
+
' +
B IR .
+*
+
+
+
+
L4
+
+
+
+
+*
+
+

00000000000&000OQOOQOOOﬁOOQQQfOWO0{000000#0000‘0000&0000000}000000

- CGMMCN DRL9), K(g)oURV(S.'KV(5).Rl(8)'KKl(B,pRZ(lO)pKKJ(lO)oK)(é)o ‘
1RR3(2), Rk(S).RRh(SD.RS(IGD.RpS(18) Rb‘ll’vRRb‘ll)vPleK ﬁAnX[(S)t
2XR{214E] yE2 4Ny NBQNBCiNo”E'NSA

XN= X*N
XNB=X*NB
SR=RSHL(X)
RT=RRR T{ X)
RT2=RY *RY
SR2=1,0E0/ {SR*SR)
[F{NSA) 1, 1,2
SN= SIN(XN)
SNB= SIN(XNB)
CNB= COS{XNB)
CA= CCS{XN)
GoO 10 3

SN= COS{XN)
SNA= COS (XN8)
CNR= SIN(XNB)
CN= SIN(XN)
RY==-RTY

DRVU 1) =R T2# SN® SNB/ SR

VR VA 5) =R T*C N* SNB
LRV I4)I=DRV(5)%SR2
RETURN '

END
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SUBRQUT INE RI

PURPQSE

USACFE

£1

E2

X
R1CT)
A

NB
NS A

REMARKS

RSHL

NG1(X)

CALCULATE AT A GIVEN VALUE OF X THE: VALUES OF THE. INTEGRANDS
«NF THE FIRST SET OF CIRCUMFERENT JAL INTEGRALS OF TFHE RING

I'T 1S USED. AS AN ARGUMENT CF THE kUﬂERlCAL INYEGRAVION
SUBRNUT INE

*GAUSS*

NDESCRIPTION OF THE PARAMETERS .
7-DISTANCE OF THE SHEAR CENTER CF THE RING FROM THE
MIDOLE SURFACE OF TFHE SHFLL

Z-D1STANCE OF THE CENTRCID CF THE RING FRCM [TS

SHEAR CENTER

THE INPUT VALUE OF X AT WHICK T+E INTEGRANDS HAVE

TO BE EVALUATED
INT EGRANDS

N

NB

0 WHEN COMPUTING THE SYMMETRIC
1 WHEN COMPUTING THE ANTISYMMETRIC MOCE SHAPES

EXCEPT FOR X ALL THE INPUT AND OUTPUTY PARAMETFRS ARE
COMMUN ICATED THROUGH YHE COMMON STATEMENT

FUNCTION SUBROUTINES REQUIRED

L2222 2 R X R X S 2 2 22 R Al R 22 R 2 2 R X 2 R 2 Y RS T X S R YR L 2

SUBROUT INE RINGL (X))
COMMUN DRUID4REIDyURVISIeRVISI K1l o) s KRR UL A) sncl a0) gRR2LLDI yR3I L)
1RR3I(2}),R4(5), RRQ(SD'RSGIB).DPS(18lvR6(lll'RR6(ll).Pl.lK AA,XItS),
2XR(2),E14E2 ,N,NByNBCyM, MByNSA

AN= X®&N
XNB=X*NB
SR=RSHL (X)
RC=SR+EL+F2
IF(NSA}L,1,2
CN= CCS(XN)
SN= SIN(XN)
CNR= COS(XNB)
SNR= SIN(XNB)

cn 70 3
CN= SIN{XN}
SN= COSt XN)

CNR= S IN(XNB)
ENB= COS(XNB)
CC=CN*CNA
SS=SN#SNP
R1(4) =RC*CC
R1(8)=RC*SS
R1(3)=CC/RC
R1{ 7} =SS/RC

R112)=R113)/RC
R1{6)=R1 (7)/RC
R1(1)=R1( 2} /RC
R1{S)=R1(6)/RC

RE TURN
ENC
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PURPOSE

RSHL

SUBROUT INE RING2{ X)

CALCULATE AT A GIVEN VALUE OF X THE VALUES OF THE INTEGRANDS
OF THE SECOND SET OF CIRCUMFERENTIAL INTEGRALS OF THE RING

USACE:
IT IS USED AS AN ARGUMENY OF THE NUMERICAL INTEGRATION
SUBROUTINE *GAUSS?
DESCRIPTION OF THE PARAMETERS
£l Z-DISTANCE OF THE SHEAR CENTER CF THE RING FROM THE
MINOLE SURFACE OF THF SHFLL
E2 I-OISTANCE OF THE CENTROID OF THE QR ING FROM (VS
SHEAR CENTER
X THE INPUT VALUE OF X AY WHICH THE INTEGRANDS HAVE
TO BE EVALUATED
R2(11} INTEGRANDS
N N
NB NB
NSA 0 WHEN COMPUTING THE SYMMETRIC MONE SHAPES
1 WHEN COMPUTING THE ANTISYMMETRIC MONE SHAPES
REMARKS

EXCEPY FOR X ALL THE INPUT ANO OUTPUT PARAMETERS ARE
COMMUNICATED THROUGH THE COMMON STATE MENT

FUNCTION SUBRCUTINES REQUIREC

CEEPEFLP L2220 002022004042 00002 000200022000 040000000 4807000048000

SUBROUT INE RING2(X)
CUMMUON DR{9)yRED) yORVED) onVID) okI(B) gRRLIB) 1 R21LIO) oiR2LLOY ol )y
IRR3(2) ,R4(5) ,RR4(S), RS(le)'Rﬂ5(18’0R6(ll'ORRG(ll) DLy XKs AN XT(S),
2XR{U2V1,EL,E2,NyNB,NBC,M, MB,NSA

XN=X®N
XNA=X*NR
SR=RSHL (X)
RC=SR+E1+E2
IFINSA) 1,1, 2
CA= COS (XN)
SN= SIN{XN)
CNB= COS(XNB)
SNB= SIN(XNR)

GC YC 13
CN= SEIN( XN}
SA= COS (XN)

CNR= SIN(XNB)
SNA= COS{XNR)
CC=CNeCNB
$S=SN* SNB
RC2=RC*RC
RCSR=RC*SR
R2110)=SS/RCSR
R2(91=R2(10)/SR
R2(8)=RC*SS/SR
R2UT)=R2{ B} /SR
R2(6)=SS/RC2
R2{5)=R2(6) /RC
R2(3)=CC/RCSR
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R2(11=R2(3) /SR

R2(4)=R 203D /RC2

R2(21=R2(41/SR
RETURN
END
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SUBROUTINE RING3(X)

CUMMUN UR{E9) oREG) yuRVIES) ¢RV(5) okl (8) ¢ RKL (B, R2 (L
1PR3I(2),R4(S)+RR4(S5),R5(18),RR5(18), Rb(ll).RRb(l

LR P S IR S I AR I L R B B SR B R N IR B IR N

PURPCSE

USAGE

REMARKS

SUBROUTINE RING3(X])

CALCULATE AT A GIVEN VALUE

1T IS USED AS AN ARGUMENT OF THE NUMERICAL INTEGRATION
SUBROUTINE *GAUSS®
CESCRIPTION OF THE PARAMETERS

€1 I-DISTANCE OF THE SHEAR CENTER OF THE RING FROM THE
MIDDLE SURFACE CF THE SHELL '

€2 .I-DISTANCE OF THE CENTROID OF YHE RING FRON Ivs
SHEAR CENTER

X THE INPUT VALUE OF X AT WHICH THE lhTEGRANDS HAVE
TO BE EVALUATED .

R3LD) [NTEGRANDS

N

LY} NB .

NSA 0 WHEN COHPUT!NG THE SYMMETPRIC MODF SHAPES

1 WHEN COMPUTING THE ANTISYMMETRIC ~ONE SHAPESn

EXCEPT FOR X ALL THE [INPUT AND OUTPUT PARANETERS ARE
COMMUNICATED THRCUGH THE COMMON STATEMENT

FUNCT [ON SUBROUTINGS REQUIRED

RSHL

2XR(2)4EL,E2+NyNB,NBC M, MB ,NSA

XN= X *N
XNB=X*NB

SR=R SHL { X}
RC=SR+E1+E2
IFINSAYL,1,2
CN= COS(XN}
ChB= CCS(XNB)
GC T1C 2

CN= SIN(XN)
CNA= STIN(XNB)
CC=CN*CNANB
R3{2)=CC/(RC*RC*SR)
R3(1)=R3{2)/SR
RE TURN

END
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OF X THE VALUES OF THE INTEGRANDS
CF THE THIRD SEYT OF CIRCUMFERENTIAL INTEGRALS OF THE RING
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.

SUBRCUT INE RING4 (X) .
: +

PURPCSE +
CALCULATE’ AT A GIVEN VALUE OF X THE VALUES OF THE INYEGRANDS ¢

OF THE FOURTH SET OF CIRCUMFERFNTIAL INTEGRALS OF THE RING 14

+

USAGE +
IT 1S USED AS AN ARGUMENT OF THE NUMERICAL IN7EGRAYION +
SUBROUT INE 'GAUSS' . 3

+

DESCRIPTION OF THE PARAHETERS +
El 7-DISTANCE OF THE SHEAR CENTER OF THE RING FROM THE +
MINDDLE SURFACE OF THE SHELL +

E2 I-DISTANCE OF THE CENTRCID CF THE RING FROM 'ITS +
SHEAR CENTER - *

X THE INPUT VALUE CF X AT mHICH THE INTEGRANDS HAVE +

TO BE EVALUATED : +

R&4(1) INTEGRANDS .

N N .

LY} NB . .
NSA 0 WHEN COMPUTING THE SYMMETRIC MODE SHAPES +

1 WHEN COMPUTING THE ANTISYMMETRIC MODF SHAPES .

+

REMARKS +
EXCEPT FOR X ALL THE INPUT AND OUTPUT PARAMETERS ARE +
COMMUNICATED THRCUGH THE COMMON STATEMENT ¢

+

FUNCT ION SUBROUT INES REQUIRED +
RSHL +
RSHLY' +

+
0000000000000000000’00000000000000000000000000000000000000000000004

SUBROUTINE RING4( x)

CUMMON OR(9) ok(9) sORVIS) yRVI5) yRL(0) s RKL(3)4R2(L0D4RR2(10)I4R3I(2),
1RR3(2) ,R4{5) yRRG{5) yR5(18) RRS(18),R6(111,RR6{11),P1,XK,AAsXILS),
2XR(2), ELeE2)NyNByNAC My MB, N SA

XN=X*N
INB = X*NR
SR=RSHL (X}
I=F] +£2
RC=SR+Z
SRT=RSHLT(X )
RCT==SRT/{(RC*RC)
IFINSA) 1,1,2
CAh= CCS (XN}
EN= SIN( XN)
CNR= COS{XNB)
SNA= SIN(XNB)

GO TC 3
CN= SIN(XN)
SN= COS( XN}

CNB= SIN(XNB)

SNB= COS(XNB)
RCT=-RC Y

SS=SN4SNB

SC=SN*CNB

CS=CN#*SNR
R4(1)=RCTSRCTESS/RC
Q4{S)=RCTE*CS/RC
Re(3)=R4(S)1/RC
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- +
+ SUBROUTINE RlNGS(X) +
+ +
+ PURFCSE : +
+ CALCULATE AT A GIVEN VALUE OF X THE VALUES OF THE INTECRANDS ¢
+ NF THE FIFTH . SET OF CIRCUMFERENTIAL INTEGRALS OF THE RING +
+ ' +
¢+ USAGEF +
+ v 1Is USED AS AN ARGUMENT OF THE NUMERICAL lNTEGRATlON +
+ SUBROUTINE *GAUSSY +
. L 4
+ CESCRIPTINN COF THE PARAMETERS +
+ Fl 7-DISTANCE OF THE SHEAR CENTER OF THE RING FROM THE +
) MIDDOLE SURFACE OF THE SHELL +
+ 4 2-DISTANCE OF THE CENTROID OF THE RING FROM ITS *
+ SHEAR CENTER +
+ X THE INPUT VALUE OF X AT WHICH THE INTEGRANDS HAVE +
+ T" BE EVALUATED ¢
+ RS{I} INTEGRANDS +
+ A N +
+ NB NB +
+ NSA 0 WHEN COMPUYING THE SYMMETRIC MODE SHAPES +
+ 1 WHEN COMPUY ING THE ANTISYMMETRIC MODE SHAPES +
+ +
+ REMARKS +
+ EXCEPT FOR X ALL THE INPUT AND OUTPUT PARAMETERS ARE +
+ COMMUNICATED THROUGH TYHE COHMON STATEVMENT +
+ +*
+ FUNCTION SUBROUTINES REQUIRED +
+ RSH +
+ RANRTY +
+ RSHLTY +
+ *
R L P N X R S Y Y I YT TR R T TR L L S

SUBROUTINE RINGS( x}

COMNMON UR(EI) 9RI9) yUKRV (S ) ¢nV {5) 4kl (B ),
LRR3{2) ,R4(5) ¢RR4IS5),R5(18),RR5(18),R6
2XR{2),E1,E2,N,NB,NBC,M, MR ,NSA

XN=X%N

XNB = X=NB

SR=RSHL ( X)

I=€1+E2

RC=SR+#7

SRT=RSHLT(X)

RC2 =RC*RC

RCT=~SRT/RC 2

RT=RRRT (X )

[F(NSAY 1,142

1 CN= CDS{XN)

SN= SIN(XN)

CNR= COSIXNB)

SNA= SIN{XNB)

GC 7C 2

2 CN= SIN(XN)

SN= COS{XN)

CNR= STIN(XNB)

SNB= COS( XNBR)

RT=-RT

RCT=-R(CT

2 SS=SN=SNB

SC=SN*CNB

Kh1{8)sRe (10 yRr2410) 4R 3( 2},
6{11),RREULL),PI,XKsAAs XI(5),

47
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CS=CNeSAE
U=RCT/{RC2*SR)

RS (3)=RCTHRCT 4SS/ (RCHSR )
R512)=RS(31/SR
RS{18)=SSRT*RT/RC
RS (1)=R5(18)/RC2
R5(4)=SS*RTERCT/AC2
RS(5)=RS(4)/SR

RS (6)=SC*RT/RC
RS17)sC S#RT/RC
RS(11)=RS5(7)/SR

RS {10)=R5(6)/SR
R5(8) =51 6) /RC2
R5(9 )1=R5(7)/RC2
R5(12) =R5(8)/SR
RS(13)=RS(.9) 7SR

RS {16 )=SCH
R5(17)=CS*U
RS(14)=RS5( 16) /SR
R5(15)=RS (171/SR

RE TURN

ENC
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+ +
+ SUBROUTINE RING6(X) +
+ > *
+ PURPCSE *
+ CALCULATE AT A GIVEN VALUE OF X THE VALUES OF THE INTEGRANDS ¢
+ OF THE SIXTH SEY OF CIRCUMFERENTIAL INTEGRALS OF THE RING +
+ ’ +
+ USAGE +
* IT IS USED AS AN ARGUMENTY OF THE NUMERICAL INTEGRATION *
+ SUBROUTINF *GAUSS? ) +
. . .
+ CESCRIPTION OF THE PARAMETERS - .
+ El I-DISTANCE OF THE SHEAR CENTER OF THE RING FROM THE +
+ MIDOLE SURFACE OF THE SHELL . +
+ €2 Z-DISTANCE COF THE CENTROID OF THE RING FROM ITS +
+ SHEAR CENTER . R
+ X THE INPUT VALUE OF X AT WHICH THE [ATEGRANDS HAVE +
+ TO BE EVALUATED *
+ 641 INTEGRANDS 3
+ N N *
+ LY NB +
+ NSA 0 WHEN COMPUYING THE SYMMETRIC MODE SHAPES +
+ 1 WHEN COMPUTING THE ANTISYMMETRIC MONE SHAPES +
* . . .
+ REMARKS +
+ EXCFEPT FOR X ALL THE INPUT AND OUTPUT PARAMETERS ARE +
+ CCMMUNICATED THROUGH THE COMMON STATEMENT +
* .
+ FUNCTION SUBROUT INES REQUIRED +
+ Q SHL +
+ RRRT +
+ RSHLTY +
+ +
R I R Ty R R R A Y Y R X Y XYY X

SUBROUTINE RING6 (X)

CCMMUN DRI DI sRIIIeURV IS )y RV {5 ) RL(E) o nKR1IUBIyx 20 10D 3n 2010 ok 3(2)
1RR3(2),R4(S5)yRRE(S),RS(1BI,RR5(18),R6(11),RRE(L11),PT,XK,AA,XI(S),
2XR(2) ,E1 yE2 yNyNR,NBC yM,MB ,NSA
XN= X *N
XANB=XE®NB
SR=R SHL { X)
I=E1+E2
RC=SRe¢2
SRT=RSHLT( X)
RC2=RC*RC
RCY=~-SRT/RC2
RT=RRRT(X)
IFINSA)L1,1,2
1 CN= COS(xN)
SN= SIN(XN)
CNB=" COS (XNB)
SNB = STAN(XNAR}
G0 10 3
2 CN= SIN(XN)
SN= COS (XN)
CNB= SIN(XNB)
SNB= COS(XNB)
QT=-RT
eC¥==R(CT
3 SS=SN&SNP
SC = SN®&CNB
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CS=CN*SN8
U=RC T/ (RC%SR)
v=RT/RC 2

R6 (1 )=SS*RT *RT/RC2
R6(2)=SS*RT*RCT/RC
R6{2)=RE(2)/SR

R6 {4 )=SC*V

R6(5)=C SV
R6{6)=R6(4) /SR
R6{T)=R6(51)/SR
R6{1C)I=SC*U
R6(11)=CS®

R6(8B) =R6(10) /SR
R6(9)=R6(11)/SR
RETURN

END
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SUBRCUT INE GAUSS

PURPCSE

YO EVALUATE THE INTEGRALS OF A SET OF FUNCTIONS OVER THE

INTERVAL

USAGE

LOWL TO UPL

CALL GAUSSING ,KGoLOWL yUPL 4 NOF N PHT oF X , SUM 4ANS yFOFX)

PARAMETER FOFX REQUIRES EXTERNAL STATEMENT

DESCRIPTION OF THE PARAMETERS

NG
KG
LOWL
UPL
NOFN
PHI
FX

SUM
ANS

TEMP

CONST
NLF

REMARKS
THE

NUMBER CF PCINTS OF THE CAUSSIAN QUADRATURE

NUMBER OF SUBINTERVALS

LOWER LIMIT OF THE INTEGRATION

UPPER LIMIT OF THFE [INTEGRAT ION

NUMBER OF FUNCTICNS YO BE INTEGRATED

AN INTERMEDIETY VALUE

NAME OF THE VECTDR WHOSE ELEMENTS ARE THE FUNCTIONS
WHICH ARE TO BE INTEGRATED

WORK INC VECTOR

THE NAME OF THE CUTPUT VECTCR WHICH CNNTAINS THE
VALUES OF THE INTEGRALS

THE NAME OF THE FXTERNAL SUBROUTINE USED TO EXPRESS

WORKING VECTOR WHOSE DIMENSION MUST BF GREATER THAN
CR EQUAL YT NDFN

VECTCR CONTAINING THE ABSISSAS AND WEIGHT FACTORS
WNRK ING VECTOR

THIS SUBROUTINE IS EQUIPPEC TC PERFORM 3-44-y5~,6-97-, 8-, 9-,
10-+ 16—, 32-POINT GAUSSIAN QUADRATURE wITH ANY SPECIFIED KG
NUMBER OF SUBINYERVALS

SURROUT INES REQUIRED
THE FEXTERNAL SUBROUT INE FOFX CONTAINING A SET OF FUNCTIONS
MUST BE FURNISHED BY THE USER

FETHCC

THE CONSTANTS (ABSISSAS AND WEIGHT FACTCRS) USED IN THIS
SURRCOUT INE WERE OBTAINED FROM TABLE 25.4, M. ABRAMOWITZ AND
1. A, STEGUN, HANC BCOK OF MATHEMATICAL FUNCTIONS WITH

FORMULAS,
CCMMERCE,

SERTES. SS5.

+
+
+
+
+
+
+
+
+
+
+
.
+
+
.
+
*
.
+*
+
+
+
+
+ FOFX
+
+
+
L d
+
+
*
+
+
+
+
+
+
+
+
+
+
+
.
+
L
+
+*
+
+

GRAPHS, AND MATHEMATICAL TABLES, U. S. DEPT, OF

+
L 4
+
+
+
+
+
+
*
+
+
+
+*
+
+
+
+*
+
&
+*
+
+
+
+
THE FUNCTIONS fX +
+
+*
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+*
NAT IONAL BUREAU NF STANDARDS, APPLTED MATHEMATICS +
+

+

+

e R e R T R R 2 X T R Y
SUBROUTINE GAUSS (NG sKGoLOWL JUPL,NCFN,PHI,FXySUM,ANS, FOFX)

REAL LOWL

DIMENSICN SUMIL) JANS (1) o FX (1), CONST(104),TEMP{35),NLS(32)

CATA NLS /-1¢=1,09%,8y14,20,28y369469~1¢s=19~1,-1,~1,56,
* “ly-19=1y-19=lo=lo-lo=1lp-lo=le—=ly-lyp=14=-19-1,72 /

CONSTI12=0.0

CONST(2)=0,.880888888888889
CCNSTI3) =0, 774596669242483
CONST(4)=0.555555555555556
CCAST(51=0,3399R1063584856
CCNST(6)=0.652145154862546
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CONST(7)=0.861136311594053
CONST{8)=0.3647854845137454
CONST(9)=0.0
CONST(10!=0.5688888608888889
CONST{11)=0.53R469310105683

CONSTY{
CONST{
CONST{
CONST(
CONST(
CONST{
CONST (
CONST(
CONSTI
CCAST(
CONSTI
CONST (
CONST(
CANSTI
CONST(
CONST(
CONST(
CONST(
COANST(
CONST(
COAST
CONST(
CONST(
CONST({
CONSTI
CONS T
CONSTU
CONSTI(
CONST
CONST(
CONST(
CONST(
CONST(
CONST (
CONST(
CONSTI
CONST(
CONST(
CONSTI(
CONST(
CONSTI(
CONST(
CONST(
CONST(
CONST (
CONST(
CONST(
CONST(
CONST(
CONST(
CONST{
CONSTI
CONST (
CONSTY
CONST(
CONST (
CONST(

121=0.478628670499366
13)=0.906179845938664
14)=0.236926885056189
159=0,2386191860R3197
16)=0,467913934572691
17)=0.661209386466265
181=0.360761573048139
19} =0.932469514203152
20)=0.17132449237917

21)=0.00000000000000

22)=0.417959183673469
23)=0.405845151377397
241 =0.381830050505119
25)=0.741531185596394

261=0.279705391489277

271 =0.949107912342759
28)1=0.12948456616887

291=0.18363464249565

30)=0.362683783378362
311=0.525532409916329
321=0.313706645877887
33)=0. 7966664774 13627
34)=0.222381034453374
35)1=0.960289856497536
36)=0.101228536250376
37)=0.000000000000000
38)=0.330239355001260
39)=0,324253423403809
4031=0.312347077040003
431)=0.6133T7143270C590
621=0,260610696402935
43)=0.836031107326636
44)=0.180648160694857
45)=0,968160239507626
46)=0,081274388361574
47)=0.148874338981631
481=0.295524224T714753
49)=0.433395394129247
50)=0.2£692€67193C€9996
511=0.679409568299024
52)=0.219086362515982
531=0.865063366688985
54)=0.149451349150581
55)=0.973906528517172
56)1=0.,0666713464308688
57)=0.095012509837637
581=0.189450610455068
591=0.281603550779259
60)=0.,182603415044924
61)=0.458016777657227
62)=0.,169156519395003
63)=0.61787624440264%
661=0,149595988816577
651 =0.755404408355003
661=0.124628971255534
67)=0.865631202387832
68)=0.095158511682493
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CONST ! 69)=0.944575023073233
CONST!{ 701=0.062253523938648
CONST( 71)=C.989400934991650
CONST( 72)=0.027152459411754
CONST{ 73)=0.048307665687738
CONST( 741=0.096540088514728
CONST( 751=0.144471961582796
CONST{ 761=0.,095638720079275
CONST( 771=0.239287362252137
CONST( 78)=0.093844399080805
CONST( 79)=0.331868602282128
CONST! 801=0.091173878695764
CONSY( B1)=0,42135127613C635
CONST( 821=0.087652093004404
CONST( 83)=0,506899908932229
CONST{ 84)=0.083311924226947
CONST( 85)=0.58771575724C762
CONST( 86)=0.078193895787070
CONST( B87)=0,662044266930215
CONST( BB8)=0.072345794108849
CONST( 89)=0.732182118740299
CONSTI 90)=0.065822222776362
CONST( 91)=0.794483795967942
CONST( 92)=0.058684C93478536
CONST U 931=0.849367613732570
CONST( 94)=0,050998059262376
CONST( 951=0.896221155766(52
CCNST( 96)=0.042835898022227
CONST( 97)=0.934906075937740
CIONST( 98)=0,.034273862913021
CONST( 99)=0.964T762255587506
CONSTI1CC)=0.025392C€£5306262
CONST(101)=0.985611511545268
CONST(102)=0.016274394730906
CONST(103)=0.997263861845482
CCNST(104)=0.0070186100C9470C
1001 FORMAT (31HIGAUSSTAN INTEGRATION OF ORDER IS, /
* 17HOIS NOT AVAILABLE /
* 17HOPRCGRAM STOPPED.)

FROM ORCER SPECIFIED, FIND STARY LOCATION IN DATA,
DO 20 NCRD=1,32
IF (NG .EQ. NORD) GO TO 25
20 CONTINUE
39 WRITF (641001} NG
CALL EXIT
25 LS = ALS(NORD)
IF (LS LY. O) GC TO 99
FKG= FLOAT(KG]}
N0 1 N=1,NOFN
1 ANS(N}=0.0
Al=LOwWL
A2=A1
B=UPL
Cx={B-A1)/FKG
CoO 2 I=1,KG
Al=A2
B=A1+0X
A2 =R
ALPHA=C.5E0*0 X
BETA=ALPHA+AL
0C 3 N=l ,NOFN
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SUMIN)=0.0

OC 4 J=14NG,y2

LCC = LS + J

PYKA = CONSTI(LOC) * ALPHA
PHI=BET A-PYKA

CALL FOFX (PHI)

CO S N=1,NOFN
TEMP(N) =FX (N)
IF(PYKA)7,6,7

CO 8 N=1,NOFN

" TEMPINI=0.0

GO T0 9

PHI=PYKABETA

CALL FOFX (PHI)

DO 10 N=1,NOFN

LOCPL = LS ¢+ Jel

SUMIN) = SUMIN) *+ (TEMP(N} + FX(N))} * CONST(LOCP1)
CONTINUF

CC 11 AN=1,NCFN

ANS {N) =ANS(N) +SUHM(N) * AL PRA
CONT INUE

RETURN

END

54

-



[a¥aNeNe Nalal

2005

SUBROUTINE EIGENC (AN, AK,¥N3 KRRRyVECR,LCoXXXXyY,MC,2,EVR,EVL, INDI
1C) :

CINMENS ION AM{KRRR, 1) ,AK{KRRR,y 1)y VECRIKRRR y1) 4LC{ 1) yEVREL) ¢XXXX{1),
1Y(1) oMC (1) ,201) ,INDICIL1),EVI(Y)

THE PURPOSE OF THIS SUBROUTINE IS TO ARRANGE THE MATRICIES INTO-
THE FORM REQUIREN BY SUBROUTINE EIGENP

CALL RRAY({2,MN3,MN3,KRRR,KRRRyXXXX¢AM)
CALL RRAY ({2,MN3,MN3,KRRR,KRRR,Y,AK)
CALL INVIXXXX,MN3,LC,MC)

CALL MPROUXXXXeYsZ 4MN3,MN3,MN3)

CALL RRAY (1,MN3,MN3,KRRR,KRRR,Z4yAK)
DO 2C05 1J=1,MN3

EVR{1J)=0.000

FVI(1J)=0.000

DC 2C05 KJ=1,MN3

AM{1J,KJI=0.C00

VECR{1J,KJI=0,.000

U=48,000

CALL EIGENP(MN3,KRRR 4AKsUsEVR,E VI VECR,AM,INDIC)
RETURN

FND
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SUBROUTINE EIGENP(NoNM,A,T,EVR,EVI,VECR,VECI,INDIC)
THIS SUBROUT INE TAKEN FROM COMMUNICATIONS OF ACM VOL. 11 NO. 12,
DEC. 68
INTEGER T oI VEC ¢JoK oKLy KONgLsLlyMyN,NM
DIMENS ION AINM, 1),VECR{NM, 1), VECIINM,1),
LFVR{NM) ,EVIINV), INDIC(NM)
DIMENSION [WORK(120),LOCAL{120) ,PRFACT(120)
1,SUBDIAC120),WORK1{120),WORK2{120), WORK{ 120)

THIS SUBROUTINE FINDS ALL THE EIGENVALUES ANC THE
ETCENVECTORS OF A REAL GENERAL MATRIX OF OPDER N,

FIRST IN THE SUBROUTINE SCALE THE MATRIX IS SCALED SC THAT
THE CORRESPONDING ROWS AND COLUMNS ARE APPROXIMATELY

BALANCED AND THEN THE MATRIX IS NCRMALISEC SC THATY THE
VALUE OF THE EUCLIDIAN NORM OF THE MATRIX IS EQUAL TC CNE.

THE EIGENVALUES ARE COMPUTED RY THE QR OCUBLE-STEP METHOD
IN THE SUBRDOUTINE HESQR.

‘THE ETGENVECTORS ARE COMPUTED BY ENVERSE ETERATICOMN IN

THE SUBRROUTINE REALVE, FOR THE REAL FIGENYALUES,CR IN THE
‘SUBROUT INE COMPVE,FOR THE COMPLEX EIGENVALUES.

THE ELEMENTS OF THE MATRIX ARE TO BFf STORED IN THE FIRST N
RCWS. ANC COLUMNS OF THE TWO ODIMENSIONAL ARRAY A, THF

"CRIGINAL MATRIX IS ODESTRCYED BY THE SUBROUTINE.

N IS THE ORDER OF THE MATRI X,
NF DEFINES THE FIRST CIMENS ION NF THE TWO DIMENSIONAL
ARRAYS A,VECR,VECT AND THE DIMENSION OF THE CNE

JDIMENS IONAL ARRAYS EVR,EVI AND INDIC. THEREFCRF THE

CALL ING PROGRAM SHOULC CCNTAIN THE FOLLOWING DECLARATION

DIMENSINN A{NMoNN)  VECR{NM,NK) ,VECT [NV, NN},

1EVR(NM), EVI(NM}, INDICI(NM)
WHERE NM AND NN ARE ANY NUMBERS EQUAL TO CR GREATER THAN-N
THE UPPER L IMIT FOR NM [S EQUAL TO 100 8UT MAY BE
INCREASED TO THE VALUE MAX BY REPLACING THE DIMENSION
STATEMENT

DIMENS ION IWORK({100),LPCAL(100),y... WORPK{10N)
IN THE SUBROUTINE EIGENP WITH

DIMENSION I WORK({MAX) , LOCALIMAX) yoee s WORK(MAX)
MM ANC NN ARE OF COURSE BOUNDED BY THE SIZE OF THE STORE,.

THE REAL PARAMETER .T MUST BE SET EQUAL TO THE NUMBER CF /
BINARY CIGITS IN THE MANTISSA OF A NDOUBLE PRECISINN
FLOATING-PDINT NUMBER, :

THE REAL PARTS OF THE N COMPUTED EIGENVALUES WILL BE FOUND
IN THE FIRST N PLACFS OF THE ARRAY EVR AND THE [MAGINARY
PIRTS IN THE FIRST N PLACES OF THE ARRAY EVI,

THE REAL CCMPONENTS OF THE NORMALISED EICENVECTOR 1
(:1=142veee9N) CORRESPONDING TO THE EIGENVALUF STORED IN
EVR(I) AND EVI(T) WILL BE FOUND IN THE FIRST N PLACES OF
THE COLUMN I OF THE TWC OIMENSIONAL ARRAY VECR .AND THE
IMAGINARY COMPNNENTS IN TYTHE FIRST N PLACES OF THE COLUMN I

:CF THEE TWO DIMENS IONAL ARRAY VECT!.

THE REAL EIGENVECTOR IS NORMALI SED SO THAT THE SUM OF THE

"SCUARES OF THE COMPONENTS IS EQUAL TO ONE.

THE COMPLEX FIGENVECTOR IS NORMALISED SO THATY THE

-.COMPONENT WITH THE LARGESY VALUE IN MODULUS HAS 1TS REAL

PART EQUAL TC ONE ANC TFHE IMAGINARY PART EQUAL TO ZERO.
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C TPE ARRAY INCIC INDICATES THE SUCCESS OF THE SUBROUTINF
. EIGENP AS FOLLOWS

DO

c VALUE OF INDIC(T) ETGENVALUE 1 ETGENVECTOR I’
¢ n NCT FOUND NOT FOUND
c 1 FCUND NCT FOUND
c 2 « FOUND FOUND
c
C' N v e EA I . s
IFIN.RE.1IGO YD1
EVR(1) = A(1,1)
EVI(1) = 0,00
VECR(1,1) = 1.0C
VECI(l,1) = 0,00 N
INDIC(1) = 2 X
co TO 25
1 CALL SCALE(N,NM,A,VECI ,PRFACT,ENORM)
THE COMPUTATION OF THE E[GENVALUES OF THE ~on~ntlseo
MATRIX. ~
EX = EXP(-T#ALOG(2.CO))
CALL HESQR(N, NHquVECI'EVR.EVI.SUBD!A'!NOIC'EPSoEXD
¢
C THE POSSIBLE DECOMPOSITICN OF THE UPPER—HESSENBERG MATRIX
C INTO THE SUBMATRICES OF LOWER ORDER IS INDICAYED IN THE -
¢ ARRAY LCCAL. THE DECCMPCSITION OCCURS WHEN §CME
C SUBDIAGONAL ELEMENTS ARE IN MODULUS LESS THAN A SWALL
C PCSITIVE NUMBER EPS CEFINED IN THE SUBROUTINE MESQR . THE
C AMCUNT CF WORK IN THE EIGENVECTOR PROBLEM MAY BF
C CIMINISFED IN THIS WAY.
J =N
1 =1
LOCAL(1) = 1
IF(J.EQ.1)G0 TO 4
2 1F( ABS(SUBDIA(J-1)).GT.EPSIGE TO 3
1 = 141
LOCAL(1)=0
34 = g-1
LOCAL ( 1)=LDCAL(T)+1
IF(J.NELLIGO TO 2
C .
C THE EIGENVECTOR PROBLEM,
4 K = 1
KON = C
L = LOCAL(1)
¥ =N
DD 10 I=1,N

IVEC = N-1+¢l

IF(I.LE,LIGO TO S

K K+l

P N-L

L+ LOCAL(K)

5 lF(lNDIC(IVEC) EQ.CIGO TO 10
IF(EVI(IVEC).NE,0.00)GO TO 8

C .
C TRANSFER NOF AN UPPER-HESSENBERG MATRIX OF TKE CRDER M FROM
C THE ARRAYS VECI AND SUBCIA INTO THE ARRAY A.
DC 7 Kl=1l,»
DO 6 LI=K1,M
6 A(Kl,L1) = VECIIK]1,L1)
IF(K1.EQ. 1160 TO 7
A(K1l,yK1=-1) = SUBDIA(KI1-1)
7 CONTINUE
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‘THE COMPUTATION OF THE REAL EJGENVECTOR IVEC OF THE UPPER-
HESSENRERG MATRIX COﬁPESPONDING TO THE REAL EIGENVALUE
EVR( IVEC). . .
CALL REALVE(N NMy M, IVECyA9y VECROEVR yEVI 4 I WORK,
1 MWORK,INDIC,EPS,EX)
GO 10 10 .

AOE O

THE COMPUTATION CF THE COMPLEX EIGENVECTCR IVEC OF THE
UPPER-HESSENRERG MATRIX CORRESPONDING TO THE COMPLEX
EIGENVALUE EVR{IVEC) + [*EVI(IVEC). IF TPE VALUE OF KON 1S
NOV EQUAL 70O ZERD THEN THIS COMPLEX EIGENVECTOR HAS
ALREADY BEEN FNUND FROM ITS CONJUGATE.,
£ IF(KON.NE 0160 70 ©
KON = 1
CALL CCMPVE(NyNM M, IVEC, A, VECRyVECI,EVR,EVI, INOIC,
1 ITWORK,SUBDIA,WORK!L yWORK2 WORK,EPS,EX)
¢0 7O 10
9 KCN = 0
1€ CONTINUE

aXakaXaNzXe N

" THE RECCANSTRUCTION OF THE MATRIX USED IN THE REDUCTION OF

_MATRIX A TO AN UPPER-HESSENBERG FCORM BY HCUSEHOLCER METHNC
€O 12 I=1,N .

o0n

Al(T,4) = 0.00
11 A{dyI) = 0,00
12 All,I) =1.00
IF(N.LE.2)GO TO 15
¥ = N-2
DO 14 K=1,M
L = K¢l
DC 14 J=2,N
0l = 0.00
00 13 I=L,N
D2 = VECT(1,K)

13 D1 Dl+ D2%A(J,I)
00 14 I=L,N
14 AldsI) = ACU,I)-VECIIT,K)*01

c
C TH+E COMPUTATION OF THE EIGENVECTORS OF THE ORIGINAL NON-
C SCALED MATRIX,
.15 KON = 1}
t0 24 1=1,N
L =0
IF(EVI(I).EQ.0.00)GO TO 16
L=1
IF(KCNL.EQ.0)GO TO 16
KON = O
GO T0 24
16 DC 18 J=1,N
OO oo
D2 = 0.00
DC 17 K=1,N
0?2 = A(J,K)
Dl = Dl ¢D3SVECR(K, 1}
TFIL.EQ.0VGO TQ 17
D2 = ozoDJtVECR(K i-1)
17 CONTINUE
WORK{J) = DlIPRFACY(J)
1F(L.EQ.0)GD TO 18
SUBDTA( J)=D2/PRFACT ( J)

o
[
"
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18 CCNT INUE
c ,
C THE NORMAL IZATION OF THE EIGENVECTORS AND THE COMPUTATICN
C OF THE EIGENVALUES OF THE ORIGINAL NON-NORMAL ISED MATRIX.
IFIL.EQ.1)G0 YO 21
0t = 0,00 -~ .
0C 19 M=l,n
ML= WORKEMI
19 "~ 01 = Dlswlieuwl
Dl = SQRT(DL)
DO 20 M=1,N )
VECI(M, 1) 0.00
20 VECR({M,I) = WCRKI(M)/D]1
EVRITI) = EVR{T)®ENQORM
GC TN 24 .

21 KON = 1

EVRIL) EVR{1)SENDRM
EVR(I-1) EVR{I)
FVI(I) = EVI(1)*ENORM

S EVEICI-1Y =-EVI(T1}
R = C.00
£0 22 J=1,N

wl WORK ( J)

w2 SUBDIA(J)

Q1 WlsWl + W2%W2

IF(R.GE.R1)GO TC 22

R = R1

L=1J

22 CCNTINUE

D3 = WORK{(L}
R1 = SUBOTIA(L)
00 23 J=1,N

D1 = WORK(J)

D2 = SuBDIA(Y)
VECR{Jy1} = (D1%D3+D2*R1)/R
VECItJ,y1) = (D2%D3-D1*R1}I/R
VECRUJ,I-1) = VECR{J, D)

23 VECI(Js1-1) ==-VECI(JW1}

24 CONT [NUE

2% RETURN
ENC
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SUBROUTINE SCALE(N,NM,A H,PRFACT 4 ENCRM)
INTEGER ToJs ITER ,NyNCOUNT,NM
CIFFASION A(NM,1),HINM; 1), PRFACT (NM)

THIS SUBROUTINE STORES THE MATRIX OF THE ORDER N FROM THE
ARRAY A INTO THE ARRAY H. AFTERWARD THE MATRIX IN THE
ARRAY A IS SCALED SO THAT THE QUOTIENT OF THE ABSCLUTE Suv
CF THE OFF-CTAGONAL ELEMENTS OF COLUMN I AND THE ABSOLUTE
SUM CF THE OFF-DIAGONAL ELEMENTS OF ROW I LIES WITHIN THE
VALUES OF BOUND1 AND BOUND2. - ) ‘

THE CCMFCNENT [ OF THE EICENVECTOR OBTAINEC BY USING THE
SCALED MATRIX MUST BE OIVIDED BY THE VALUE FCUND IN THFE
PRFACT(T) OF THE ARRAY PRFACT, IN THIS WAY THE EIGENVEC TOR
0OF THE NON-SCALED MATRIX IS CBTAINED.

AFYER THE MATRIX IS SCALED IT IS NORMALISED SO THAT THE
VALUE OF THE EUCLIDIAN NCRM IS EQUAL TO ONE.

IF THE PROCESS OF SCALING WAS NOT SUCCESSFUL THE CRIGINAL
PATRIX FROM THF ARRAY H WOULD 9€ STORED BACK INTO A AND
THE EIGFNPRCBLEM WOULD BE SCLVED BY USING THIS MATRIX,

NM CEFINES THE FIRST DIMENSION OF THE ARRAYS A AND M., NM
MUST BE GREATFR DR EQUAL TO N.

THE FIGENVALUES OF THE NORMALISED MATRIX MUST BE

MULT IPLIED BY THE SCALAR ENORM IN ORDER THAT THEY BECOME
THE FIGENVALUES OF THE NCN-NCRMAL ISED MATRIX.

CO 2 I=1.N
0C 1 J=1,N
H{T,J) =A{1,J)
PRFACT(I)= 1.00
BOUND1 = 0. 7500
BOUNC2 = 1.33C0
ITER = O
3 NCODUNT = 0
€O 9 I=1.N
CCLUMN = 0,00
ROW = C.0C
CO 4 J=14N
IF(T.€EQ.J)GO TO 4 .
COLUMN = COLUMN ¢+ ABS(A(J, 1))
ROW = ROW + ABS(A(TI1,J))
4 CCNT INUE
IF(COLUMN.EQ.0,00)GC TC S
IF(ROW.EQ.0.001G0 TO S
Q = COLUMN/RCHW
IF(Q.LT.BOUND11GO TO 6
IF{Q.GT .,BOUNC2)GO TO 6
& NCOUNT = NCOUNT + 1
GO 7O »
6 FACTOR = SQRT(Q)
DO 7 J=1,N
IF(T1.FQ.JIGO TO 7
AlToJ) = A{T,J)*FACTOR
A(J,1) = AlJ,1)/FACTCR
CONT INUF
PRFACT(I) = PRFACT(I)&FACTOR
8 CONTINUE
ITER = ITER+]
IF(ITER.GT.301G0 TC 11
TFINCOUNT.LT.N)GO TO 3

A e

~

FNORM = (0,00
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‘L0 9 I=1,N
pC 9 J=1,N :
T Q=A(1,J) -
9 FNORM = FNORM+Q*Q
FNORM = SQRT (FNORM)
NOLC I=1.,N oo
©.pC 10 J=1¥N . . )
e e A(loJi-A(l'J)IFNORH
' ENQRM “= “FNORM - -
Ge T 13

11 0N 12 I=1,N
PRFACT(1)=1.00
00 12 J=1sN
12 A(lsd) = HULL)
ENCRM = 1.00

12 RETURN
END
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SUBRCUT INE HESQR(NyNMyA,Hy EVR,EVI,SUBDIA, INDIC,EPS,EX):
INTEGER ToJoKoLsMoMAXST ML, N,NKM,NS

CIMEAS ICN. A(NM, 13, H(NM, L) EVRINM}, EV[(NN'.SUBD(&(N“’
DIMENSICN INDICINM)

" TF1S SUBROUT INE FINDS ALL THE EIGENVALUES OF A REAL

GENERAL MATRIX, THE ORIGINAL MATRIX A OF ORDER' N IS
REDUCEN TO THE UPPER-HE SSENBERG FCRM H BY MEANS CF
STFMILARITY. TRANS FORMAT [ONS(HRDUSEHOLDER METHOD),. THE MATRI X
H- IS PRESERVED IN THE UPPER HALF OF THE ARRAY H AND [N THE
ARRAY SUBDIA. THE SPECIAL VECYORS USED IN THE DEFINITION
CF THE HCUSEHOLOER. TRANS FORMAT ION MATRICES ARE STOREOD. IN
THE LOWER PART OF THE ARRAY H. :

NM 1S THE FIRST DIMENSION OF THE ARRAYS A AND He NM MUSY
BE EQUAL TO CR GREATER THAN N.

THE REAL PARTS OF THE N EIGENVALUES WILL BE FCUND- [N THE’
FIRST N PLACES OF THE ARRAY EVR, AND

THE IVMAGINARY PARTS [N THE FIRST N.PLACES. OF THE ARRAY FV.l
THE ARRAY INDIC INDICATES THE SUCCESS OF THE ROUTINE AS
FOLLCWS

VALUE OF INOIC(I) EIGENVALUE 1
0 . NOT FOUND -
1 FOUND

EPS fS A SMALL PCSIVIVE NUMBER THAT: NUMERICALLY: REPRESENTS
ZERD IN THE PROGRAM. EPS = (FUCLIDIAN NORM OF H)*EX WHERE
EX: = 2%%(-T), T IS THE NUMBER OF BINARY OIGITS IN THE
MANTISSA OF A. FLOATING PCINY NUMBER.

" RECUCT'ION DF THE MATR!* A TO AN UPPER-HESSENBERG FORM H,

THERE ARE N-2 STEPS..
IF(N=-2)14,1,2
1" SUBDIA(Ll) = Al2,1)

GO TC 146
2 M = N-2
FC 12 K=l,M
L = Kel
S = 0.00
OC 3 I=L.N.
H{Il K) = A(l.K,
3 S = S+ ABS(A(T,K))

TF(S.NE. ABS(A(K*]1,K})IGO YO 4
SUBDIAIK) = A(Ke] (K)
F(Kel,K) = 0.00
6C TO 12
4 SR2 = 0.00
DO 5 I=L,N
"SR = A{1,K)
SR. = SR/S
ACI,K) = SR
S: SR2 = SR2eSReSR
SR- = SQRT(SR2): .
IF(A(L,K},.LY,.0,00)G0 'TO 6
SR = -SR
[ SR2 = SR2-SREA(L,.K)
AlLyK) = A‘L'K"SR-‘_
HIL oK) = HIL,K)=SR=S
SUBDIA(K) = SR=*§
X = S#* SQRT:(SR2)
NC 7 L= N
H{T,K) = H(!.K)/x
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7 SUBCIA(TI) = ALI,K)/SR2
PREMULTIPLICATION RY THE MATRIX PR,

£9 9 J=L,N
" SR" = 0,00
00 8 l LN
8 SR = SReA(T,KI*ALT,J)
‘D0 S l LN :
9 ACYyd) = ALT,J)-SUBDIA(T)®SR _ ’ ]
PCS?NULTIPLlCATION BY THE MATRIX PR, C ' .
" DO 11 “J=1,N : o
SR=0,00
00 10 I=L,N
1¢. SR = SReA(J, 1) AT oK)
0011 I=tL+N
1 ATS1) = A0I,1)-SUBDIACT)*SR
12 CONTINUE '
€0 13 K=1,M

13 AfKe+l ,K) = SURDIAIK)
TRANSFER OF THF UPPER HALF OF THE MATRIX A INTO -THE
ARRAY H ANC THE CALCULATION OF THE SMALL POSITIVE NUNBER
EPS.
SUBCIA(N-1) = A(N,N-1)
164 EPS = 0.00 .
- DD 15 K=1,N
INCICI(K) = O
IFIK.NE.NIEPS = EPS + SUBDIA(K)}*SUBDIA(K)
DO 15 I=K,N
F(Ky 1) = AlKe1)
W2 = AlK,1Y¥
1¢ EPS = EPS ¢ W2%W2
EPS = EX* SQRT(EPS)

THE CR [TERATIVE PROCESS. THE UPPER-HESSENBERG MATRIX H IS
RECUCED TO THE UPPER-MODIFIED TRIANGULAR FORM,

DETERMINATION OF THE SHIFT CF ORIGIN FOR THE FIRST STEP OF
THE QR ITERATIVE PROCESS.
SHIFT = A(N,N-1)
IF(N.LEL2)SHIFT = 0.00
TF{A(N,N).NEQ.00ISHIFT = 0.00
IF(AIN-1,N) .NE.O.OO)SHIFT = C,.00
IFT = 1,

IFCACN=1,N=1).NE.0.CC)SH 00
b= N
AS= O

MAXST = N*1C

TESTING IF THE UPPER HALF OF THE MATRIX {S FQUAL T0 ZERO.
If IT IS EQUAL TO Z2ERO THE QR PROCESS IS ACY NECESSARY,
CC 16 I=24N
DO 16 K=1,A
IF(ALTI-1,K). NE 0.00)G0 10 18
16 CONT INUE
00 17 1=]1,N
INDIC(I)=1

EVR(I) = A(L, D)
17 EVI(I) = 0,00
GO0 YO 37
STARY THE MAIN LCCP CF THE QR PROCESS.
18 K=M-1
bl =K
1 =«
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FIND ANY DECOMPOSITIONS OF THE MATRIX,
JLMP TO 34 [F THE LASY SLBMATRIX OF THE DECCMPCSITION lS
O¢ THE ORDER ONE.
JUMF TC 35 IF THE LAST SUBMATRIX OF THE OECOMPOSITION 1S
OF THE ORDER Tuf0. ’
IFIK 137,34, 19
19 IF{ ABSULA(M,K)).LE.EPSIGO TO 34
IF(M-2.EQ.01G0 TO 35
20 I = I-1
IF( ABS{A(K,I}) . LE.EPSIGO TO Zl
K =1
IFIK.GT.1)GO TO 20
21 IF(K.EQ.MIGC T2 35
TRANSFORMATION OF THE MATRIX OF THE ORDER GREATER THAN THC
S = A(MyMI+A(ML, ML) +SHIFT
SR = A(N,M)ISA(M] ,ML)-A(M,ML )®A(N],M) ¢ O. ZSOO‘SH!FT‘SP!FT
AlK+2,K) = 0.00
CALCULATE X1,Y1,21,FCR THE SUBMATRIX OBTAINEC BY THE
DFCOMPOSITION, i .

X = ALK, K)®(A(K,K)- SI+AIK K+ 1) ®A(K+1,K)+ SR
Y = A(K*] JKI*(AIK,K)+A(K*L,K+2)=S)
R = ABS{X)+ ABS(Y)

IF(R.EQ.0.00)SHIFT = A(M¢M-1)
IF{R.EQ.0.00)1G0 TO 21

2 = A(K&2,K+1)%A(KeL,K)

SHIFT = 0,00

RS =NS+1

THE LCCP FOR ONE STEP OF THE QR PROCESS.
DO 33 [=K,M}
TF(1.EQ.K)IGO TO 22

CALCLLATE XR,YR,1IR.
x = A(l,1-1)
Y = A{l+1,1-1)
I = 0.00

IF{1+2.6T,M)GO TO 22
T = AlL142,1-1)

22 SR2 = ABSIX)+ ABS(Y)+ ABS(])
IF(SR2.EQ.0.001G0 TO 23
X X/SR2
Y Y/SR2
z L/SR2

23 ) SQRT (X*X + Y=Y +2¢2)
IF(X.LT.0.001G0 YO 24
S = -§

24 IF{I.EQ.K)GC TC 25
A(I,I~-1) = S*SR2

2% IF (SR2.NE.0.00)GO TO 26
IF(1+3.GT.M)IGO TC 33

GO Y0 132
26 SR = 1.00-x/S .
S = X-§
X = vY/S.
Y = 2/S
PREPULT!PLICATION BY THE MATRIX PR,
DN 28 J=I,M

S = All,J)eAlle1,0)9X
IF(1¢2.GT.M)}GO TO 27
S = S+A([e2,0)ey

27 S = S#SR
All4J) = ALT 4 0)-§
A(T+41,J) = Alle],J)=-5%X
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IF(I+2.GT.M)GC TO 28
A(TI424,3) = Al142,))-SeY

28 CCNT INUE
C PCSTMULTIPLICATICN BY YHE MATRIX PR.
L = 1+2.
IFUI.LY, Ml!GO vo 29
Lo = M . 7

29 .€o.-M J=K L., . - 1 "
. S = AlJ, l)‘A(J.IOI)'X
IF(142.GT.M)GO TO 3C
S = S ¢+ Ald, 14208y
30 S = S#*SR .
AlJ,1) = A(Jclb-S
AlJo el )=A(J,1¢1)-S3X
IF(1+2.GT.M)GC TO 31
Al y142)=A0J,y142)-S*Y
31 CONT INUE
IF(1+3,GT.M)GD TO 33
S = ~A(l¢3,142)8y8Sp
32 - A{1e3,1) =
AlT+3,1+1) Sk X
: A(I+43,142) SHY "+ Al1e3,142)
33 CONT INUF ‘ ’

o wn

TFUNS .GT MAXSTIGO TO 37
G0 Y0 18

C COMPUTE THE LASY EIGENVALUE.
34 EVR(M) = AlM,¥) :
EVI(M) = 0.00C
INCIC(M) = 1
vV = K
GO 10 18
c
C CCFMPUTE THE EIGENVALUES CF THE L AST 2X2 MATRIX OBTAINEO 8y
C THE DECOMPNSI TION.
35 ¢ D.500%{A(K,K)+A(MyM))
S CeSO00*LAIM,M)-A(K,K))
S SES + AUK,M)=A(M,K)
INCICIK) 1
INDIC(M) 1
IF(S.LT.0.00)1G0 TO 3¢
T = SQRT(S)

FVR{K) = R-T
FVR{M) = Re¢T
FVI{K) = 0,00
FVI (M) = 0,00
M = M=2
GC 7YC 18

26 1 = SORT( -S)
EVR(K) =
EVI(K) = T
EVR(M) = R
EVI(v) = -7
M = P2
GC TC 18

c - .o
37 RETURN
: FND )
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SUBROUT INF REALVE(N,NM; M, IVEC,Ay VECRyEVR 4EVI,
LIWORK JWORKyINDIC,EPS,EX)

INTEGER T IVECSTTER yJoeKoL oMy NoNM,NS

NIMENSICON A(NM,1),VECR{NM,1),EVR(NM)
OIMENSION EVI(NM), I WORKINM) ;WORKINM), INDIC (NM}

THIS SUBROUTINE FINDS THE REAL ElGENVECfDR-Of THE REAL

‘UPPER-HESSENBERG MATRIX IN THE ARRAY A,CCRRESPONCING TO

T+E REAL EIGENVALUE STORED IN EVRIIVEC). THE INVERSE
ITERATICN METHOD IS USED. :

‘NOTE THE MATRIX IN A 1S DESTROYED BY THE SUBRCUTINE.

N IS THE CROER OF THE UPPER-HESSENRERG MATRIX.

N¥# DEFINES THE FIRST DIMENSICN OF THE TWO DIMENS IONAL
ARRAYS A AND VECR, NM MUST BE EQUAL TO OR GREATER THAN N,
¥ IS THE ORDER OF THE SUBMATRIX OBTAINED BY A SUITABLE

DECOMPOSITION OF THE UPPER-HESSENBERG MATRIX IF SOME

SUBCTAGONAL ELEMENTS ARE EQUAL TO ZERO. THE VALUE OF M 1S
CHCSEN SO THAT THE LAST N-M COMPONENTS OF THE EICENVECTOR

ARE ZERO.

IVFC GIVES THE POSITION OF THE EIGENVALUE IN THE ARRAY EVR

FCR WHICH THE CORRESPCNDING FIGENVECTOR IS COMPUTED.

THE ARRAY EVI WOULD CONTAIN THE IFAGINARY PARYTS CF THE N
EIGENVALUES IF THEY EXISTED.

THE M COMPONENTS OF THE COMPUTED REAL EIGENVECTCR WItLL BE
FCUNC IN THE FIRSY M PLACES OF THE COLUMN [VEC OF THE TuN

DIMENSIONAL ARRAY VECR.

IWCRK AND WORK ARE THE WORK ING STORES USED DURING THE
GAUSSIAN ELINMINATION AND BACKSUBSTITUTION PROCESS.
THE ARRAY INNDIC INDICATES THE SUCCESS OF THE RCUTINE AS

FCLLCWS
VALUE OF INDIC(I)  EIGENVECTOR I
1 NOT FOUND
2 FOUND

€PS IS A SMALL POSITIVE NUMBER THAT NUNERICALLY REPRESENTS

ZERO IN THE PROGRAM, EPS = (EUCLIDIAN NORM QOF A)*EX,WHERFE
EX = 2%%{-T). T IS THE MUMBER OF BINARY CICITS IN THE
MANTISSA OF A FLCATING PCINT NUMBER,
VECR(1,IVEC) = 1.00
IFIM,EQ.1)G0 TC 24
SMALL PERTURBATION OF EQUAL EIGENVALUES TO OBTAIN A FULL
SET OF EIGENVECTORS.
EVALUE = FVR(IVEC)
IF(IVEC.EQ.M)GO TO 2

K = IVECe]
R = C,00
CO 1 I=KyM

IF(EVALUE.NE.EVR(I))IGO TO 1
IF(EVILI).NE,0.DOIGO TC 1
R = R#3,.00
1 CCNTINUE
EVALUE = EVALUE+R*EX
2 CC 3 K=]l,M . .
3 AlK¢K) = ALK,K)-EVALUE

GAUSSIAN ELINMINATION OF THE UPPER-HESSENBERG MATRIX A. ALL
ROW INTERCHANGES ARE INDICATED IN THE ARRAY [WORK.ALL THE
MULT IPL [ERS ARF STORED AS THE SUBDIAGONAL ELEMENTS OF A.
K = M-1
€O 8 1=1,K
L = 1el
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IWORK(TI) = O
IF{ALT+1,1).NE.O0.00)GO TO &
TF(A(T, 1} NE.O.00)GO TO 8
A(I,1) = EPS
GC 70 8 )
4 IFL ABS(AC(I,1)).GE. ABS(A(1¢1,1)))GO VC &
IWCRK (1) = 1 :
DC 5 J=l,¥
R = All,J) :
A(Tod) = A(141,0)
5 Al(l#+1,9) = R
€ R = -A(LI+Y, [)/AC1,1)
AlT+l,1) = R
DC 7 J=L,M
7 CALT*1,d) = A(Tel,0)eR*A(],Y)
a CONTINUE
IF(A{M,M) . NE,0.00)G0 YO 9
A{M,M) = EPS

THE VECTOR (1l¢lsecesl) IS STCRED IN THE PLACE CF THE RIGHT
HANC SICE COLUMN VECTOR. : )
9 00 11 [=1,N .
IF(1.GT.MIGO YO 10 :
WCRKI(T) = 1.00 : '
. GC 10 11
1C WORK(1) = C.CO
11 CONTINUE

THE INVERSE ITERATION IS PERFORMED ON THE MATRIX UNTIL THE
INFINITE NORM OF THE RIGHT-HAND SIDE VFCTOR IS GREATER
THAN THE BOUND DEFINED AS O.O0l/(N*EX).,

BOUND = C.O01CO/(EX * FLOAT(N)})

NS =0

ITER = 1

THE PACKSUBSTITUTICN.
12 R = C.CO
€O 15 I=1,M
J = P-1¢1
€ = WORK(J)
IF{J.EQ.MIGO YO 14
L o= J¢l
DO 13 K=sL .M
SR = WNRK(K)

13 S =S = SR#*A(J,K)
14 WORK( J) = S/AUJ4J)
T = ABSIWORK(J))
"IF(R.GE.TIGC TC 15
R =T

15 CONT INUE

THE CONPUTATION OF THE RIGHT-HAND SIDE VECTOR FOR THE NEW
ITERATION STEP,
DC 16 1=l ,M
1¢ WORK( 1) = WORK(I)/R

THE COMPUTATION OF YTHE RESTOUALS AND COMPARISON OF THE
RESIDUALS OF THE TWO SUCCESSIVE STVEPS OF THE INVERSE
ITERATION. IFf THE INFINITE NORM OF THE RESIDUAL VECTOR (S
GREATER THAN THE INFINITE NCRM OF THE PREVINUS RESTOUAL
VECTOR THE COMPUTED EIGENVECTOR CF THE PREVICUS STEP IS
TAKEN AS THE FINAL EICENVECTOR.
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R1 = 0,00
€0 18 [=1.M
T = 0,00
00 17 J=I,M
17 T = T¢A(U1,J)%WORK(J)
T T = ABSHTY
fFIRL.GE.TIGD TO 18
Rl= T ’

18  CCNTINUE
IFCIYERL.EQ.1)GO TO 19
IF(PREVIS.LE.RLICD TO 24

19 NN 20 [=1,M

20  VECRUI,IVEC) = WORK(I)
FREVIS = Rl
IFINS.EQ.11GO TD, 24
TFLITER .GT.6)GD TO 25
ITER = ITER+] : )
IF(R.LT.BOUNDIGO TO 21
NS = 1 )

¢ ' '
C GAUSSIAN ELIMINATION OF THE RIGHT-HAND SIDE VECTCR.
21 K = M-]
NO 23 1:=1,K
R = WORK(I+1)
TFUIWORK (1) .EQ.0)CO TO 22
WORK (1410 =WORK (1) ¢ WORK([¢L )®AC Tl 1)
WORK( [} = R
Gt TO 23
22. WORK(I+1)=WORK([+1)+WORK(T}®ALTel, 1)
2? . CONT INUF C
6C TC 12

24 INCIC(IVEC) = 2
25 IF(M.EQ.NIGD TO'27
J = M+ )
€0 26 1=J,N
26 VECR(I,IVEC) = 0.00
27 RETURN
END
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SUBROUT INE COMPVEIN,NM, M, IVEC A, VECR JH,EVR,EVI,INDIC,
1 IWCRK, SUBDT A ,WORK] ;WCRK2 ¢4WORK,EPS,EX)

INTEGER 1411 412,1TERJIVECsJoKoLyMeNyAV NS

CIMENS ION A(NMy 1)y VECRUNMy 1), HINMy1) sEVR {NM) ,EVI(NM},
LINDIC(NM) IWORK(NM) 4 SUBDTAINM),WORK] (NM) ,WORK2(NM),
2WORK { NM)

THIS SUBROUTINE FINDS THE CGFPLEX EIGENV.ECTOR OF THE REAL
UPPER-HESSENBERG MATRIX OF ORDER" N CORRE SPONDING TO THE.
CCMPLEX ETGENVALUE WITH THE REAL PART IN EVR{IVEC) AND THE
CORRESPONDING IMAGINARY PART IN EVI(IVEC). THE INVERSE
TTERATION METHOD IS USED MODIFIED TO AVOID THE USE OF
CCNPLEX ARITHMETIC.

THE MATRIX ON WHICH THE INVERSE ITERATICN IS PERFCRMED IS
BUILT UP IN THE ARRAY A RY USING THE UPPER-HESSENBERG
MATRIX PRESERVFD IN THE UPPER HALF CF THE ARRAY H ANC IN
THE ARRAY SUBDITA.

NV CEFINES THE FIRST CIMENS ION OF THE THO DIMENS IONAL
ARRAYS A,VECR AND H. NM MUST BE EQUAL TO CR GREATER

THAN N,

¥ IS THE CRDER QOF THE SUBMATRIX ORBTAINEO BY A SUITABLE

DECOMPOSITION 0OF THE UPPER-HESSENBERG NATRIX\!‘ SOME
SUBCTACONAL FELEMENTS ARE EQUAL TO ZERD. THE VALUE OF ™ 1S .
CHCSEN SO THAT THE LAST N~V CCMPONENTS OF THF CQMPLFX
€ IGENVEC TOR ARE IFRND.

THE REAL PARTS OF THE FIRST M COMPONENTS OF THE CQMbUYED
COMPLEX EIGENVEC TOR WILL BE FOUND IN THE FIRST M PLACES OF
THE COLUMN WHOSE TOP ELEMENT IS VECR{L,1VEC) AND THE '
CCRRFSPCNDING IMAGINARY PARTS NF THE FIRST M COMPONENTS OF
THE COMPLEX EIGENVECTOR WILL BE FOUND IN THE FIRST M
PLACES CF THE COLUMN WHOSE TOP ELEMENT IS VECR(1,1VFC-1).

THF ARRAY INDIC INDICATES THE SUCCESS OF YHE RCUTINE AS
FOLLCWS

VALUE CF INDICI(T) EIGENVECTOR |
1 T NOT FOUND
2 FOUND

THE ARRAYS TWORK,WORK1 yWCRK2 ANC WORK ARE THE HORK!NG
STORES USED DURING THE INVERSE ITERATION PROCESS.

EPS IS A SMALL POSITIVE NUMBER THAT NUMERICALLY REPRESFNTS
ZERD IN THE PROGRAM. £PS = (EUCLIDIAN NCRM OF H)®EX, WHEPE
EX = 2¢#(-T), T IS THE NUMBER (OF BINARY DIGITS IN THE

MANT TISSA OF A FLCATING PCINT NUMBER,

FXS 1 EVR{IVEC)

FTA EVI{IVEC)
THE MODIFICATION OF THE EIGENVALUE (FKSI ¢ I[®ETA) [F MORE
EIGENVALUES ARE EQUAL.

IF{IVEC.EQ.MIGC TC 2

u i

K = IVEC+1
R = 0,00
DO 1 I=K,M

IF{FKST.NE.EVR(I)IGO TO 1
IF{ ABS(ETA).NE. ABS(EVI(I})IGO TO 1}
R = R + 3,00

1 CONT INUE

R = R%EX
FKST = FKSI+R
ETA = ETA *R

THE MATRIX ((H-FKSTI*I)*(H-FKSiOl) + (ETASETA)el)} (S
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STORED INTO THE ARRAY A.
2 R = FKSI®*FKS! + ETA®ETA
S = 2.0C*FKS!

wew

7
8
S

THE GAUSSIAN ELIMINATICN OF THE MATRIX

L
c

cc

= M=]
S I=1,M
DC &4 J=1,M
. D= 0,00
8{J,1) = 0.00
D0 3K = 1,4
B = DeHUI,K)SHIK,J)
Al oJ) = D=SeH({I,J)
A(T,1) = A(L,1)eR

CC 9 I=1,L
- R = SUBOIA(D)

A(I+1,1) = -S*R
Il = 1+¢]
DC 6 J=1,I11

AlJsl) = ACJ T )OREH( J,1¢])
IF(I.EQ.1)GO TO 7
A{T+1l,1-1) = ReSUBDIA(I-~-]1)
00 8 J=1,M

A(T41,J) = Aun...nua.m'l.u

CONTINUE

((F-FKSI*l)*(H-FKST*1) + (ETA®ETA)®[) IN THE ARRAY A, THE

ROW INTERCHANGES THAT OCCUR ARE INDICATED IN THE ARRAY

I nCRK,

1¢

11

12

14
15

.16

17

L4

ALL THE MULTIPLIERS ARE STORED IN THE FIRST AND
THE SECOND SUBDIAGONAL OF THE ARRAY A,

= p-1

DC 18 1=1,K

11 = 1+1

12 = 1¢2

IWCRK(I) = O

IF{(1.EQ.K)GO TO 10
IF(A(I+2,1).NF.0.00)GO TO 11
TFIA(T+),1) . NE,O.00)GO TO 11
{F{A(I,1) .NE.O.COIGO TO 18
A(l,1) = EPS

GO T0 18

IF(1.EQ.K)GC TC 12

TF{ ABS(A(I+1,1)).GE. ABS(A(I+2,11))G0 TC 12
IF{ ABS(A(TI,I)).GE. ABS(A{1¢2,1)))GD TO 16

L =142
TWORK(T) = 2
GN T0 13

TF{ ABS(A(T,I)).GE. ABS(A(I*1,1)))GO TO 15

L =1+1
IWORK(TI) = 1

00 14 J=1,M
R = Al1,J)
AlT+Jd) = AlLWJ)
AlL,J) = R
TF{I.NE.K)GO TO 16
12 = 11
DO 17 L=11,12
R = <A(L, 1}/ AT, 1D
AlL.I) =R
CO 17 J=11,M .
AfL+J) = AdLJIeR*A(1,J)
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18 CONTINUE
IF(A{M,M) NE,O.00)GO TO 19
AlM,M) = EPS

THE VECTOR (lsls.0eepl) 1S STORED INTO THE RIGHT-HAND SIDE
VECTORS VECR( ,IVEC) AND VECR( ,IVEC-1) REPRESENTVING THE
CCPPLEX RIGKT-HANC SICE VECTOR, .
19 on 21 1=1,N
IF(L.GT.M)GO  TO 2C°. T T : .
VECR(1,IVEC) = 1.00 - ol &
VECR{I,IVFC-1) = 1.00 '
60 10 21 S
20 VECR{I,IVEC) = 0.00
VECRUI,IVEC=1) = o 00
21  CONTINUE

THE INVERSE ITERATICN IS PERFORMEC CN THE MATRIX UNTIL THE
INFINITE NORM OF THE RIGHT-HAND SIDE VECTOR IS GREATER
THAN THE BCUND DEFINEC AS 0.01/(N*EX),

BOUND = 0.0L00/(EX* FLOAT(N))

RS = 0

ITER =1

0O 22 I=14M
22 WCRKI(T) = H(I, 1)-FKS]I

THE SEQUENCE OF THE COMPLEX VECTORS 2(S) = P(S)+1%3(S) ANOD .
W(S+1)= U(S+1)+I*V(Sed) [S GIVEN BY THE RELATIONS

(A - (FKSI-I%ETA)*[)*n(S+¢]1) = Z(S) AND

2(S+1) = W{S+1)/MAXI{W(S+L)).

THE FINAL W(S) IS TAKEN AS THE COMPUTED EIGENVECTOR,

THE COMPUTATION OF THE RIGHT-HAND SIDE VECTOR
{A-FKSI*I)$P(S)-ETA%Q{S). A IS AN UPPER-HESSENBERG MATRIX,
€2 00 27 l=1,M
D = WORK(I)SVECR(1I,IVEC)
IF({1.EQ.1IGO Y[ 24
D = D*SURDIA(Y*ll‘VECR(I—chVECD
24 L = [+l
IF(L.GT.MIGC TC 26
DN 25 K=L,M
25 D = D+H{IKISVECR(K, IVEC)
2¢ VECR(I 4IVEC~1) = O-ETA*VECR({I,IVEC-1)
27 CONTINUE

GAUSSIAN ELIMINATION OF THE RIGHT-HAND SIDE VECTOR.
K = M-1
CC 28 I=1,K
L = [+IWNRK(I)
R = VFCR(L,IVEC-1)
VECRIL,IVEC~-1) = VECRI(I,IVEC-1)
VECRII,IVFC-1) = R
VECR(T1¢1,1IVEC-1) =
IF(1.EQ.K)IGC TC 28
VECR{1¢2,IVEC- l) =
28 CCNT INUE :

VECR(I+1,IVEC~1)+A( 101, 1)eR

VECRITI+2,IVEC-1)¢A{T142,1)*R

THE COMPUTATION OF THE REAL PART UIS¢l) OF THE CCMPLEX
VECTCR W(S+1). THE VECTOR UiSel) 1S DBTAINED AFTER THE
BACKSUBSTITUTION.
€O 31 I=1,M
J = P-1+41
D = VECR(J,IVEC-1)
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IF(J.EQC.MIGO TO 30
L o= Jel
DD 29 K=l .M
01 = A(J,K) A
‘29 ‘D = D-DI®VECR(K,IVEC-1)
30 VECR{J,IVEC-1) = D/A( J,J)
31  CONTINUE '

THE COMPUTATION OF THE [ MAGINARY PARY VIS+l) OF THE VECTOR
WAS+1 )y WHERE V(S¢1l) = (P(S)-(A-FKSTI®])SU(S+]1))/ETA,

N0 35 I=1,¥

D = WORK(I)®VECR(I,IVEC-1}

TF(I.EQ.1)GC TC 32
. 0O = D+SUBDIA(TI-1)*VECR(I-1,IVEC-1)
32 L = [+l

IF(L.GT,M)IGC TC 34

DD 33 K=L,M
33 C = DeH{ I, KISVECRIK,IVEC-1)
34 VECR(I yIVEC) = (VECR(I,IVEC)-D)/ETA
25 CONTINUE

T+E CCMPUTATION CF (INFIN., NCRM OF W{Se+l))se2
=1
S = 0,00
DO 36 [=],M
W VECR(I,1VEC)
W2 VECR({T,IVEC-1)
R = WleW]l + W2#*WwW2
IF(R.LELSIGO TO 6
S = R
L =1
36 CCNT INUE
THE COMPUTATION OF THE VECTCR Z2(S+1)WHERE 2(S+l)= W(Sel)/
({COMPONENT OF W{S+1) WITH THE LARGESY ARSOLUTE VALUE) .
U = VECRI{L,IVEC-1)
v = VECR{L,IVEC)
DO 37 I=1l,M
B = VECR(I,IVEC)
R = VECR(I,IVEC-1)}
VECR(I,IVFC) = (R*U ¢+ B*V)/S
37 VECR(I,IVEC-1) = (B*U-Rav)/S
THE COMPUTATION OF THE RESIDUALS AND COMPARISCN COF THE

‘RESTCUALS OF THE TWO SUCCESSIVE STEPS NF THE INVERSE
T TERATICN. IF THE INFINITE NCRM OF THE RESTOUAL VECTOR IS
"GREATER THAN THE INFINITE NORM OF THE PREVIOUS RESIDUAL

VECTCR THE COMPUTED VECTOR OF THE PREVIOUS STEP IS TAKEN
AS THE CCMPUTED APPRCXIMATION TO THE EIGENVECTCR.
‘B = 0.00 .
CC 41 T=1,M
R = WORK{T)*VECR{I+IVEC~1) - ETASVECRII,IVEC?
U = WORK{T)®VECR(I,IVEC) + ETASVECR(I,IVEC-1)
IF(1.EQ.1)GC TC 38
R = R+SURDIA(I-1)*VECR{I-1,IVEC-1)
U = U+SUBDITA(TI-1)}¢VECR(T-1, IVEC)
2€ L = 1+1
TF(L.GT,M)IGO TO 40
DC 39 J=L,.M
© R = ReHT ,J)SVECR(J,IVEC-1)
39 U= UsH{T,J)SVECRIJ, IVEC)
40 U = R&R ¢+ U=y
IFIB.GE.UIGO TO 4!
AR =U
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43

44

45
4¢

47

CONTINUE
IF(ITER .EQ.1)G0 TO &2
IF(PREVIS.LE.BIGC TO 44
00 43 I=1,N .
WORK1 (1) = VECRUI,IVEC)
WCRK2 (1) = VECR(I,IVEC-1)

- PREVIS = B-

TFINS .EQ.LIGO TO 46~ _
IFCITERLGT.6)GC TC T ™
ITER = TTERs1 KRR
IF{AOUND.GY . SQRT(S5))GO TO 23
NS = 1 :

GD 10 22

D0 4S5 I=1,N
VECR(I,IVEC) = WORKL(TI)
VECR(I,IVEC-1)=WORK2( 1)
INDIC(IVEC-1) = 2
INCIC(IVEC)H = 2
RETURN
END
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SUBROLTINE RRAY

PURPCSF
CONVERT DATA ARRAY FROM SINGLE YO COUBLE CIMENSION OR VICE
VERSA., THIS SUBRDQUTINE [S USED YO LINK THF USFR PROGRAM
WHICH HAS DCUBLE DIMENSION ARRAYS AND THE SSP SUBROUTINES
WHICH OPERATE ON ARRAYS OF DATA [N A VECTCR FASHION,

USAGE
CALL ARRAY (MODE, loJ'N My S,D)

DESCRIPTICN OF PARAMETERS
MODE - CODE INDICATING TYPE OF CONVERSICN
t - FROM SINGLE TO DOUBLE DIMENSION
2 - FROM OOURLE TO SINGLE CIVENSION

i - NUMBER OF ROWS IN ACTUAL DATA MATRIX

J = NUMBER CF COLUMNS IN ACTUAL CATA MATRIX

N - NUMBFER OF ROWS SPECIFIED FOR THE MATRIX D lN
ODIMENSION STATEMENT

M ~ NUMBER CF COLUMNS SPECIFIED FQOR THE MATRIX 0 IN
DIMENSION STATEMENT

S "= [IF MODE=1, THIS VECTOR IS INPUT WHICH CONTAINS THE
: ELEVENTS OF A DATA MATRIX OF SIZE I BY J. COLUMN [+1]

OFf DATA MATRIX FOLLCWS COLUMN [, €7C, IF MODE=2,
THIS VECTOR IS OUTPUT REPRESENTING A DATA MATRIX OF
SIZE I BY J CONTAINING ITS CCLUMNS CONSECUTIVELY.,
THE LENGTH OF S IS 14, WHERE luy=1%J.

D - IF MODE=1, THIS MATRIX OF SIZE N BY M IS OUTPUT,
CONTAINING A DATA MATRIX OF SIZE t By J IN THE FIRSTY
1 ROWS AND J COLUMNS . IF MODE=2, THIS N BY M MATRIX
IS INPUYT CONTAINING A DATA MATRIX OF SIZE | 8Y J IN
THE FIRST I ROWS AND J COLUMNS.

REMARKS ,
VECTOR S CAN BE IN THE SAME LOCATICN AS MATRIX D. VECTOR §
IS REFFRREC AS A MATRIX I[N OTHER SSP ROUTIMES, .SINCE IT
CONTAINS A DATA MATRI X.

THIS SUBROUTINE CONVERTS ONLY GENERAL OATA MATRICES (STORAGE

MCDE OF O}.

SUBROUT INFES AND FUNCTION SURROUTINES REQUIRED
NCNE

'METHOD

REFER TO THE DISCUSSION ON VARIABLE DATA SIZF IN THE SECTION
DESCRIBING OVERALL RULFS FOR USAGE TN THIS WMANUAL.

YRR R R R T RN IR I AN N S A I R I N N I N N I A A S A S A I W W I I WA B WP Y

SUBROUT INE RRAY (MODE.1,J, N MyS5,0)
DEMENSION S(1),0(1)

M=A=-L
TEST TYPE OF CONVERSION
1F(¥COE-1) 100, 100, 120

CONVERY FROM SINGLE YO ODOUBLE DIMENSION
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1¢0

1J=1%9+1
Ap=AsJe]
00 110 K=1,J
NM=NM-N1T
CC 110 t=1,1

Sld=ld-1

110

12¢C

125
130

140

NM=NM-1
CINM)=S (1Y)
GO Y0 140

CCNVERY FROM COUBLE TO S INGLE DINENSION

1J=0

Av=0

NC 130 K=1,J
o0 125 t=1,I
[i=1Je¢l
AM=AMe)
S(IJ)=D(NM) .
AM=NMeNT

RETURN
END
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SUBRCUT INE MPRC

PURPOSFE
MULTIPLY TWO GENERAL MATRICES TO FORM A RESULTANT GENERAL
HATRIX ’

USAGE
CALL MPROD(A 8 yRoyNoV,L)

CESCRIPTION OF PARAMETERS
A - NAME OF FIRST INPUT MATRIX

8 - NAME OF SECOND INPUT MATRIX
R - NAME OF OQUTPUT MATRIX
N -~ NUMBER OF ROWS IN A i
M - NUMBER OF COLUMNS IN A AND ROWS IN. B
L - NUMBER CF COLUMNS IN B ’
REMARKS

ALL MATRICES MUST BE STOREOD AS GENERAL MATRICES

MATRIX R CANNOT BE IN THE SAME LOCATVION AS MATRIX A

MATRIX R CANNOT RE 'IN THE SAME LOCATINN AS MATRIX B

NUMBER OF COLUMNS OF mmux A MUST BE EQUAL YO NUMBER OF ROW
OF MATRIX B

SUBROUTINES AND FUNCTION SUBPRCGRAMS REQU!R‘D
NONE

FETHCD
THE M BY L MATR[X B IS PREMULYIP[I‘D AY THE N BY M PATRIX A
- ANC THE RESULT 1S STORED IN THE N ARY L MATRIX K,

098 0 000 000000000000 EE0PeEesNODB0 00 PE08000RE0IINCCOPLELILIPINDIOL TS

SUBROUTINE MPRD (A¢BsRN¢MyLD
CIMENSION A(1),BL1),RL1)

IR=C

K=~

CC 10 K=1,L
IK=IKeM

o 10 J= l'N
IR=1R+1
JI=J-N

18= K
RUIR)I=0

N0 1C 1=1,M
Jl-J!oN
18="18+1
R{IR) R(IR)’A(JI)‘B(IB)
RETURN

ENC
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OO NAOOANI A AN A0 OO OO0

O OACAON N AN AADN

000006000 0000000000 000000 00000000 00000000 000000000608 06000000000s000s

SLBROLTINE [NV

PURPCSE
INVFRT A MATRIX

USAGF
CALL INV (A¢NyLoM)

DESCRIPYION OF PARAMETERS
A - INPUT MATRIX, DESTROYED IN CCMPUTATION AND REPLACED BY
RESULTANT [INVERSE.

N - ORDER CF MATRIX A

D - RESULTANY DETERMINANT

L - WORK VECTOR OF LENGTH N

M - WORK VECTCR OF LENGTH N
REMARKS :

MATRIX A MUST BE A GENFRAL MATRIX

SUBROUT INES ANC FUNCTION SUBPROGRAMS REQUIRED
NCNF

METHOD
THE STANDARD GAUSS-JORDAN METHOCL IS USEC. THE OETERMINANT
IS ALSO CALCULATED. A DETERMINANT CF ZERO INDICATES THAT
THE MATRIX IS SINGULAR.

000 000000020 0DEECLI IO 000 0PER0E0C0OPEE 00006000000 000000060000c0ssse

SUBROUT INF INV (AN, LoM)
DIMENSION Al D), LY, M(1)

IF A COUBLE PRECISION VERSION OF THIS ROUTINE IS DESIREN, THE
C IN COLUMN 1 SHOULD BE REMOVED FRCM THE COUBLE PRECISION
STATEMENT WHICH FOLLOWS.

DOUBLE PRECISION A,D,BIGA,HOLD

THE C MUST ALSO BE REMOVED FROM DOUBLE PRECISION STATEMENTS
APPEARING IN OTHER ROUTINES USED IN CCNJUNCTION WITH THIS
ROUT INE.

THE DCUBLE PRECISICN VERSICN OF THIS SUBROUTINE MUST ALSO
CONTAIN DOUBLE PRECISION FORTRAN FUNCTIONS., ARS IN STATEMENY
10 MUST BE CHANGEC YO D0ABS.

SEARCH FOR LARGEST ELEVENT

C=1.0

NK=~N :
O 80 K=1,N
AK=ANK+N
L{K)=K

MK )=K
KK=AK+K
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OO

(g Ne e

[aXaNsXal

[aleNa!

1C
15

2¢C

2%

4C

45
4é

48

50

ce

60
€2

&5

BIGA =A{ KK)
€0 20 J=K,N
12=Nel3-1)
00 20 1=K,N
1J=12¢1

{F( ARS(BIGA)~ ABS{A(IJ))) 15,20,20

eIGA=A(LY)
LIK)=T
MIK)=J
CONTINUE

INTERCHANGE RCWS

J=L (K

1F(J-K) 35,35,25
KI=K-N

€N 30 I=1,N
KI=KI¢N
HOLD=-A(KI)
JI=KI-K+g
AKII=AIT)Y
A(JI) =HOLD

INTERCHANGE COLUMNS

[=M(K)

IF(I-K) 45,45,38
JP=N®(] -1}

(0 40 J=1,N
JK=NK+J

JI=JPey
FOLC=—-A(JK)
ALIKI=ALIT)
AJT) =HCOLD

CIVIDE COLUMN BY MINUS PIVOT (VALUE OF PIVOT ELEMENT IS

CONTAINED IN BIGA)

IF(BIGA) 4R,46,48
p=C.C

RETURN

CC 55 1=1,N

[F{I-K) 50,55,50
IK=NK ¢ 1
ALIK)I=ALIK)/ (-BIGA)
CONTINUE

RFOUCE MATRIX

DO €5 I=1,N
IK=AK+] -

HOLD=AL 1K)

1J=1-N

€C 65 J=1,N

1J=1JeN

IFLI-K) 60, 65,60
TF(J-K) 62,65,62
KJ=1J-1+K

A{ TS )=HOLD*A(KJI 1 +ALT )
CONTINUE

DIVIDE ROW BY PIVOT
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[aXalgl

[aNeNal

SO0

KJ=K-N

€C 75 J=1,N

KJ=KJ¢ N

IFLJ=-K) 70,75,70
T0 AIKJY)=A(KI)I/RIGA
7% COKTINUE ’

PRODUCT OF PIVOTS
D=0%81GA
REPLACE PIVOT BY REC IPROCAL

AIKK)=1.,0/B1GA
BO COCATINUF

FINAL ROW AND COLUMN INTERCHANGE

K=N
1(C K=s{K~-1)
IFIK) 150,150,106
1C5 I=L(K)
TFLI-K) 120,120,1C8
108 JC=N*(K-1)
JR=A%®(1-1)
CO 110 J=1,N
JK=JC+J
HOLD =A{ JK)
JI=JR+Y
AlJK)==A(U])
110 ALJ1) =KOLD
12C J=M{X)
[F{J-K) 107,100,125
125 X1=K-A
N0 137 f=1,N
KI=K I+N
HCLD=A(KI])
JI=KI-K¢y
AIKTI)==ALJT)
13C 8(J41) =k0LD
GO 10 107
150 RETURN
END
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FUNCTION RSHL(T)

A = 14439

B = 9435

EPS=1.0-(B/A)®(B/A)

RSHL=B%B/ (A% (1 0—EPS* COS(T)}¥* COS(T))#%]145)
RETURN

END

UNCTION RRRT(T)
l4.39
35

9
1.0-(B/AY*(B/A)
R

I >P>T
o

SQRT (2 0-EPS® COS(T)* COSIT))*A*¥EPSH SIN(2.0%T)#1.5/(8%8)

RSHLT(T)

(B/AIEIB/A)

cHUBRDEEPSE SIMI2.0%T) /A% (1a0-EPSH* COS(T)* COSIT)IN%245)
RETURN '

END



" APPENDIX C

DICTIONARY OF VARIABLES USED IN THE MAIN PROGRAM

AA Length of the shell

ABN ’ nn

ABNA n’n

ABNB | nn?

ABN2 n?n?

AR (MN3 ,MN3) Stiffness matrix, dimension should be = KRRR

AM(MN3,MN§) Mass matrix, dimension should be = KRRR

AN | n

AN2 n?

AR(K) Cross-sectional area of the kth kind or ring, dimension
should be 2 NK ‘

AS(L) Cross-sectional area of the Lth kind of stringer,
dimension should be 2 NL

BC(2,4) Data block defining various boundary conditions,
dimension should be 2X &

BCR(2) The name of the boundary condition read-in, dimension
should be 2

BN n

BN2 n?

C(8) Temporary work vector used in the stringer equations,

dimension should be 8
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CcC
CG
CN
CNB

CR(K,40)

of
D
DR(9)

DRV(5)

E1R(K)

EZR(K)
EIRK
E2RK
EC

ER (K)

ES(L)

EVI(MN3)

CN X CNB

Temporary work variable

Cos (TN) for NSA = O; Sin (IN) for NSA = 1
Cos (TNB) for NSA = 0; Sin (THB) for NSA = 1
C1 to 040’ constants used in the ring equations (C3),

and are defined in Appendix D of Reference 1, The first
dimension should be = NK, and the second should be 40,
CN X SNB

Isotropic plate flexural stiffness

Vector of the integrands of the circumferential

integrals ISI1 to IS1,, dimension should be 9

9’

Vector of the integrands of the circumferential

integrals ISZ1 to ISZS, dimension should be 5
z-distance of the shear center of the kth kind of ring
from the middle surface of the shell, dimension should

be 2 NK

z-distance of the centroid of the kth kind of ring from
its shear center, dimension should be = NK

erk

zZrk

Shell Young's Modulus

Young's modulus of kth kind of ring, dimension should
be = NK

Young's modulus of Lth kind of stringer, dimension
should be = NL

Vector of imaginary part of the eigenvalues, dimension

should be = KRRR
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EVR(MN3)

GJR(K)

GJS(L)

IBC
M
IN

INDIC (MN3)

INN

IR

ITEMP,1IY1)
1Yz, 121, 1Z2)

J

JBC

JNN

Vector of real part of the eigenvalues, dimension
should be = KRRR

The torsional stiffness of the kth kind of ring,
dimension should be = NK

The torsional stiffness of the Eth kind of stringer,
dimension should be 2 NL

Shell thickness

Row index of [A], (D], [E], [N], [NN], and [P] sub-
matrices

Temporary work variable

Temporary work variable

Row index of [B], [F], [Q], and [R] submatrices
This array indicates the success of the subroutine

EIGENP as follows:

INDIC(I) EIGENVALUE I EIGNEVECTOR I

0 not found not found
1 found . not found
2 found found

Row index of [C] and [S] submatrices

(see the listing of the program)

Temporary work variables

Column index of [A], and [N] submatrices

Temporary work variable

Column index of [D], [B], [NN], and [Q] submatrices
Column index of (E], [F], [c], [P], (R], and [S]

submatrices
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JTEMP ' Temporary work variable

KG,KK ' (see the listing of the program)
KQ _ Temporary work variable
KRRR Dimension of [AK], [aM], [VECR], {EVR}, {EVI}, {1NDIC},

{icl, ané.{MC} > MN3

LC(MN3) Temporary vector used by INV (matrix inversion) sub-

routine, dimension should be = KRRR

LL N (See listing of the program)

MC (MN3) ' Temporary vector used by INV (matric inversion) sub-
routine, dimension should be = KRRR

MD ' Temporary work variable

MMAX, MMIN (See the listing of the program)

MN3 Order of the mass, stiffness, and modal matrices

MS Total number of axial mode components considered in the

displacement series
MSA (See the listing of the program)
NBC The code number assigned fof different boundary
conditions as follows:
1 for clamped-free
2 for freely supported
3 for clamped-clamped

4 for free-free

NCHNG, ND
Temporary work variables
NDC ,NEC '
NEO (See the listing of the program)
NEIXT Temporary work variable
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NG, NK, NL
NMAX, NMIN
NNK (K)
NNL(L)

NNR (1)

NQUIT

NR (NK , NK)
NS

NSA,NWEV,
NWK, NWM
PC
PHI
PI
PI2

PR(K)
PS(L)

R(9)

(See the listing of the program)

Vectbr of the number of rings of kth kind of ring,
dimension should be > NK

Vector of the.number of stringer; of Eth kind of
stringer, dimenéion should be = NL |

Temporary vector.containing centroidal information of
different kinds of rings, dimension should be = NK

1 in the 80th column of a blank card, which when placed
at the end of sets of data, signifies the end of the
data

Temporary vector containing centroidal information of
the rings, dimension should be NK X NK

Total number of circumferential mode components con-

sidered in the displacement series

(See the listing of the program)

Mass density of shell
Temporary work variable
m = 3.14159
2n
. th - . ,
Mass density of k kind of ring, dimension should
be = NK
. th ., . . .
Mass density of £ kind of stringer, dimension
should be = NL
Vector of the circumferential integrals ISl1 to 1519;
dimension should be = 9
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R1(8), R2(10),
R3(2), R4(5),
R5(18), R6(11)

RCG (K)

RI(K,54)

RINGL to RING6
RR1(8), RR2(10)
RR3(2), RR&(5)
RR5(18), and
RR6(11)

RRRT (0)
RSHL(9)

RV(5)

RX(K,I)

 tial integrals of the ring, IRl

.. The vectors. of the integrands of the circumferential.

8,,IR21-IR210, IR31

IR41-IR45, IRSI-IRSIS’ and IR61-IR6

integrals of the ring;_IRll-IRl

and IR3

2 11°

. :requctively; dimensions- should be.=.8, 10, 2, 5,"

18, and. 11, respectively

Vector of centroidal distances of various kinds of

rings, dimension should be = NK
Temporary work vector for saving the 54 ring integrals

IR1, to IR6 The first dimension should be = NK, and

1 11°

the second dimension should be = 54
Subroutines defining the integrands of the circumferen-

1 to IR611

The vectors of the circumferential integrals of the

ring, TR1, - IRlg, IR2 - IR2 ., IR3 and IR3,, IR4, -

1 1 1

59 IRS1 - IR518, and IR61 - IR611, respectively;

dimensions should be equal to 8, 10, 2, 5, 18 and 11,

)

IR4

respectively,
Function subroutine furnished by the user of the
program to evaluate (1/R),e at a given value of 6
Function subroutine furnished by the user of the
program to evaluate R at a given value of ©

Vector of circumferential integrals of the shell,

ISZ1 to 1S2_, dimension should be 5

5’
Array of the x-locations of the kth kind of rings,

the first dimension should be 2 NK, and the second

~ dimensions should be > the largest element of the vector

NNK (K)
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S1 to S8

SC

SHELL1, SHELL2

SN
SNB
SR
SR2

$S(1,30)
SSS
ST(75)
SUM(18)

T(L,T)

TITLE1(7)
TITLE2(7)
TN

TNB

‘§, to SS’ constants used in Egs. (Cl), and are defined

1

~in Appendix D of Volume I
SN X CNB

Subroutines defining the integrands of the circumferen-

tial integrals ISl1 to ISZ5 of the shell equations

Sin (TN) for NSA = 0; Cos (TN) for NSA = 1

Sin (TNB) for NSA = 0; Cos (TNB) for NSA = 1

Radius of the shell, R

R2

SS1 to SS30,'constanCS dsed in Eqs. (C2), and are
defined in Appendix D of Volume I. The first dimension
should be 2 NL,vand the second dimension should be = 30
SN X SNB

Intermediate terms of the stringer equations, dimension

‘should be = 75

Temporary work vector used by GAUSS (numerical inte-

gration) subroutine, dimension should be = 18

Array of the 6-locations of the z‘h kind of stringers,
the first dimension should be 2 NL, and the second
dimension should be = the largest element of the vector
NNL(L)

Title of the run

Titlé of the run continued

n X T (L,I)

—n X T (L,X)

\

\

86



TS(L,42)

VECR (MN3, MN3)

X(5,IM) .

X1 to X5

XIR(K)

XK

XNU

XR(1), XR(2)

XX1, XX2

XXX(2, K, IM)

XXXX(MN32)

T1 to TAZ,

in Appendix D of Volume I, the first dimension should

constants used in Eqé. (C2) and are defined

be 2 NL, and the second diménsion should be = 42
Equal to number of biﬁary digits in the mantissa of a
double precisiéﬁ,-fio;tiﬁg point number

Eigenvector (médal) matrix, &imension should be

= KRRR X KRRR

A tempérary work matrix, containing the longitudinal
integrals IX, to IX. for every combination of m and m;
the first dimension should be = 5, and the second
dimension should be = MS X (MS + 1)/2

IXi to IX5 longitudinal integrals

The moment of.the kth kind of ring cross-sectional
area ébout an axis parallel to X-axis passing through
its centroid

X-location of the kth ring

Poisson's ratio

Temporary work vector used for transferring X1 and X2
values from XX subroutine to the main program

Xl, X2 (see eqs. (C8) in Appendix C of Volume I)
A temporary storage three dimensional matrix
containing the quantities X1 and X2 for every

combination of m and ﬁ; the first dimension should be

= 2, the second Be 2 NK, and the third should be

_(MS + 1) Ms
2

Temporary work vector, dimension should be = (MN32)
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Y(MN32)

Y1S(L)

Y2S(L)

YIS(L)

YZIS(L)

Z(MN37)

Z1S(L)

22S(L)

ZERO

ZIR (K)

ZIS(L)

Temporary work vector, dimension should be = (MN32)
y-distance of the shear center of the 2th kind of
stringer from the z-axis passing through its point

of attachment, dimension should be 2 NL

y-distance of "the centroid of the Lth kind of stringer
from the shear center, dimension should be = NL

The moment of inertia of the Zth kind of

stringer cross-sectional area about an axis parallel
to y-axis passing through its centroid, dimension
should be > NL

Product of inertia of the Zth kind of stringer cross-
sectional area about y and z axes passing through its
centroid, dimension should be = NL

Témporary work vector, dimension should be = (MNB)2
z-distance of the shear center of the.lth kind of
stringer from the middle sQrface of the shell
z-distance of the centroid of the Zth kind of stringer
from its shear center

0.0, lower limit of the circumferential integrals «°f
shell and ring

The moment of inertia of the kth kind of ring cross-
sectional area about z or z  axes, dimension should
be =z NK

The moment of inertia of the Zth kind of stringer
éross-sectional area about an axis parallel to z-axis

passing through its centroid, dimension should be = NL
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'APPENDIX D

'PREPARATION OF DATA FOR THE PROGRAM OF

THE FREE VIBRATIONS OF RING- AND/OR

STRINGER STIFFENED NONCIRCULAR

CYLINDERS WITH ARBITRARY

END CONDITIONS

No. of '
DATA CARDS FORMAT ITEMS ON DATA CARD
(a) Name of the 1 2A10, BCR, NQUIT

. boundary 5%,
< condition Il
£
w (b) General input 1 2014 NG, KG, LL, NL, KK, NK, NMIN,
- parameters MMAX, MSA, NMIN, NMAX, N&a,
= NEW, IR, NWK, NWM, NWEV
© (c) Title of the 2 7A10/ TITLE 1, TITLE 2

run 7A10
q (a) Geometric and 1 5E15.8 PC, EC, XNU, H, AA
=3 material pro-
a perties of

shell

(a) Number of £ 1 14 NNL (L)

o kind of
o stringers
Z _ .
g (b) List of 6- NNL(L) 5E15.8 (T(L,I),I == 1, NNL(L))
%) locations of 5

£th kind of

stringers
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No. of
DATA CARDS FORMAT ITEMS ON DATA CARD
B (c) Geometric and 3 S5E15.8 PS(L), ES(L), AS(L),
Z material pro- Z1s(L), 22Ss(L), Y1is(L),
% perties of 4th Y25(L), ZIS(L), YIS(L),
] kind of stringer YZIS(L), GJS(L) ' R
th .
(a) Number of k 1 14 NNK (K) .
kind of rings
(b) List of X-lo- NNK(K) 5E15.8 (RX(K,I), I = 1, NNK(K))
© cations of kth 5
Z kind of rings
H .
® (c) Geometric and 2 5E15.8 PR(K), ER(K), AR(K), EIR(K),
material pro- E2R(K), ZIR(K), XIR(K),
perties of kth GJR(K)
kind of ring
Note: (1) All numerical data must be right justified.

(2)

90
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APPENDIX E

COMPUTER OUTPUT
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S I I I T e L T I I T T I T T MMM

FKEE VIBRATIONAL ANALYSIS OF STIFFENED UR UNSTIFFENED CIRCULAR OR
NONCIRCULAR CYLINDERS wliTH ARBITRARY END CUNDITIONS -

tZ22 22322 2322222222 R R 2222 2L 2222 R R R SRR AR R 2222222 2R 2L 2]

GENERAL INPUT INFURMATIUON

NG = 8 KG = 4 LL = 16 NL = 1 KK = 1l
NK = 1 MMIN = 1 MMAX = 9 MSA = i NMIN = L
NMAX = 11 NSA = 0 NEU = 1 IR = 1 NWK = 0
NWM = 0 NwWEV = o
S HELL D AT A
SEWALL'S 16 STRINGER AND 11 KING STIFFENLED ELLIPTICAL
CYLINDER WITH A = 14.39 B = 9,35 .
MASS DENSITY = 0.258800000-03 LB >tCe*%2/ IN*%*4

0.100000000 08 LB/IMNe®%2

MOULULUS OF ELASTICITY

PUISSON'S RATIO 0.300000000 00
THICKNESS =  043220000000-01 INCHCES
LENGTH = 04240000000 02 INCHES

FREELY SUPPORTED

i

ENU CONDITIONS
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(THE UNITS ARE SAME AS THUSE UF SHELL DATA)

TOTAL NUMBER UF STRINGERS = 16 -
NUMBER OF UIFFERENT KINDS UF STRINGERS = 1

— A > Ay A > . Y Y D W = e v i M WP WP WD G wm e mew m S e M em e e e e At - o Y WS i WS T i e e e e WD e M o e e e

R T e S T S S T E T R A N N T R SR S S S SIS SRS EoEmTeEZZaZ=—==ZTT====

16 STRINGERS wiITH THE FULLOWING PRUOPERTIES

MASS CENSITY 0.258800000-03 MUD. OF ELAS. = 0.,106000000 08
AREA 0103687140 00 OSHEAR CTR. (Z1)= -0.475000000-01
SHEAR CTR. (Y1) 0.0 CENTROID (22) = -0.,233989590L 00

woHnonouh

CENTRGID (Y2) 0.0 INERTIA (IZ1) = 0.128507i70-02
INERTIA (1lYY) 0.595710420-02 PRUD.INER.(IYZ)= 0.0
TURS JUNAL STIFFNESS = 0.912500000 03

LOCATED AT FULLOWING THETA VALUES (DEGREES)

0.0 0.135000000 02 0.25500000D0 02 0.518000000 O¢
C. 90CC0O000U 02 0.128200000 03 0.154500000 03 OQ.l6650000D 03
0.,180000000 03 0.193500000 03 0.205500000 05 0.<31800000 03
0.270000000 03 0.30820000L 03 0.334500000 03 0.346500000 03

@ i i T A e v S S T m M ST M e wm p mEp e R D WS WE e e e e B P T S wm S e e mr . S S S R e . e o T . e e = em A Tm WP m b o= e =
IS S S T S ST S LN A S S T R SR S RS oS ST S S S S S TS S-S ESSSIS oD E=SmDEs=Do====
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(THE UNITS ARE SAME AS THUSE OF SHELL LATA)

TOTAL NUMBER OF RINGS = 11
NUMBER OF DIFFERENT KINDS UF RINGS = .1

e e B R N T B A T ——
¥+ 2 2 P 3 3 2 3+ F 2 F F 2 I F R PR E R PRI T T P P B P R 2P R P BP0

11 RINGS wiTH THE FULLUWING PROPERTIES

MASS DENSITY = 0.258800000~-03 MUU. GF ELAST. = 0.106000000 08
AR EA : = 00103687140 00 SHEAR CTR. (El)= -0.475000000-01
CENTROID (E2) = —=0.233989590 00 INERTIA (12Z) = 0.128507170-0¢

INERTIA (IXX) 0.59571042u-02 TURS. STIF.(GJ)= 0.91¢500000 03
LOCATED AT FOLLCWING X VALUES (INCHES)
0.200000000 01 0.40000600D0 O1 0.600000000 Ol 0.800000000 O1

0.100000000 02 0.12000000D0 02 0.140000000 0¢ 0.162000000 02
0. 180000000 02 0.200C000000 02 0.22000000U Q2

P P P T T I T T L T T T T T T T T T 3 L T ¥ T F N N D e
3+ 3 5 5 2 ¥ L 2+ 2 S 2 P F 2 3 F 3 P R R R 2R R R P R 2 R R B R PRSI I FI eIt

94




C.52520199%
0.4438088060
0.325253080
C.307913750
0.27063028D
0.227547250
0.19719529
0.185¢93530
0.171051850
0.157811600
0.144462940
0.132438860
0.120629020
0.103104730
C.81109218D
0.75843528D
C.6C282354D
O0.4T7115724D
0.740998740D
0.17028734D
0.c41361850
0.284138540
0.26588204D

VE)
05
05
cs
05
05
05
0Y
C5
05
05
C5
05
05
04
04
04
04
03
04
O4
04
04

0.460016450
0.3876537130
0.309578200
0. 291781 84D
0.25944952D
0.233702040
0.198710190D
0.183604590
0.16391201v
0.152548110D
0.145446830
0.13636494D
0.110746050D
0.991873020
0. 792999230
0.618868420
0.5541820620
0.447110730
0.9742762060D
0.173906970
0.361588130
0.285624590
0.310827650

95

O.486471890
O 332841530
0.313550720
0.29855700C
0.250799860
0.220058790
0.192603320
0.178856710D
U.167839380
Ve 151812640

0.142750070

0.127304990
0.107503390
0.97074202U
0.78144635C0
0.659350450
0e497429840
0.4075¢4170
0.115486790
J.20087592D
0. 347187140
0.292366990

05
]
05
95
35
95
05
05
25
25
a5
05
a5
04
04
04
04
04
04
04
Q4
O«

0.436157540
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